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APPENDIX A 

OFFICE OF INSPECTION AND ENFORCEMENT BULLETINS 

Following the accident at Three Mile Island Power Plant. Unit 2, on 

March 28, 1979, the NRC Office of Inspection & Enforcement (I&E) issued 

three bulletins to licensees of operating power plants which required certain 

actions to be taken, based on reactor type: 

IE Bulletin 79-05 (4/0l/79) - Babcock & Wilcox reactors 

IE Bulletin 79-06 (4/ll/79) -All licensees of pressurized water reactors 

IE Bulletin 79-08 (4/14/79) -All licensees of boiling water reactors 

These bulletins were subsequently supplemented to provide new information, 

to clarify the bulletins, and/or to request other information or actions. 

These supplemental bulletins were: 

IE Bulletin 79-05A - 4/05/79 

IE Bulletin 79-05B - 4/21/79 

IE Bulletin 79-05C & 79-06C - 7/26/79 

IE Bulletin 79-06A - 4/14/79 

IE Bulletin 79-06A, Revision No. 1 - 4/18/79 

IE Bulletin 79-06B - 4/14/79 

Copies of these bulletins follow. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, D.C. 20555 

NUCLEAR INCIDENT AT THREE MILE ISLAND 

Description of Circumstances: 

IE Bulletin No. 79-05 
Date: April 1, 1979 
Page 1 of 3 

On March 28, 1979 the Three Mile Island Nuclear Power Plant, Unit 2 
experienced core damage which resulted from a series of events which 
were initiated by a loss of feedwater transient. Several aspects of the 
incident may have general applicability in addition to apparent generic 
applicability at operating Babcock and Wilcox reactors. This bulletin 
is provided to inform you of the nuclear incident and to request certain 
actions. 

Actions To Be Taken By Licensees: 

(Although the specific causes have not been determined for individual 
sequences in the Three Mile Island event, some of the· following may have 
contributed). 

For Babcock and Wilcox pressurized water reactor facilities with an 
operating license: 

1. Review the description (Enclosure 1) of the initiating events and 
subsequent course of the incident. Also review the evaluation by 
the NRC staff of a postulated severe feedwater transient related 
to Babcock and Wilcox PWRs as described in Enclosure 2. 

These reviews should be directed at assessing the adequacy of your 
reactor systems to safely sustain cooldown transients such as 
these. 

2. Review any transients of a similar nature which have occurred at 
your facility and determine whether any significant deviations from 
expected performance occurred. If any significant deviations are 
found, provide the details and an analysis of the significance and 
any corrective actions taken. This material may be identified by 
reference if previously submitted to the NRC. 
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IE Bulletin No. 79-05 
Date: April 1, 1979 
P.age 2 of 2 

3. Review the actions required by your operating procedures for coping 
with transients. The items that should be addressed include: 

a. Recognition of the possibility of forming voids in the primary 
coolant system large enough to compromise the core cooling 
capability. 

b. Operator action required to prevent the formation of such 
voids. 

c. Operator action required to ensure continued core cooling in 
the event that such voids are formed. 

4. Review the actions requested by the operating procedures and the 
training instructions to assure that operators do not override 
automatic actions of engineered safety features without sufficient 
cause for doing so. 

5. Review all safety related valve positions and positioning require
ments to assure that engineered safety features and related equip
ment such as the auxiliary feedwater system, can perform their 
intended functions. Also review related procedures, such as those 
for maintenance and testing, to assure that such valves are returned 
to their correct positions following necessary manipulations. 

6. Review your operating modes and procedures for all systems designed 
to transfer potentially radioactive gases and liquids out of the 
containment to assure that undesired pumping of radioactive liquids 
and gases will not occur inadvertently. 

In particular assure that such an occurrence would not be caused by 
the resetting of engineered safety features instrumentation. List 
all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high 
radiation indication exists and, 

b. Whether such systems are isolated by the containment isolation 
signal. 

7. Review your prompt reporting procedures for NRC notification to 
assure very early notification of serious events. 
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IE Bulletin No. 79-05 
Date: April 1, 1979 
Page 3 of 3 

The detailed results of these reviews shall be submitted within ten 
(10) days of the receipt of this Bulletin. 

Reports should be submitted to the Director of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Office of 
Inspection and Enforcement, Division of Reactor Construction Inspection, 
Washington, D.C. 20555. 

For all other operating reactors or reactors under construction, this 
Bulletin is for information purposes and no report is requested. 

Approved by GAO, Bl80225 (R0072); clearance expires 7-31-80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 

Enclosures: 
1. Preliminary Notifications 

Three Mile Island -
PN0-67 and 67A, 8, C, D, 
E, F, G 

2. Evaluation of Feedwater 
Transients w/attachment 

3. List of IE Bulletins issued 
in last 12 months 

A-4 



PRELIMINARY HOTIFICATlON 

IE Bulletin 79:os 
Enclosure 1 
PN No. 79-67 and Subsequent 

Revisions 

March 28, 1979 

PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PN0-79-67 

This Drelimnnaty notification constitutes EARLY notice·o~ event of 
· POSSI LE safety or public interest significance. The 1n'fonnat1on 

presented is as initially received without verificat1on or evaluation 
and is bas1ca11x_a11 tha~ is known by IE staff on this date. 

Facility: Three Mile Island Unit 2 
Middletown, Pennsylvania 
(Docket No. 50-320) 

Subjeet: RF.ACTOR SCRAM FOLLOWED BY A SAF!TY INJECTION AT THREE MILE 
ISLAND - UNIT 2 

The 1 ieansee notified Region I at approximately 7:45 AM o-f an incident at 
Three Mile Island Unit 2 (TMI-2) which. occurred at approximately 4:00 AM 
at 9~ pcwer when the se<:ondary feed puJtl)s tripped due to a feedwater 
polishing syst2m problem. This resulted i·n a turbine trip and subse
quent reactor trip on Hfgh Reactor Coolant Pressure. A combinaticmr~f 
Feed Pump Operation and Pressurizer Relie~- Steam Generator relief 
valve operation caused a Reactor Caol ant System (RCS) cool~. At 
1600 psig, Emergency Safeguards Actuation occurred. All ECCS components 
started and operated properly. Water level increased in the Pressurizer 
and Safety Injection was secured manually apprcximataly 5 minutes af4...er 
actuation. It was subsequently resumed. The Reactor Coolant Pumps were 
secured when low net pos1t1ve suction head limits. were approached. 

About 7:00 Ntt, high· activity was noted fn the RCS ~Tant Sample Lines 
(app1'0x1mately 600 mr/hr contact readings). A Sita Emergency was then 
declared. At approximately 7:30 AM, a General Emergency was declared 
basad on High Radiation levels in the Reactor Building. At 8:30 ~~ site 
bouncfaey radiation levels were reported to not be significant (less than 
1 mr/hr) •. ·The source of activity was stated to pe-,fa11ed fuel as a 
roesult of the tl'"ansient, and due to a known prevf~rimary to sec:andary 
leak in SteAm Generator s. 
The Reg1on I Incident Response Centel'" was activatad al8:10 AM ana 
direct coll'1tMl1cat1ons with the liansee and IE:Headquar-ers was estab
lished. The Response Team was dispatched at 8:45 AM and arT1ved at the 
sita at 10:05 AM. 

At 10:45 AM the Reactol'" Coolant System Pressul'"& was being he1 d at 1950 
psig with temperature at 2200F in the cold leg. By 10:45 AM, radiation 
levels of 3 mr/hl'" had been detected 500 yards offsite. 

CONTUtUEO 
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Mareh 2B, 1979 
PN0-79-67 

There is significant media interest at ~~e present time because of 
concern about potential offsite radiation/contamination. The Common~a1th 
of Pennsylvania and EPA have been informed. Press contActs are being 
mada- by the licensee and NRC. 

Contac~: G~iing1er, IE XZS019 FNolan,.)E x2S019 S~Br,yan, IE x28019 
.~='I~· 

Distribution: Transrnit'b!d H St ~,·d~-. 
Chairman Hendrie Commissioner Bradford 
Commrissioner Kennedy Commissioner Ahearne 
Commissioner Gil;nsky 

Transmitted: MNEB ~ ·c;t.; 
L. V. Gossick, EDO 
H. L. Ornstein, EDO 
J. J. Fouchard9 PA 
N. M. Haller, MPA 
R. G. Ryan, OS? 
H. K. Shapar, ELD 

1'. S1d~ 3~ 140 
H. R. Denton, NRR 
R. C. OeYoung, NRR 
R. J. Mattson, NRR 
V. Ste11o, NRR 
R. S. Boyd, NRR 
ss 81 dg .Eo~ s-2. 
W. J. 01rcit:s, NMSS 

PRELIM1NARY NOT!F!CATION 
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S. J. Chi1k, SECY 
C. C. Kar.mersr, C). 
(Fo~ Distribution) 

J. u. Davis, IE 
Region ...::L.. 3:Ss 

(MAIL) 
J. J. Cummnngs. OIA 
R. Minogue, so 



PRELIMINARY NOTIFICATION 

Marc.i 29, 1 9i9 

PR£LlMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PM0-79-67A 

This ~re11minary notification constitutes EARLY nctice of event o~ 
POSSI LE safety or puolic interest s1qnificance. The information 
presented is as initially received without verification or evaluation 
and is basically all that ,s known by IE staff on this date. 

Facility: Three Mile Island Unit Z 
Middletown, Pennsylvania (ON 50-320) 

Subject: NUCLEAR INCIDENT AT THREE Milf ISLAND - UNIT 2 

This supplements PN0-79-67 dated March 28, 1979. 

As of 3:30p.m., on Marth 28, 1979, the plant was being slowly cco1ed 
down with Reactor Coolant System (RCS} pressure at 450 psi, using no~41 
letdown and makeup flow paths. The bubble has been collapsed in the A 
Reactor Coolant Loop hot leg, and some natural circulation cooling has 
been established. Pressurizer 1P.ve1 has been decreased to t~e high 
range of visib-le indication~ and some heaters are in operation. The 
secondary plant was being aligned tc draw a vacuum in the main condenser 
and use the A Steam Generator for heat ;-emoval. The facility plans to 
continue a slaw (30F/hr) cooldown~ until the Decay Heat Removal System 
can be placed 1n operation at 350 psi RCS pressure, 3SQOF RCS temperature 
in 15-18 hours. 

M. of 3:30 p.m., a p1 ume approximately !s m11e wide and reading generally 
1 mr/hr was moving to the north of the plant. The ARM's helicopter is 
being used to define the length of the plume. Airborne iodine levels 
of up to 1 x lo-S uCi/ml have been detected in Middletown, Pennsylvania, 
which 1s located north of the site. 

Media interest is continuing. The Commonwealth of Pennsylvania is being 
kept informed by plant personnel. 

Commissioner Kennedy 
Commissioner Gi11nsky 

Transmitted: MNBB 10: Q.G 
L. V. Gossick, EOO 
H. L. Ornstein. EOO 
J. J. Fouchard, PA 
N. M. Haller, MPA 
R. G. Ryan, OS? 
H. K. Shapar, ELO 

Commissioner Ahearne 
I·o;:a~ 

p~ Bldg b'~")l,AA 
H. R. Denton, NRR 
R. C. DeYoung, NRR 
R. J. Mattson, NRR 
V. Stella, NRR 

~s i1d~0~~~~~ 
W. _J. Dircks, NMSS 

PRELIMINARY NOTIFICATION 
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S. J. Chi1k, S£CY 
C. C. !Canmerer, CA 
(For Oistr-i bution) 

J. ~· ~is,,IE,-:2.:2. 
Reg, on :-:±::,__ Q ·.:;.J -.. 

(MAjL) 
J. . Cumnings, OIA 
R. Mincgue, so 

. .. . ... ............ ,, ~ 
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PRELIMINARY NOTIFICATION 

March 30, 1979 

PREliMINARY NOTIFICATION OF EVENT OR UNUSUAl OCCURRENCE--PN0-79-67S 

This Dreliminar' notification constitutes EARLY notice of event o~ 
.. t. satet or ouca1c 1nterest s,an1t1cance. ' e lnTonnatlon 

cresented 1s as in1t1al y receive without verification or evaluation 
and is basically all that is Known by IE staff on tn1s date. 

Facility: ihree Mile Island Unit 2 
Middletown, Pennsylvania (ON 50-320} 

Subject: Nuclear Incident at Three Mile Island 

Plant Status 

'Three Mile Island Unit 2 is continuing to remove decay heat through 
A-loop steam generator using one reactor coolant pump 1r. that loop for 
coolant circulation. The reactor coolant pressure and temperature were 

, stable and under control throughout the night of March 29. There has 
'been some difficulty in maintaining coolant letdown flow due to resistance 

in the purification filters. The licensee notified IE at about 11:00 
p.m. on Ma~h 29 that they expected to remain in this cooling mode for 
at least 24 hours. 

The licensee's engineering staff was requested by NRR to obtain a better 
estir..o1te of the volume of the ncncondensible "bubbles" in the ~actor 
ccol ant system. There are apparently t.wo su~h buf;lbl es ___ one 1 n the 
pr~_syrizer that has been in~entionally· established for control of 
pres~ure and level, and·one 1n the reactor vessel head caused by the 
acc~mu1at1on of noncondensib1e oases from failed fuel and rad1oly~1c 

Cfecom?CS1tfoniOT Water. the estimate iS tO be Obtained by correlating 
pressurizer pressure and level indications over the past hours of stable 
o~cra;ion. Jhe volume of the bubble in the reactor vessel is of interes!. 
1n as:uring that sufficient volume re~ains in the upper head for collection 
cf more noncondensible gases arising from continued operation in the 
s:-·~~e!'1t ccol ing mode as well as to assess the potential for movement of 
t.~~~ b'Jbbl e dur1 ng a switchover to decay heat removal operation. 

T:·.F! 11c!!nsee believes it is prudent to rer..ain in the present cooling 
:"'-:~~ ~:Je to the potcnti al for 1 eakage of highly radioactive cool ant f~m 
~ -.. ~ ~'- c~y heat remova 1 sys tern into the aux i 1 i a ry bu i l ding. liX)vemen t of 
~=~c:~densible gases into the reactor coolant loop, and bo111ng 1n the 
c:~~ h·:-:~n the reactor coolant pu~p is shut down. 

---------------~------~~-------4 ~ .. -- ... CONTINUED 
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Page 2 
Continued 

Fue 1 nama CIA 

March 30, 1979 
PN0-79-078 

Prelimina~ assessment of the extent of fuel dar.age from a reactor 
coolant sample taken at approxir.~tely 5:00 p.m. on March 29 indicates 
significant releases of iodine and noble gases from the fuel. A 100 
milliliter sa~le taken from the primary coolant system via a letdown 
line was measured at about 1,000 R/hr·on cuntact {70-80 R/hr at one foot 
and 10-30 R/hr at three feet}. Preliminar,y analysis of a· diluted sample 
;n t~e I£ mobile laboratory indicated fission product concentrations of 
about 8 x 105 microcuries per milliliter. The sample will be flown to 
Bet:1s Laborat~ry for further analysis. 

Thermocouple readings of coolant temperature at the outlet of the 
1nstr~~nted fuel as~ern~lies indicate potential local core damage. 
possibly in one quarter of the total of 177 fuel assemblies and generally 
in the center of the core. Of the 52 readings at 5:00 a.m. on March 30, 
one was above the coolant saturation temperature of about 5500F, 7 were 
above 3SOOF, and 2 we~e off-scale, indicating temperatures h1gher than 
7000F. Upon re~uest of NRR, Babcock and Wilcox is developing a proce
dure for use by tr.e licensee in taking direct potentiometer readings 
from the off-scale thenrocouples since the temperature scale 1fmitat1on 
of iOCOF is controlled by the process computer, not the thermocouple 
itself. 

Reactcr Coolant System (RCS) Parameters 

The RCS parameters have r~~ined relatively stable during the per1od. 
Gradual RCS coo1down continued to about 1:30 a.m .• March 30, when tempera
ture ~~s ~lightly increased to allow additional margin between RCS 
operating pararr~ters and Technical Specification minimum pressurization 
licits. Following are the primary system parameters over this period: 

10:00 a.m. 7 : 00 p • m. 12 : 01 a.m. 3:00 a.m. 5:00a.m. 
3[29/79 '}/29l79 3/30/79 3[30/79 ~/30/79 

Pressurizer Level (inches) ~48 321 326 342 354 
Fre:surizer Pressure {psi) 863 945 1023 1055 1053 
?r~ssur1zer Tern?erature (OF) 529 542 551 556 557 
leo, A Core 

!nlet Temperature (OF) 281 277 275 278 27~ 

Lc:? 3 Core 
Inlet ie~~era!ure (OF) 281 277 275 278 27~ 

~·--~ ----CONTINUED 

A-9 



Page 3 
Continued 

Environmental Status 

March 30, 1979 
PN0-79-678 

Two aerial surveys were conducted during the evening of ~~rch 29. The 
f1r~t flight was made about 8:15 p.m. during which r.~asurements were 
taken in a circle around the site with a radius of ahout eight miles. No 
defined plu~~ of radioactivity was detected, but residual pockets of 
radioactivity were identified at various points whera the measured 
levels ranged frcm .025 to .050 milliroentgens per hours. (Natural 
background levels are about .005 to .015 mi111rcentgens per hour.) 
Our1~g the second flight, at about 10:30 p.m., a plume was detec~sd 
northwest of the plant with a width equal to and ~onf1ned within the 
boundaries of the river. The p1u~~ was touching down apout one mile 
from the plant at Hill Island and then splitting into two parts - one on 
each side of Hill Island. Measurements at the east shoreline of the 
river, o~pcs1te H111 Isalnd indicated abcut four m11liroentgens per hour 
and at the shoreline on ~11~ north of Hill Island near Olmstead A1r 
Force Base ~bout one milliroentgen per hour. Additional measurements at 
five miles fro~ the plant were on the order of .010 milliroentgens per 
hour and are 1 n agreement with the earl1 er fH.ght. 

During the eariy mc~ning hours of March 30, an N~C monitoring team took 
radiation measurer.ents_ from a vehi-cle traveling both sides of the 
Susquehanna River from 10 miles south of Three Mile Island to 4 miles 
north. Radiation levels were highest near C1y, a community just south 
of the facility on the w~st side of the river. The level at Cly was 
0.15 milliroentgen· per hour. All other locations had levels less than 
0.05 mi111roentgens per hour. 

Other Information 

At ap~roximately 4:00p.m. on March 29, two employees of Metropolitan 
Edison Co. received radiation exposures in excess of the quarterly limit 
of 3 rems. The employees, an operator and a chemist, entered the 
auxiliary building to col1eet a sa~le of primary coolant. Present 
e~tirr.ates are that the o·perator received 3.1 rerns and the chemist 3. 4 
re:s. 

7he licensee released less than 50,000 gallons of slisht1y contaminated 
ir.Gu~tr1al wastes on ~arch 29, 1979. This release was terminated at NKC 
request at approx1r.:a tely 6:00 p.m., March 29, 19i9, bec~use of concerns 
e~oressed by state representatives. At about 12:15 a.m. on Marc,h 30, 
~\~C gave the licensee per.:iission to resume releases of the sli;htly 
conta~ir.ated industrial wastes to the Susquehanna River. This action 
was coordinated with the office of the Governor of ?e~nsylvania and a 
Press rlease was 1ssuP.d by the State. Representatives cf the ne~s r.~dia 
expres:ed concern ~hat they were not informed of the planned resuu.?tion 
cf the release pr1cr to permission having been granted. 

~·------~----------------------------------------------C0:1TI NUED 
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Page 4 
Continued 

March 30, 1973 
PN0-79-678 

At 8:40a.m., on March 30 the licensee began venting from the gtseous 
waste tanks. The impact of this operation is not yet known. 

Contact: Dih~pson, IE x2S111; EJordan, IE x 28111 

01 str1 bution: Transmitted H St '?.'St) 
Chairman Hendrie 
Commissioner Kennedy 
C~issioner Gi11nsky 

Tr~ns~i tted: MNBB /0 ,'a 2 
L. V. Goss1ck, EDO 
H. L. Ornstein, EDO 
J. J. Fouchard, PA 
H. M. Haller, MPA 
R. G. Ryan, OSP 
H. K. Shapar, EtO 

Att~c~ents (7): 
Aerial Survey (6) 
Ground-Level Survey (1) 

Commissioner Bradford 
Commissioner Ahearne 

P Bldg /IJ.'/5 
H. R. Denton, NRR 
R. C. DeYoung, NRR 
R. J. ~~attson, NRR 
V. Stell o, NRR 
R. S. Boyds NRR 
(SS Bldg 
W. J. Oi r-ck~~-· ,~NMSS 

PRELIMINARY NOTIFICATION 
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S. J. Chi1k, SECY 
C. C. Kamr.~rer, CA 
(For Ois!ribut1cn) 

J. G. Oav1s, IE 
Region __ _ 

(fd.AIL) 
J. J. CL~fngs, OIA 
R. Minogue, SO 
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rl·:JO: in aM to liE direction, about 30° sec;tor. 
Fr-1::-.~ri"ly 1.:-133. At di.sta:1ce of about 16 miles. 
n~iation rrr-asure~nts in the plume were about 0.1 :nr/hr. 
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PREllMlNARY NOTIFICATION 

Ma~ 30. 1979 

PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE-..PN0-79~67C 

Th1s lcreliminarx notification constitutes EARLY notice of event of 
POSSI E safety or public interest siERificance. Tne information 
presented 1s as initiallY received wi out verification or evaluation 
anct is basically all that 1s known by It staff on this date. 

Fa~1fty: Three Mile Island Unit 2 
Middletown. Pennsylvania (OR 50-520) 

·subJect: NUCLEAR INCIDENT AT THREE MILE ISLAND 

.Plant Status 

There have been intermittent uncontrolled releases of radioactivity into 
the atmosphere from the primar,y. coolant system of Un1t 2 of the Three 
Mile Island Nuclear Power Plant near Harrisburg, Pennsylvania. The 
11c;ensee is attempting to stop the intermittent gaseou:; release~ by 
transferring the radioactive coolant water into the prtmar,y containment 
building. The levels of radioactivity being measured have been as Mgh 
as :-20 to 25 mill irem per hour in the i&med1ate vicinity of the site at 
g~und level. Off-site levels were a few milliroentgen. 
At~about 11:30 a.m. EST, the Chairman of the fiRC has suggested to Governor 
Thornburg of the Commonwealth of Pennsylvania that pregnant women and 
pre-school children in an area within five miles of the plant s1te be 
evacuated. ·Members of the NRC technical staff are at the site and 
efforts to reduce the temperatures of the reactor fuel are continuing. 
These temperatures have been coming down slowly and the final depres
surization of the reactor vessel has been delayed. Th~re is evidence of 
severe damage to the nuclear fuel. Samples of primary coolant containing 
high-levels o~ radioiodine and instruments 1n the core indicate high 
fuel temperatures in some of the fuel bundles, and the presence of a 
large bubble of non-condensible gases in the tap of t~e reactor vessel. 
Beeause of these non-condensible gases, the poss1blity exists of 
interrupting coolant flow within the reactor when its pressure is 
further decreased and the contained gases expand. Several options to 
reach a final safe state for the fuel are under consideration. In the 
meantime. the reactor 1s beina maintained 1n a stable condition. 

Contact: SEBryan, lE x28188 ELJordan, IE x281S8 

D1.stribut1on: Transmitted H·St .q. L5 . 
Chairman Hendrie Comm1ssioner Bradford 
COmmissioner Kennedy Commissioner Ahearne 
Commissioner 611inskY 
Transmitted: MNBB; 
L. V. Gossick, EDO ~-
H. L. Ornstein, EOO 
J~ J. Fouehard •. PA 
H. M. Haller, MPA 
R. G. Ryan, OSP 
H. K. Shapar, ELD 

p. 81 dg I..\ . , 1 
H. R. Oe~RR 
R. C. DeYoung, NRR 
R. J. Hattson, NRR 
V. Stella, NRR 
R~ S~ Boyd, MP.P. 
SS B1dg --
W. J. 01rclcs, UMSS 

PRF.liMtNARY NOTIFICATION 
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S. J. Chi1k, SECY 
C. c. Karrrnerer, C'A 
(For Distribution) 

J. G. Davis. IE 
Region"":b ~'.:ao 

<MAsLl 
J. • Cumnings. OIA 
R. Minogue. SO. 



IK:~EDlATE 

P:tELif~H\.Q.RY NOT! Fl CATION 

March 30 7 1979 

Pr.ELir~H:,~.RY r\Or!FICAT!ON OF EVENT OR UNUSUAL OCCURRENCE--PH0-79-670 

ihi~ ~r~li~in:ry notification cc~stitutes EARLY notice of an ev~nt of 
fc"illSLE saf~tY- or oub 11cTrrterest si ani f1 cance_. The , nfor.~ati on 
~re~entcd 1s as initially r~ce1v2d Wlthout verification or evaluEticn 
~.:•d 1S b.:dc;>liY all t~ is knot:r. bv IE staff on this date. 

F~cility: Three Mile Island Unit 2 
Middletown, Pennsylvania (ON 50-320) 

Subject: HUCLEAR INCIDENT AT THREE MILE ISLArm 

P1,:-.nt St~t!.ZS 

G:< ~eous radi cacti vi ty from the primary cool ant system 1 etdo·.m has been 
cnr,-~aincd in v:tste gas decay tanks since the last gaseous releaze at 
:r-::,·ox1mc.tely 2:50p.m. March 30, 1979. At the present reactor coolant 
lctco..-:n rate of approx1rna tely 20 gp:n it rnay be necessary to rr:~ke a 
plann~d release of radioactive gas tomorrow to prevent gas decay tank 
r~li~f valve operation at its setpoint of 100 psi. The 11ccnsee has 
i;:stullcd a tc:.1porary line fro.n the gas decay system back to reactor 
ct.!'ltz.1niiient \·:hich is ur.der evaluation before being placed in operation. 
Cc..,tair.:n~.1t pressure is being maintained slightly negative (-1 ps1) as a 
r:sult of fan coo1Gr operation. 

P.:~ctor c~olant temperature measured at fifty-two locations at the 
outlet of the core have continued to c~~e down slowly. ihree Outlet 
t:,:perature instru-ments continue to indicate above saturation temperJ.t~..:r~. 

Th~ N?.C st~ff w~s 1n7onr.~d by th~ licensee on Friday ~o;ning thijt ~x~~in:ti0n 
cf ccntai:r::~nt pressure data for Harch 28 indicates a pressure spiLs up 
tn ~f:'~l·oxir.:~tely 30 psi occ11rred at approx1mc:.~ely l :50 p.m. !\!~C p::rscr.ne1 
<..·~ !!Valu~t1nj the possibility that a r.ydrogen expl•)Sion t:~s the: c£.~se 
c~ t~c c'ntt~~~~nt internal pr~ssure spike. 

Th"? r::uctor cC~olant path is through one reactor coolant pu;;-.p and cr.e 
st:~il c.c:~'H·ator. The stetm generator is being fed by an a~x11iary fe~d
r:..'.:lp. S:·,crnl o~tions for depressurizing the re'!ctor and continuing 
c~·o1cc-· .. 7l via t;·,e residual heat re~oval system are under cons1d:=ra:icr.. 
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The vo1Uii~ of r,on-condensible gases in the reactor vessel has been 
e~ti~!tec to ~c a?proxir~t~ly 1000 to 1500 cubic feGt at 1000 ps1. 
T:-.1s ·toh:::; h astim~ted to result in ii water level of several feet 
O\·er the t~p of tha fuel. The rate of groh'th of the bubble in the 
r:act·::~r ve~sel 1s estimated to be less than 50 cubic feet per day at 
1COO ~si. 

Th~ Cir~ctor of the Cff1ce of Nuclear Reactor Regulation, the Director 
c··f ~h; R~·;io:-t I Office of Inspection and Enforcement and th~ Director 
cf t~s Oivis~on of Operating Re~ctors arrived at the site at ap~roxi~ately 
" I - • • • "t:IC t. . .. . ... th • t d . 1 • • .,_ ~ ?.::;. t::.r.y ~oO 01~·:c~o. ,,,, Cl.C 1V1 ~o.1eS a~o. .e 51 e an S1te V Cin1 ~,y. 
r.-:~·re:errt,:tiv;s of HE\·! and EPA are·providing coordination and assi~tance 
t~ th~ N2C at the Incfd~nt ~2sponse Center. 

L.~C ~~~·sor.nel as~t;.tb1ed at the TMI site and vicinity in addition to the 
L;;;:~r man~se~er.t p~rscr.ne 1 consist of the fo 11 o\·11 ng: 

r::?.ctor I:1spectcrs (IE) 

r:~~ 1 th Pnysi c1 s ts (IE) 

::~~1th Phy!iicists (SP) 

r:~,;ctor Sy$te::1 An~lysts (i·!f<R) 

r.:d·iti on ~·!este SpP.cia 11 sts (NRR) 

t:~~1th p;,ysicists (N~R) 

c;::~~~~t1r.g L1c~r.s1ng (~m.~) 

Tot~l Staff 
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Page 3 
Ccntinccd 

March 30, 1979 
PN0-7S-670 :-. . · ... - ,. :· .-r:!!l .. '&'~..r _._ ________ _.......,_ • ....,. ________ ........ -----·~---·--_... ... _, __ ..._ ________ _ 

The f'ollc:·.•ir.g equip:::mt has b;e:n assembled at or near the site 
for S!.!?Port of NRC c~erations: 

Ec:ui p.-:ent 

1 NRC Ir.strum~nt Van with 
2 t:l~ph~r.e lfnes 

1 ~\~C Office Van 

1 Offic~ ira11er (Supplied by Licenseej 

2CO Eand-Held Portable Rad1os from 
US Forest Ser·tice 

Port.ilb1e :~~a.lth Physics Instrumentation 
3 r.~11copt~rs fro~ DOE for survey and 

su~port 

2 la~~iatory Vans DOE/eettis 

Location 

ObservQtion Center 

II 

II 

A sop~dsticr:t~d ccr.-:n·.mications pod from DOE/NEST will ardve 
tc:-.::~rrc·.1. 

-i:'.'IRu:·:.~::riTAL STATUS: 
-~.:t a~p1·o~:imately 3 P.M •. on f·~arch 30, 1979, NRC analysis of ~1~ht v~getat1on 
sa~p1es from the offsite areas sho~·1ed no detectable activity. At 5.30 P.M. 
·ct;~ Fennsylvan1a State Radiation liealth Department reported that environ."':lental 
~·,te:r .'\i'id air s~r.:pl~s collected in the vicinity of the Three T·iile Ishnd 
·;.:-.-;! sl::.~:::d no det2ct~ble activity except for sorr.e Xenon-133 and Xenon-135. 
i-:~1k s.:r:·p1~ analysis shO\'i!d no activity levels above background. 

'rrfsit~ ~rour.d level ga!r.-;1a surveys in the Mi ddl eto\·m and Goldsboro c..reas 
~ .·t·.-:::~, 3:00 and 6:00 ?.:~. on f·'arch 30, ranged from .01 to 1 miiliroentgens 
~ .. : r t:~·Jr. An a~ri ~ 1 survey \·las made by he 1 i ccpt~r frcrn 4: 00 - 6: 00 P. ~-
t-;1 :-~~.rch 30, the sit~ \·:as surv~yed 1n concentric circles at ai=;:rox~r.:.Jtely one mile 
~~tcrva~~ and at a height of 300 to 1,000 feet. The h1ghcst r~diati~n 
• ·.'~d i r. .. ~, ·.:=r·c cn·ar th:::! site n.nd measured 8 to 10 r.ti 11 i rce:-:t~~~:; :e:- hour. 
~-~ -~-~-~·r-b~:.:· th~ h1~h·.!~t rad~ation readings \-tere 6 to 3 ni1iiroe~'tgens 
· ::r he·;:--. ·cr.: plu;.:; iollo~.-~d the river in a nortt:Y:~sterly directiQn and 
~:s n~t {~~::t~~1~ b~ycnd five to six miles frcm the sit~. Site s~o~nd level 
::~-··:::.n :-''~·v'uct~d t2~·:~€;n 7:30-8:00 P.:-1. rang~d fro::1 .01 to 1.8 
~·,1:·;r::':n·~·~::ns p~r u:,ur. 
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Page 4 M~rch 30, 1979 
Ccr. ~1 nueG P~:0-79-670 . ._........._-... . .: _..,. ~--:." .... ...,........ . ... ····--------..-..--~:wac= .. --...=~.~ .... ~..-..-=-......... .,.....-:c:=-~-=-~~.....=.-;;_-:.·-
At 4 P.M. r·~arch 30, upper l-evel winds \\'ere fro:~ the southeast. Forecast 
i~d7cates prec1pi!ation in the for~ of thundersto~~ ~oving in after 
12 ::1idni9ht, i~arch 30. At 5:00 P.M. winds onsite at Three fo{ile Islc.nd 
r::re rep{':-ted C&t 2 to 3 miles per hour g~nera11y from east to ~:ast. 

Co~:act: ~;.~;o·.;ard, IE x28i 11; EJordar., IE x28111 

Dh:r1~~..1t·ion: Tr~nsmitted H St /: /o, Y.l, 
~,;;;~ i l'i'i~.ln Har.dr-1 e Cor:-;:ni ss i oner Bradford 
Cc:::-.xissic::ar Kennedy Co:r.:nissionar Ahearne 
Ct~.:';'lissiciier Gil1nsky 

- • t• /.'/7 I rtnsm1 tted: riNBS _.;..._.:.... 
L. V. Gcs~ick, EDO 
n. l. O~nste1n, EDO 
J. J. Fcucherd, PA 
H. H. H~ller, MPA 
R. G. :-~·an • OSP 
H. K. sr.~par, ELO 

P Bldg /.'::J..S 
H. R. Denton, NRR 
R. C. DeYoung, N~R 
R. J. Mattson, NRR 
V. Stelle, NRR 
R. S. Boyd, NRR 
(SS B1ag /.' 3 :J 
W. J. Dircks, Ni~SS 

\1li te Houss S i !ua ti on Rc;c.n I~ :~c-~J .... • % t/7$ 
E!'A ...... ,~ ... 
I L.~·. o, .. , ----
[i.)E/EQC ~;a;:, ,,... ~~~ 

r. .. ,.1C._ ....... t (1) •••• &. • ~ •• .; i' 

i.~diatioi1 St.:rvey Hap 
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S. J. Chilk, SECY 
C. C. K~~zrer. CA 
(For Oistr1but1on} 

J. G. Davis, It 
Region __ _ 

(l~.IL) 
J. J. c~~fnss, OIA 
R. i-ti nogue, SO 
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IMMEDIATE. 

PRELIMINARY NOTIFICATION 

March 31., 1979 

PRELIMINARY NOT1FICATION OF EVENT OR UNUSUAL OCCURRENCE--FM0-79-67E 

This immediate oreliminary notification constitutes an uodate of event 
of safet and oublic interest si nificance. The information oresented 
1s as in tia tY rece1ved without verificat1on or eva uat1on and is 
basically all that is known by NRC staff at this time. 

Facility: Three M11e Island Unit 2 
Middletown, Pennsylvania (DH 50-320) 

Subject: NUCLEAR INCIDENT AT rnREE MILS: ISLAtm 

Plant Status 

Reactor cooling continues using the 1A main reactor coolant pump with 
steam generator A steaming to the main condenser. Changes to this 
cooling ~~thad are not planned for the near tel~. An operability status 
of equipment is being comptled for use as backup in the event of failure 
of existing operating equipment. 

The hydrogen recomb1ner is in an operable status; hcwever, shielding of 
its piping and components is not fully installed and is presently con
sidered inadequate. Lead for shielding has been located and w111 be 
moved to the site on an expedited basis. Calculations of hydrogen in 
containment show that the present concentration is less than 4~, the 
staff•·s 1 im1t en allowed concentration to ensure an explosive mixture is 
not obtained. Attempts are being made to obtain a c~ntainrr~nt atmosphere 
sample. 

The waste gas decay tank pressures were 80 psi at 10:15 p.m. on March 30 
and had been relatively constant for about five hours. The tank is set 
to relieve pressure at 100 - 110 psi. The radiation field (60 R/hr at 
contact) prevents resetting reJ1ef points. 

Reactor coolant temperatures measured by 1nccre thermnccup1es at 52 
locations presently show only one location above saturation temperature. 
Temperatures in the core as measured from cutlet ~~ermocouples are 
gradually decreasing. Other system parameters are remaining stable. 

Environmental Status 

Three ARMS fl1ghts of one-hour length 'ffe~ conducted beginning at 
9:30p.m. on March 30, and at midnight and 3:00 a.m. en March 31. At a 

CONTINUED 
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Continued 
Page 2 

'Ch 31 J 1979 
PN0-79-67£ 

d1sta,ce of one mi.le from the plant, max1nJm readings ranged from 0.5 
nli111raentgens per hour (mr/hr) to.l.S mr/hr. At the 18 mila point, 
readings· of O.l to 0. 2 mr/hr •re obtained during the tw earlier surveys 
and 0.5 mr/hr during the latest. Flights are being made at. approximately 
three hour 1 nterva 1 s. · 

Of.fsite ground level ganna surveys in the Middletown area and north. 
between 9:30p.m. on March 30 and 1:00 a.m. on March 31, indicated 
levels from 0.2 to 0.5 mr/hr. These measurements were taken 1n the 
general direction of the pl~.~ne ·measured 1n aerial surveys. 

At 3:00 p.m. on March 29, {prior to the releases of March 30) the licensee 
pulled thermolum1nescent dosimeters from 17 fixed positions located 
within a 15 mile radtus of the;s1te. The dosimeters had been in place 
for three !l'.onths and had been exposed for about 32 hours after the 
incident. Only t~ dosimeters showed elevated exposures above normal 
levels. The highest reading observed was on Three Mile Island, 0.4 
m11as north of the reactor at the North Weather Station. At this 
location, the quarterly a-ccumulated exposure was 81 mr, approximately 65 
mr above the· normal quarterly exposure rate. The other high exposure 
was observed at North Bridge, 0.7 miles NNE of the reactor at the-
entrance to the site. At this ·location, the total quarterly accumulated 
exposure was 37 mr or approximately 22 mr above the normal quarterly 
exposure rate. 

During the evening mi1k1ng hour:s on March 30, m11k samples ~re collected 
by the Pennsylvania Department :of Environmental Resources at the following 
locations: 

Harrisburg (2 sites) 
"fork 
Middletown 
Bainbridge 
Etters 

Analyses showed no detectable radioiodine. The caws had been fed on 
stored feed but had been outside for exer1cse. 

The Pennsylvania Department of .Environmental Resources also collecte~ 
.water·samp1es at filtration plants at Columbia, PA (for the City of 
Lancaster) and Wrightsville on March 30 in the morning and early afternoon. 
Both sample points are downstream of Three Mile Island. No detectable 
activity was found. 

CONTINUED 
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Contact: DThompson, IE x281~l NCMose1ey, IE x28111 

Distribution: Transmitted H St C]l L~ 
Chairman Hendrie Comm1s3 oner Bradford 
Commissioner Kennedy Commissioner Ahearne 
Colanssioner Gilinsky 

Transmitted: MNSB C1: l}3 
L. V. Gossfck, EDO 

P. Bldg CJ ·. J 5 
H. R. Oeriton, NRR 
R. C. DeYoung, NRR 
R. J. Mattson, NRR 
V. Stelle, NRR 

H. L. Ornstein, EDO 
J. J. Fouchard, PA 
H. M. Haller, MPA 
R. &. Ryan. OSP 
H. l. Shapar,. ElD 

R. S. Boyd, NRR 
SS Bldg ~]k ~C' 
W. J. . 01 rc s , NMSS 

White House Situation Room---
EPA 
FDA/''I:'JISRAr:-.--
ooE/EOC --

Attachment (l ) 
Radiation Survey Map 
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(For Distribution) 

J. G. Davis, IE , I 
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(MAjl} 
J. . Cummings, CIA 
R. H1nogue,-SO 



APPX SCALE 
5 

Miles 

Haren 31, 1979 -4:00 a.m. 

March 31, i979 1:00 a.m. 

~-=-I.S t'Aif./1111.. 

ti·~'"' ,.,£l,zabethtown. 
' 

10 

AERIAL !suRVEY plume dfrection and radiation readings 
shown above. 

I 
I • 

A11 ground level readings were 1ess than 0.1 mr/hr. 
measurements ~4de 1n:vehicle travelling route 441 
from about ten miles south of plant to route 76 .. 
and south along roads on the )lest side of the river. 
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Ifo'.MEDIATE 

PRELIMINARY NOTIFICATION 

~--------------------------------------------------------------------------------~,--~tarch 31, 1979 

Pf{ELI:~INARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--Pt-:0-79-67F 

This preliminarv notification c~nstitutes sum~a~v infc~ation of an event 
of safctv or ~ublic interest sionificancc. The inror~~t1on or~scnted 1s a 
su~"!!i.rv =>f inform.at1on as of 5:30 p.r:1 date 3131/79. 

F~cili~v: Three Mile Isiand Unit 2 
Middleto\!ln, Pennsylvania (Oi~ 50-320) 

Subiect: NUCLEAR n~CIOENT AT THREE ~1ILE ISLAi\0 

Pl er:t Status 

Th~~e has been no change in the method of coo1fr.g the reactor since the 
previous report (PN0-79-57E). Reactor coolant temperatures measured by 
inccrc thermocouples gt 52 locations have continued to decreasa. At present 
nor.~ of the tern!=JeratU1'e readings is above saturation temperature for this 
pressure (S54°F). System parameters remain stable. Thare has been a slight 
oro, in pre~surizer level from 215 to 191 inches. 

Efforts continue to complete installation of components and piping on th~ 
hydro(!-:!n recorn!Jiner. Apl)roximately 220 tons of lead shielding in various 
sh.:pes and forms has arrived, ·or is on the way, to the site. Lead shielding 
is being inst~lled around the recombiner. A decision to use the recombiner 
hz.s not. yet been made. Two samples of containment atmosphere have be~n 
ani:.ly.::'!d ~hich sh~w hydrogen concentrations of 1.7 and 1.0%. 

Effort: continue ~o estimate the volume of the noncondensible aas bubble 
~~ovc the core. Licensee ca1cu1~tions of the size of the bubbie at 2:~0 p~ 
~=s £~0 cubic fe!t at 875 psig. At about 4:20 pm this was recalculated by t' 
licers·~e to b~ 621 cu:nc fe:et at 875 psig.---rhis is being further evaluated. 

Enviro~~~ntal St~tus 

Three 1\R!:S flights w'!re conc!ucted at c:bout 6:00 a.m.~ 9:00 a.m., anc 12:00 
n~a·~ ~-1 ~~rch ~1. All f1iahts reflected a rather stable situation. Maxi~::um 
rc.:din·J~ in the plume were"'from 1.5 to 2.5 milliroent~ens per hocr (mr/hr) 
~t a d;st.uilce of one mile fro;;, the plant, froi:l 0.5 to 1.0 mr/hr out to 7 
t.:ill'!s, and C.l to 0.2 :::r/hr bP.yond 10 miles. The plume width is about 1·1/2 
· ... c 2 ::"Jii~s. !~~J r·adioiodfnes have be~n detected in the plc.r-e. Offsite 
~-:-cur:~ 1 eve 1 !J~T.:na surve~·s ;lerfonned in the predcni n~nt ~; nd di t·ect ion 
im!ic.,~~~d ;-o~ir.mr.t lcvC!ls of about. z mr/hr at a~out 1/2 rnile fro~ ti1e site 
·:~ ·: .~ c:ire::tion oi"' tr.: ;:1u!'!t-~. The wind wa!: frohl th-a SSW at the tir.:e cf ~he 

CO!HINUED 
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Continued March 31, 1979 

~-----P-2~~~.~---------------------------------·--~P•N0~'--.79•-•6•7•F-------------
ARMS fiights. At nbout 1 PM the winds shifted and are new blowing in a south 
easterly direction. 

International Contacts 

NRC's Office of International Progra.ns (Oit>) has prepared daily status 
reports, transmitted by Immediate O~partment of State telegracs to official 
NRC contacts in the 25 foreign countries with which NRC has regular official 
relations. OIP is also receiving many foreign telephone calls. 

T-..!o sc::1ior safety experts from the Federal Republic of Genlany (FRG) arrived 
1&t~ ~~~ch 30 and were briefed by M~C experts at the Operations Center, 
late ~arch 30 and during March 31. Two French experts will arrive April 1. 
~~s~1n~ton Representatives or senior visitors of Japan, FRG, and Sweden 
also have been briefed in the Operations Center. OIP also has been briefing 
the President of the AECS of Canada, who offered to send any AECL or AECB 
c~p~rts who could be of assistance. 

Cont~ct ~ith Licensee 

f~~C Regional Offices are transmitting to the utilities with operating 
licenses sum:a~ information (fn the form of Preliminary Notifications) as 
t~:y aro prepared. 

Contact: CTho~?SOn, IE x281ll ~~award, IE x2Sll1 

Distribution: Transmitted H St. '!:DCC'. 
Cha1 rruan Hcndri e Ccrr:n1 ss 1 oner Bradford 
Co:;.:.Ji s~ioner Kennedy· Cornmi ssioner Ahearne 
Cc~~issioner Gilinsky 

Tr~ns:o;-;itted: ~7~:BB 7.'/0t:_ 
L. V. r:,ssick~ EDO . 
t!. L. Ornstein, EOO 
,1. J. F\lt:.:hard. PA 
t:. ti. J:~,ller-, f·':PA 
r.. G. r.y::n. O!;P 
L 1\. ~hCiJi.ll', EL.!l 

P. Bldg 7:/;::-~ 
H. R. Denton~ NRR 
R. C. DeYoung, tfRR 
R. J. Mattson, NRR 
V. Stelle, NRR 
R. S. Bovd, NRR 

.... ., ~7 SS Bldg /... ~v t? 
~!. J. Oi rcks, ·~:-~55 

. i -·" {"_ .. \-!hitE I~C:J!:C S1 tu~t. on Room L1.f.""' rr'\ 
EPF. .. s 

Fo'· r.-.--1 ..... 
,\/&Ji·r -·--

o:E/EOC ---

S. J. Chi1k, SECY 
C. C. Kar.=erer, CA 
{For Distribution) 

J. G. Oavh;. IE 
Region I • /:CO 
Reoion II 
Region II! 
Rcoion IV 
Region V-1:~~ 

~)c~:.ings, O!A 
R. ~1i noguc, SO 

;.":.··~.t- &:: ;:pow-=·---.-.:'·-·-·=-=---~~~~~------~ =~T .... ~--e=D..._,. __ 
u:::EOIATE 

PRELif.ilNAP.Y NOT!F!CAi!CH 
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EVALUATION OF FEEDWATER TRANSIENT 

IE Bulletin ~fo. 79-05 
Date: April 1, 1979 
Enclosure 2 
Page 1 of 3 

A loss of offsite power occurred at Davis-Besse on November 29, 1977, 
which resulted in shrinkage of the primary coolant volume to the degree 
that pressurizer level indication was lost. A recommendation to convey 
this information to certain hearing boards resulted in the attached 
discussion and evaluation of the event. This discussion includes a 
review of a loss of feedwater safety analysis assuming forced flow, 
which predicts dispersed primary system voiding, but no loss of core 
cooling. During the Three Mile Island event, however, the forced flow 
appears to have been terminated during the transient. 

Attachment: 
Discussion and Evaluation of 

Davis-Besse Transients 
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I£ Bulletin No. 79-05 
Date: Apri'l 1 , 1979 
Enclosure 2, Attachment 
Page 2 of 3 

!:tez?.!'"! !AO."! ~O!tA..'iDUM ~I':UD "cown:YntG '!\rW Dn'~!Ju.,ON TO LIC!NSn;G 
!OA!UJS - OAVlS-3ZSS!: U'NI'tS 2 & 3 ~~ M!!ll.\W WI'!S l & l", Q.U%D 
J.AmlAlt!' 8, 1979, i1tCM J.S. ~ .. UL !0 J,1. S~o"''='·.;.Lit.. 

3-. I:l.sl'oi!C:~:lcm. and t::.farc:eme:: aapo:; .S0-34o/78-co c!OC:\:L'lted tha: 
p:usur'i.:er l.evel iuci acne cffsale far apprcx:!.:=a:ely f.ive
:i:u~u c!.C"~g t.~a Ncve::!lc 29, 1977 lcs• o£ of:fs~:e pcN&r ave::.:. 
't".::era a:a. s:=e !:dicati.==s ea: QQ&:::' '3ow ;tlzn:.s cay have ~=b
las :;a.i::a-~-~~, ;::ass~!.:c laval. i::.:iia.:c~ons d1.C'~- ~:a:s.ia::.:3. 
!: a.cicS!:.ic:.., ~.::da= ~-:a!::t c:::::U.:::.O':s 51:C::. as loss· cf !e~:e: 
a.: 100: paver _.'!.:!: :~e :a.a-c::= ::c.l.a:: pt:~s :"' ........ _. .. :- :l:e p-ras-
s:izar ::a.y v~ci ~-=?lately. A s-pec:i.1.l ar-.a1.;s!s ha~ hee:: p.r
fc::aC. =nca_r:t:..-:.a · ::.:.s eve:::. 'r:i.s a:a-lys:...S !s a::.ac..~d as 
!:1c:lc.su=a 1: 3eca~e c: l=:'es.s~==.=e:: laval :ai:l:en:!.::e~· ~cC--
·la::s ~~e si.::!..::; of ce ~-':'a sst=" i.:a:- :ay -: e~t:i=t. :-.:::~her '::' i&V"...av. 

Also ~o~e<i C\:.:::'!:!S -=.'le eve::: ~as ~be fa.c~ :."lae -:~:ld ve::le c:::
sc:ale (less :..'"l.a:: S200'F). !:: a.cici:!.:!.c::, i: T.-a.s :o::ed. t..":.s:. t.'le 
::.a.k.eo:-"";1 :lc.: ::.c:::.::=rt:g ~ l!:! ead. :: lus- :."'.a:. l6C g;::: an: 
t::~: =akeu-;~ !l~ '::i.'Y be r~=s~ar.~i.&ll1 s=u :e:- ~::~ :.:.s va!.:1e. 
'!his i:.fc-::::a-=.on shculd be u:;-.:-eci i: llghe c: ~"le '::'equ!.:e
:anu of QC 13. 

r. •• eve:~ a.: lla.V"-.s 3esse r....iC: :-e.sul:ec !.:1 loss cf -=rass-.:~.-%2:' level 
~cii.:a.:=.c:. bas be'!!: ra~.a~ec! b7 ~-p;a a:ci :~e c::=nc:l~io'C. vas ':'uc:.=e:i 
:=&: = -=:"!!vi.r•ed sa:a't:'Y que.s::!.c:. e:C.s:ad. 

!he p:~ss~=izar, c=ge:~e: vi:h :he ~c:a= c:~clz:e ~~~ sys:e:~ ~ 
<!.as!.g:eC ::: :a!:s.:a.!: :~e ~r' ... iary sysT!a: ;~~sSt:~ a.:ci va:.a:· level ~.,...-.., .. 
:he:£: c-pe:-a=.~nal. l"-J :.s cnl? <iu::J..:g =r:-..a,. ape:-a:!:g c=u~!:ictlS. 
Cc:lci~~ :=a.=·~~e3, s~C::.as less of offs~:e rcwe= ~~ l=ss o£ !se=
va:e=, sc:s::.:a.:s ~$Ul: i: rt=.t-a:; ):~su:e a:d ~l=:a c:~.:::es =•= 
&'::'!! :eya~ ~=-a abU!.:; of ::!.s sys1:e: :.c c:=::-:l. '!:"'le a:alyse.s c! 
"d e:?e:'imca -.~:.~ su~h c-:-ans~e::s she~, 1:..:-;e·-1~:, :.."la.-: c.l:ey c:.zn· he 
sus-:&i=a:i n~cu: c:~==~i::a :ha sa!eey c:! the nac:~.. Ths ;r:.!.nc.:!.f)&l 
c::mcu: c:ause~ ~,. auc:h :":""-sia~:.s i.s" that :!ley -..: gh: =t.:S• v:id 4 -; i:i 
:he p:-"-a:-y c:aolan<: syste:: ~':a.: '-'"C1:lc! lea~=~ lass a: ab-t"~:Y :o a.ea
~~:ely. c:=ol. :he ':'&actor c:.o::e.. · 'r~e safet'Y evalWl:i=· of :he loss o~ 
af!s~ta p~c: e:a:s~~=· sb~s ehat, thouzh. level i:~icac~=c is lcs~, 
some "•:a:- =-=~ :.!.=. t!'1-e ~':'essurl:a= a.~d th& ?~ess\!:e does not dec:.:-ua~ 
beleN a'bou: 1600 ps~. !::1 C:l'rci.a.l! !wf ..,~~.ll.urt Lw '-'.:\:\U,, the 'P:'e.ssu:-e. m-..s-: 
de~=ease below :he sa:u=ation ~:'assu::e c:.::-=espoc4!na :o ~ha cyst~ 
t!C':)a:'atura. l600 ps~ is the sat~tion ·-p-:essu:-e c:.orre.s?et1ci!=.g :o 
605°!, ~hi~ is also the ca:ir~: allo~a=le c:ore ou~le: :a~e-:a:-::.::a. 
Vciti!.~g in che p::..:-a ry sys:e= ( cxea~:i:.g the ';)':'essu':':.=&::-)· is ;r:ecl;:ed. 
i~ tl~ c:..as&, s:..nc:.a p:-essure does- ~c: dec:.:-ea..se ~o sa~-::.:-a-=.~. 
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'1"-..a safaty &:&lysis fo~ mon sevara c:ccldov:1. t~s!e::.~s, sue as- t:e 
loaa of feer!wate'!' e~e1:u:. i:dic:a.:a.s th&c 'Che ·va.:ar vol.&.ea c:=ulcl ~cre.aae 
to las~ thau tha syste= wlume aclusi"' of ·the pr-..ssurl:ar:. IN:-' _:a 
such . a: ·event, ~· e:p"tT-:tl ·of che. press-~:er would ba fc Uavecl 'by 
a 'Pr•ssun :ad~:io'C. 'balcrv cha saeu:-a-:icm poi:: aucl tha .fc:-..a;i= of 
s::all vo'ic!.s c:cur-~u:. :DUC!1 of the p":":a:y sys:e:. "rhi.s vaulc!. :u:J'C 

.· :-asule. 1: :he loss of c:t-ra c=oli:a 'because the voids \o~ci be diar._~ 
· C"Ya':' a-: la:-ae volu:a a.::c! fo-:-cac! flew voulc! t''r'evce :.."141:1 f-== ccales::"'-g 
su!:!iC.e::c.ly· cc .,~nc.: cora c:=olina. '!he l'U.sh. ;:rassu=a- c=o.l.:: 
:t=jec:.:~n ?t.::rs. a-:-. s:a~r-. aucc=a:ically ~hr.:. :he pr'-•ry i':Oesr.:=e· 
cac':'aa.ses =•lcn.r 1600 ps:!.. ~:-e!c:-&, ar..y ;:-us~-::a rsC:uc.::!.= ~.-b.:!. .. " is 
s~:~i.c::!.-:-: -:c &lle-J vo:!.di=i vi,"! :Uso -res~: !: ~at&:' i:j ec:~= -;,bi.C:: 
~il! :'z;iely· :-es:ore :~a p:!=&ry -•ta: =~ nor-a~ l~vel~. 

i'c~ t!'lue :"USC':"~ 1 we beli~t th&t ea !:abil.i:y · ::! :..'le p-:esso;:.:!.:a~ 
a:u:l -:1c~a" :Qou:r sa.l<aup s-r~-,:c: :a c=t::':'~l s::a ~:-an.sian:::s dee~ ~="= 
;~~e a =&si.s !=~ :-aqu~~n: =:-• es:pa.c:.~:-y 1: ~ese s~s~u:s .. 

Ce:erw.J.. '!las!;: C:ita:"ict:. !3 c: .lp~e::=: A to: 10 C;:.. SO :-eq1:!:-as 
!:.s::-.::en:~~!at:- C-:2 =r:!:CI':'"V&::~blas cr;oe: C&~:' anC,~;a~at! :a:ges 
fC'r.. rt &::i.e:!;:&: eC: Qt)8':'&t;!.:-...aJ. OC=:':'&Ct:U II • $w:!1. CC::'".J ~c:tc:_-s &:'e 
spe~lc.ally c!a!~a~ :a !.:1c.ll:tia. less cf all cf!C.:e p~e:-. · ::-ac fac::: 
tZ:a~·- ! . c:ld sees· off scale ae . .520°! !.s :o::: c==s~e-:84 t.c:s be a ~evf.-a::L.cc 
f*=- thi,s-. :'&t:f~.:'ec:- O&Qt:Se O:is i:d.ica.CC: is 'baaed Uf' ~Y' '--:;de 
=.::1e i:~e~;-.::oe i:c!±:.atie11 :ha.:. ar...a:u!s :c- a lev ~= cf .50°?. 
N.C.:he: c!c ~--. c:us:!.4a~ the ::.a.k&u.p flcv co:it:ar'.-:g tc c!aT'.a:a- s!::ca =· a::-.=.: c: :akau-p now i: e::.asa of 160 g;:m ~oes -:ct. appe~:- ~= be 
• siS=!.!!:a:::: !aa:c':" !: :2 ccu=sa ~~ t~esa ccc::":'~as. 

r=. lcs.s of j)ru~:-'..%a: '-'"at.&: la?el i:aica:io: C:::"'l1 :te ~~i.4a:ad ~ 
uV"~:t free. G!lC 13, 1:1ec.swsa ·t!1:!.s ·laval i:1ri:!.::.ac~o: ?~~as ::a 1=~-==~;oal. 
:ems: a:! c!e-:a:.-~-:t:; =~· p:~-a:; ~=l=~ !=~:a:;. So~'"=• :::-v1s~ 
0 4 & l-··1 ~::~----.- !"'h"'- ..-•• ;, ~ - .... 1., ,. ..... ,..:...;,. •• ..; -=-·--·-- -:'T. - . -·~· _ ...... _ ..... - ·- .,..--.g, .. ., ... - ~- ~· .. ~-~,.~- .. - .... -----~-- ...... 
:=t C,e ·1"='2c::!.cal. . As cii.sc:--ss-aci above.,. t:e· l:ss :: !eed-..Ta~•-= av-..:: c:.a: 
t.•d. -:c a :c::a:1:a:y, c:z::n~di:ic= -.ma:~ :.o :aa:"'~g:!1:1 l.v4Ll c:::!..s-a~ 
ia&ca~ =~· a:ti:'e' p:-J-a:y systc c:.:::ai:l.s a .s=a&-:. wata: ... .., :c:::--a. 

tc: sb~· be :"tad ::&: :ha !::-:cciuc:!.a: ~= ~?e:l~ A (l.as~ pa:ag:aph) 
:eccz:i,.zes :.~e f~fi.ll::e:c of ~=• of t~• c::-~:e~a -::a7 :ce altor-zys be 
ap-p:-~p:'ia~a •. · '!'h:!.s in~:-ociuct:!.cn also E:.&ces :hac depar:u~es f:-= :.'le. 
Crl.:e':'i& c.ust "Qa icie:u:ifiad. and ju.scifiec!. 'Iha ciUc:uss!c:: of QC 13 
i: the l)avis !•sse :SAlt li-sts :he va ear level ins~eatic:, bu~ 
does net-· mea.d.c:: :he possibility c~ loss of wa:e:' level ~ic:aci= 
ciur-:a tta:si.mcs. · 'n".is &pp&re:l:. o:ission in the s&fety a:c.lys~ 
'--ill- be subj ee:ec! to f~h&:: r~Vict.r. 
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LISTING OF IE BULLETINS 
ISSUED IN LAST TWELVE MONTHS 

Bulletin Subject Date Issued Issued To 
No. 

78-05 Malfunctioning of 4/14/78 All Power Reactor 
Circuit Breaker Facilities with an 
Auxiliary Contact Operating License 
Mechanism - General (OL) or Construction 
Electric Model CRlOSX Penni t (CP) 

78-06 Defective Cutler- 5./31/78 All Power Reactor 
Hammer, Type M Relays Facilities with an 
With DC Coils OL or C? 

78-07 Protection afforded 6/12/78 All Power Reactor 
by Air-Line Respirators Facilities with an 
and Supplied-Air Hoods OL, all class E and F 

Research Reactors with 
an OL, all Fuel Cycle 
Facilities with an OL. 
and all Priority I 
Material Licensees 

78-08 Radiation Levels from 6/12/78 All Power, Test and 
Fuel Element Transfer Research Reactor 
Tubes Facilities with an OL 

having Fuel Element 
Transfer Tubes 

78-09 BWR Drywell Leakage 6/14/78 A 11 BWR Power 
Paths Associated with Reactor Facilities 
Inadequate Drywell with an OL (for action) 
Closures or CP {for information) 

78-10 Bergen-Paterson 6/27/78 All BWR Power Reactor 
Hydraulic Shock Facilities with 
Suppressor Accumulator an OL cr CP 
Spring Coils 
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Bulletin 
No. 

78-11 

78-12 

78-12A 

78-128 

78-13 

78-14 

LISTING OF IE BULLETINS 
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ISSUED IN LAST TI-IELVE MONTHS (CONTINUED) 

Subject Date Issued 

Examination of Mark I 7/24/78 
Containment Torus 
Welds 

Atypical Weld Material 9/29/78 
in Reactor Pressure 
Vessel Welds 

Atypical Weld Material 11/24/78 
in Reactor Pressure 
Vessel Welds 

Atypi ca 1 We 1 d ~-1a teri a 1 3/19/79 
in Reactor Pressure 
Vessel Welds 

Failures In Source Heads 10/27/78 
of Kay-Ray, Inc., Gauges 
Models 7050, 70508, 7051, 
70518, 7060, 70608, 7061 
and 70618 

Deterioration of Buna-N 12/19/78 
Components In ASCO 
Solenoids 

A-30 

Issued To 

BWR Power Reactor 
Faci 1 i ties with an OL 
for action: Peach 
Bottom 2 and 3, 
Quad Cities 1 and 
2, Hatch 1, ~1onti
cello and Vermont 
Yankee. All other 
BWR Power Reactor 
Facilities with an 
OL for information 

All Power Reactor 
Facilities with an 
OL or CP 

All PovJer Reactor 
Facilities with an 
OL or CP 

All Power Reactor 
Facilities with an 
OL or CP 

All Genera 1 and 
Specific Licensees 
with the subject 
Kay-Ray, Inc. 
Gauges 

All GE BWR Faci-
lities \'lith an OL 
(for action), and all 
other Power Reactor 
Facilities with an OL 
or CP (for information) 
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LISTING OF IE BULLETINS 
ISSUED IN LAST TWELVE MONTHS (CONTINUED) 

Bulletin Subject Date Issued Issued to 
No. 

79-01 Environmental Qualifica- 2/8/79 All Power Reactor 
tion of Class IE Equipment Facilities with an 

OL, except the 11 
Systematic Evaluation 
Program Plants (for 
action), and all 
other Power Reactor 
Facilities with an 
OL or CP (for in-
formation) 

79-02 Pipe Support Base Plata 3/8/79 All Power Reactor 
Design Using Concrete Facilities with 
Expansion Anchor Bolts an OL or CP 

79-03 Longitudinal Weld Defects 3/12/79 All Power Reactor 
in ASME SA-312 Type Facilities with 
304 Stainless Steel Pipe an OL or CP 
Spools Manufactured by 
Youngstown Welding and 
Engineering Company 

79-04 Incorrect Weights for 3/30/79 All Power Reactor 
Swing Check Valves Facilities with an 
Manufactured by Velan OL or CP 
Engineering Corporation 
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ENCLOSURE 2 

LIST OF LICENSEES AND CONSTRUCTION PERMIT HOLDERS 
RECEIVING IE BULLETIN 79-05 FOR INFORMATION 

Baltimore Gas and Electric Company 
ATTN: Mr. A. E. Lundvall, Jr. 

Vice President -· Supply 
P. 0. Box 1475 
Baltimore, Maryland 21203 

Boston Edison Company M/C Nuclear 
ATTN: Mr. G. Carl Andognini, Manager 

Nuclear Operations Department 
800 Boylston Street · 
Boston, Massachusetts 02199 

Connecticut Yankee Atomic Power Company 
ATTN: Mr. W. G. Counsil 

Vice President - Nuclear 
Engineering and Operations 

P. 0. Box 270 
Hartford, Connecticut 06101 

Consolidated Edison Company of 
New York, Inc. 

ATTN: Mr. W. J. Cahill, Jr. 
Vice President 

4 Irving Place 
New York, New York 10003 

Duquesne Light Company 
ATTN: Mr. C. N. Dunn 

Vice President 
Operations Division 

435 Sixth Avenue 
Pittsburgh, Pennsylvania 15219 

Jersey Central Power and Light Company 
ATTN: Mr. Ivan R. Finfrock, Jr. 

Vice President 
Madison Avenue at Punch Bowl Road 
Morristown, New Jersey 07960 
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Maine Yankee Atomic Power Company 
ATTN: Mr. Robert H. Groce 

Licensing Engineer 
20 Turnpike Road 
Westborough, Massachusetts 01581 

Niagara Mohawk Power Corporation 
ATTN: Mr. R. R. Schneider 

Vice President 
Electric Operations 

300 Erie Boulevard West 
Syracuse, New York 13202 

Northeast Nuclear Energy Company 
ATTN: Mr. W. G. Counsil 

Vice President - Nuclear 
Engineering and Operations 

P. 0. Box 270 
Hartford, Connecticut 06101 

Philadelphia Electric Company 
ATTN: Mr. S. L. Daltroff 

Vice President 
ElectriG Production 

2301 Market Street 
Philadelphia, Pennsylvania 19101 

2 

Power Authority of the State of New York 
Indian Point 3 Nuclear Power Plant 
ATTN: Mr. J. P. Bayne 

Resident Manager 
P. 0. Box 215 
Buchanan, New York 10511 

Power Authority of the State of New York 
James A. FitzPatrick Nuclear Power Plant 
ATTN: Mr. J. D. Leonard, Jr. 

Resident Manager 
P. 0. Box 41 
Lycoming, New York 13093 
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Public Service Electric and Gas Company 
ATTN: Mr. F. W. Schneider 

Vice President - Production 
80 Park Place 
Newark, New Jersey 07101 

Rochester Gas and Electric Company 
ATTN: Mr. Leon D. White, Jr. 

Vice President 
Electric and Steam Production 

89 East Avenue 
Rochester, New York 14649 

Vermont Yankee Nuclear Power Corporation 
ATTN: Mr. Robert H. Groce 

Licensing Engineer 
20 Turnpike Road 
Westborough, Massachusetts 01581 

Yankee Atomic Electric Company 
ATTN: Mr. Robert H. Groce 

Licensing Engineer 
20 Turnpike Road 
Westborough, Massachusetts 01581 

Duquesne Light Company 
ATTN: Mr. E. J. Woolever 

Vice President 
435 Sixth Avenue 
Pittsburgh, Pennsylvania 15219 

Jersey Central Power & Light Company 
ATTN: Mr. I. R. Finfrock, Jr. 

Vice President 
260 Cherry Hill Road 
Parsippany, New Jersey 07054 

Long Island Lighting Company 
ATTN: Mr. Andrew W. Wofford 

Vice President 
175 East Old Country Road 
Hicksville, New York 11801 
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Enclosure 2 4 

Niagara Mohawk Power Corporation Docket No. 50-410 
ATTN: Mr. G. K. Rhode 

Vice President 
System Project Management 

300 Erie Boulevard, West 
Syracuse, New York 13202 

Pennsylvania Power & Light Company 
ATTN: Mr. Norman W. Curtis 

Vice President 
Engineering and Construction (N-4) 

2 North Ninth Street 
Allentown, Pennsylvania 18101 

Philadelphia Electric Company 
ATTN: Mr. V. S. Boyer 

Vice President 
Engineering and Research 

2301 Market Street 
Philadelphia, Pennsylvania 19101 

Public Service Electric & Gas Company 
ATTN: Mr. T. J. Martin 

Vice President 
Engineering and Construction 

80 Park Place 
Newark, New Jersey 07101 

Public Service Company of New Hampshire 
ATTN: Mr. W. C. Tallman 

President 
1 000 Elm Street 
Manchester, New Hampshire 03105 

Rochester Gas & Electric Corporation 
ATTN: Mr. J. E. Arthur 

Chief Engineer 
89 East Avenue 
Rochester, New York 14649 

Metropolitan Edison Company 
ATTN: Mr. J. G. Herbein 

Vice President - Generation 
P. 0. Box 542 
Reading, Pennsylvania 19640 
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.UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, D.C. 20555 

April 11, 1979 

IE Bulletin No. 79-06 

REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING 
THE THREE MILE ISLAND INCIDENT 

As previously discussed in IE Bulletin 79-05 and 79-05A, the Three Mile 
Island Nuclear Power Plant, Unit 2 experienced significant core damage 
which resulted from a series of events initiated by a loss of feedwater 
transient and apparently compounded by operational errors. Several 
aspects of the incident have generic applicability to all light water 
power reactor facilities, in addition to those previously identified as 
applicable to Babcock and Wilcox reactors. This bulletin is to identify 
certain actions to be taken by all other light water power reactor 
facilities with an operating license. Actions previously have been 
required of 1icensees with B&W reactors. 

Action to be taken by licensees: 

For all pressurized water power reactor facilities with an operating 
license except Babcock and Wilcox reactors: 

1. Review the description of circumstances described in Enclosure 1 
of IE Bulletin 79-05 and the preliminary chronology of the TMI-2 
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-0SA. 

a. This review should be directed toward understanding: (1) the 
extreme seriousness and consequences of the simultaneous 
blocking of both auxiliary feedwater trains at the Three Mile 
Island Unit 2 plant and other actions taken during the early 
phases of the accident; (2) the apparent operational errors 
which led to the eventual care damage; and (3) the necessity 
to systematically analyze plant conditions and parameters 
and take appropriate corrective action. 

b. Operations personnel should be instructed to: (1) nat override 
automatic action of engineered safety features without careful 
review of plant conditions; and (2) not make operational 
decisions based on a single plant parameter indication when 
a confirmatory indication is available. 

c. All licensed operators and plant management and supervision 
with operational responsibilities shall participate in this 
review and such participation shall be documented in plant 
records. 
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2. For pressurized water reactor facilities review the actions required 
by your operating procedures for coping with transients and accidents, 
with particular attention to: 

a. Recognition of the possibility of forming voids in the primary 
coolant system large enough to compromise the core cooling 
capability, especially natural circulation capability. 

b. Operator action required to prevent the formation of such voids. 

c. Operator action required to enhance core cooling in the event 
such voids are formed. 

3. For pressurized water reactor facilities that use pressurizer water 
level coincident with pressurizer pressure for automatic initiation 
of safety injection into the reactor coolant system, instruct 
operators to manually initiate safety injection when the pressurizer 
pressure indication reaches the actuation set point whether or not 
the level indication has dropped to the actuation set point. 

4. Review the containment isolation initiation design and procedures, 
and prepare and implement all changes necessary to cause contain
ment isolation of all lines whose isolation does_not degrade core 
cooling capability upon automatic initi-ation of safety injection. 

5. For pressurized water reactor facilities for which the auxi-liary 
feedwater system is not automatically initiated, prepare and imple
ment immediately procedures which require the stationing of an 
individual (with no other assigned concurrent duties and in direct 
and continuous communication with the control room) to promptly 
initiate auxiliary feedwater to the steam generator{s) for those 
transients or accidents the consequences of which can be limited 
by such action. 

6. For all pressurized water reactors, prepare and implement 
immediately procedures which: 

a. Identify those plant indications (such as valve discharge 
piping temperature, valve position indication, or valve 
discharge relief tank temperature or pressure indication) 
which plant operators may utilize to determine that pres
surizer power operated relief valve(s) are open, and 
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b. Direct the plant operators to manually close the power 
operated relief block valve(s) when reactor coolant system 
pressure is reduced to the set point for normal automatic 
closure of the power operated relief valve(s) and the valve{s) 
fail to close. 

7. Review the action directed by the operating procedures and training 
instructions to ensure that: 

a. Operators do not override automatic actions of engineered safety 
features without careful review of plant conditions. 

b. Operators are provided additional information and instructions 
to not rely upon any one plant parameter but to also examine 
other related indications in evaluating plant conditions. 

8. Review all safety-related valve positions, positioning requirements 
and positive controls to assure that valves remain positioned {open 
or closed) in a manner to ensure the proper operation of engineered 
safety features. Also review related procedures, such as those for 
maintenance, testing, plant and system startup, and supervisory 
periodic (daily/shift checks, etc.) surveillance to ensure that 
such valves are returned to tbeir correct positions following 
necessary manipulations and are maintained in their proper 
positions during all operational modes. 

9. Review your operating modes and procedures for all systems designed 
to transfer potentially radioactive gases and liquids out of the 
primary containment to assure that undesired pumping, venting or 
other release of radioactive liquids and gases will not occur 
inadvertently. 

In particular, ensure that such an occurrence would not be caused 
by the resetting of engineered safety features instrumentation. 
List all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high 
radiation indication exists, and 

b. Whether such systems are isolated by the containment isolation 
signa 1. 

c. The basis on which continued operability of the above features 
is a.ssured. 

10. Review and modify as necessary your maintenance and test procedures 
to ensure that they require: 
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a. Verification, by test or inspection per technical specifications, 
of the operability of redundant safety-related systems prior 
to the removal of any safety-related system from service. 

b. Verification of the operability of all safety-related systems 
when they are returned to service following maintenance or 
testing. 

c. Explicit notification of involved reactor operating personnel 
whenever a safety-related system is removed from and returned 
to service. 

11. Review your prompt reporting procedures for NRC notification to 
assure very early notification of serious events. 

For all pressurized water power reactor facilities with an operating 
license except Babcock and Wilcox reactors, respond to Items 1-11 within 
14 days of the receipt of this Bulletin. 

Reports should be submitted to the Director of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Office of 
Inspection and Enforcement, Division of Reactor Operations Inspection, 
Washington, D.C. 20555. 

For all other power reactors with an operating license or construction 
permit, this Bulletin is for information purposes and no written response 
is required. 

Approved by GAO, 8180225 (R0072); clearance expires 7/31/80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 
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U.S. NUCLEAR REGULATORY COMMISSION 
OFFICE OF INSPECTION ~~ ENFORCEMENT 

Apri 1 14, 1979 

IE Bulletin No. 79-08 

EVENTS RELEVANT TO BOILING WATER POWER REACTORS IDENTIFIED DURING 
THREE MILE ISLAND INCIDENT 

Description of Circumstances: 

On march 28, 1979 the Three Mile Island Nuclear Power Plant, Unit 2 
experienced core damage which resulted from a series of events which 
were initiated by a loss of feedwater transient. Several aspects of 
the incident may have general applicability to operating boiling 
water reactors. This bulletin requests certain actions of licensees 
of operating boiling water reactors. 

Actions to be taken by Licensees: 

For all Boi11ng water reactor facilities with an operating license 
complete the actions specified below: 

1. Review the description of circumstances described in Enclosure 1 
of IE Bulletin 79-05 and the preliminary chronolo'y of the TMI-2 
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-0SA. 

a. This review should be directed toward understanding: (1) the 
extreme seriousness and consequences of the simultaneous blocking 
of both trains of a safety system at the Three Mile Island 
Unit 2 plant and other actions taken during the early phases 
of the accident; (2) the apparent operational errors which 
led to the event~al core damage; and (3) the necessi~ to 
systematically analyze plant conditions and parameters and 
take appropriate corrective action. 

b. Operational pPrsor.nel should be instructed to (1) not 
override aut~~tic action of engineered safety features 
unless continued operation of engineered safety features 
will result in unsafe plant conditions (see Section Sa 
of this bulletin); and (2) not make operational decisions 
based solely on a single plant parameter indication when 
one or more confirmatory 1nd1cations are ava11ab1e. 
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c. All licensed operators and plant management and supervisors 
with operational responsibilities shall participate in this 
review and such participation shall be documented 1n plant 
records. 

2. Review the containment isolation initiation design and procedures, 
and prepare and implement all changes necessary to initiate 
containment isolation, whether manual or automatic, of all lines 
whose isolation does not degrade needed safety features or cooling 
capability, upon automatic initiation of safety injection. 

3. Describe the actions, both automatic and manual, necessary for proper 
functioning-of the auxiliary heat removal systems (e.g., RCIC) 
that are used when the main feedwater system is not operable. For 
any manual action necessary, describe in s~ry form the procedure, 
by which this action is taken in a timely sense. 

4. Describe all uses and types of vessel level indication for both 
automatic and manual initiation of safety systems. Describe other 
redundant instrumentation which the operator might have to give the 
same information regarding plant status. Instiuct c~erators to 
utilize other available information to initiate safety systems. 

5. Review the action directed by the operating procedures and training 
instructions to ensure that: 

a. Operators do not override automatic actions of engineered 
safety features. unless continued operation of engineered 
safety features will result in unsafe plant conditions 
(e.g. vessel integrity). 

b. Operators are provided additional info~tion and instructions 
to not rely upon vessel level indication alone for manual 
actions, but to also examine other plant parameter indications 
;n evaluating plant conditions. 

6. Review all safety-related valve positions, positioning requirements 
and positive controls to assure that valves remain positioned 
(open or closed) in a manner to ensure the proper operation of 
engineered safety features. Also review related procedures, such 
as those for maintenance. testing. plant and system startup. and 
supervisory periodic {e.g •• daily/shift checks,) surveillance to 
to ensure that such valves are returned to their correct positions 
following necessary manipulations and are maintained in their 
proper positions during all operational modes. 
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7. Review your operating modes and procedures for all systems 
designed to transfer potentially radioactive gases and 11qu1ds 
out of the primary containment to assur~ that undesired pumping, 
venting or other release of radioactive liquids and gases will 
not occur inadvertently. 

In particular, ensure that such an occurrence would not be caused 
by the resetting of engineered safety features instrumentation. 
List all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high 
radiation indication exists, and 

b. Whether such systems are isolated by the containment isolation 
signal. 

c. The basis on which continued operability of the above features 
is assured. 

8. Review and modify as necessary your maintenance and test procedures 
to ensure that they require: 

a. Verification, by test or inspection, of the operability of 
redundant safety-related systems prior to the removal of 
any safety-related system from service. 

b. Verification of the operability of all safety-related 
systems when they are returned to service following 
maintenance or testing. 

c. Explicit notification of involved reactor operational 
personnel whenever a safety-related system is removed from 
and returned to service. 

9. R~view your prompt repor-ting procedures for NRC notification to 
assure that NRC is notified within one hour of the time the reactor 
is not in a controlled or expected condition of operation. Further, 
at that time an open continuous communication channel sha11 be 
established and maintained with NRC. 

10. Review operating modes and procedures to deal with significant 
amounts of hydrogen gas that may be generated during a transient 
or other accident that would either remain inside the primary 
system or be released to the containment. 
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11. Propose changes, as required, to :hcse technical specification~ 
which must be modified as a resul~ of your implementing the 
1 tems above. 

For all boiling water reactor facilities with an operating license, 
respond to Items 1-10 within 10 days of the re~eipt of this Bulletin. 
Respond to i tern 11 (Technical Speci f1:ati on Change proposals) in 
30 days. 

Reports should be submitted to the Oi~ector of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Offire of 
Inspection and Enforcement. Division of Reactor Operat1ons Inspection. 
Washington.. D.C. 20555. 

For all other power reactors with an operating license or construction 
permit, this Bulletin is for 1nforma:ion purposes and no written response 
is required. 

Approved by GAO, 8180225 (ROC72); clearance expires 7/31/80. Approval 
was given under a blanket clearance ~p=cif1ca1ly fer ide~tified generic 
problems. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, DC 20555 

APRIL 5, 1979 

NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT 

Description of Circumstances: 

IE Bulletin 79-0SA 

Preliminary information received by the NRC since issuance of IE 
Bulletin 79-05 on April 1, 1979 has identified six potential human, 
design and mechanical failures 'l'lhich resulted in the core damage and 
radiation releases at the Three Mile Island Unit 2 nuclear plant. The 
information and actions in this supplement clarify and extend the original 
Bulletin and transmit a preliminary chronology of the TMI accident 
through the first 16 hours (Enclosure 1). 

1. At the time of the initiating event, loss of feedwater, both of ~~e 
auxiliary feedwater trains were valved out of service. 

2. The pressurizer electromatic relief valve, which opened during 
the initial pressure surge, failed to close when the pressure 
decreased below the actuation level. 

3. Following rapid depressurization of the pressurizer, the pressurizer 
level indication may have led to erroneous inferences of high 
level in the reactor coolant system. The pressurizer level indication 
apparently led the operators to prematurely terminate high pressure 
injection flow, even though substantial voids existed in the reactor 
coolant system. · 

4. Because the containment does not isolate on high pressure injection 
(HPI) initiation, the highly radioactive water from the relief 
valve discharge was pumped out of the containment by the automatic 
initiation of a transfer pump. This water entered the radioactive 
waste treatment system in .the auxiliary building where some of it 
overflowed to the floor. Outgassing from this water and discharge 
through the auxiliary building ventilation system and filters was 
the principal source of the offsite release of radioactive noble 
gases. 

5. Subsequently, the high pressure injection system '!'las intermittently 
operated at~empting to control primary coolant inventory losses 
through the electromatic relief valve, apparently based on 
pressurizer level indication. Due to the presence of steam and/or 
noncondensible voids elsewhere in the reactor coolant system, 
this led to a further reduction in primary coolant inventory. 
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6. Tripping of reactor coolant pumps during the course of the transient, 
to protect against pump damage due to pump vibration, led to fuel 
damage since voids in the reactor coolant system prevented natural 
circulation. 

Actions To Be Taken by Licensees: 

For all Babcock and Wilcox pressurized water reactor facilities with an 
operating license (the actions specified below replace those specified 
in IE Bulletin 79-05): 

1. (This item clarifies and expands upon item 1. of IE Bulletin 79-o5.) 

In addition to the review of circumstances described in Enclosure 1 
of IE Bulletin 79-05, review the enclosed preliminary chronology of 
the TMI-2 3/28/79 accident. This review should be directed toward 
understanding the sequence of events to ensure against such an 
accident at your facility(ies). 

2. (This item clarifies and expands upon item 2. of IE Bulletin 79-05.) 

Review any transients similar to the Davis Besse event (Enclosure 2 
of IE Bulletin 79-05) and any othe,rs which contain similar elanents 
from the enclosed chronology (Enclosure 1) which have occurred at 
your facility(ies). If any significant deviations from expected 
performance are identified in your review, provide details and an 
analysis of the safety significance together with a description of 
any corrective actions taken. Reference may be made to previous 
information provided to the NRC, if appropriate, in responding to 
this item. 

3. (This item clarifies item 3. of IE Bulletin 79-05.) 

Review the actions required by your operating procedures for coping 
with transients and accidents, with particular attention to: 

a. Recognition of the possibility of forming voids in the primary 
coolant system large enough to compromise the core cooling 
capability, especially natural circulation capability. 

b. Operator action required to prevent the formation of such 
voids. 

c. Operator action required to enhance core cooling in the event 
such voids are formed. 
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4. (This item clarifies and expands upon item 4. of IE Bulletin 79-05.) 

Review the actions directed by the operating procedures and training 
instructions to ensure that: 

a. Operators do not override automatic actions of engineered 
safety features. 

b. Operating procedures currently, or are revised to, specify 
that if the high pressure injection (HPI) system has been 
automatically actuated because of low pressure condition, 
it must remain in operation until either: 

(1) Both low pressure injection (LPI) pumps are in operation 
and flowing at a rate in excess of 1000 gpm each and the 
situation has been stable for 20 minutes, or 

(2) l"he HPI system has been in operation for 20 minutes, 
and all hot and cold leg temperatures are at least 
50 degrees below the saturation temperature for the 
existing RCS pressure. If 50 degree subcooling cannot 
be maintained after HPI cutoff, the HPI shall be 
reactivated. 

c. Operating procedures currently, or are revised to, specify 
that in the event of HPI initiation, with reactor coolant 
pumps (RCP) operating, at least one RCP per loop shall remain 
operating. 

d. Operators are provided additional information and instructions 
to not rely upon pressurizer level indication alone, but to 
also examine pressurizer pressure and other p1ant parameter 
indications in evaluating plant conditions, e.g., water 
inventory in the reactor primary system. 

5. (~1is item revises item 5. of IE Bulletin 79-05.) 

Verify that emergency feedwater valves are in the open position in 
accordance with item 8 below. Also, review a11 safety-related 
valve positions and positioning requirements to assure that 
valves are positioned (open or closed) in a manner to ensure the 
proper operation of engineered safety features. Also review 
related procedures, such as those for maintenance and testing, 
to ensure that such valves are returned to their correct positions 
following necessary manipulations. 
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6. Review the containment isolation initiation design and procedures, 
and prepare and implement all changes necessary to cause containment 
isolation of all lines whose isolation does not degrade core cooling 
capability upon automatic initiation of safety injection. 

7. For manual valves or manually-operated motor-driven valves which 
could defeat or compromise the flew of auxiliary feedwater to the 
steam generators, prepare and implement-procedures which: 

a. require that such valves be locked in their correct position; 
or 

b. require other similar positive position controls. 

8. Prepare and implement immediately procedures which assure that two 
independent steam generator auxiliary feedwater fiow paths, each with 
100~ flow capacity, are operable at any time when heat removal from 
the primary system is through the steam generators. When two inde
pendent 100% capacity flow paths are not available, the capacity 
shall be restored within 72 hours or the plant shall be placed in a 
coo1ing mode which does not rely on steam generators for cooljng 
within the next 12 hours. 

When at least one 100% capacity flow path is not available, the 
reactor shall be made subcritical within one hour and the facility 
placed in a shutdown cooling mode which does not rely on steam 
generators for cooling within 12 hours or at the maximum safe 
shutdown rate. 

9. (This item revises item 6 of IE Bulletin 79-05.) 

Review your operating modes and procedures for ali systems designed 
to transfer potentially radioactive gases and liquids out of the 
primary containment to assure that undesired pumping of radioactive 
liquids and gases will not occur inadvertently. 

In particular, ensure that such an occurrence would not be caused 
by the resetting of engineered safety features instrumentation. List 
all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high radiation 
indication exists, and 

b. Whether such systems are isolated by the containment isolation 
signal. 
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10. Review and modify as necessary your maintenance and test procedures 
to ensure that they require: 

a. Verification, by inspection, of the operability of redundant 
safety-related systems prior to the removal of any safety
related system from service. 

b. Verification of the operability of all safety-related systems 
when they are returned to service following maintenance or testing. 

c. A means of notifying involved reactor operating personnel 
whenever a safety-related system is removed from and returned 
to service. 

11. A11 operating and maintenance personnel should be made aware of the 
extreme seriousness and consequences of the simultaneous blocking 
of both auxiliary feedwater trains at the Three Mile Island Unit 2 
plant and other actions taken during the early phases of the accident. 

12. Review your prompt reporting procedures for NRC notification to 
assure very early notification of serious events. 

For Babcock and Wilcox pressurized water reactor facilities with an 
operating license, respond to Items 1, 2, 3, 4.a and 5 by April 11, 
1979. Since these items are substantially the same as those specified in 
IE Bulletin 79-05, the required date for response has not been changed. 
Respond to Items 4.b through 4.d, and 6 through 12 by April 16, 1979. 

Reports should be submitted to the Director of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Office of 
Inspection and Enforcement, Division of Reactor Operations Inspection, 
Washington, DC 20555. 

For all other reactors with an operating license or construction permit, 
this Bulletin is for information purposes and no written response is 
required. 

Approved by GAO, B 180225 (R0072); clearance expires 7-31-80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 

Enclosures: 

1. Preliminary Chronology of TMI-2 3/38/79 
Accident Until Core Cooling Restored. 
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TIME (Approximate} 

about 4 J1M 
(t = 0} 

t = 3-6 sec. 

t = 9-12 sec. 

t = 12-15 sec. 

t = 15 sec. 

t = 30 sec. 

t = 1 min. 

t = 1 min. 

t = 2 min. 

t = 4 - 11 min. 

t = 6 min. 

PRELIMINARY 

Enclosure 1 to 
IE Bulletin 79-05A 
April 5, 1979 

CHRONOLOGY OF TMI-2 3/28/79 ACCIDENT 
UNTIL CORE COOLING RESTORED 

EVENT 

Loss of Condensate Pump 
Loss of Feedwater 
Turbine Trip 

Electromatic relief valve opens (2255 psi} 
to relieve pressure in RCS 

Reactor trip on high RCS pressure 
(2355 psi) 

RCS pressure decays to 2205 psi 
(relief valve should have closed) 

RCS hot leg temperature peaks at 
611 degrees F, 2147 psi (450 psi over 
saturation) 

All three auxiliary feedwater pumps running 
at pressure (Pumps 2A and 28 started at 
turbine trip). No flow was injected since 
discharge valves were closed. 

Pressurizer level indication begins to 
rise rapidly 

Steam Generators A and 8 secondary level 
very low - drying out over next couple of 
minutes. 

ECCS initiation (HPI) at 1600 psi 

Pressurizer level off scale - high - one 
HPI pump manually tripped at about 4 min. 
30 sec. Second pump tripped at about 
10 min. 30 sec. 

RCS flashes as pressure bottoms out at 
1350 psig (Hot leg temperature of 
584 degrees F) 

t = 7 min., 30 sec. Reactor building sump pump came on. 
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TIME 

t = 8 min. 

t = 8 min. 18 sec. 

t = 8 min. 21 sec. 

t = 11 min. 

t = 11-12 min. 

t = 15 min. 

t = 20 - 60 min. 

t = 1 hour, 15 min. 

t = 1 hour, 40 min. 

t = 1-3/4 - 2 hours 

t = 2.3 hour 

t = 3 hours 

t = 3. 25 hours 

t = 3.8 hours 

t = 5 hours 

t = 5 - 6 hours 

- 2 -

EVENT 

Auxiliary feedwater flow is initiated 
by opening closed valves 

Steam Generator B pressure reached minimum 

Steam Generator A pressure starts to recover 

Pressurizer level indication comes back 
on scale and decreases 

Makeup Pump (ECCS HPI flaw) restarted by 
operators 

RC Drain/Quench Tank rupture disk blows at 
190 psig (setpoint 200 psig) due to continued 
discharge of electromatic relief valve 

System parameters stabilized in saturated 
condition at about 1015 psig and about 
550 degrees F. 

Operator trips RC pumps in Loop 8 

Operator trips RC pumps ir. Loop A 

CORE BEGINS HEAT UP TRANSIENT - Hot ieg 
temperature begins to rise to 620 degrees 
F (off scale within 14 minutes) and cold 
leg temperature drops to 150 degrees F. 
(HPI water) 

Electromatic relief va1ve isolated by 
operator after S.G.-8 isolated to prevent 
leakage 

RCS pressure increases to 2150 psi and 
electromatic relief valve opened 

RC drain tank pressure spike of 5 psig 

RC drain tank pressure spike of 11 psi -
RCS pressure 1750; containment pressure 
increases from 1 to 3 psig 

Peak containment pressure of 4.5 psig 

RCS pressure increased from 1250 psi to 
to 2100 psi 
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TIME 

t = 7.5 hours 

t = 8 - 9 hours 

t = 10 hour 

t = 13.5 hours 

t = 13.5 - 16 hours 

t = 16 hours 

Thereafter 

Now (4i4) 

- 3 -

EVENT 

Operator opens electromatic relief valve to 
depressurize RCS to attempt initiation of 
RHR at 400 psi 

RCS pressure decreases to about 500 psi 
Core Flood Tanks partially discharge 

28 psig containment pressure spike, containment 
sprays initiated and stopped after 500 gal. of 
NaOH injected (about 2 minutes of operation) 

Electromatic relief valve closed to reoressurize 
RCS, collapse voids, and start RC pump' 

RCS pressure increased from 650 psi to 2300 psi 

RC pump in Loop A started, hot leg temperature 
decreases to 560 degrees F, and cold leg 
temperature increases to 400 degrees F. 
indicating flow through steam generator 

S/G "A" steaminc to condenser 
Condenser vacuum re-established 
RCS cooled to about 280 degrees F., 
1000 psi 

High radiation in containment 
All core ~,ermocouples less than 460 
degrees F. 
Using pressurizer vent valve with small 
makeup flow 
S1ow cooldcwn 
RB pressure negative 
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UNITED STATES 
NUCLEAR RE-GULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, DC 20555 

APRIL 21 , 1979 

IE Bulletin 79-058 

NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT 

Description of Circumstances: 

Continued NRC evaluation of the nuclear incident at Three Mile Island 
Unit 2 has identified measures in addition to those discussed in IE 
Bulletin 79-05 and 79-0SA which should be acted upon by licensees with 
reactors designed by S&W. As discussed in Item 4.c. of Actions to be 
taken by Licensees in IEB 79-0SA, the preferred mode of core cooling 
following a transient or accident is to provide forced flow using 
reactor coolant pumps. 

It appears that natural circulation was not successfully achieved upon 
securing the reactor coolant pumps during the first two hours of the 
Three Mile Island (TMI) No. 2 incident of March 28, 1979. Initiation 
of natural circulation was inhibited by significant coolant voids, 
possibly aggravated by release of noncondensible gases, in the primary 
coolant system. To avoid this potential for interference with natural 
circulation, the operator should ensure that the primary system is 
subcooled, and remains subcooled, before any attempt is made to establish 
natural circulation. 

Natural circulation in Babcock and Wiicox reactor systems is enhanced by 
maintaining a relatively high water level on the secondary side of the 
once through steam generators (OTSG). It is also promoted by injection 
of auxiliary feedwater at the upper nozzles in the OTSGs. The integrated 
Control System automatically sets the OTSG level setpoint to 50% on the 
operating range when all reactor coolant pumps (RCP} are secured. However, 
in unusual or abnormal situa~ions, manual actions by the operator to 
increase steam generator level will enhance natural circulation capability 
in anticipation of a possible loss of operation of the reactor coolant pumps. 
As stated previously, forced flow of primary coolant through the core is 
preferred to natural circulation. 

Other means of reducing the possibility of void formation in the reactor 
coolant system are: 

A. Minimize the operation of the Power Operated Relief Valve (PORV} on 
the pressurizer and thereby reduce the possibility of pressure 
reduction by a blcwdown through a PORV that was stuck open. 
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B. Reduce the energy input to the reactor coolant system by a prompt 
reactor trip during transients that result in primary system pressure 
increases. 

This bulletin addresses, among other things, the means to achieve these 
objectives. 

Actions To Be. Taken by Licensees: 

For all Babcock and Wilcox pressurized water reactor facilities with an 
operating license: {Underlined sentences are modifications to, and 
supersede, IEB-79-0SA). 

1. Develop procedures and train operation personnel on methods of 
establishing and maintaining natural circulation. The procedures 
and training must include means of monitoring heat removal efficiency 
by available plant instrumentation. The procedures must also contain 
a method of assuring that the primary coolant system is subcooled by 
at least 50°F before natural circulation is initiated. 

In the event that these instructions incorporate anticipatory fillin~ 
of the OTSG prior to securing the reactor coolant pumps, a detailed 
analysis should be done to provide guidance as to the expected system 
response. The instructions should include the following precautions: 

a. maintain pressurizer level sufficient to prevent loss of level 
indication in the pressurizer; 

b. assure availability of adequate capacity of pressurizer heaters, 
for pressure control and maintain primary system pressure to 
satisfy the subcooling criterion for natural circulation; 

c. maintain pressure -temperature envelope within Appendix G limits 
for vessel integrity. 

Procedures and training shall also be provided to maintain core cooling 
in the event both main feedwater and auxiliary feedwater are lost while 
in the natu,ral circulation core cooling mode. 

2. Modify the actions required in Item 4a and 4b of IE Bulletin 79-0SA 
to take into account vessel integrity considerations. 

114. Review the action directed by the operating procedures and 
training instructions to ensure that: 

a. Operators do not override automatic actions of engineered 
safety features, unless continued operation of engineered 
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e 

b. Operating procedures currently, or are revised to, specify that 
if the high pressure injection (HPI) system has been automatically 
actuated because of low pressure condition, it must remain in 
operation until either: 

(1) Both low pressure injection (LPI) pumps are in operation 
and flowing at a rate in excess of 1000 gpm each and the 
situation has been stable for 20 minutes, or 

(2) The HPI system has been in operation for 20 minutes, and 
all hot and cold leg temperatures are at least 50 degrees 
below the saturation temperature for the exist~ng RCS 
pressure. If 50 degrees subcooling cannot be maintained 
after HPI cutoff, the HPI sha11 be reactivated. The deoree 
of subcooling beyond 50 degrees F and the length of time 
HPI is in ooeration shall be limited by the oressure/ 
temperature considerations for the vessel integrity." 

3. Following detailed analysis, describe the modifications to design and 
procedures which you have implemented to assure the reduction of the 
likelihood of automatic actuation of the pressurizer PORV during 
anticipated transients. This analysis shall include consideration 
of a modification of the high pressure scram setpoint and the PORV 
opening setpoint such that reactor scram will preclude opening of 
the PORV for the spectrum of anticipated transients discussed by 
B&W in Enclosure 1. Changes developed by this analysis shall not 
result in increased frequency of pressurizer safety valve operation 
for these anticipated transients. 

4. Provide procedures and training to operating personnel for a prompt 
manual trip of the reactor for transients that result in a pressure 
increase in the reactor coolant system. These transients include: 

a. loss of main feedwater 

b. turbine trip 

c. Main Steam Isolation Valve closure 

d. Loss of offsite power 

e. Low OTSG level 

f. low pressurizer 1evel. 
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5. Provide for NRC approval a design review and schedule for implementation 
of a safety grade automatic anticipatory reactor scram for loss of feed
water, turbine trip, or significant reduction in steam generator level. 

6. The actions required in item 12 of IE Bulletin 79-05A are modified as 
follows: 

Review your prompt reporting procedures for NRC notification to assure 
that NRC is notified within one hour of the time the reactor is not in 
a controlled or expected condition of operation~ Further, at that time 
an open continuous com11unication channel shall be established and 
maintained with NRC. 

7. Propose changes, as required, to those technical specifications which 
must be modified as a result of your implementing the above items. 

Response schedule for B&W designed facilities: 

a. For Items 1, 2, 4 and 6, all facilities with an operating license 
respond within 14 days of receipt of this Bulletin. 

b. For Item 3, all facilities currently operating, respond within 24 
hours. All facilities with an operating license, not currently 
operating, respond before resuming operation. 

c. For Items 5 and 7, all facilities with an operating license respond 
in 30 days. 

Reports should be submitted to the Director of the appropriate NRC Regional 
Office and a copy should be forwarded to the NRC Office of Inspection and 
Enforcement, Division of Reactor Operations Inspection, Washington, D. C. 
20555. 

For all other power reactors with an operating license or construction 
permit, this Bulletin is for information purposes and no written response 
is required. 

Approved by GAO, 8180225 {R0072); clearance expires 7/31/80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 
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EXTRACT OF a&~ CO:'~·iUlUCAllON - RECEIVED 8Y NRC Enclosure 1 
. 4/20/79 

ltCTROthJCT·ION Page 1 of 4 

THE COMTIUUIIIG REVIEW OF' THE SEQUENCE Of EVENTS lEJ\DirCG TO TilE UICIUEffT AT 
lHI-2 Ort ~U\ROI ZS, 1979 SHOWS TIIAT ACTIOrf CArl BE TAY.Erl TO PROVIDC ASSURAflt:E 
THAT THE PILOT-OPERATED RELIEF' VALVE (PORY) t:WTfTED Ofl TilE PRESSURIZER OF B'W 
PLAlfTS UILL h'OT BE ACTUATED BY NITICIPI\TED TRAtiSIEffTS WHICif HAVE OCCURR£0 OR 
HAVE A SIGfUFICAfrT PROBABILITY Of OCCURRING llf TitESE PLJ\!HS. TillS ACTlO:I rtuST 
l:oT ~GRADE THE SAFETY OF THE AFFECTED PUVITS WITH RESPECT TO THEIR RESPDriSE 
TO r.ORHAl. UPSET OR ACCIDEffT COUDlTlOrrS NOR LEAD TO UNREVtE\IED SA~ETY COriCERHS. 
THE A.'iTICIPJ\TEO TRAliSIEIITS OF COJICER1C ARE: 

1. lOSS O'F EXTERtiAL ElECTRICAl LOAD 
2.. TURBIRE TRIP 
3. LOSS OF Ptl\lrf FEEO'.tATER 
4. LOSS OF CQriDZr&SER VACUUM 
5. INADVERTENT CLOSURE OF MAIN STEAM ISOlATION VALVES (HSIY}. 

A ltu:-i3ER OF AlTERlfATIVES WERE CONSIDERED IN DEVELOPirlG THE 1\CTIONS PRO?OSEO 
BEUT~ IriCLUOir;S: . 

t. 

2. 

~RICTIRG R£ACTOR POYIER TO A VALUE WlfiCH lr.'OUlD ASSURE NO 1\CnJATIOH OF 
lHE PORY. THE. REACTOR PROTECTION SYSTEH. DES IGTI PRESSURE f~ID PORV SET~ 
POUiTS RE11AUIED AT THEIR CURRErtT VALUES. 

lO".!ERifiG THE HIGH PRESSURE REACTOR TRIP SETPOltiT TO A VALUE W.HCJI WOOLD 
~SUR£ NO ACTUATION OF THE PORY. THE DESIGll PRESSURE OF TilE REACTOR J\JID 
THE SETPOINT FOR PORY ACTUATION R£HAINED AT THEIR CURRErfT VALUES. 

lO'.!ERIIlG TilE HIGH PRESSURE REACTOR TRIP SETPOHfT ArlO /\OJUSTWG THE 
07ERATir{G PRESSURE (Arm TEJ-;?ERATURE} OF THE REACTOR TO ASSURE riO PORV 
~CTUATIOif Af..O TO PROVIDE ADEQUATE f'IARGirf TO ACCOMl"iOOATE VARIATIONS ltl 
OPERATinG PRESSURE. THE SETP1lltiT FOR PORY ACTUATION REr-"J\lnED AT ITS 
CURRENT VALUE. . THIS AlTERNATIVE l.'OUlD REDUCE fiET ELECTRICAL OUT.PUT-

IWJUSTIRG THE HIGH PRESSURE TRIP Afro THE PORV SETPOUITS. ·TO ASSURE riO 
PO:lV ACTU.4TIOH FOR THE CLASS OF ANTICIPATED EVENTS OF CO:lCERN. THE DESIGN 
PRESSURE OF THE REACTOR R£KAINED AT ITS CURRENT VALUE. 

Art AflALYSIS OF 1lfi ~~~ACT OF THESE VARIOUS At.TERlli\TlYES. AUD THEIR COUTRIDUTIOTI 
TO ASSURING TifAT llfE PORY Will NOT ACTUATE FOR THE CLASS OF iVITICIPATEO TRAlfS tErn 
OF COr:CERH HAS BEat COf'iPLETED. llfE RESUlTS SHOW THAT: 

UY.f£RIRS lHE HIGH PRESSURE REACTOR TRIP SETPO INT FROM 
2l55 PSI& TO 2JOO PSIG . 

AnD 

rt'liSit;~ llf£ SETPOitlT FOR TiiE PilOT O?ERATED RELIEF VALVE 
FRO:i 2255 PSIG TO 2450 PSIG 

Pr;O\'IOES THE R£Q"JIRt:O ASSURANCE. THIS ACTION HI\S THE FURTIIER AOV/UITN~ES OF': 
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EXTRACT OF B&W COM~UNICATION - RECEIVED BY NRC 
4/20/79 

. Enclosure 1 

Page 2 of 4 

REOUCit~ lHE PROBABiliTY Of PORY AflrJ ASHE CODE PRESSU~IZER SArETY YAl VE 
~TUATION FOR OTHER INCREASING PRESSURE TRNISIE~TS. 

PRESERVING PRESSURE RELIEF CAPACITY .fOR All HIGH PRESSURE TRI\1fSIEfiTS. 

EltRIFlATih"G THE POSSIEfiLITY OF IrfTROOUCING UfiREVlE\~ED SAFET¥ COtlCf:RtJS. 

REDUCUIG THE TU~ AT V.HICH THE STEJ'\.~ SYSTEM HEAT SUlK J.lOULO BE LOST In 
THE EVENT EKERGENCY FEEtX·:ATER Fi..O"..I wtRE DELAYED. 

A S~RY OF nl£ Itl?ACT OF nf£ PROPOSED StTPOUfT CHNmES OH All NlTICIP/\TED 
TRAilSIEIITS IS GIVEN Ul TABLE 1. 

Sru.f PlANTS ARE CURRENTlY CAPABLE OF Rtr~BACK TO 15% OF FULL PO\.IER UPOtl LOSS OF 
lOAD OR TRIP OF lltE TURBiriE. TIUS CAPABILITY REQUIRES J\CTW\TIOU Of TilE PILOT
Cl?EAATEO RELIEF VAl\'ES. nl£ CAPABILITY HfCR£ASES TI-lE Ralt~O[LITY OF POWER 
SUPPLY TO THE SYSTEH BY R£TURiiiHG .THE UHITS TO POUER GEtlERATIOll r·ta.RE QUlCY.LY 
AFTER THESE TFWISIEllTS. THE ACTIOrl PROPOSED ABOVE WILL R(QUIRE THAT THE 
~CTOR BE TRIPPED FOR TIJESE EVEffTS: 

NRC. NOTE: 

The effect of changing the reactor coolant system pressure tr~p setpoint upon peak 
pressurizer pressure is typifiea by the attached ·figure 1. wh1ch was developed by 
B&W for a loss of feedwater transient. 



TABLE 1 

Slk't~RY OF PROTECTI01'f AGAUCST PORV ACTUATrOtl 
PROYtDCO BY PROPOSED SETPOINT CHN'lGES f'OR All 

AnTICIPATED TMiiSIEriTS 
EXTRACT Of' B&W C~NI.tATlOM •· RECEIVED BY NRC 4{20/79. 

Enclosure 1 
Page 3 of 4 

t. PJITICIPAT£0 TRAUSIETITS J.miOf HAVE OCCURRED AT B~.f PLNITS /\!10 WlfiOI WOUlD 

hO~lY AcTIVATE PORY AT THE CURRErcT SETPOIKT (2255 PSIG): 

A. TURBIRE TRIP 

D. LOSS OF EJfTEEt'W. ElECTRICAl LOAD 

C. LOSS OF H.~UN FEEtr.t'\TER 

D. LOSS Of co::OErGER VAOM 

E. trtP.DVERTErrr CLOSURE oF MStY 

~. A!ITICIPATED TAA~\SIErHS HHIOf HAVE OCCURRED AT a&~ PLJ\~TS NlO WHICH 

Cuui.O r\ORR~llY ACTUATE PORV AT TilE PROPOSED SETPOirfT {Z450 PS IG): 

3. -AA'TICIPATED TAAliSIEHTS \!ifiCH HAVE NOT OCCURRED AT B~W PLMHS (LO'..l 

PROJASitiTY EVENTS} AND HH!Oi \iOULD h'ORXl';LLY ACTUATE PORY AT THE 

CUrtREtiT. SETPOINT {ZZ55 PSIG): 

A. SO~ COtiTROt. ~D GROUP WlTHORAWAtS (h"'OERATE TO HI Gil RCJ\CTIVITY ._ 

. I:!Utmf GROU?S S~T OnfERWISE PROTECTED BY HIGH FLUX TRIP) .. 

S. ~DERATOR DilUTION. 

4. AC..'TICIPATEO TRAS3!Ef1'TS ~!"rfiCH HAVE UOT OCCURRED AT B&\1 rU\HTS (LOW PROO/\OILIT 

E\'EfiTS) AUO •miCH t:OULD "CTUJ\TE THE PORY AT TilE PrtO_!'OSED S[TPO HH 

(Z¢50 PSIG): 

A. SO:·~ COrlTROL ROO GROU? UITHORA\JALS (HIGH REACTIVITY ~~OllTJf r;or 

OlliERUlSE PF.OTECTEO BY HIGH FLUX TRIP). 
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' . 

Peat pressurizer pressure as a function of RCS pressure trip setpoint 
for a loss of feedwater transient for expected conditions and various 
initial pressures. · 

Figure 1 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, D.C. 20555 

July 26, 1979 

IE Bulletin Nos. 79-0SC & 79-06C 

NUCLEAR INCIDENT AT THREE MILE ISLAND -!SUPPLEMENT 

Description of Circumstances: 

Infonnation has become available to the NRC, subsequent to the issuance of 
IE Bulletins 79-05, 79-0SA, 79-05B, 79-06, 79-06A, 79-06A (Revison 1) 
and 79-06B, which requires modification to the "Action To Be Taken By 
Licensees" portion of IE Bulletins 79-05A, 79-06A and 79-06B, for all 
pressurized water reactors.(PWRs). 

Item 4.c of Bulletin 79-0SA required all holders of operating licenses for 
Babcock & Wilcox designed PWRs to revise their operating procedures to specify 
that, in the event of high pressure injection (HPI) initiation with reactor 
coolant pumps (RCPs) operating, at least one RCP per loop would remain operating. 
Similar requirements, applicable to reactors designed by other PWR vendors, were 
contained in Item 7.c of Bulletin 79-06A (for Westinghouse designed plants) and 
in Item 6.c of Bulletin 79-06B (for Combustion Engineering designed plants). 

Prior to the incident at Three Mile Island Unit 2 (TMI 2), Westinghouse and 
its licensees generally adopted the position that the operator should promptly 
trip all operating RCPs in the loss of coolant accident (LOCA) situation. This 
Hesti nghouse position, has 1 ed to a series of meetings between the NRC staff and 
Westinghouse, as well as with other PWR vendors, to discuss this issue. In 
addition, more detailed analyses concerning this matter were requested by the 
imC. Recent preliminary calculations performed by Babcock & Wilcox, Westing
house and Combustion Engineering indicate that, for a certain spectrum of 
small breaks in the reactor coolant system, continued operation of the RCPs can 
increase the mass lost through the break and prolong or aggravate the uncover
ing of the reactor core. 

The damage to the reactor core at TMI 2 followed tripping of the last operating 
RCP, when t\'10 phase fluid was being pumped through· the reactor cool ant system. 
It is our current understanding that all three of the nuclear steam system 
suppliers for PWRs now agree that an acceptable action under LOCA symptoms 
is to trip all operating RCPs immediately, before significant voiding in the 
reactor coolant system occurs. 

Action To Be Taken By Licensees: 

In order to alleviate the concern over delayed tripping of the RCPs after a 
LOCA, all holders of operating licenses for PWR facilities shall take the 
following actions: 
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1. In the interim, until the design change required by the long-term 
action of this Bulletin has been incorporated, institute the following 
actions at your facilities: 

A. Upon reactor trip and initiation of HPI caused by low reactor 
coolant system pressure, immediately trip all operating RCPs. 

B. Provide two licensed operators in the control room at all times 
during operation to accomplish this action and other immediate 
and followup actions required during such an occurence. For 
facilities with dual control rooms, a total of three licensed 
operators in the dual control room at all times meets the require
ments of this~Bulletin. 

2. Perform and submit a report of LOCA analyses for your plants for a 
range of small break sizes and a range of time lapses between reactor 
trip and pump trip. For each pair of values of the parameters, deter
mine the peak cladding temperature (PCT) which results. The range 
of values for each parameter must be wide enough to assure that the 
maximum PCT or, if appropriate, the region containing PCTs greater than 
2200 degrees F is identified. · 

3. Based on the analyses done under Item 2 above, develop new guidelines 
for operator action, for both LOCA and non-LOCA transients, that take 
into account the impact of RCP trip requirements. For Babcock & 
Wilcox designed reactors, such guidelines should include appropriate 
requirements to fill the steam generators to a higher level, following 
RCP trip, to promote natural circulation flow. 

4. Revise emergency procedures and train all licensed reactor operators 
and senior reactor operators based on the guidlines developed under 
Item 3 above. 

5. Provide analyses and develop guidelines and procedures related to in
&dequate core cooling (as discussed in Section 2.1.9 of NUREG-0578, 
"TMI 2 Lessons Learned Task Force Status Report and Short-Term Recom
mendations"} and define the conditions under which a restart of the 
RCPs should be attempted. 

Long-Term Action 

1. Propose and submit a design which will assure automatic tripping of 
the operating RCPs under all circumstances in which this a~tion may 
be needed. 
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The schedule for the short-term actions of this Bulletin is: 

Item 1: Effective upon receipt of this Bulletin, 

Item 2: Within 30 days of receipt of this Bulletin, 

Item 3: Within 30 days of receipt of this Bulletin, 

Item 4: Within 45 days of receipt of this Bulletin, 

Item 5: October 31, 1979 (as noted in Table B-2 of NUREG-0578, 
under Item 3). 

A schedule for the long-term action required by this Bulletin should be 
developed and submitted within 30 days of receipt of this Bulletin. 

Reports should be submitted to the Director of the appropriate NRC Regional 
Office with copies for~arded to the Director, Office of Inspection and 
Enforcement and the Director, Office of Nuclear Reactor Regulation, Washingto~. 
D. C. 20555. 

Approved by GAO (R0072): clearance expires 7/31/80. Approval was given under 
a blanket clearance specifically for generic problems. 
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NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, D.C. 20555 

IE Bulletin No. 79-06A 
Date: April 14, 1979 
Page 1 of 5 

REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING 
THE THREE MILE ISLAND INCIDENT 

Description of Circumstances: 

IE Bulletin 79-06 identified actions to be taken by the licensees of all 
pressurized water power reactors (except Babcock & Wilcox reactors) as a 
result of the Three Mile Island Unit 2 incident. This Bulletin clarifies 
the actions of Bulletin 79-06 for reactors designed by Westinghouse, and 
the response to this bulletin will eliminate the need to respond to 
Bulletin 79-06. 

Actions to be taken by Licensees: 

For all Westinghouse pressurized water reactor facilities with an operating 
license (the actions specified below replace those identified in IE 
Bulletin 79-06 on an item by item basis): 

1. Review the description of circumstances described in Enclosure 1 of 
IE Bulletin 79-05 and the preliminary chronology of the TMI-2 
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-0SA. 

a. This review should be directed toward understanding: (1) the 
extreme seriousness and consequences of the simultaneous 
blockinq of both auxiliarv feedwater trains at the Three Miie 
Island Unit 2 plant and othe~ actions taken during the early 
phases of the accident; (2) the apparent operational errors 
which led to the eventual core damage; (3) that the potential 
exists, under certain accident or transient conditions, tc 
have a water 1eve1 in the pressurizer simultaneously with the 
reactor vessel not full of water; and (4) the necessity to 
systematically analyze plant conditions and parameters and 
take appropriate corrective action. 

b. Operational personnel should be instructed to: (1) not override 
automatic action of engineered safety features unless continued 
operation of engineered safety features will result in unsafe 
plant conditions (see Section 7a.); and (2) not make operational 
decisions based solely on a single plant parameter indication 
when one or more confirmatory indications are available. 
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c. All licensed operators and plant management and supervisors 
with operational responsibilities shall participate in this 
review and such participation shall be documented in plant 
records. 

2. Review the actions required by your operating procedures for coping 
with transients and accidents, with particular attention to: 

a. Recognition of the possibility of forming voids in the primary 
coolant system large enough to compromise the core cooling 
capability, especially natural circulation capability. 

b. Operator action required to prevent the formation of such 
voids. 

c. Operator action required to enhance core cooling in the event 
such voids are formed. (e.g., remote venting) 

3. For your facilities that use pressurizer water level coincident 
pressurizer pressure for automatic initiation of safety injection 
into the reactor coolant system, trip the low pressurizer level 
setpoint bistables such that, when the pressurizer pressure reaches 
the low setpoint, safety injection would be initiated regardless of 
the pressurizer level. In addition, instruct operators to manually 
initiate safety injection when the pressurizer pressure indication 
reaches the actuation setpoint whether or not the level indication 
has dropped to the actuation setpoint. 

4. Review the containment isolation initiation design and procedures, 
and prepare and implement all changes necessary to permit contain
ment isolation whether manual or automatic, of all lines whose 
isolation does not degrade needed safety features or cooling capa
bility, upon automatic initiation of safety injection. 

5. For facilities for which the auxiliary feedwater system is not 
automatically initiated, prepare and implement immediately proce
dures which require the stationing of an individual (with no other 
assigned concurrent duties and in direct and continuous communica
tion with the control room) to promptly initiate adequate auxiliary 
feedwater to the steam generator(s) for those transients or acci
dents the consequences of which can be limited by such action. 
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6. For your facilities, prepare and implement immediately procedures 
which: 

a. Identify those plant indications (such as valve discharge 
piping temperature, valve position indication, or valve 
discharge relief tank temperature or pressure indication) 
which plant operators may utilize to determine that pres
surizer power operated relief valve(s) are open, and 

b. Direct the plant operators to manually close the power operated 
relief block valve(s) when reactor coolant system pressure is 
reduced to below the set point for normal automatic closure of 
the power operated relief valve(s) and the valve(s) remain 
stuck open. 

7. Review the action directed by the operating procedures and training 
instructions to ensure that: 

a. Operators do not override automatic actions of engineered 
safety features, unless continued operation of engineered 
safety features will result in unsafe plant conditions. For 
example, if continued operation of engineered safety features 
would threaten reactor vessel integrity then the HPI should be 
secured (as noted in b(2) below). 

b. Operating procedures currently, or are revised to, specify 
that if the high pressure injection (HPI) system has been 
automatically actuated because of low pressure condition, it 
must remain in operation until either: 

(1) Both low pressure injection (LPI) pumps are in operation 
and flowing for 20 minutes or longer; at a rate which 
would assure stable plant behavior; or 

(2) The HPI system has been in operation for 20 minutes, and 
all hot and cold leg temperatures are at least 50 degrees 
below the saturat~on temperature for the existing RCS 
pressure. If 50 degress subcooling cannot be maintained 
after HP-I cutoff, the HPI sha 11 be react iva ted. The 
degree of subcooling beyond 50 degrees F and the length 
of time HPI is in operation shall be limited by the 
pressure/temperature considerations for the vessel 
integrity. 
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c. Operating procedures currently, or are revised to, specify 
that in the event of HPI initiation with reactor coolant pumps 
(RCP) operating, at least one RCP shall remain operating for 
two loop plants and at least two RCPs shall remain operating 
for 3 or 4 loop plants as long as the pump(s) is providing 
forced flow. 

d. Operators are provided additional information and instructions 
to not rely upon pressurizer level indication alone, but to 
also examine pressurizer pressure and other plant parameter 
indications in evaluating plant conditions, e.g., water, 
inventory in the reactor primary system. 

8. Review all safety-related valve positions, positioning requirements 
and positive controls to assure that valves remain positioned (open 
or closed} in a manner to ensure the proper operation of engineered 
safety features. Also review related procedures, such as those for 
maintenance, testing, plant and system startup, and supervisory 
periodic (e.g., daily/shift checks,) surveillance to ensure that 
such valves are returned to their correct positions following 
necessary manipulations and are maintained in their proper posi
tions during all operational modes. 

9. Review your operating modes and procedures for all systems designed 
to transfer potentially radioactive gases and liquids out of the 
primary containment to assure that undesired pumping, venting or 
other release of radioactive liquids and gases will not occur 
inadvertently. 

In particular, ensure that such an occurrence would not be caused 
by the resetting of engineered safety features instrumentation. 
List all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high 
radiation indication exists, and 

b. Whether such systems are isolated by the containment iso·lation 
signal. 

c. The basis on which continued operability of the above features 
is assured. 

10. Review and modify as necessary your maintenance and test procedures 
to ensure that they require: 

a. Verification, by test or inspection, of the operability of 
redundant safety-related systems prior to the removal of any 
safety-related system from service. 
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b. Verification of the operability of all safety-related systems 
when they are returned to service following maintenance or 
testing. 

c. Explicit notification of involved reactor operational personnel 
whenever a safety-related system is removed from and returned 
to service. 

11 Review your prompt reporting procedures for NRC notification to 
assure that NRC is notified within one hour of the time the reactor 
is not in a controlled or expected condition of operation. Further, 
at that time an open continuous communication channel shall be 
established and maintained with NRC. 

12. Review operating modes and procedures to deal with significant 
amounts of hydrogen gas that may be generated during a transient or 
other accident that would either remain inside the primary system 
or be released to the containment. 

13. Propose changes, as required, to those technical specifications 
which must be modified as a result of your implementing the above 
items. 

For all light water reactor facilities designed by Westinghouse with an 
operating license, respond to Items 1-12 within 10 days of the receipt 
of this Bulletin. Respond to item 13 (Technical Specification Change 
proposals) in 30 days. 

Reports should be submitted to the Director of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Office of 
Inspection and Enforcement, Division of Reactor Operations Inspection, 
Washington, D.C. 20555. 

~or all other power reactors with an operating license or construction 
permit, this Bulletin is for information purposes and no written response 
is required. 

Approved by GAO, 8180225 (R0072); clearance expires 7/31/80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 
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REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING 
THE THREE MILE ISLAND INCIDENT . 

IE Bulletin 79-06A identified actions to be taken by the licensees of 
all pressurized water reactors designed by Westinghouse. 

Item No. 3 of the actions to be taken~ as stated in the original 
bulletin~ was: 

11 3. For your facilities that use pressurizer water level 
coincident with pressurizer pressure for automatic initia
tion of safety injection into the reactor coolant system, 
trip the low pressurizer level setpoint bistables such that, 
when the pressurizer pressure reaches the low setpoint, 
safety injection would be initiated regardless of the pres
surizer level. In addition, instruct operators to m~,ually 
initiate safety injection when the pressurizer pressure 
indication reaches the actuation setpoint whether or not 
the level indication has dropped to the actuation setpoint ... 

Information from licensee~ and Westinghouse has identified that 
implementation of this action would preclude the performance of surveil
lance testing of the pressurizer pressure bistables without initicting 
a safety injection. 

In order to permit surveillance testing of the pressurizer pressure 
bistables, the low pressurizer level bistables that must operate in 
coincidence with the low pressurizer pressure bistables may be restored 
to normal operation for the duration of the surveillance test of that 
coincident pressurizer pressure channel. At the conclusion of the 
surveillance test of each pressurizer pressure channel, the coincident 
pressurizer level channel must be returned to the tripped mode defined 
in Action Item 3 of IE Bulletin 79-06A. 

As a result, Item 3 should be revised as follows: 
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11 3. For your facilities that use pressurizer \"later level 
coincident with pressurizer pressure for automatic initia
tion of safety injection into the reactor coolant system, 
trip the low pressurizer level setpoint bistables such that, 
when the pressurizer pressure reaches the low setpoint, 
safety injection would be initiated regardless of the pres
surizer level. The pressurizer level bistables may be 
returned to their normal operating positions during the 
pressurizer pressure channel functional surveillance tests. 
In addition, instruct operators to manually initiate safety 
injection when the pressurizer pressure indication reaches 
the actuation setpoint whether or not the level indication 
has dropped to the actuation setpoint." 

Item 13 of the actions to be taken, as stated in the original bulletin, 
was: 

"13. Propose changes, as required, to those technical 
specifications which must be modified as a result of your 
implementing the above items. 11 

long term resolutions of some of these required actions may require 
design changes. Therefore, Item 13 of actions to be taken should 
be revised as follows: 

11 13. Propose changes, as required, to those technical 
specifications which must be modified as a result of your 
implementing the _above items and identify design changes 
necessary in order to effect long term resolutions of these 
i terns. 11 

For all light water reactor facilit~es designed by !~estinghouse with an 
operating license, respond to Items 1-12 within 10 days of the receipt 
of this Bulletin. Respond to Item 13 (Technical Specification Change 
proposals and identification of design changes in 30 days.} 

The other requirements of IE Bulletin 79-06A remain in effect. 

Approved by GAO, Bl80225 (R0072); clearance expires 7-31-80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 
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REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING 
THE THREE MILE ISLAND INCIDENT 

Description of Circumstances: 

IE Bulletin 79-06 identified actions to be taken by the licensees of all 
pressurized water power reactors (except Babcock & Wilcox reactors) as a 
result of the Three Mile Island Unit 2 incident. This Bulletin clarifies 
the actions of Bulletin 79-06 for reactors designed by Combustion 
Engineering, and the response to this bulletin will eliminate the need 
to respond to Bulletin 79-06. 

Actions to be taken by licensees: 

For all Combustion Engineering pressurized water reactor facilities 
with an operating license (the actions specified below replace those 
identified in IE Bulletin 79-06 on an item by item basis): 

1. Review the description of circumstances described in Enclosure 1 
of IE Bulletin 79-05 and the preliminary chronology of the TMI-2 
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-05A. 

a. This review should be directed toward understanding: (1) the 
extreme seriousness and consequences of the simultaneous 
blocking of both auxiliary feedwater trains at ~he Three Mile 
Island Unit 2 plant and other actions taken during the early 
phases of the accident; (2) the apparent operational errors 
which led to the eventual core damage; (3) that the potential 
exists~ under certain accident or transient conditions, to 
have a water level in the pressurizer simultaneously with the 
reactor vessel not full of water; and (4) the necessity to 
systematically analyze plant conditions and parameters and 
take appropriate corrective action. 

b. Operational personnel should be instructed to: (1) not Qverride 
automatic ac~ion of engineered safety featUres unless continued 
operation of engineered safety features will result in unsafe 
plant conditions (see Section 6a.); and (2) not rake operational 
decisions based solely on a single plant parameter indication 
when one or more confir;matory indications are available. 
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c. All licensed operators and plant management and supervisors 
with operational responsibilities shall participate in this 
review and such participation shall be documented in plant 
reco~s. 

2. Review the actions required by your operating procedures for 
coping with transients and accidents, with particular attention 
to: 

a. Recognition of the possibility of forming voids in the primary 
coolant system large enough to compromise the core cooling 
capability, especially natural circulation capability. 

b. Operator action required to prevent the formation of such 
voids. 

c. Operator action required to-enhance core cooling in the event 
such voids are formed. (e.g., remote venting) 

3. Review the containment isolation initiation design and procedures, 
and prepare and implement all changes necessary to permit contain
ment isolation whether manual or automatic, of all lines whose 
isolation does not degrade needed safety features or cooling 
capability, upon automatic initiation of safety injection. 

4. For facilities for which the auxiliary feedwater system is not 
automatically initiated, prepare and implement immediately proce
dures which require the stationing of an individual (with no other 
assigned concurrent duties and in direct and continuous communica
tion with the c~ntrol room} to promptly initiate adequate auxiliary 
feedwater to the steam generator(s) for those transients or acci
dents the consequences of which can be limited by such action. 

5. For·your facilities, prepare and implement imnediately procedures 
which: 

a. Identify those plant indications (such as valve discharge 
piping temperature, valve position indication, or valve 
discharge relief tank temperature or pressure indication) 
which plant operators may utilize to determine that pres
surizer power operated relief valve(s) are open, and 

b. Direct the plant operators to manually close the power 
operated relief block valve(s") when reactor coolant system 
pressure is reduced to below the set point for normal auto
matic closure of the power operated relief valve(s) and the 
valve(s) remain stuck open. 

A-71 



IE Bulletin No. 79-06B 
Date: April 14, 1979 
Page 3 of 5 

6. Review the action directed by the operating procedures and training 
instructions to ensure that: 

a. Operators do not override automatic actions of engineered 
safety features, unless continued operation of engineered 
safety features will result in unsafe plant conditions. For 
example, if continued operation of engineered safety features 
would threaten reactor vessel integrity then the HPI should 
be secured (as noted in b(2) below). 

b. Operating procedures currently, or are revised to, specify 
that if the high pressure injection (HPI) system has been 
automatically actuated because of low pressure condition, it 
mus~ remain in operation until either: 

(1) Both low pressure injection (LPI) pumps are in operation 
and flowing for 20 minutes or longer; at a rate which 
would assure stable plant behavior; or 

{2) The HPI system has been in operation for 20 minutes, and 
all hot and cold leg temperatures are at least 50 degrees 
below the saturation temperature for the existing RCS 
pressure. If 50 degress subcooling cannot be maintained 
after HPI cutoff, the HPI .shall be reactivated. The 
degree of subcooling beyond 50 degrees F and the length 
of time HPI is in operation shall be limited by the 
pressure/temperature considerations for the vessel 
integrity. 

c. Operating procedures currently, or are revised to, specify 
that in the event of HPI initiation with reactor coolant pumps 
(RCP) operating, at least one RCP shall remain operating in 
each loop as long as the pump{s) is providing forced flow. 

d. Operators are provided additional information and instructions 
to not rely upon pressurizer level indication alone, but to 
also examine pressurizer pressure and other plant parameter 
indications. in evaluating plant conditions, e.g., water, 
inventory in the reactor primary system. 
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7. Review all safety-related valve positions, positioning requirements 
and positive controls to assure that valves remain positioned (open 
or closed) in a manner to ensure the proper operation of engineered 
safety features. Also review related procedures, such as those for 
maintenance, testing, plant and system startup, and supervisory 
periodic (e.g •• daily/shift checks,) surveillance to ensure that 
such valves are returned to their correct positions following 
necessar,y manipulations and are maintained in their proper posi
tions during all operational modes. 

8. Review your operating modes and procedures for all systems designed 
to transfer potentially radioactive gases and liquids out of the 
primary containment to assure that undesired pumping, venting or 
other release of radioactive liquids and gases will not occur 
inadvertently. 

In particular, ensure that such an occurrence would not be caused 
by the resetting of engineered safety features instrumentation. 
List all such systems and indicate: 

a. Whether interlocks exist to prevent transfer when high 
radiation indication exists, and 

b. Whether such systems are isolated by the containment isolation 
signal. 

c. The basis on which continued operability of the above features 
is assured. 

9. Review and modify as necessary your maintenance and test procedures 
to ensure that they require: 

a. Verification, by test or inspection, of the operability of 
redundant safety-related systems prior to the removal of any 
safety-related system from service. 

b. Verification of the operability of all safety-related systems 
when they are returned to service following maintenance o~ 
testing. 

c. Explicit notification of involved reactor operational personnel 
whenever a safety-related system is removed fran and returned 
to service. 
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10. Review your prompt reporting procedures for NRC notification to 
assure that NRC is notified within one hour of the time'the reactor 
is not in a controlled or expected condition of operation. Further, 
at that time an open continuous comnunication channel shall be 
established and maintained with NRC. 

11. Review operating modes and procedures to deal with significant 
amounts of hYdrogen gas that may be generated during a transient 
or other accident that would either remain inside the primary 
system or be released to the containment. , 

12. Propose changes, as required, to those technical specifications 
which must be modified as a result of your implementing the above 
items. 

For all light water reactor facilities designed by Combustion with an 
operating license, respond to Items 1-11 within 10 days of the receipt 
of thi.s Bulletin. Respond to item 12 (Technical Specifi,cation Change 
proposals) in 30 days. 

Reports should be submitted to the Director of the appropriate NRC 
Regional Office and a copy should be forwarded to the NRC Office·of 
Inspection and Enforcement, Division of Reactor Operations Inspection, 
Washington, D.C. 20555. 

For all other power reactors with an operating license or construction 
permit, this Bulletin is for information purposes and no written 
response is required. 

Approved by GAO, 8180225 (R0072); clearance expires 7/31/80. Approval 
was given under a blanket clearance specifically for identified generic 
problems. 
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1.0 INTRODUCTION 

1.1 Statement of Problem 

This paper considers the sensitivity of B&W plants to feedwater transients, 

and the role that this sensitivity might play as a precursor or 

contributor to TMI-2 type of accident. We examine the sequence of events 

that accompanies typical B&W feedwater transients and the role that 

control and safety equipment plays. We identify some design and analysis 

deficiencies of this class of plant and note some possible remedial 

measures. 

There are several design differences that distinguish a B&W plant in its 

response to feedwater transients: 

a. The mass of liquid in the secondary side of the steam generator is less 

than that for other PWRs. ~ore importantly, the B&W design operates as 

a superheat boiler. Thus, the steam generator tubes are uncovered for a 

major portion of their length in steady operation. In this mode, 

changes in feed flow are quickly manifested as changes in heat 

transfer from the primary system. In this manner, absent prompt 

and remedial action ·by the control system (and in some cases a 

safety system), the steam generator will dry out. 

b. The integrated control system is more complex than other designs and 

has a greater burden placed on it in terms of fast response. 
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c. The B&W design does not have reactor trips generated from the secondary 

side of the plant (for example, low steam generator level). Thus the 

steaa generator level may drop somewhat on afeedwater transient before 

the reactor trips. on htgh pressure. (At this point, following reactor 

trip, the control sxstem may overcompensate and cool to an excessive 

degree, with wide swings in pressure, pressurizer level, and 

temperature.) 

In consideration of these design differences, we are concerned that a 

transtent with a delayed or total failure of auxiliary feedwater may progress 

into a steam generator dryout condition. Once the steam generator sub

stantially dl"tes out. the reactor system will heat up. The potential 

for voids in the primary system "increases. The reactor pressure may 

go up to the point where the PORV lifts. Eventually, if natural 

circulation is not restored or if auxiliary feedwater is not made 

effective, then core cooling will be dependent on initiation (manually) 

of the high pres$ure injection (HPI) system of ECCS.. I.t is this degraded 

sequence which is the subject of this paper. 

1.2 Meeting on April 24 1 1979 

We met. with B&W and four utilities (Duke Power, SMUD, Toledo Edison, and AP 

and L) on April 24, 1979 te· discuss several matters related to core 

coolabflity. We discussed the arrival rate of challenging transients, 

the role of the control system 1JT responding to these transients, 

the analyses that exist on these transients, the mitigating equipment 

for plant transients. and finally • asked the utilit.ies to propose 
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remedial measures that might tend to make AFW more reliable such that 

core coolability is not so dependent on ECCS for anticipated transients. 

1.3 Defense in Depth 

During normal operation the reactor is cooled by the main feedwater 

system. This system is fairly reliable; if this were not so, the 

plants would not be able to produce reliable electric power. In the 

event of disruption of this normal cooling source, each PWR is provided 

with an auxiliary feedwater system. These systems differ in redundancy 

(some are redundant, and some are not}, actuation (some are manual, 

and some are automatic), and 1n coupling with control systems (some 

failure modes of the B&W control function may inhibit·AFW). Provided 

that-AFW does come on, the reactor is expected to be cooled, by natural 

circulation if necessary. Representative tests in the natural 

circulation mode have been run on PWRs in the past. If AFW is not 

supplied, or if it is supplied too late and the natural circulation 

path is inhibited by voids and gases, then the system will boil off 

intermittently until either the HPl is initiated manually or 1 ater 

automatically (perhaps). If HPI is initiated, this system could operate 

in the inventory mode (since there is no LOCA} and balance losses 

through relief and safety valves. This mode of core cooling needs to 

be confirmed by further analyses (Section 3}. 

On the face of it there are thus three main systems that could remove heat 

from the core: main feedwater system; auxiliary feedwater, and HPI. 

The AFW and HPI are discussed further fn Chapters 2 and ~ 
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1.4 Conclusions 

The question we address in this paper is whether there is reasonable 

assurance of protection of the publ1c heai ~..;. cam.i satety 
~n contin~~ nne~tinn nT A&W nlants nenriinn imnrov~nts 
related to feedwater transients such as: (i) further analyses and 

tests on transient performance;· (2} a failure modes and effects analysis 

on the Integrated Control System; (3} system design changes based on the 

results of these first items; (4} design and installation of additional 

reactor trip circuits for faults originating in the secondary side of 

the system;. and (5} operator training, including stationing of a full

time dedicated operator assigned to take any needed prompt manual actions. 

We have considered three alternatives (and they are documented in further 

detail 1n Chapter 4}: 

f.· Issue further bulletins to obtain more knowledge about 

the four items 1 isted above, and implement design and 

procedural changes on a schedule consistent with the arrival 

of and evaluation of information. 

2. Specify needed design and procedural changes now, and 

place continued operation as being contingent on 

i..Plementation within a specified period of time. 

3. Require plant shutdown until satisfactory answers to the items 

1-4 are provided and evaluated. 

_ Thes~ a_l_~~a~ives have been eva_~~at~d solely on the basis of safety~ 

_ conside!'tions; i.e., whethe~-- th~_r"e 1~ adequate assurance that the 

facilities can be operated without endangering the health and safety_ 

OT~-public. We considered the following questions: 
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1. Do challenging transients arrive at a frequency high enough 

to be of concern? 

Our answer is yes (Section 2.3.1} 

2. Does the lCS perfonn satisfactorily? 

a. B&W has stated and we agree, that 11we are not satisfied 

with the reliability of the integrated control system ... 

b. The failure modes and effects have not been systematically 

analyzed (Section 2.3.5). 

c. The ICS may initiate a feedwater transient (on the order of 

10-15% of all events in the past}. 

d. The ICS con~rols AFW in some plants (Section 2.2.5} and could 

contribute to loss of AFW. 

e. Even when the ICS works well there may be, in response to a 

feedwater transient, wide swings in reactor pressure, 

pressurizer level, and average reactor coolant temperature. 

3. Is the system response to loss-of-feedwater transient well known? 

Again, we split our answer in several parts: 

a. Detailed analyses on loss or delay of AFW, with or without 

PORV operation, of the system response have not yet been 

made ava.11able- to us (Section 3.1}. 

b. For very small breaks (e.g., stuck-open PORV) the role of HPI 

in maintaining core cooling is not well analyzed (Section 3.2} 

c. The heat removal path by natural circulation is not well 

understood, especially when it is aggravated by void 

fonnation (Section 3.3}. 
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4. Are the plant mitigating systems (AFW, ECCS) generally reliable? 

Our answer is that in most plants these systems are reliable; i.e., 

state of the art (Section 2.4.2). · An exception is the AFW systems 

which are active at Oconee, which have only one pump per unit. Some 

other old B&W plants have lesser single failure vulnerabilities. 

On the basis of the foregoing it appears that Alternative 1 should 

not be selected. There is too much unknown about the two items (ICS, 

plant transient response} to await th~ several months necessary to 

generate and evaluate the information. 

Thus the choices are whether to shut down the plants now (for one 

or more months) or whether remedial measures exist or can be generated 

shortly so that interim operation poses no undue risk. 

We asked the industry to propose remedial measures, and ·have received 

little to date. We note that Duke Power is considering some AFW 

redundancy measures (Section 2.3.3}. Remedial measures could include 

improved operator manning·, partial power or ·other changes to increase the 

thermal margin of reactor operations to reduce the boil-off rate of the 

steam generator and subsequent core heatup rate}; increased testing of AFW; 

or, in the case of Oconee, perhaps full-time operatiett·af.·one·Af.Wr 

removal of AFW from ICS control, if possible, and placement on a separate 

and independent control system of high reliability; escalated delivery 
of an~1yses.-+lowever-, we believe that oar role is to diagnose the 
ailment (this we have done}; it is up to the utilities to propose 
tl1'! t~!"t!N!!'lt. . 
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We conclude that we do not now h~ve reasonable assurance that these B&W 

plants can continue to operate without undue risk. We believe that 

these --~l~n_ts _ _!~~-~~-d ~ ~~u~down now, and ~t the following inf!lnnat1on 
is necessary before restart can be· pennitted. 

~ - .. ._ . . -

In the short-tenn, we must take all reasonable steps to reduce the like

lihood of occurrence of transients at B&W plants and to improve standing 

instructions, training and emergency procedures available to plant 

operators. This can be accomplished by: 

a. Reviewing and upgrading, as appropriate, auxiliary feed 

reliability and perfonnance (timeliness); 

b. Reviewing results of FMEA analysis of res and taking actions, 

as to reduce its likelihood of initiating or exacerbating 

transients; 

c. Hard wiring anticipatory scram based on FW transients; 

d. Reviewing detailed analyses of plant response to transients 

to effects of HPI injection, and return to n!lt.ural _circulation 

cooling and 

e. Reviewing· new and·augmented standing instructions and emergency 

procedures for plant operators developed as a result of a-d 

above, and training plant operators and the new and augmented 

instructions and procedures including the stationing of a full

time dedicated operator to take appropriate prompt manual 

actions. 
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In the long-tenn, we must either reduce the sensitivity of the response of 

B&W plants to transients by design changes, or substantially upgrade 

the instrumentation and controls available to the plant operator 

and substantially upgrade plant operator education training and 

experience. 
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2. AUXILIARY FEEDWATER REQUIREMENTS 

2. l Overview 

The auxilia~ feedwater system (AFW) requirements are related to 

its performance and reliability. In this context, reliability 

measures the probability that the system will function when called 

upon, whereas performance measures the adequac.y of the amount, 

rate, and timeliness of the water actually supplied to the steam 

generators. 

Both the performance and the reliability of installed AFW systems 

va~ from plant to plant. The principal differences are related 

to (1) differences in plant parameters, (2) differences i" system 

configurations, and (3) differences in regulato~ requirements 

over the years. The characteristics of AFW in the operating B&W 

plants are given in Table 2.1. The AFW is not in the B&W scope of 
. -

supply, so the different plants have quite different AFW configurations. 

as is evident fro. the table. 

2.2 Performance 

The performance requirements of an AFW are derived fro. its design 

basis and the assumptions made. Loss of main feedwater (LOFW) is 

the initiating event. The steam generator inven~o~ decreases at 

a rate deter11i ned. by the· heat input rate. the heat remova 1 rate 
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and the prima~to-seconda~ heat transfer. The steam generator 

invento~ as a function of time, and the time to steam generator 

_dryout, depend on these rates and on the initial inventory. 

2.2.1 Initial Inventorv 

2.2.2 

We have had little discussion on whether it is practical to increase 

the time to steam generator d~out by increasing during normal 

operation the amount of fluid in the secondary side of the steam 

generator. As presen~ty operated the collapsed water level at 

full power is quite low. The potential problems of increasing 

this invento~ have not been discussed with NRC. 

The scra111 decreases the heat input. Present B&W designs scram on 

primary system high pressure for LOFW transients. This typically 

occurs 8-10 seconds after LOFW. Alternatively, an anticipate~ 

scram signal could be derived from one or more secondary system 

parameters (e.g., steam-generator water level. turbine stop valve 

closure). This would initiate a scram ~ seconds sooner than the 

present design, increasing the time to reach steam generator 

dryout by 1 minute or more. NRC Bulletin No~ 79-058 requires B&W 

plants to provide for NRC approval a design review and schedule 

for imPlementation of a safety grade automatic anticipatory reactor 

scram for loss of feedwater, turbine trip, or significant reduction 

in stea generator leve 1. 
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. . 

The realignment of priury pressure scram and relief-valve setpoints 

Rndated in Bulletin 79-0SB.also have the effect of decreasing the 
• 

scraa delay. and delaying dryout~ The incre~~ent,. whose- value has 
. ·- . ·· .. · .·_.. :· .. 

not .been calculated, is s.liler.,.than would. be provided by the 
. . . . . . 

-anticipatory scram. Kowever, the setpoint changes have already 

been implemented on the plants-whereas the anticipatory scram will 

be added in the future. 

2.2. 3 Tf11e to Steam Generator Dryout 

Table 2.1 gives the time to dryout of the steam generators of the 

operating ~ plants-- about one-half minute at full power. 

Westinghouse steam generators have 2·3 t1•s as much water-in the 

- secondary side-of-th~ steam generators~_ proportionately, as B&W 

plants; CE plants havel-4 ti•s as 11uch as B&W plants. 
, . ~ . 

. . . . 

However, these plants (W & CE) have anticipatory scram which . - . . . 

- exte~ the dryout tiMS to 1118~ IIi nutes. 

After the scram, the heat: input decreases rapidly and the water· in 
. . 

the ste• generator secondary boils off 110re slowly. Calculations 

· for~ LOFW· give B&W dryout tfMs of 1-2 minutes for present B&W 

designs, depending on the course of the event. It is this fast 

dryout compared to other PWRs that makes a&W plants unique. The 

factor of 2-4 larger inventory and the anticipatory sera in 

non-B&W plants· give calculated dryout ti111es of lll8ny minutes. Thus 
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the ti•ing requirements for AFW delive~ are substantially more 

stringent for B&W plants than for oth,ers. This increases the 

. i~~PQrtance of ti~ly 11a11ual initiation of AFW in B&W plants compared 

to the others.· ·Moreover, there is less ti111e to rectify operating 

or .aintenance errors and get the AFW operational if it doesn't 

start initially. 

AfW Deliverv Rate 

Table 2.1 shows the differences in AFW flow rate for the different 

plants. The actual flow will depend on the number of pumps running, 

the pressure in the steam generator against which they have to 

pu.p, and the action of control devices. These last are flow 

control valves in the AFW lines or throttle valves in the steam 

lines.to the turbines on steam-driven pumps. 

On all B&W operating plants but Davis-Besse, AFW flow is controlled 

autollatically by values receiving a_signal from the integrated 
. . 

control syste.. The controlled variable is water level, as shown 

in Table 2.1. A low level setpoint (2-3 feet above the tubesheet) 

is used when the reactor coolant recirculation pumps (RCP) are 

operating. This is switched automatically to a high level setpoint 

(21-26 feet) to enhance natural circulation when the RCP are not 

operating. 
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On Davis-Besse, a separate, safety grade, control system controls 

pump speed (via steam throttle valves) to maintain a level 10 feet 

above the tubesheet. For the 11 raised steam generator11· configura

tion in this plant, the 10-feet level is sufficient to maintain 

natural circulation. 

After a LOFW and scram, the steam-water mixture normally present 

in these once-through steam generators co 11 apses. to a 1 iqui d 1 eve 1 

typically 3 ft or lower. The level then decreases, and later 

increases ·as AFW comes on. 

Long-Term Considerations - HPI 
. . : 

Recent operating data obtained informally f"rom Oconee show the 

following: 

Unit 1 Unit 2 Unit 3 

Automatic Initiation 
of HPI 1 1 

Manual initiation 
of HPl 16 9 

Thus HPI was initiated at a frequency of about two times. per 

reactor-year. Not all of these initiations were for LOFW events, 

but some were. Manual initiations were said to have been 

accomplished in order to maintain pressurizer level. Evidently 

the primary system shrinkage· after a successfully controlled 

transient involves HPI action. 

2 
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This raises questions about the role and requirements for HPI. 

Rather than just being part of the ECCS, which was put in to 

control small breaks~ it is used routinely for frequent anticipated 

transient$. Its failure 110des and the consequences of its failure 

should therefore be analyzed in that context in addition to reviews 

conducted in the LOCA context. 

2.3 Reliability 

Numerical criteria for AFW rel1ab11 ity do not exist, and estimates 

of the reliability ac~ually achieved are also not available. The 

following discussions are therefore qualitative only. 

2.3.1 Challenge Rate 

Estimates by B&W and others give about two per reactor-year as the 

rate of LOFW events. B&W states that the rate, for all PWRs and 

for B&W plants, decreases to ~t.5 per reactor-year after an initial 

period of operation. We have no reason to doubt these values. 

The HPI initiation rate reported in Section 2.2.5 above is also 

about 2 per reactor-year. 

For a LOFW·event, either AFW or HPI must function to protect the 

core. (There are. SOM other alternatives, such as restoring uin 
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feedwater flow, but they do not significantly change the picture). 

The rate of accidents (full damage) would therefore be: . 

_A(BC) 

where~A =challenge rate 

B = failure probability of AFW 

C = failure probability of HPI 

Hence, 11 failure•• means insufficient functioning to cool the core, 

and involves consideration of performance, ti•ing, and reliability. 

Given A=2 per reactor-year, the product BC 1111st be adequately low; -

numerical guidance is not currently available. 

Source of Water 

Table 2.1 shows the sources of water available to the AFW. Each 

plant has multiple sources, but in sa.e older plants they are not 

seismic Catego~ 1.- Abundant quantities_~f ~~rare available frO. 

these sources. 

Pump.redundaney 

·All plants except Oconee have redundant AFW PUIIPS- All plants 

except Oconee and Davis-Besse have-diverse pri.e .overs- stea. 

and electric. 
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Oconee has one steam-driven pump per unit. The three pumps for 

the three units can be interconnected through normally closed 

valves (re110te manual control); two pumps are stated to be sufficient 

in capacfty for all these units.. The potential redundancy i'n this 

arrangement has not so far been exploited. Davis-Besse has two 

identical steam-driven AFW pumps. 
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Valves and Piping 

Table 2.1 does not list the valve arrangaent. In general, separate 

valves are provided to control AFW to the two stea. generators. 

We have not yet evaluated whether a single failure- control, 

valve or pipe break - could inhibit all AFW; this was not a require

ment when these old plants were licensed. In some plants, co.on 

pipes and relief valves exist whose failure could inhibit all AFW. 

Controls 

In all plants except Davis-Besse, the Integrated Control Systelll 

actuates the AFW flow control valves. On some plants, these 

control valves can be bypassed (remote manual control) to allow 

AFW flow in the event of control system failure. 

B&W was unable to state whether failures in the Integrated Cont.rol 

System could initfate a LOFW event and also inhibit AFW via the 

flow control values. We have asked B&W to analyze this question 

pro~~ptly. If this cOIBOn-IIIOde failure can occur, and we see no 

reason wl'!y it is imposs1ble, then the colllbined frequency AS (see 

Section 2.3. 1) could be high because, for these events, B ~ 1 .. 

B-24 
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2.4 Conclusions regarding AFW 

2.4.1 Performance 

2.4.2 

2.4.3 

AFV performance in operating B&W plants appears marginal, in that 

d~out would occur rapidly (1-2 min) unless AFW is initiated at 

its design time of 40 seconds after a LOFW. 

Reliability 

AFW reliability in operating B&W plants varies widely among different 

designs. The older plants are not in conformance with SRP 10.4.9, 

for example, by requiring redundancy, diversity, and single failure 

criterion, etc. Improvements are needed in some plants. 

Dependence on HPI 

Successful recove~ for most LOFW events appears to require HPI 

even if AFW functions as desired. This requirement to use HPI for 

an anticipated transient, and its failure 110des and consequences 

of failure, should be analyzed in this context of use as invento~ 

control. 
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3.0 TRANSIENT ANALYSIS 

3.1 General 

In general, the loss of feedwater transient analyses performed 

and reported in the Final Safety Analysh Reports for B&W reactors 

considered the event to be a loss of main feedwater only. A 

loss of all (i.e., main and auxilia~) feedwater has not been 

considered in the course of a usual case review. This is 

consistent with current and past practices because it was believed 

that a total loss of all feedwater could only occur after multiple 

and unlikely equipment failures. Operator error to lock-out a 

system had not been considered. Single faflures were generally 

considered to be a loss of a redundant component to establish 

11inimum system performance requirements. 

An evaluation of a feedwater transient was performed for Three - . 

Mile Island Unit 2 as reported in the SAP and the results are 

typical for all B&W plants. However, feedwater transient analyses 

that take the lessons learned from TMI-2 have not yet been 

provided. 

During a LOFW transient, the loss of main feedwater reduces the 

capability to dissipate heat-flow from the prima~ to seconda~ 

system. The prima~ system heats up, the power operated relief 
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valve is actuated, and the reactor trips on overpressure in the 

primary system. [There are safety valves installed on the 

pressurizer to limit the pressure excursion to code design 

limits.] The emergency feedwater syste111 refills the stea11 

generator and dissipates the decay heat. The reactor core 

re.ains covered, no fuel damage occurs and calculated offsite 

radiological doses are well within the guidelines of 10 CFR 100. 

The actual analys_is presented in the SAR spans a time period of 

about one minute. In this time, it indicates that core power 

and primary sytem pressure are moving in a safe direction 

relative to fuel damage and system overpressure. 

The SAR analysis that was performed did not. include del~ of AFW 

or fai-lure of the power operated relief valve. to reclose when the 

pressure decreased further. Further long term cooling aspects 

were not addressed. However, the Standard Review Plan (SRP 

15.2.7) indicates that there should be no loss of function for 

an,y barrier other than the fuel cladding for such a feedwater 

transient, even when accompanied by a single failure. 

The analyses of situations involving a release of reactor coolant 

fraa the system through a failure of a relief valve were based 

on small break ECCS studies and not as a consequence of an operational 

transient. 
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3.2 Small Break Analysis 

The 110dels that are used for small breaks analysis are usually 

Appendix K type with the emphasis on conservatism; e.g., loss·of

offsit~ power, minimum core cooling and no short term operator 

actions. More realistic studies of the reactor plant ~namic 

response are needed to ensure proper tracking and understanding 

of the event being analyzed. 

The b 1 owdown codes used by B&W are CRAFT and TRAP. CRAFT has 

been approved by the NRC for ECCS analysis of large and small 

breaks in the primar,y system. TRAP is a modified version of 

CRAFT with a detailed secondar,y·model and a· simplified primar,y 

model and is used for steam and feedwater line break analysis. 

TRAP is currently under review by the NRC. 

The transient codes used by B&W are NATURAL, CADD and POWER 

TRAIN. CADD h~ been approved by the NRC for ATWS analysis. 

NATURAL, which would be used for natural circulation calculations, 

has not been submitted and POWER TRAIN is under review. 

In response to staff requests, the Duke Power Company (Oconee 

Nuclear Station, Units 1, 2 and 3) provided (April 21, 1979) the 

results of an evaluation of small break events. in conjunction 

with the loss of emergency feedwater flow for 20 11iliutes. 

B-28 



3-4 

Operator actions are assumed to initiate HPl and restore emergency 

feedwater flow to. the steam generators. The analyses indicate, 

in the licensee's opinion, acceptable results. The core uncovery 

is not predicted to occur and therefore adequate core cooling 

was available. The analyses covered various small break sizes 

of 0.07 ft2 ; 0.02 ft2 and 0.01 ft2 • 

At a meeting held on April 24, 1979 the staff indicated its need 

for additional information for its review concerning the analyses; 

e.g., the ability of a HPI to provide adequate core cooling 

without short term operation of the AFW, break locations such as 

in the pressurizer should be considered; the analyses should 

extend into the long tenn cooling mode, and. the systems effects 

of. a stuck-open re 1 i ef va 1 ve need to be discussed. 

At this meeting the B&W representatives stated that further 

small break analyses had been performed that covered some of the 

staff's concerns. B&W agreed to provide the results of such 

analyses to the staff in two weeKS. The analyses would include 

sensitivity studies on the delay of AFW, one and two HPI pumps 

in operation, and long term. cooling capability. 

Table 3. 1, obtained from B&W, states those analyses done.or a 

process that is relevant to transient analyses. 
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TABLE 3.1 

CRAFT-II ANALYSES 

1. PORV stuck open; 2 HPI; RC pumps 
on + autofeed 

2. PORV stuck open; 1 HPI; RC pumps 
on + auxilia~ feed 

3. PORV stuck open; 200 gpm; RC pumps 
on + auxilia~ feed 

4. TMI-II actual transient best 
estimate prediction 

5. . 07, • 02, + • 01 Small breaks-;· no 
RC pumps, no auxilia~ feedwater 
no 20 min.; 2 HPI 

6. Zero break with manual actuation 
of 2 HPI@ 20 min.; no RC pumps 

7. Small break in steam space of 
pressurizer 1.05 in2 • PORV 
break treated as normal small 
break; no RC pumps; auxiliary 
feedwater, 1 HPI 

STATUS 

Done 

Done 

Done 

1/2 done 
we have it to 
one hour we will 
finish it to 
core uncove~ 

Done 

Reconfirm 
old analysis 

Done 

Note: Additionally all analyses Done 
previously submitted in support 
of our FAC evaluation ~del. These 
aake use of the three forms. of 
natural circulation described. 
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OK 

OK 

Melt 

Melt 

OK 

OK 

OK 
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CADDS SENSITIVITY STUDIES 

·sTATUS RESULTS 

1. TMI-2 incident benchmark (~ min.) Done 

2. Best ·Estimate Model Studies Done 

• AFW Actuation delay (40 sec.; Done 
120 sec·+ delay) 

• Reactor trip coincident wi,th To do 
LDFW/turbine trip 

• Studies supporting changes Done 
recommended in high RC 
pressure trip setpoint 
and PORV setpoint. 
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3.3 .Natural Circulation Cooling in a B&W Plant 

For most B&W plants, the safety analyse~ are carried out in time 

only long enough to indicate that pertinent parameters relative 

to core damage or overpressurization are proceeding in a safe 

direction. Analyses are seldom pursued out in time to evaluate 

operator actions, inactions, or error in judgment, or the course 

of natural circulation cooling in the event of a loss-of-offsite 

power. The concerns on natural circulation cooling have been 

raised by the ACRS and C. Michelson, a consultant to the ACRS. 

A report entitled, "DECAY HEAT REMOVAL DURING A VERY SMALL BREAK LOCA 

FOR A B&W 205-FUEL-ASSEMBLY PWR~" by C. Michelson (January 1978) 

has recently been provided to the staff. In this report Mr. Michelson 

described concerns regarding small breaks c~ .5 ft2 range) and 

the ability of the plant•s heat removal systems to remove adequate 

decay heat to prevent system repressurization in the event of a 

loss-of-natural circulation or break isolation by operator 

action. He has also discussed concerns on slug or two-phase 

flow through a PORV. This report is presently being reviewed by 

the staff and B&W. The staff is pursuing with B&W and the 

owners of B&W plants those aspects of concern raised in this 

report. 
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Studies by B&W indicate that natural circulation should not be 

significantly affected due to the formation of steam spaces in 

theupper portions of the hot leg piping and upper plenum of the 

reactor vesse 1. 

B&W has conducted tests to determine the amount of natural 

circulation. The tests are normally done during startup testing 

from an initial power level of about 20-25%. The reactor is 

scrammed, the RCPs are tripped, the emergncy diesel generator 

comes on, the steam and motor driven AFW pumps start, the res 
raises OTSG level to t-he 50% value, and the plant is verified to 

be operating on natural circulation, without any operator action. 

These tests have been conducted at Davis-Besse and Oconee. 

Also, Arkansas-1 suffered a loss of offsite power from 100% on 

7/25/75 and natural circulation was established, without any 

operator action. We were not provided with these data. TMI-2 

also had two (2) unscheduled events in their startup testing 

program which resulted in natural circulation. 

The staff requested as much detail and description as possible 

on all the natural circulation tests and events. B&W has agreed 

to provide the requested information to the staff including 

verification of its computer code to calculate natural circulation 

cooling. Such studies will include recent TMI-2 results. 
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While the staff believes that natural circulation cool;ng ;s 

effective, further evaluat;on of the B&W analyses and test 

;nformation will be necessary to conf;rm the adequacy of this 

coo 1i ng mode. 
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4.0 ALTERNATIVES 

We have briefly considered the pro-and-con of three al tematives 

related to the safety of continuep operation of the B&W plants. They 

·are listed below. 

4.1 Further Bulletins 

Pro 

1. Bulletin process is simple for NRC, and has not proved a burden 

to industry (according to industry) 

2. Temporary improvements can be implemented quickly. 

3. We need more information of FMEA of ICS and plant transient 

behavior in order to make an informed decision; the bulletin is a 

fast and effective way to obtain information. 

Con 

1. Multiple bulletins on some subject poses potential for overloading 

operator. 

2. Techn.ical merits of revised designs not subject to usual thorough 

scrutiny of staff and applicant. 

3. Needed information may take 1-2 months; delay in decision-making 

is not the most cautious thing to do. 

4. Plant responses to bulletins are varied in substance. 

4.2 Immediate Remedial Measures 

Pro 

1. Faster implementation of needed safety measures reduces the likeli

hood of another TMI in the interim. 
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Con 

l. May not be enough time or adequate information for careful staff 

consideration. 

4.3 Plant Shutdown 

Pro 

1. Conservative course of action. 

2. Gives time for staff and industry to work in more orderly fashion. 

Con 

1 • Difficult to enumerate the restart criteria. 
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APPENDIX C 

ORDERS ON BABCOCK & WILCOX COMPANY PLANTS 

After a series of discussions between the NRC staff and licensees of 
operating Babcock & Wilcox-designed plantss the licensees agreed to shut 
down these plants and keep them shut down until the actions identified in an 
April 25s 1979 status report to the Commission could be completed. This 
agreement was confirmed by a Commission Order to each licensee. The Orders 
contained both short-term and long-term modifications to be made by the 
licensees. Copies of the Orders are contained in this appendix. They are as 
follows: 

Arkansas 1 

Crystal River 3 -

Davis-Besse 1 

Oconee 

Rancho Seco 

C-1 
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5/16/79 
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5/07/79 

5/07/79 



Page 1 

7590-Ql 

UNITED STATES OF AMERICA 

NUCLEAR REGULATORY Ca-1MISSION 

In the Matter of ) 
) 

ARKANSAS PO-/ER & LIGHT CCMPANY ) 
) 

Docket No. 50-313 

ARKANSAS NUCLEAR CNE, UNIT 1 ) 

ORDER 

I. 

The Arkansas Power & Light Company (the licensee or AP&L) is the holder 

of Facility Operating License No. DPR-51 which authorizes the operation 

of the nuclear power reactor known as the Arkansas Nuclear One, Unit 1 

(the facility or AN0-1), at steady state power levels not in excess of 

2568 megawatts thermal (rated power). The facility is a Babcock & 

Wilcox (B&W) designed pressurized water reactor (PWR) located at the 

licensee's site in Pope County, Arkansas. 

II. 

In the course of its evaluation to date of the accident at the Three 

Mile Island Unit No. 2 facility, which utilizes a B&W designed PWR, the 

Nuclear Regulatory Commission staff has ascertained that B&W designed 

reactors appear to be unusually sensitive to certain off-normal transient 

conditions originating in the secondary system. The features of the 

B&W design that contribute to this sensitivity are: (1) design of the 

steam generators to operate with relatively small liquid volumes in the 
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secondary side; {2) the lack of direct initiation of reactor trip upon 

the occurrence of off-nor.mal conditions in the feedwater system; (3) re

liance on an integrated control system (ICS) to automatically regulate 

feedwater flow; (4) actuation before reactor trip of a pilot-operated 

relief valve on the primary system pressurizer (which, if the valve 

sticks open, can aggravate the event); and (5) a low steam generator 

elevation (relative to the reactor vessel) which provides a smaller 

driving head for natural circulation. 

Because of these features, B&W designed reactors place more reliance on 

the reliability and performance characteristics of the auxiliary feed

water system, the integrated control system, and the emergency core cool

ing system {ECCS) performance to recover from frequent anticipated 

transients, such as loss of offsite power and loss of normal feedwater, 

than do other PWR designs. This, in turn, places a large burden on the 

plant operators in the event of off-normal system behavior duriD3 such 

anticipated transients. 

As a result of a preliminary review of the 'Ihree Mile Island Unit No. 2 

accident chronology, the NRC staff initially identified several human 

errors that occurred during the accident and contributed significantly 

to its severity. All holders of operating licenses were subsequently 

instructed to take a number of iltmediate actions to avoid repetition 

of these errors, in accordance with bulletins issued by the Commission's 
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Office of Inspection and Enforcement (IE). In additionr the NRC staff 

began an ~iate reevaluation of the design features of B&W reactors 

to determine whether additional safety corrections or improvements were 

necessary with respect to these reactors. 'Ibis evaluation involved 

nmnerous meetings with B&W and certain of the affected licensees. 

'ftle evaluation identified design features as discussed above which indi

cated that B&W designed reactors are unusually sensitive to certain off

normcil. transient conditions originating in the secondary system. As a 

result, an additional bulletin was issued by IE which instructed holders 

of operating licenses for B&W designed reactors to take further actionsr 

including illmediate changes to decrease the reactor high pressure trip 

point and increase the pressurizer pilot-operated relief valve setting. 

Also, as a result of this evaluation, the NRC staff identified certain 

other safety concerns that warranted addi tiona! short-tenn design and 

procedural changes at operating facilities having B&W designed reactors. 

'ftlese were identified as items (a) through (e) on page 1-7 of the Office 

of Nuclear Reactor Regulation Status Report to the Conmission of April 25r 

1979. 

After a series of discussions between the NRC staff and the licensee 

concerning possible design-modifications and changes in operating pro

cedures, the licensee agreed in a letter dated May 11, 1979, to perform 

promptly the following actions: 
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(a) Upgrade of the timeliness and reliability of the Emergency 
Feedwater (EFW) system by performirv:~ the items specified 
in Enclosure 1 of the licensee • s May 11, 1979, letter. Olanges 
in design will be subllitted to the NRC staff for review. 

(b) Develop and implement operatii¥3 procedures for initiating 
and controlling EFW independent of Integrated Control 
System (ICS) control. 

(c) Implement a hard-wired control-grade reactor trip that would 
be actuated at loss of main feedwater and/or at turbine trip. 

(d) Complete analyses for potential small breaks and develop and 
~lement operating instructions to define operator action. 

(e) At least one Licensed Operator who has had 'Ihree Mile Island 
·Unit No. 2 (TMI-2) training at the B&W simulator will be assigned 
to the control room (one each shift). 

In its letter the licensee also stated that AN0-1 was currently shot 

down and would remain shut down until (a) through (e) above are completed. 

In additiat to these modifications to be implemented promptly, the licensee 

has also proposed to carry out certain additional lorv:~-term JDOdifications 

to further enhance the capability ard reliability of the reactor to respond 

to various transient events. These are: 

1) The items in Enclosure 2 of the licensee's letter of May 11, 1979, 
will be implemented during the next outage (followii¥J ccmpletion 
of the design change engineerirv:~) to cold shutdown conditions 
which is of sufficient length to acconm:>date the cbarxje, but no 
later than the next refuelirv:J outage. Further, the licensee 
will provide a schedule for implementing any other modifications 
identified as necessary as a result of t!1e licensee•s reviews shown 
at Enclosure 1 of the licensee • s letter. 'lhe design c:ban:Jes will 
be subni tted to the NRC staff for review. 

2) The failure modes and effects analysis (RttFA) of the res is 
underway with high priority by B&W and will be submitted as soon 
as practicable. 

3) "!be hard-wired trips addressed in Item (c) above will be 
upgraded to safety grade. 'ftlis design change will be subni tted 
to the NRC staff for review. 
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4) The licensee will continue operator training and drilling 
of response procedures as a part of an ongoing program to 
assure the high state of readiness and safe operation at 
ANo-1. 

The Commission has concluded that the prompt actions set forth as (a) 

through (e) above are necessary to provide added reliability to the 

reactor system to respond safely to feedwater transients and should 

be confirmed by a Commission order. 

The Commission finds that operation of ANo-1 should not be resUI!led 

until the actions described in paragraphs (a} through (e) above have 

been satisfactorily completed. 

For the foregoing reasons, the Commission has found that the public 

health, safety and interest require that this Order be effective 

immediately. 

III. 

Copies of the following documents are available for inspection at the 

COIIIIlission's Public Document Room at 1717 H Street, N. W., Washington, 

D. c. 20555, and are being placed in the Commission's local public 

document room at Arkansas Polytechnic College, Russellville, Arkansas: 

(1) Office of Nuclear Reactor Regulation Status Report on 

Feedwater Transients in B&W Plants, April 25, 1979. 
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(2) Letter from William Cavanaugh III (AP&L) to Harold Denton 

(NRR) dated May 11, 1979. 

IV. 

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, 

and the Commdssion's Rules and Regulations in 10 CFR Parts 2 and 50, 

IT IS HEREBY ORDERED THAT: 

(1) The licensee shall take the following actions with respect to ANQ-1: 

(a) Upgrade of the timeliness and reliability of the EFW system 
by performing the items specified in Enclosure 1 of the 
licensee's letter of May 11, 1979. Provide changes in design 
for NRC review. 

(b) Develop and implement operating procedures for initiating 
an1 controlling EFW independent of Integrated Control 
System control. 

(c) Implement a hard~ired control-grade reactor trip that would 
be actuated on loss of main feedwater and/or on turbine trip. 

(d) Complete analyses for potential small breaks and develop 
and ~plement operating instructions to define operator 
action. 

(e) Assign at least one Licensed Operator who has had 'IMI-2 
training on the B&W simulator to the control room (one 
each shift). 

(2) 'l'he licensee shall maintain ANQ-1 in a shutdown condition until 

items (a) through (e) in paragraph (1) above are satisfactorily 

completed. Satisfactory completion will require confirmation 

by the Director, Office of Nuclear Reactor Regulation, that the 

actions specified have been taken, the specified analyses are 

acceptable, and the specified implementing procedures are 

appropriate. 

C-7 



- 7 -

(3) The licensee shall as promptly as practicable also accomplish 

the long-term modifications set forth in Section II of this 

Order. 

v. 

Within twenty (20) days of the date of this Order, the licensee or any 

person whose interest may be affected by this Order may request a 

hearing with respect to this Order. Any such request shall not stay 

the ~iate effectiveness of this Order. 

Dated at Washington, D. C. 
this /7!! day of May 1979. 
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In the Matter of ) 
) 

!'t..CIUI». PCJER cau'QRATIC., E'l' AL ) 
) 

Crystal River Unit No. 3 ) 
Nuclear Generating Plant ) 

759CHU 

Docket No. 50-302 

I. 

Florida Powr Corporation (FPC or the licensee) and eleven other CD-CM'lers are 

the holders of Facility Operating License No. DPR-72 which authorizes the 

operation of the nuclear power r,actor kncMl as Crystal River tmit No. 3 lb:lear 

Generating Plant (the facility or Crystal River tit 3), at steady state powr 

levels not in excess of 2452 megawatts tbemal (rated power) • '1be facility 

is a Babc:oc:k & Wilcox (B&W) designed pressurized water reactor (Pill) located at 

the licensees' site in Citrus County, norida. 

u. 

In the course of its evaluatian to date of. the accident at tbe '1bree Mile Island 

Unit No. 2 facility, which utilizes a B&W designed Pilt, the lb:lear Regulatory 

Ccmnission staff bas ascertained that B&W designed reactors appear to be f.DJSielly 

sensitive to certain off-norJDal transient conditians originating in tbe secandary 

system. 1he features of the B&W design ~ contribute to tbis sensitivity are: 

(l) design of the steam generators to operate with reiatively aall. licpld wl1111es 

in the secondary side; (2) tbe lack of direct initiation of reactor trip upon the 
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occurrence of off-normal conditions in the feedwater system; (3) reliance 

on an integrated control system {ICS) to automatically regulate feedwater 

flow: (4) actuation before reactor trip of a pilot-operated relief valve 

on the primary system pressurizer (which, if the valve sticks open, can 

aggravate the event); and (5) a low steam generator elevation (relative to 

th~ reactor vessel) \~Which provides a snaller driving head for natural circu

lation. 

Because of these features, B&W designed reactors place more reliance on the 

reliability and performance characteristics of the auxiliary feedwater system, 

the integrated control system, and the emergency core cooling system (EO::S) 

performance to recover from frequent anticipated transients, such as loss of 

offsite power and loss of normal feedwater, than do other PWR designs. 'Ibis, 

in turn, places a large burden on the plant operators in the event of off

normal system behavior during such anticipated transients. 

As a result of a preliminary review of t..~e 'Ibree Mile Island Unit No. 2 accident 

chronology, the NRC staff initially identified several human errors that occurr~ 

during t.~e accident and contributed significantly to its severity. All b:llders 

of operating licenses were subsequently instructed to take a nl.lllber of immediate 

actions to avoid repetition of these errors, in accordance with bulletins 

issued by the Commission's Office of Inspection and Enforcement (IE). In addition, 

the NRC staff began an ~iate reevaluation of the design features of B&W 
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reactors to deter.oine whe~~er additional safety corrections or improvements 

were necessary wi t.."l respect to t.."lese reactors. This evaluation involved 

numerous meetings with B&W and certain of the affected licensees. 

The evaluation identified design features as discussed above which indicated 

that B&W designed reactors are unusually sensitive to certain off-normal 

transient conditions originating in the secondary system. 'As a rasult, an 

additional bulletin was issued by IE which instructed holders of operating 

licenses for S&W designed reactors to take further actions, including immediate 

changes to decrease the reactor high pressure trip point and increase the 

pressurizer pilot-::>perated relief valve setting. Also, as a result of this 

evaluation, the NRC staff identified certain other safety concerrs t~at 

warranted additional short-term design and procedural changes at operating 

facilities r~ving B&W designed reactors. These were identified as items (a) 

t"'lrough (e) on page 1-7 of the Office of Nuclear Reactor Regulation Status Report 

to t."le Cormtission of April 25, 1979. 

After a series of discussions between the NRC staff and t"'le lica~ee concerning 

possible design modifications and changes in operating procedures, the licensee 

agreed in a letter datee May 1, 1979, to perform promptly t.."le following actions: 
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(a) Upgrade ~~e timeliness and reliability of delivery 

from the Emergency Feedwater System by carrying out 

actions as identified in Enclosure 1 of the licensee's 

letter of May 1, 1979. 

(b) Develop and implement operating procedures for initiating 

and controlling emergency feedwater independent of Inte

grated Control System control. 

(c) Implement a hard-wired control-grade reactor t:rip that would 

be actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and 

implement operating instructions to define operator action. 

(e) All licensed reactor operators and senior reactor operators will 

have completed the 'lbree Mile Island Unit No. 2 ('llt1I-2) simulator 

training at B&W. 

In its letter the licensee also stated that the facility is shut down and 

would remain shut down until (a) through (e) above are completed. 

In addition to these modifications to be implemented promptly, the licensee 

has also proposed to carry out certain additional lon;-term modifications to 

further enhance the capability and reliability of the reactor to respond to 

various transient events. 'nlese are: 
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- The licensee will make modifications to provide verification 

in the control room of emergency feedwater flow to each steam 

generator. 

- The licensee will subnit a failure mode and effects analysis of 

the Integrated Control System to t.~e NRC staff as soon as prac

ticable. "nle licensee stated that this analysis is now underway 

with high priority by B&W. 

- 'l'he reactor trip following loss of main feedwater and/or trip of the 

turbine to be installed promptly pursuant to ~~s Order will 

thereafter be up;raded so that the components are safety grade. 

'ftle licensee will submit this design to the NRC staff for review. 

- 'l'he licensee will continue reactor operator traini~ and drilling 

of response procedures to assure a high state of preparedness. 

'l'he Collmission has concluded that the pranpt actions set forth as (a) through 

(e) above are necessary to provide added reliability to the reactor system to 

respond safely to feedwater transients and should be ccn£irmed by a Conmission 

order. 

The Commission finds that operation of the facility should not be resumed until 

the actions described in paragraphs (a) though (e) above have been satisfactori~y 

completed. 
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For the io~e;oing reasons, the Con:mission has found that the public 

health, safety and interest require that ~~is Order be effective 

iiimediately. 

III. 

Copies of the following documents are available for inspection at ~~e 

Comnission' s Public Docl.t!lent Room at 1717 H Street, N. W., Washington, 

D.C. 20555, and are being placed in the Corrmission•s local public 

document room in ~"le Crystal River Public Library, Crystal River, Florida, 

32629: 

(1) Office of Nuclear Reactor Regulation Status Report on 

Feedwater Transients in B&W Plants, April 25, 1979. 

(2) Letter from B. L. Griffin (FFC) to F.arold Denton (NRR) dated May l, 
1979. 

rv. 

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, and the 

Comnission' s Rules and Regulations L'1 10 CFR Parts 2 and 50, IT IS HEREBY 

ORDERED THAT: 

( 1) 'lbe licensee shall take the following actions with respect to Crystal 

River Unit 3: 

(a) Upgrade the timeliness and reliability of delivery from the 

Emergency Feedwater System by carrying out actions as identified 

in Enclosure 1 of the lice."lSee • s letter of May 1, 1979. 

C-14 



7590-Ql 

-7-

(b) Develop and implement operating procedures for initiating 

and controlling emergency feedwater independent of Inte

grated Control System control. 

(c) Implement a hard-wired control-grade reactor trip that would 

be actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and 

implement operating instructions to define operator action. 

(e) All licensed reactor operators and senior reactor operators 

will have completed the 'IMI-2 simulator trainil)3 at B&W. 

(2) 'Ihe licensee shall maintain Crys~l River Unit 3 in a shutdown 

condition (the facility was shut down on April 23, 1979) until items 

(a) through (e) in paragraph (1) above are satisfactorily completed. 

Satisfactory completion will require confirmation ~ the Director, 

Office of Nuclear Reactor Regulation, that the actions specified have 

been taken, t."le specified analyses are acceptable, and the specified 

implementing procedures are appropriate. 

{3) 'l'he licensee shall as promptly as practicable also accanplish the long

term modifications set forth in Section II of t."lis Order. 
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v. 
Within twenty (20) days of the date of this Order, ~"le licel'lsees or any 

person whose interest may be affected by this Order may request a 

hearing with respect to this Order. 'Any such request sr.all not stay 

the bmediate effectiveness of this Order. 

Dated at WashiBjton, D.C. 
this 11/J day of May 1979. 

FCR mE NlX:LFAR REG'JIA'IORY CCMMISSION 

C-16 



muTED STATES OF AMERICA 

NUCLEAR REGUlATORY CCHUSSI~ 

In the Matter of 

'l'HE TOLEOO EDISCN CCJotPANY AND 
THE CLEVELAND ELEC'DUC ILWMINATD«:; 

CCJttPANY 

Davis-Besse Nuclear Power Station, 
Unit No. 1 

elmER 

I. 

) 
) 
) 
) Docket No. 50-346 
) 
) 
) 
) 

'ftle Toledo Edison Company (T!XX)) and 'ftle Cleveland Electric IllliDinating 

Company (the licensees), are holders of Facility Operating License No. 

NPF-3 which authorizes the operation of the nuclear power reactor known 

as Davis-Besse Nuclear Power Station, Unit No. 1 (the facility or Davis

Besse 1) , at steady state power levels not in excess of 2772 megawatts 

thermal (rated power) • 'lbe facility is a Babcock & Wilcox (B&W) designed 

pressurized water reactor (PWR) located at the licensees• site in Ottawa 

County, Chio. 

II. 

In the course of its. evaluation to date of the accident at the 'ftlree 

Mile Island Unit No. 2 facility, which utilizes a B&W designed PWR, 

the lbclear Regulatory Ccmnission ~ff has ascertained that B&W designed 
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reactors appear to be unusually sensitive to certain off-normal transient 

conditions originatinq in the secondary system. 'lbe features of the B&W 

design that contribute to this sensitivity are: (1) design of the steam 

generators to operate with relatively small liquid volumes in the second

ary side: (2) the lack of direct initiation of reactor trip upon the occur

rence of off-normal conditions in the feedwater system; (3) reliance on 

an integrated control system (ICS) to automatically regulate feedwater 

flow; (4) actuation before reactor trip of a pilot-operated relief valve 

on the primary system pressurizer (which, if the valve sticks open, can 

aggravate the event); and (5) a low steam generator elevation (relative 

to the reactor vessel) which provides a smaller driving head for natural 

circulation.* 

Because of these features, B&W designed reactors place more reliance on 

the reliability and performance characteristics of the auxiliary feed

water system, the ICS, and the emergency core cooling system (ECCS) per-

formance to recover from frequent anticipated transients, such as loss 

of offsite potNer and loss of normal feedwater, than do other PWR designs. 

'Ibis; in turn, places a large burden oo the plant operators in the event 

of off-normal system behavior during such anticipated transients. 

*It is noted that although features· numbers 3 and 5 do not apply to 
Davis-Besse 1 to the same extent as. they apply to other currently 
licensed B&W designed reactors, the other features are fUlly appli
cable. 
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As a result of a preliminary review of the 'lbree Mile Island Unit No. 

2 accident chronology, the NRC staff initially identified several human 

errors that occurred during the accident and contributed significantly 

to its severity. All holders of operating licenses were subsequently 

instructed to take a number of illlnediate actions to avoid repetition 

of these errors, in accordance with bulletins issued by the Commission's 

Office of Inspection and Enforcement (IE). In addition, the NRC staff 

began an ~iate reevaluation of the design features of B&W reactors 

to determine whether additional safety corrections or Unprovements 

were necessary with respect to these reactors. 'Ibis evaluation involved 

numerous meetings with B&W and certain of the affected licensees. 

The evaluation identified design features as discussed above which 

indicated that B&W designed reactors are unusually sensitive to certain 

off-normal transient conditions originating in the secondary system. 

As a result, an additional bulletin was issued by IE which instructed 

holders of operating licenses for B&W reactors to take fUrther actions, 

including immediate changes to decrease the reactor high pressure trip 

point and increase the pressurizer pilot-operated relief valve setting. 

Also, as a result of this evaluation, the NRC staff identified certain 

other safety concerns that warranted additional short-tenn design and 

procedural changes at operating facilities having B&W designed reactors. 
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These were identified as items (a) through (e) on page 1-7 of the Office 

of Nuclear Reactor Regulation Status Report to the Conmission of 

April 25, 1979. 

After a series of discussions between the NRC staff and the licensees 

concerning possible design modifications and chan:Jes in operating pro

cedures, the licensees agreed in letters dated April 27 and May 4, 1979, 

to implement promptly the following actions: 

(a) Review all aspects of the safety grade auxiliary feedwater 

system to further upgrade components for added reliability 

and performance. Present modifications will include the 

addition of dynamic braking on the auxiliary feedpump 

turbine speed changer and provision of means for control 

room verification of the auxiliary feedwater flow to the 

steam generators. 'lhis means of verification will be provided 

for one steam generator prior to startup fran the present 

maintenance outage and for the other steam generator as soon 

as vendor-supplied equipnent is available (estimated date is 

J'W'le 1, 1979). In addition, the licensees will review and verify 

the adequacy of the auxiliary feedwater system capacity. 

(b) Revise operating procedures as necessary to eliminate 

the option of usil'¥1 the Integrated Control System as a backup 

means for controlling auxiliary feedwater flow. 
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(c) Implement a bard-wired control-grade reactor trip that would 

be actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and 

implement operating instructions to define operator action. 

(e) All licensed reactor operators and senior reactor operators 

will have completed the 'lhree Mile Island Unit No. 2 siDll.ator 

training at B&W. 

(f) Sutmit a reevaluation of the TECO analysis of the need for 

automatic or administrative control of steam generator level setpoints 

during auxiliary feedwater system operation, previously submitted 

by TEX:O letter of December 22, 1978, in light of the 'lhree 

Mile Islam Unit No. 2 incident. 

(g) SUJ:mit a review of the previous TECO evaluation of the 

September 24, 1977 event involving equipnent problems and depress

urizati~n of the primary system at Davis-Besse 1 in light of the 

'lhree Mile Island Unit No. 2 incident. 

In its letters the licensees also stated that the actions listed in (a) through 

(q) above would, except as noted in item (a), be completed prior to startup from 

the current maintenance outage. 
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In addition to these modifications to be implemented pranptly, the licensees 

have also proposed to carry out certain additional' long-term modifications 

to further enhance the capability and reliability of the reactor to re

spond to various transient events. '11lese are: 

- '11le licensees will continue to review performance of the auxiliary feed

water system for assurance of reliability and performance. 

- The licensees will submit a failure mode and effects analysis of the 

ICS to the NRC staff as soon as practicable. '11le licensees stated 

that this analysis is now underway with high priority by 

B&W. 

- The reactor trip followin:J loss of main feedwater and/or trip 

of the turbine to be installed promptly pursuant to this Order 

will thereafter be upgraded so that the components are safety 

grade. '11le licensees will subnit this design to the NRC staff 

for review. 

- Continued attention will be given to transient analysis and 

procedures tor management of small breaks. 

- The licensees will continue reactor operator training and drillin; 

of response procedures to assure a high state of preparedness. 
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'ftle Coamission has concluded that the prompt actions set forth as (a) 

through {g) above are necessary to provide added reliability to the 

reactor system to respond safely to feedwater transients and should be 

confirined by a Ccmnission order. 

The Conmission finds that operation of Davis-Besse 1 should not be re

sumed until the actions described in paragrali'ls {a} through {g) above, 

with the exception as noted in item (a), have been satisfactorily completed. 

For the foregoing reasons, the Conmission has found that the public 

health, safety and interest require that this Order be effective irrmedi

ately. 

III. 

Copies of the following documents are available for ~tion at the 

Corrmission's Public Document..Room at 1717 H Street, N.W., Washington, 

D.C. 20555, and are being placed in the Conmission's local public 

·document room in the Ida Rupp Public Library, 310 Madison Street, 

l>ort Cli~ton, Ohio 43452: 

(1) Office of Nuclear Reactor Regulation Status Report on 

Feedwater Transients in B&W Plants, April 25, 1979. 

C-23 



7590-01 

-a-

(2) Letters from Lowell E. Roe (TECO) to Harold Denton (NRR) dated 

April 27 and May 4, 1979. 

IV. 

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, and 

the Conmission • s Rules and Regulations in 10 CFR Parts 2 and 50, IT IS 

HEREBY amERED THAT: 

(1) 'nle licensees shall take the following actions with respect to Davis

Besse 1: 

(a) Review all aspects of the safety grade auxiliary feedwater 

system to further upgrade components for added reliability 

and performance. Present modifications will include the 

addition of dynamic braking m the auxiliary feedpump turbine 

speed changer and provision of means for control room veri

fication of . the auxiliary feedwater flow to the steam generators. 

'lhis means of verification will be provided for one steam 

generator prior to startup from the present maintenance outage 

and for the other steam generator as soon as vendor-supplied 

equipnent is available (estimated date is June 1, 1979). 

In addition, the licensees will review and verify the adequacy of 

the auxiliary feedwater system capacity. 

(b) Revise operating procedures as necessary to eliminate the option 

of using the Integrated Control System as a backup means 

for controlling the auxiliary feedwater system. 
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(c) Implement a hard-wired control-<;Jrade reactor trip that would 

be actuated a1 loss of main feedwater and/or turbine trip. 

(d) ~lete analyses for potential small breaks and develop 

and ~lement operating instructions to define operator 

action. 

(e) All licensed reactor operators and senior reactor operators 

will have completed the 'lhree Mile Island Unit No. 2 simulator 

trainin:r at B&W. 

(f) Submit a reevaluation of the TECO analysis of the need for 

automatic or administrative control of steam generator level 

setpoints durin:r auxiliary feedwater system operation previously 

sWbmitted by TECO letter dated December 22, 1978, in light of the 

'lhree Mile Island No. 2 incident. 

(g) Sulxnit a review of the previous TEX:O evaluation of the September 24, 

1917 event involving equipnent problems and depressurization of the 

primary system at Davis-Besse 1 in light of the 'lbree Mile IslarXJ 

thit No. 2 incident. 

(2) The licensees shall maintain Davis-Besse 1 in a shutdown condition until 

items (a) thrOD;Jh (g) in paragraph (1), except as noted in item (a), above 

are satisfactorily COI!JPleted. Satisfactory oanpletion will require confir

mation by the Director, Office of Nuclear Reactor Regulation, that the 
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actions specified have been taken, the specified analyses 

are acceptable, and the specified implementirq procedures are 

appropriate. 

(3) The licensees shall as pranptly as practicable also accanplish 

the long-term modifications set forth in Secticn II of this Order. 

v. 
Within twenty (20) days of the date of this Order, the licensees or any 

person 'Whose interest may be affected by this Order may request a hearing 

with respect to this Order. Any such request shall not stay the immediate 

effectiveness of this Order. 

Dated at Washin;Jton, D.C., 
this'lh~ day of May 1979. 
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UNITE!) STATES CF ~.ERIC.; 

NUCUA.q :tEG:J!.ATORY C~.M!SSICN 

!n t."le ~tter of 

Oconee ~ucl.ear Station, Units Nos. l, ~ 
and 3 

ORDER 

.,. ... 

Jockets Nos. 50-269 
50-270 

anc 50-287 

~e !)uke ?ower Com;::any (~,e :::.:censee), is ':.":e holder of Facility Operating 

~icenses Nos. JPR-38, JPR-47 and DPR-55 wnich au~,orize ~"le opera~ion 

of ~"le nuclear ?Ower reactors known as Oconee Nuclear s~~ion, 

:.Jnits Nos. 1, 2 ane 3 (t."le :acilities, or Oconee l, 2 and 3), !t s~eady 

state ;:ower levels not in excess of 2568 ;negawatts -:."le~ (rated poW"er) 

for each unit. 'Ihe facilities are 3abccck & '.-Jilcox (3&W) designed 

pressurized water reac~ors (?NR' s) located at t."le 1 icensee' s site in 

Oconee County, Sout.., Carolina. 

""'!' .... 
"' :..-.e ~curse of its evaluation to date of ':.."le accident at t."le ~r:e Mile 

:s:::.a~ Unit No. 2 facility, which utilizes a S&W designed PWR, ~"le Nuclear 

?.egulatory Commission staff has ascertained t.,at 3&W designed reactors 

appear to be unusually sensitive t:o certain off-normal cransient con-

didons originating in t.'le secondary system. The features of t."le 3&W 

design t."lat contribute to t."lis sensitivity are: (1) ~~e design of 

ste~~ generators to operate wit."l relatively small liquid volumes in t.,e 
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secondary side; (2) ~~e lack of direct initiation of reactor trip upon 

':.~:t occurr:tnce of off-normal cond i tior.s in t."le :eedwater system; (3) re

liance on an int:egrated control system (ICS) to automadcally regulate 

feedwater flow; (4) actuation ·before reactor ttip of a pilot-operated· 

=-elief valve on t..,e pri::lary system pressurizer (which, if t.,e valve 

sti.cks open, can aggravate tbe event); and (5) a low steam generat:.or 

elevation (reladve to t.,e reactor vessel) which provides a smaller 

1r:ving head for nat:ural circulation. 

3ecause of t..,ese features, a&W designed reactors place more reliance on 

':.,e reliability and performance charac-ceristics of the auxiliary feed;.;ater 

system, :he !CS 1 and ~"'le emergency core cooling sys-cem (E:CCS) ;erfor:nance 

:o recover f:oct frequent anticipated transients 1 such as loss of offsi te 

?JW'er and loss of nor:nal feedwat:er 1 t..,an do o~,er ?tJR designs. ~is, in 

:urn, places a large ·burden on t.,e plant operators in t.,e event of 

~==-~~al ~fS~em ~havior during such ant!cipa~!d ~ransients . 

. :...s a reS'..:l.: of a preli.-:1i:lary review of t.."'le Three Mile Island Unit. 

So. 2 accident chronology, t..,e NRC s-caff initially identified several 

hucan errors t.~at occurred during the acciden-c and contributed 

si;:1ificant:.l.y to i~s severity. .~1 b.olders of operating licenses 

·.oer:t S'~S~..tently instructed to take a number of immediate a~ions 
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tc avoid repetition of ~~ese errors, in accordance with ~lletins 

iss~ed by t."le Corrmiss ion's Office of Il"'.spect ion and E:iforcem:nt 

(IE). In addition, t.~e NRC staff oegan an L~diate reevaluation 

of the design features of 3&W reactors to determine whether 

additional safety corrections or i.nproverrents were necessary with 

res?ect to these reactors. This evaluation involved numerous 

meeti~s with 3&W and certain of t.~e affected licensees. 

T!:e e•.raluat ion identified design features as disc..1ssed aoove whicn 

i~dicated t."lat 3&~ designed reactors are unusually sensitive to 

cer:ain off-norrral :ransient conditions originating in the secondary 

system. P..s a result, an additional bulletin was issued by IE which 

ir.structed holders of operating lice!"'.ses for 3&W designed reactors 

tc ta~e further actions, including Unmediate c~anges to decrease 

the reactor high pressure trip point and increase t."le ?ress~ize~ 

?i~o~-opera~ed relief valve setting. Also, as a result of ~~is 

eval:.lation, the :n~ staff identified certain other safety concerns 

~at warranted additional short-term design and ?rocedural c.~anges 

at operating facilities having B&W designed reactors. These were 

identified as ite.'TS (a) thrO'.lgh (e} on page 1-7 of the Office of 

:iuclear rteactor Regulation Status Report to the Commission on 

;..?ril 25, 1979. 
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Fo...:ter a series of disc..lssions b:Oieen the NRC staff and tne licensee 

concerning possible design ;rodifications and changes in operating 

procedures, t."'le licensee agreed in letters dated April 25, 26, and 

May 4, 1979 to 9erform prorrptly ~~e following actions: 

(a) Install automatic starting of the intercor~ected emergenC'J 

feedwater syst=u so t.'1at all three pumps will receive a start 

signal from any affected unit, and test the syste.'tl for stabil-

ity. ~he e.~rgencJ feedwater pump disc~arge flow will be 

connected to t..'"le interconr1ection headers such tnat eac.."l or 

all e.~rgency feecrwater p~s can supply water to any ~~it. 

Until t.11ese :rodifications and tests are completed, operating 

99rsonnel have teen stationed at each emergency feedwater 

~with a direct communication link to that unit's control 

rOQu. In additicn, the following procedural changes, ?Ut 

into effec:. on April 25, 1979 to enhance t:-.e reliability cf 

~~e e.~rgenC'J feedwater syste.'tl, will re:.ain in force: 

(1) The discharges of t.~ese pumps have teen tied to-

gether by alignment of manual valves sue~ that 

each a.""ld all of the ?Uil'l!?S can supply emergency 

feecr~ater tc a~ Oconee Unit requiring it. 
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(2) Adnllnis~rative controls have =eer. estaelisned so 

t."'lat in the event of loss of t:::cth rrain feed-water pL:rr;;s 

on an affected unit, t."lat unit's em:rge!"lCf feedwater 

pump will start automatically, oacKed up =Y remote 

rranual start from t."le control room. If t.'"le p~ fails 

to s~ar~ automatically, t."'le operator stationed at ~at 

9um;: will start t."le purrp locally, and has teen c.rained 

to do so. In addition, t."'le other two available a~r

gen~J feedwater ?~~s will Je star~ed raT.Otely :rom 

t."leir unit's control room or locally if required to ?ro

vide two more redundant sources of :eedwater to :he 

affec;t:ed unit. 

(3) Emergency feee,...ater flow to ':..'"le st:a.rn r~enerators ;..:iE 

be assured ':Jy the control room operator ·..;ho :::as =een 

trained to ~intain t.~e necessarf level. 

(b) Develop ar:o L19lerrent Q?erating ?rocec:.:.res :"Jr i.r.i tiati:1s 

and controlling e..rrergenc.:z: feedwa~er inde;:enden~ of 

Integrated Control Syste..~ control. 

(c) Ir.plement a hard-wired control--;rade reactor trip en 

loss of rrain :eeewa~er ~"ld/or t~r~ine tr:p. 
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(d) Complete analyses fo~ potential small breaks and develop 

and .implement operating instructions to define operator 

action. 

(e) All licensed reactor operators and senio~ reactor 

operators will have completed the TMI-2 simulator 

training at B&W. 

(f) Station in the control room an additional full

ti~e Senior Reactor Operator (SRO) (or previously 

licensed SRO) with 'Ibree Mile Island training for 

each operating unit to assist with guidance and 

p:>ssible manual action in case of tt·ansients until 

items (a) through (e) are completed. 

!n its letters the lice!"lsee also stated that (1) Oconee 3 would be s.."lut 

down on April 28, 1979, and remain shutdown until (a) through (e) 

above are completed (~~e facility was shut down on April 28, 1979 as 

stated); (2) a second Oconee unit would be shut down on ~-lay 12, 1979, 

if ite!:ls (a) t.'1rough (e) have not been previously accomplished and 

remain shut down until items (a) t.."lrough (e) have been completed; and, 

{3) a t..':.ird Oconee unit would be shut down en May 19, 1979, if items 

(a) t."lrough (e) have not been previously accomplished a"'ld will remain 

shut down until completion of items (a) t.~rough (e). 
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!n addition to these modifications to be implemented pr~~ptly, the 

licensee has also proposed to carry out certain additional :eng

term actions to increase the capability and reliability of t."le 

reactors to r~spond to various transient events. These are: 

- The licensee will install two motor driven pumps for 

each Ocor.ee unit, as ~ore ?ar~icularly described as 

Part I!! of_ a letter from W.O. Parker to t."le Nl\C of 

April 25, 1979, to provide greater assurance of emer

gency feedwater supply. '!he licensee wil! su!::::rnit t."lis 

system concept and analysis to t."le NRC staff :cr review. 

-The licensee wi 11 sui:mi t a failure mode and effects analysis 

of the Integrated Control System to t."le NRC staff as soon as 

practicable. 'lbe licensee states t."lat this analysis is now 

underway with high priority by B&W. 

- The reactor trip on loss of the main feedwater and/or ~rip of 

t."le turbine to be installed promptly pursuant ~o this Order 'N'ill 

thereafter be upgraded so that t."le components are safety grade. 

'Ihe licensee will sut:mit this design to the NRC staff for review. 

- The licensee will continue reactor operator training and 

drilling of response procedures to assure a high state of 

preparedness. 
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~~e Commission has concluded ~'"lat the prompt actions set forth as 

(a) through (e) ai:ove are necessary to provide added reliability to 

the reactor syste..rn to respond safely to feedwater transients and 

s~ould be confirmed by a Commission order. The L~diate pro-

cedural changes to assure redundant sources of auxiliary feedwater 

that were put into effect on April 25 at the two operating Oconee 

units, as descril::ed -in paragraph (a) atove, and t..'le imrediate 

additions to the operating staff, as descri.ted in paragraph (f} 

ai:ove, provide the bases for continued safe operation of those 

facilities during the interim period until May 12 and May 19, 

1979, respectively. The Corrmission finds, ha..oever, ~'1at operation 

of all units should not be resumed or continued on an indefinite 

basis until act ions described in paragraphs (a) through (e) al:ove. 

have been satisfactorily completed. 

?or tte foregoing reasons, the C9l11Tliss ion has found that the public 

. , •k ne.a ...... , safety and interest require t..'"lat tnis Order be effective 

i::..lediately. 

III. 

Co?ies of the following doow~nts are availaole for inspection at 

~~e Ccmmission•s Public Doc~nt Room at 1717 H Street, N.W., 

~ashington, D.C. 20555, and are l:eing placed in the Corrmission's 

local public doC'..ment room at the Oconee County Library, 201 South 

s~ring, ~aL1alla, Sou~'"l Carolina 29691: 
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(l) Office of Nuclear Reactor Regulation Status Report on 

Feedwater Transients in B&W Plants, April 25, 1979. 

(2) Letter from w. s. Lee (Duke Power Co~any) to Harold Denton 

(NRRl, dated April 25, 1979. 

(3) ~wo letters from w. o. Parker, Jr. (Duke Power Company) to 

Harold Denton (NRR)-, dated April 25, 1979. 

(4) Letter from w. H. Owens (Duke Power Co~any) to Roger J. 

~tattson (NRR) , dated April 25, 1979. 

(5) Letter from W. s. Lee (Duke Power Corrpany) to Harold Denton 

(NRR), dated April 26, 1979. 

(6} Letter from w. 0. Parker, Jr. (Duke Power Company) to 

James P. O'Reilly (IE), dated May 4, 1979. 

N. 

Accordingly, pursuant to t.."le Atomic Energy Act of 1954, as a."TTended, a.'1.d 

the Comniss ion's Rules and Regulations in 10 CFR Parts 2 and 50, IT IS 

HEREBY' ORDERED 'lliAT: 

(1) The licensee shall take the following actions wi~"l respect 

to Oconee l, 2 and 3: 

(a) Install aut~~tic starting of ~~e interconnected a~rgency 

feedwater system so t..,at all t..,ree p~s will receive a start 
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signal from aey affected unit, and test the system for 

stability. The emergency feedwater pump discharge flow 

will be connected to the interconnect ion headers such that 

eac~ or all of ~~e emergency feedwater pumps can supply 

water to arrt unit. Until these nDdificatioos and tests are 

conpleted, operating personnel will i::le stationed at each 

emergency feedwater pump with a direct communication link 

to that unit's control room. In addition, the following 

procedural changes, put into effect at April 25, 1979 

to enhance ~~e reliability of ~~e emergency feedwater 

system, will remain in force: 

(1) The discharges of tbese punps have been tied to

gether by aligrment of manual valves such t..~t 

each· and all of ~~e p~s can supply emergenct 

feedwater to any Oconee Unit requiring it. 

(2) Administrative controls have been established so 

that in t.~e event of loss of both main feedwater puups 

on an affected unit, that unit's emergenct feedwater 

pump will start automatically, bac~ed up by remote 

manual start from the control room. !f t.."le f'UJIP _fails 

to start automatically, the operator stationed at t.~t 

pur.p will start the ~ locally, and has been trained 

C-36 



-11-

to do so. In addition, the other tTM:) available emer

gency feedwater p.mps will be started remotely from 

t.~eir unit • s control room or locally if required to pro

vide b«> more sources of feedwater to the affected unit. 

(3) Emergency feedwater flow to t..'"le steam generators will 

be assured by the control room operator who has been 

trained to maintain t.~e necessary level. 

(b) Develop am implement operating procedures for initiating 

and controlling emergency feedwater independent ot: 

Integrated Control System control. 

(c) Implement a hard~ired control-grade reactor trip on 

loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop 

and implement operating instructions to define operator 

action .. 

(e) All licensed reactor operators and senior reactor operators 

assigned to t.'"le Oconee control rooms will have completed the 

'IMI-2 simulator training at B&w. 
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(f) Station in t."le control room an additional full-time 

Senior Reactor Operator (SRO) (or previously licensed 

SRO) wi~~ Three Mile Island-training for each operating 

unit to assist with guidance and p:>ssible manual actions 

until items (a) through (e) are completed. 

(2) The licensee shall maintain Oconee 3 in a shut down condition 

(the facility was shut down on April 28, 1979) until items (a) through 

(e) in paragraph (1) above are satisfactorily completed and such com

pletion has been confirmed by the Director, Office of Nuclear Reactor 

Regulation. 

(3) The licensee shall shut down a second of the three Oconee units 

on May 12, 1979, unless items (a) through (e) in paragraf%1 

(1) above have been satisfactorily completed and the campletion 

has been confirmed by the Director, Office of Nuclear Reactor 

Regulation, before that. date. In the event the second unit is 

shut down on May 12, 1979, it will remain shutdown until items 

(a) t.~rough {e) in paragraph (l) above are satisfactorily com

pleted and such completion has been confirmed by the Director, 

Office of Nuclear Reactor Regulation. 
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( 4) The licensee shall shut d::Ywn the third of the t.nree Oconee units 

on May 19, 1979, unless items (a) through (e) in paragraph (1) 

above have been satisfactorily completed and ~~e completion has 

been confirrred tJy the Director, Office of Nuclear Reactor Regula

tion, before that date. In ~lie event ~i1e t...~ird unit is shut down 

on May 19, 1979, it shall ra~in shut down until items (a) through 

(e) in paragraph (1) above are satisfactorily completed ana su~~ 

corrpletion has been confirmed by the Director, Office of Nuclear 

Reactor Regulation. 

(5) The licensee shall as prorrptly as pl:'acticable also accom

plish ~,e long-term modifications set for~, in Section,II of 

~"lis Order. 

Satisfactory COIT;'letion of iterrs (a) t!lrough (e) in paragrafm (1) and 

in paragra?hs (2) t~rough (4) aoove will require confirmation by ~'1e 

Director, Office of Nuclear Reactor Regulation, that ~t,e actions 

specified have been taken, the specified analyses are acceptable, 

and the specified implementing procedures are appropriate. 

v. 
;a thin twenty (20) days of t.'1e date of ~~is Order, the licensee 

or arrt person whose interest may l:e affected by this Order rr.ay 
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request a hearing with respec~ to this Order. Any su~~ request shall 

not stay ~~e iwrnediate effectiveness of ~~is Order. 

Dated at Washington, DC 
this J'! day of ~19i9. 

FOR THE NUCLEAR REGUIAroRY CJMHISSION 

~J.c~@w' 
Secretary of the Commission 
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UNITED STATES OF Aa.tERICA 

· NUCLEAR REGUIATCRY CCM"'1ISSION 

In the :-1atter of ) 
) 

SACRA.t.tEN'I'O MUNICIPAL lTI'ILITY DISTRICT ) 
) 

R~cho Seco Nuclear Generating Station ) 

ORDER 

I. 

Docket No. 

The Sacramento Municipal Utility District (the licensee or 

7590-Ql 

the holder of Facility Operating License No. DPR-54 which authorizes 

the operation of the nuclear power reactor known as the Rancho Seco 

Nuclear Generating Station (the facility or Rancho Seco), at steady 

state p:>wer levels not in excess of 2772 megawatts thermal (rated power) • 

The facility is a Babcock & Wilcox (B&W} designed pressurized water 

reactor (PWR) located at the licensee's site in Sacramento Cotmty, 

california. 

II. 

In the course of its evaluation to date of the accident at the 'Ihree Mile 

Island Unit No. 2 facility, which utilizes a B&W designed PWR, the 

Nuclear Regulatory Commission staff has ascertained that ~ designed 

reactors appear to be unusually sensitive to certain off-normal transient 

concitions originating in the secondary system. '!he features of the B&W 

design that contribute to this sensitivity are: (1) design of the stean 

ga~erators to operate with relatively small liquid volumes in the secondary 
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side; (2) the lack of direct initiation of reactor trip upon the occurrence 

of off-nonnal conditions in the feedwater system; (3) reliance on an 

integrated control system (ICS) to automatically regulate feedwater flow; 

(4) actuation before reactor trip of a pilot-operated relief valve on ~~e 

primary system pressurizer (which, if the valve sticks open, can a;gravate 

the event); and (5) a low steam generator elevation (relative to the 

reactor vessel) which provides a smaller driving head for natural circu

lation. 

Because of th·ese features, B&W designed reactors place more reliance on 

the reliability and perfonnance characteristics of the auxiliary feedwater 

system, the integrated control system, and the emergency core cooling system 

(ECCS) perfonnance to recover from frequent anticipated transients, such as 

loss of offsite ~wer and loss of nonnal feedwater, than do other PWR designs. 

This, in turn, places a large burden on the plant operators in the event of 

off-normal system behavior during such anticipated transients. 

"As a result of a preliminary review of the 'Ihree Mile Island Unit No. 2 ac

cident chronology, the NRC staff initially identified several ht.man errors 

· that occurred during the accident and contributed significantly to its severity 

All holders of operating licenses were subsequently instructed to take a nmtber 

of immediate actions to avoid repetition of these errors, in accordance wdth 

bulletins issued by the Commission • s Office of Inspection and Enforcer:tent (IE) • 

In addition, the NRC staff began an immediate reevaluation of the design fea-
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tures of B&W reactors to determine whether additional safety corrections or 

L~provements were necessary with respect to these reactors. This evaluation 

involved numerous meetings with B&W and certain of the affected licensees. 

The evaluation identified design features as discussed above which indicated 

~~at B&W designed reactors are unusually sensitive to certain off-nonnal 

~ransient conditions originating in the secondary system. As a result, an 

adci~ional bulletin was issued by IE which instructed holders of operating 

licenses for B&W designed reactors to take further actions, including 

immediate changes to decrease the reactor high pressure trip point and 

increase the pressurizer pilot-operated relief valve setting. Also, as a 

result of this evaluation, the NRC staff identified certain other safety 

concerns that warranted additional short-tenn design and procedural 

c~anges at operating facilities having B&W designed reactors. These 

were identified as items (a) through (e) on page 1-7 of the Office of 

:~Jc:ear Reactor Regulation Status Report to the Commission of April 25, 

2979. 

~£ter a series of discussions between the NRC staff and the licensee 

concerning possible design modifications and changes in operating procedures, 

~~e licensee agreed in a letter dated April 27, 1979, to perform promptly 

the following actions: 
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(a) Upgrade the timeliness and reliability of delivery 

from the Auxiliary Feedwater System by carrying out 

actions as identified in Enclosure 1 of the licensee's 

letter of April 27, 1979. 

(b) Develop and implement operating procedures for initiating 

and controlling auxiliary feedwater independent of Integrated 

Control System control. 

(c) Implement a hard-wired control-grade reactor trip that w:>u1d 

be actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks am develop and 

implement operating instructions to define operator action. 

(e) Provide for one Senior Licensed Operator assigned to the 

control room who has had 'lhree Mile Island Unit No. 2 ('IMI-2) 

training on ~~e S&W simulator. 

!n its letter the licensee also stated that Rancho Seco -would be shut dow:t 

on April 28, 1979 and w:>uld remain shut down until (a) thro~h (e) above 

are completed (The facility was shut down on April 28, 1979 as stated). 

In addition to these modifications to be implemented promptly, the licensee 

has also proposed to carry out certain addi tiona! long-term modifications 

to fur~~er enhance the capability and reliability of the reactor to 

respond to various transient events. 'lhese are: 
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The licensee will provide to the NRC staff a proposed schedule for 

Unpleoentation of identified design modifications which specifically 

relate to items 1 through 9 of Enclosure 1 to the licensee's 

letter of A;>r il 27, 1979, and would significantly improve safety. 

The licensee will subnit a failure mode and effects analysis of 

the Integrated Control System to the NRC ~taff as soon as practicable. 

'lhe licensee stated that this analysis is now underway wi ~.., high 

priority by B&W. 

- The reactor trip following loss of main feedwater and/or 

trip of the turbine to be installed promptly pursuant to ~..,is 

Order will thereafter be upgraded so that the components are safety 

grade. '!he licensee will sutmit this design to the NRC staff 

for review. 

The licensee will continue operator training and have a minimum 

~r: ~·NO licensed operators per shift with 'IMI-2 simulator training 

at 5&.,.; by June l, 1979. '!hereafter, at least one licensed operator 

wi t!i 'IMI-2 simulator training ~t B&W will be assigned to the 

control room. All training of licensed persomel will be 

completed by June 28, 1979. 

'!be Co::mission has concluded that the prompt actions set forth as (a) 

through (e) above are necessary to provide added reliability to the 

reactor syste:t to respooo safely to feedwater transients and should be 

confined by a Commission order. 
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The Com~ission finds that operation of Rancho Seco should not be 

resumed until the actions described in paragraFtls (a) through (e) 

above have been satisfactorily completed. 

For the foregoing reasons, the Commission has. found that the public 

health, safety and interest req~ire that this Order be effective 

·immediately. 

III. 

Copies of the following documents are available for inspection at the 

Commission Is Public Document Room at 1717 H Street r N.W., Washington, 

D.C. 20555, and are being placed in the Commission's local public 

document room in the Business and Municipal Department, Sacramento 

City - County Library, 828 I Street, Sacramento, california 95814: 

(1) Offi,ce of Nuclear Reactor Regulation Status Rep:>rt on 

Feedwater Transients in B&W Plants, April 25, 1979. 

(2) Letter from J. J. Mattimoe (SMUD) to Harold Denton (NRR) 

dated ~~ril 27, 1979. 
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Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, 

and the Commission's Rules and Regulations in 10 CFR Parts 2 and 

50, IT IS HEREBY ORDERED THAT: 

(1) The licensee shall take the following actions with respect 

to Rancho Seco: 

(a) Upgrade the timeliness and reliability of delivery 

from the ~~xiliary Feedwater System by carrying out 

actions as identified in Enclosure 1 of the licensee's 

letter of April 27, 1979. 

(b) Develop and implement operating procedures for initiating 

and controlling auxiliary feedwater independent of Integrated 

Control System control. 

(c) Implement a hard-wired control-grade reactor trip ~~at would 

be actuated on loss of main feedwater and/or tur~i~e trip. 

(d) Complete analyses for potential small breaks and develop and 

~plement operating instructions to define operator action. 

(e) Provide for one Senior Licensed Operator assigned to the 

control room who has had 'lbree Mile Island Unit No. 2 (TM.I-2) 

training on the B&W simulator. 
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(2) The licensee shall maintain Rancho Seco in a shutdown condition 

(the facility was shut down on April 28, 1979) until items (a) 

through (e) in paragra~ (l) above are satisfactorily completed. 

Satisfactory completion will require confirmation by the Director, 

Office of Nuclear Reactor Regulation, that the actions specified 

have been taken, the specified analyses are acceptable, and the 

specified implementing procedures are appropriate. 

(3) The licensee shall as promptly as practicable also accomplish 

the long-term modifications set forth in Section II of this 

Order. 

v. 

Within twen~y (20) days of the date of this Order, the licensee or any 

person whose interest may be affected by this Order may request a 

hearing with respect to this Order. !my such request shall oot stay 

~~e L~ediate effectiveness of this Order. 

~~ee a.F. ~shington, D.C. 
tn1s 7~ aay of May 1979. 

~ NOC~UIATOO.Y CCMMISSION 

I ; l ? !tJA. A---I;:/IP·':J/)_ ' I ~ • . 01& ~ 
Secretary of tth~ission 

j 
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APPENDIX D 

LETTERS LIFTING ORDERS 

The licensees of the five operating reactors submitted responses to 
the confirmatory orders (see Appendix C) indicating actions taken to 
implement short-term modifications. Following review and evaluation of 
the responses, it was determined that the licensees had satisfactorily 
completed the short-term requirements. Subsequently, the NRC issued 
letters lifting the Orders with respect to short-term modifications. The 
letters were as follows: 

Arkansas 1 - 5/31/79 

Davis-Besse 1 - 7/06/79 

Crystal River 3 - 7/06/79 

Oconee - 5/18/79 

Oconee, Supplement 1 - 10/10/79 

Rancho Seco - 6/27/79 

A copy of each follows in this appendix. 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. 0. C. 20555 

Mr. William Cavanaugh, III 
Vice President, Generation 

and Construction 
Arkansas Power & Light Company 
P. 0. Box 551 
Little Rock, Arkansas 72203 

Dear Mr. Cavanaugh: 

May 31, 1979 

By Order of May 17, 1979, the Commission confirmed your undertaking a series 
of actions, both immediate and long term, to increase the capability and 
reliability of Arkansas Nuclear One, Unit No. 1 (AN0-1) to respond to various 
transient events. In addition, the Order confirmed that AN0-1 was shutdown 
and would not be restarted until the following actions had been accomplished: 

(a) Upgrade of the timeliness and reliability of the Emergency 
Feedwater System (EFW) by performing the items specified in
Enclosure 1 of the licensee's letter of May 11, 1979. Pro
vide changes in design for NRC review. 

(b) Develop and implement operating procedures for initiating 
and controlling EFW independent of Integrated Control System (ICS) 
control. 

(c) Implement a hard-wired control-grade reactor trip that would 
be actuated on loss of main feedwater and/or on turbine trip. 

(d) Complete analyses for potential small breaks and develop 
and implement operating instructions to define operator 
action. 

(e) Assign at least one Licensed Operator who has had Three Mile 
Island, Unit No. 2 training on the Babcock & Wilcox simulator 
to the control room (one each shift). 
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Arkansas Power & Light Campa~ -2-

By submittal of M~ 17, 1979, as supplemented by letters dated M~ 21, 
22, 23, 24 and 29, 1979, you have documented the actions taken in response 
to the May 17 Order. I have reviewed this submittal, and am satisfied that, 
with respect to AN0-1, you have satisfactorily completed the actions pre
scribed in items (a) through (e) of paragraph (1} of Section IV of the Order, 
the specified modifications and analyses are acceptable, and the specified 
implementing procedures are appropriate. The bases for these conclusions are 
set forth in the enclosed Safety Evaluation. 

As noted on page 5 of the Safety Evaluation you will be required to conduct 
a test during power operation to demonstrate operator capability to assume 
manual control of the EFW system independent of ICS. In addition, we have 
discussed the need for monitoring core exit temperature with your staff and 
they have agreed to provide a minimum of sixteen thermocouple indications 
of core exit temperature in the control room prior to startup. Also, your 
staff has agreed to provide an additional sixteen thermocouple indications of 
core exit temperature in the control room by October 31, 1979. 

Appropriate Technical Specifications for Limiting Conditions for Operation 
and for surveillance requirements should be developed as soon as practicable 
and provided to the staff within seven days with regard to the design and 
procedural changes which have been completed in compliance with the provisions 
of the May 17, 1979 Commission Order. The revised Technical Specifications 
should cover: 

(1) Changes to the EFW System; 

{2) Plant alignment changes made to ensure control of the EFW 
independnt of the ICS; 

(3) Addition of the Anticipator,y Reactor Trip; and 

(4) EFW capacity. 

We note that by letter dated April 24, 1979, you have submitted proposed Technical 
Sp~cifications for changes in setpoints for high pressure reactor trip and pilot 
operated relief valve actuation. 

Also by letter dated M~ 16, 1979 you have submitted proposed changes to the 
Technical Specifications which define limiting conditions of operation upon loss 
of EFW equipment. 

Within 30 days of receipt of this letter, you should provide us with your schedule 
for completion of the long-term modifications described in Section II of the May 17 
Order. 
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Arkansas Power & Light Company -3-

MY finding of satisfactory compliance with the requirements of items (a) 
through (e) of paragraph (1) of Section IV of the Order will permit 
resumption of operation in accordance with the terms of the Commission•s 
Order; it in no way affects your duty to continue in effect all of the 
above provisions of the Order pending your submission and approval by the 
Commission of the Technical Specification changes necessary for each of 
the required modifications. 

Enclosure: 
Notice of Authorization 

to Resume Operation 
Safety Evaluation 
cc w/enclosure: -
See next page 

Sincerely, 

Harold R. Denton, Director 
Office of Nuclear Reactor 

Regulation 
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Arkansas Power & Light Company 

cc w/enclosure(s): 
Phillip K. Lyon, Esq. 
House, Holms & Jewell 
1550 Tower Building 
Little Rock, Arkansas 72201 

Mr. David C. Trimble 
Manager, Licensing 
Arkansas Power & Light Company 
P. 0. Box 551 
Little Rock, Arkansas 72203 

Mr. James P. o•Hanlon 
General Manager 
Arkansas Nuclear One 
P. 0. Box 608 
Russellville, Arkansas 72801 

Mr. William Johnson 
U. S. Nuclear Regulatory Commission 
P. 0. Box 2090 
Russellville, Arkansas 72801 

Mr. Robert B. Borsum 
Babcock & Wilcox 
Nuclear Power Generation Division 
Suite 420, 7735 Old Georgetown Road 
Bethesda, Maryland 20014 

Troy B. Conner, Jr., Esq. 
Conner, Moore & Corber 
1747 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006 

Arkansas Polytechnic College 
Russellville, Arkansas 72801 

Honorable Ermil Grant 
Acting County Judge of Pope County 
Pope County Courthouse 
Russellville, Arkansas 72801 
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Director, Technical Assessment 
Division 

Office of Radiation Programs 
(AW-459) 

U. S. Environmental Protection Agency 
Crystal Mall #2 
Arlington, Virginia 20460 

U. S. Environmental Protection Agency 
Region VI Office 
ATTN: EIS COORDINATOR. 
1201 Elm Street 
First International Building 
Dallas, Texas 75270 

Director, Bureau of Environmental 
Health Services 

4815 West Markham Street 
Little Rock, Arkansas 72201 



UNITED STATES NUCLEAR REGULATORY COMMISSION 

ARKANSAS POWER & LIGHT COMPANY 

DOCKET NO. 50-313 

NOTICE OF AUTHORIZATION TO RESUME OPERATION 

7590-01 

The United States Nuclear Regulatory Commission issued an Order on 

May 17, 1979 "{44 FR 29997, May 23, 1979), to Arkansas Power & Light Company 

(the licensee), holder of Facility Operating License No. DPR-51 for Arkansas 

Nuclear One, Unit No. 1 (AN0-1), confirming that the licensee accomplish a 

series of actions, both immediate and long term, to increase the capability and 

reliability of AN0-1 to respond to various transient events. In addition, the 

Order confirmed that the licensee would maintain AN0-1 in a shutdown condition 

until the following actions had 'been satisfactorily completed: 

(a) 

(b) 

(c) 

{d) 

{e) 

Upgrade of the timeliness and reliability of the Emergency Feedwater 
(EFW) System by performing the items specified in Enclosure 1 of the 
licensee's letter of May 11, 1979. Provide changes in design for 
NRC review. 

Develop and implement operating procedures for initiating and controlling 
EFW independent of Integrated Control System control. 

Implement a hard-wired control-grade reactor trip that would be 
actuated on loss of main feedwater and/or on turbine trip. 

Complete analyses for potential small breaks and develop and implement 
operating instructions to define operator action. 

Assign at least one Licensed Operator who has had Three Mile Island 
Unit No. 2 training on the Babcock & Wilcox simulator to the control 
room (one each shift). 

By submittal of May 17, 1979, as supplemented by letters dated May·21: and 22, 1979, 

the licensee has documented the actions taken in response to~e May 17, Order. 

Notice is hereby given that the Director of Nuclear Reactor Regulation {the Director) 

has reviewed this submittal and has concluded that the licensee has satisfactorily 

.completed the actions prescribed in items {a) through {e) of paragraph (1) of 

Section IV of the Order, that the specified modifications and analyses are 
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acceptable and the specified implementing procedures are appropriate. 

Accordingly, by letter dated May~, '!U9 the Director has authorized the 

licensee to resume operation of AN0-1. The bases for the Director's conclusions 

are .,re fully set forth in a Safety Evaluation dated May 31, 1979. 

Copies of {1) the licensee's letters dated May 17. 21 and 22. 1979, (2) the 

Director•s letter dated May 31, 1979. and (3) the Safety Evaluation dated 

ftiur 3f, 1979 are available for inspection at the C01110ission' s Pub1 ic Document Room 

at 1717 H Street, N. W., Washington, D. C. 20555, and are being placed in the 

Connission's local public doc1.10ent room at the Arkansas Polytechnic College, 

Russellville, Arkansas. A copy of items (2) and {3) may be obtained upon 

request addressed to the U. S. Nuclear Regulatory Conmission, Washington, D. C. 

20555, Attention: Director, Division of Operating Reactors. 

Dated at Bethesda, Maryland 
this31stday of May 1979. 

FOR THE NUCLEAR REGULATORY COMMISSION 

(;2-IJ Y.G?-/ 
Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 
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INTRODUCTION 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

EVALUATION OF LICENSEE 1 S COMPLIANCE 
WITH THE NRC ORDER DATED ·MAY 17, 1979 

ARKANSAS POWER & LIGHT COMPANY 
ARKANSAS NUCLEAR ONE, UNIT 1 

DOCKET NO. 50-313 

By order dated May 17, 1979, (the order) the Arkansas Power & Light Company (AP&L or 
the licensee) was directed by the NRC to take certain actions with respect to Arkansas 
Nuclear One, Unit 1. Prior to this order and as a result of a preliminary review of 
the Three Mile Island Unit No. 2 accident, the NRC staff initially identified several 
human errors that contributed significantly to the severity of the event. All holders 
of operating licenses were subsequently instructed to take a number of immediate 
actions to avoid repetition of these errors, in accordance with bulletins issued by 
the Commission•s Office of Inspection and Enforcement (IE). Subsequently, an addi
tional bulletin was issued by IE which instructed holders of operating licenses for 
B&W designed reactors to take further actions, including immediate changes to decrease 
the reactor high pressure trip point and increase the pressurizer power-operated · 
relief valve (PORV) setting. 

The NRC staff identified certain other safety concerns that warranted additional 
short-term design and procedural changes at operating facilities having B&W designed 
reactors. Those were identified as items (a) through (e) in page 1-7 of the Office of 
Nuclear Reactor Regulation Status Report to the Commission on April 25, 1979. After a 
series of discussions between the NRC staff and the licensee concerning possible 
design modifications and changes in operating procedures, the licensee agreed in a 
letter dated May 11, 1979 to perform promptly certain actions. The Commission found 
that operation of the plant should not be resumed or continued on an indefinite basis 
until actions described in paragraphs (a) through (e) of paragraph (1) of Section IV 
of the order were satisfactorily completed. 

Our evaluation of the licensee•s compliance with items (a) through (e) of paragraph (1) 
of Section IV of the order is given below. In performing this evaluation we have 
utilized additional information provided by the licensee on May 11, 16, 17, 21, 22, 
23, 24, and 29, 1979 and numerous discussions with the licensee•s staff. Confirmation 
of design and procedure changes was made by members of the NRC staff at the AN0-1 
site. An audit of the AN0-1 reactor operators was also performed by the NRC staff to 
assure that the design and procedure changes were understood and were being correctly 
implemented by the operators. 

EVALUATION 

Item a 

It was ordered that the licensee take the following action; 
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11 Upgrade of the timeliness and reliability of the EFW system by performing the 
items specified in Enclosure 1 of the licensee•s letter of May 11, 1979. 11 

The AN0-1 design has one turbine-driven emergency feedwater (EFW) pump that is automa
tically actuated and controlled independent of offsite power, and one motor-driven EFW 
pump that must be manually transferred to a vital AC bus if offsite power is lost. By 
reference above to Enclosure (1) of the licensee•s letter of May 11, 1979, it was 
ordered that the licensee; 

11 1. Review procedures, revise as necessary and conduct training to ensure timely 
and proper starting of motor driven emergency feedwater (EFW) pump from an 
engineered safeguards bus upon loss of offsite power. Conduct a test of the 
manual startup of the motor driven EFW pump from a vital AC power supply. 11 

Tests were conducted by the licensee and witnessed by a member of the NRC staff. The 
test described in Item 1 above was conducted four times. During the conduct of the 
first test to transfer to a vital AC power supply, a breakdown in communication be
tween the two operators performing the test resulted in a skipped step in the test 
procedure. A second test was then successfully performed in less than five minutes. 
However, the NRC staff subsequently required that the licensee repeat the test a third 
time, using the actual procedure available in the control room instead of the test 
procedure. This control room procedure was reviewed and modified at our request prior 
to the third test which was conducted subsequent to the addition of automatic start 
circuitry described in Part 6. The results of this third test were incomplete due to 
a feature built into the new automatic start design of the motor-operated EFW pump 
which required an additional manual switching operation not previously included in the 
emergency procedure. The procedure was again revised and the fourth test conducted 
satisfactorily within five minutes. Subsequently, the design of the automatic start 
circuitry was modified so as to not require this additional manual switching operation, 
and the procedure was changed accordingly. Members of the NRC staff on site have 
verified that the control room operators are properly trained to carry out this 
revised procedure. The licensee has also agreed to have two operators stationed in 
the control room at all times until the electric driven EFW pump is permanently 
connected to vital power. Since the time frame of five minutes is well within the 
allowable delay of 20 minutes indicated by the generic B&W analyses discussed in 
Item (d), we conclude that the licensee has complied with the requirement for 
demonstrating manual startup of the motor-driven EFW pump from a vital AC power 
supply. 

It was also ordered that; 

11 2. To assure that EFW be aligned in a timely manner to inject on all EFW c;temand 
events when in the surveillance test mode, procedures will be implemented 
and training conducted to provide an operator at the necessary valves in 
communication with the control room during the surveillance mode to carry 
out the valve alignment changes upon EFW demand events ... 

The AN0-1 staff has revised OP 1106.06 11 Emergency Feedwater Pump Operation ... 
Supplements I and II provide procedures for conducting the Electric and Steam Driven 
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Emergency Feedwater Pump surveillance test, respectively. The NRC staff has reviewed 
these procedures which require in part; "Operator shall remain in area for duration of 
test in communication with the control room to align system in the event of an EFW 
demand." The NRC staff has also determined that training of operators in use of this 
procedure has been conducted and is adequate. Subject to confir.ation by a member of 
the NRC staff that noise levels in this area during plant operation are conducive to 
communications with the control room, we conclude that the licensee has ca.plied with 
the order. 

It was also ordered that the licensee; 

"3. Write and implement procedures for the manual initiation and control of the 
EFW System following failure of the Integrated Control Syste11. •• 

The licensee has revised OP 1106.06 (Emergency Feedwater Pump Operation) and this 
procedure has been reviewed by the NRC staff. This procedure provides operator guid
ance concerning manual initiation and control of the EFW System following failure of 
the Integrated Control System. 

The procedures were reviewed by the NRC staff to assure that feedwater from both the 
motor-driven pump and the steam-driven pump would be available in a timely manner. 
The procedures provide for verification of pump start, either automatic or manual. If 
offsite power is not available to the motor--driven pump, EP 1202.05 (Degraded Power) 
provides operator guidance to provide diesel generator power for this pu.p. If manual 
intervention to control cooldown rate is required, procedures provide for initiation 
and control of emergency feedwater flow through the bypass valves. These procedures 
would be implemented by the operator in the event of failure of the Integrated Control 
System. Specific procedural steps provide for: 

Startup of the electric driven EFW pump (including procedures to provide power 
supply from the diesel generator, if normal offsite power is not available). 

Startup of the steam driven EFW pump by opening the stea. supply valves. 

Closing the ICS-controlled EFW valves (using the control roo. handswitch). 

Opening~ and modulating as necessa~, the eaergency feedNater bypass valves to 
control EFW to the stea. generator (using their control roo. handswitches). 

Verifying system operation by observation of EFW flow, EFW pu.p discharge pressure. 
stea. generator pressure, and stea. generator level. 

We have reviewed these revised proc~dures for manual initiation and control of the EFW 
system and conclude that there is sufficient_guidance to the operator to perfor. these 
actions to control and aaintain level in the stea. generators to specified values. 

In addition, the NRC staff required that a test be conducted to de.onstrate the 
capability to provide and control emergency flow to the stea. generators. The 
licensee has committed to perfona a test at low power operation (10-151) during power 
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ascension. The primary objective of the test will be to further verify the capability 
to manually control steam generator level independent of ICS. A member of the NRC 
staff at the AN0-1 site will witness the test and will verify acceptance prior to 
preceding to full power operation. Subject to the successful completion of this test, 
we conclude that the licensee has complied with this portion of the order. 

It was also ordered that; 

11 4. The EFW pumps will be verified operable in accordance with the AN0-1 Technical 
Specifications and Surveillance Procedures. 11 

The AN0-1 Technical Specifications provide for EFW surveillance and limiting condi
tions of operation. Consistent with the cover letter for this evaluation, the NRC 
staff will receive from the licensee within seven days revised proposed Technical 
Specifications with regard to design and procedural changes. 

It was also ordered that the licensee; 

11 5. Review and revise, as necessary, the procedures and conduct training for 
providing alternate sources of water to the suction of the EFW pumps. 11 

The means available to alert the operator to perform the manual transfer of EFW from 
the condensate storage tank (CST) to the service water system consists of an alarm in 
the control room which annunciates on low EFW pump suction pressure. The licensee has 
an additional annunciation in the control room on low level in the condensate storage 
tank. This new feature allows direct control room annunciation that is redundant to 
the existing low suction pressure switch annunciation. The NRC staff reviewed procedure 
OP 1106.06 "Emergency FW Pump Operation11 and requested revision of the guidance to the 
operator for providing alternate sources of water to the suction of the EFW pumps. 
The revision has been made to provide additional guidance to the operator for alternate 
means of verifying low level in the condensate storage tank. The NRC staff at the 
site has verified that the control room operators are properly trained to carry out 
these procedures. We conclude that the licensee has complied with the requirements to 
review and revise procedures and has conducted operations personnel training for 
providing alternate sources of water. 

It was also ordered that; 

11 6. In the event emergency feedwater is necessary and offsite power. is available, 
an auto start signal will be provided to the motor driven emergency feedwater 
pump." 

The licensee has installed an automatic start of the motor-operated EFW pump on loss 
of all RC pumps or loss of both main feedwater pumps. Relay contacts associated with 
existing relays within the integrated control system cabinet, additional relays and 
contacts, and wiring are arranged in the final actuation control 'Circuitry for the 
motor-driven emergency feedwater pump such that, if offsite power is available, the 
motor is provided a signal to start automatically. Further, manual capability to 
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initiate and/or override this automatic circuitry is included in the design. In 
addition, annunciation within the control room has been provided whenever this pump is 
started by the automatic circuitry. 

Based on our review of this aspect of the design, we conclude that it is in accordance 
with the order. 

It was also ordered that; 

11 7. Procedures will be developed and implemented and training conducted to 
provide guidance for timely operator verification of any automatic initia
tion of EFW. 11 

The licensee has revised procedure OP 1106.06 (Emergency Feedwater Pump Operation) to 
provide specific operator guidance as to the methods for confirming automatic initia
tion of EFW. This includes: 

Verification that pump discharge pressure is greater than OTSG pressure. 

Verification of feedwater flow (on the flow indicator installed pursuant to 
Part 9, below). 

Observation of steam generator levels. 

Emergency procedures for plant transients requiring initiation of emergency feedwater 
(such as loss of normal feedwater or loss of reactor coolant flow) require the operator 
to verify the initiation of emergency feedwater. Additionally, the operator is required 
to observe alternate instrumentation channels to provide further assurance. The NRC 
staff has confirmed that control room operators are properly trained to carry out 
these procedures. 

It was also ordered that; 

11 8. Verifkation that Technical Specification requirements for EFW capacity are 
in accordance with the accident analysis will be conducted. 11 

The licensee has stated that a minimum flow of 550 gpm is required to support the 
accident analyses. Low power testing will substantiate the availability of at least 
this flow capacity by each EFW train (see Part 3). Consistent with the cover letter 
to this evaluation, we will require submittal of a Technical Specification change 
concerning EFW capacity. This change will be a limiting condition of reactor opera
tion in the event the minimum allowable value assumed in the accident analysis is not 
met, and will provide for periodic surveillance. 

It was also ordered that; 

11 9. Modifications will be made to provide verification in the control ro011 of 
EFW flow to each steam generator ... 
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To verify that emergency feedwater is being pumped to the steam generators, the licensee 
is providing two orifice plates and differential pressure sensing equipment. These 
flow devices will be installed on each of the EFW injection flow paths downstream of 
the crossover line, so that flow to each steam generator will be measured. The output 
of the differential pressure transmitter will be displayed in the control room, 
indicated in gallons-per-minute. 

A verification test will be performed to assure performance of this design modifi
cation. This will be performed as part of the test described in Part (3) in this 
report. The test procedure has been reviewed by the NRC staff and verified as 
acceptable. 

It was also ordered that the licensee; 

11 10. Provide a means of notification to the control room that the EFW system has 
auto started. This notification can be provided from a temporary modifica
tion or a dedicated operator. 11 

As described in Part 7, above, the control room operator can determine the initiation 
of emergency feed by observation of pump discharge pressure (as compared to steam 
generator pressure), emergency feed flow, and steam generator level. In addition, 
annunciation has been provided in the control room whenever either pump is automa
tically started. Based on our review of this design, we conclude that it is in 
accordance with the order. 

Item b 

It was ordered that the licensee; 

110evelop and implement operating procedures for initiating and controlling EFW 
independent of Integrated Control System (ICS) control. 11 

Several components in each EFW train are provided with an automatic initiation signal. 
Four components in one train are one steam-driven pump controller, one motor-operated 
valve located at the discharge of this pump, and two motor-operated valves associated 
with the steam supply for this turbine-driven pump. Two components for the other EFW 
train are the motor-driven pump and one motor-operated valve at the pump discharge. 
Although the automatic actuation signal is provided by common circuitry within the 
integrated control system cabinet, provisions exist to manually control these com
ponents fro. the control room. This manual provision provides overriding control of 
the automatic signal (from the Integrated Control System cabinet). We conclude that 
manual means exist in the design whereby the operator can initiate and control emer 
gency feedwater following failure of the Integrated Control System automatic initia
tion circuitry. 

We have reviewed the revised procedures for the emergency feedwater system to assure 
that there-is sufficient guidance to the operator to actuate the system if the automatic 
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initiation failed and to control the steam generator level to specified values. The 
review of the procedures focused on whether the operator was directed to observe the 
proper instruments and whether the operator was given specific values of parameters, 
such as steam generator level, to maintain by operating controls. The review also 
determined that the operator should confirm the validity of the instrument readings of 
certain key parameters such as steam generator level. The necessary modifications to 
the procedures to satisfy these determinations were presented to the licensee, and the 
NRC staff has verified that the modifications have been incorporated in the procedures. 
(See further discussion of these procedures and test requirements in Part 3 of Item 
a). 

The NRC staff at the AN0-1 site walked through the emergency feedwater procedures with 
AN0-1 operators to evaluate whether the procedures were functionally adequate. In 
addition, the NRC staff audited a sample of AN0-1 operators to determine if they were 
familiar with the revised procedures and could implement them correctly. Based on the 
NRC staff audit, we conclude that the revised procedures and operator training are 
satisfactory. 

Item c 

The order requires that the licensee; 

11 Implement a hard-wired control-grade reactor trip that would be actuated on loss 
of main feedwater and/or on turbine trip. 11 

The Arkansas Nuclear One Unit 1 original design did not have a direct reactor trip
from a malfunction in the secondary system (loss of main feedwater and/or turbine 
trip). To obtain an earlier reactor trip (rather than delaying the trip until an 
operator took action or until a primary system parameter exceeded its trip setpoint), 
the licensee committed to install a hardwired control grade reactor trip on the loss 
of all main feedwater and/or on turbine trip (letter from William Cavanaugh III (AP&L) 
to H. Denton (NRC) dated May 11, 1979). 

The purpose of this anticipatory trip is to minimize the potential for opening of the 
power-operated relief valve (PORV) and/or the safety valves on the pressurizer. The 
licensee has indicated that this new circuitry meets this objective by providing a 
reactor trip-during the incipient stage of the related transients (turbine trip and/or 
loss of main feedwater). 

AP&l has added control grade circuitry to AN0-1 which is designed to provide an automa
tic reactor trip when either the main turbine trips or both of the two main feedwater 
pumps trip. The main turbine trip is sensed by a normally de-energized auxiliary 
relay associated with the main turbine Electro-Hydraulic master trip circuitry. The 
power for this circuitry is provided from a Class lE 125 volt direct current bus by 
way of a 125 volt distribution panel. A contact from this auxiliary relay is arranged 
into a 118 volt alternating current circuit containing a normally de-energized relay. 
This alternating current relay is physically located within the Integrated Control 
System cabinet and is provided power from the associated Integrated Control System 
power supply. A contact from this alternating current relay is arranged into a 
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normally energized 24 volt direct current circuit containing two additional relays. 
This 24 volt power supply is derived within the Integrated Control System cabinet. To 
open each of the breakers and trip the reactor, two associated direct current relays 
provide four contact closures to energize two direct current shunt coils (two contact 
closures per shunt trip coil and one shunt trip coil for each of the two reactor trip 
alternating current circuit breakers). Power is provided to the shunt trip coils from 
Class lE 125 volt direct current buses. 

The main feedwater pump trip is sensed by two normally de-energized auxiliary relays 
associated with the m~in feedwater pumps master trip circuitry (one_relay associated 
with each of the two main feedwater pumps). The remaining circuitry associated with 
this trip is identical to that described above for the turbine trip including power 
supplies, with the exception that two corresponding relays and contacts are provided. 
Also, the two associated contacts (these contacts are arranged in parallel) within the 
24 volt direct current circuit are in series with the associated turbine trip contact. 

Provisions have been included to automatically bypass and re-instate these additional 
trips at low power to allow a normal startup and shutdown. Operator verification of 
the bypass removal is required procedurally during power escalation. The NRC staff at 
the AN0-1 site audited a sample of AN0-1 operators and concluded that they were familar 
with the functions of these trips and associated procedural requirements. 

The licensee has analyzed this additional circuitry with respect to its independence 
from the existing reactor trip system. The licensee has stated that the shunt coil is 
part of the existing AC reactor trip breaker. However, it is separate and operates 
independently from the 120 volt alternating current undervoltage trip coil of the 
associated breaker. The reactor trip safety-grade signal de-energizes the 120 volt 
alternating current undervoltage coil to produce a trip of the associated alternating 
current breaker. 

Based on our review of the implementation of the trip circuitry with respect to its 
independence from the existing trip circuitry, we conclude that this addition will not 
degrade the existing reactor protection system design. The licensee has installed and 
completed checkout of the trip circuitry. 

The licensee has committed to perform a monthly periodic test on the added circuitry 
to demonstrate its ability to open the AC circuit breakers (tripping the AC breakers 
via the shunt trip circuit). Additionally, the licensee has committed to perform a 
more complete test of this additional circuitry whenever the reactor is brought to a 
hot shutdown condition as the result of a normal outage or reactor trip (but not more 
frequently than once per 31 days). We conclude that there is reasonable assurance 
that the additional circuitry will perform its function. Accordingly, on the basis of 
the above, we conclude that this additional circuitry is in accordance with the 
requirements of item {c) of the order. 

D-15 



Item d 

This item in the order requires the licensee to: 

11 Complete analyses for potential small breaks and implement operating instruc
tions to define operator action. 11 

By letter from William Cavanaugh III (AP&L) to H. Denton (NRC) dated May 11, 1979, the 
licensee committed to providing the analyses and operating procedures of this requirement. 

Babcock and Wilcox, the reactor vendor for the AN0-1 plant, submitted an analysis 
entitled, 11 Evaluation of Transient Behavior and Small Reactor Coolant System Breaks in 
the 177 Fuel Assembly Plant11 and supplements to these analyses (References 1 through 
6). The major parameters used in this generic study_, with the exception of emergency 
feedwater flow, conservatively bound the AN0-1 plant. An additional analysis assuming 
a bounding value for emergency feedwater flow was subsequently submitted (Reference 
6). In a letter dated May 16, and 22, 1979, AP&L has referenced these analyses as 
appropriate for AN0-1. The staff evaluation of the B&W generic study has been com-
pleted and the results of the evaluation will be issued as a NUREG report in June 1979. 

A principal finding of our generic review is a reconfirmation that Loss-of-Coolant 
Accident (LOCA) analyses of breaks at the lower end of the small break spectrum 
(smaller than 0.04 sq. ft.) demonstrate that a combination of heat removal by the 
steam generators, high pressure injection system and operator action ensure adequate 
core cooling. The emergency feedwater system used to remove heat through the steam 
generators has been modified to enhance its reliability as discussed in item (a). The 
high pressure injection system is capable of providing emergency core cooling even at 
the safety valve pressure setpoint. Reactor core uncovery is not predicted for these 
events. The calculated peak cladding temperature was less than 800°F, well below the 
10 CFR 50.46 requirement of 2200°F. The ability to remove heat via the steam gener-
ators has always been recognized to be an important consideration when analyzing very 
small breaks. Sensitivity analyses were performed with acceptable results assuming 
permanent loss of all feedwater (with operator initiation of the high pressure in-
jection system at 20 minutes) and loss of feedwater for only the first 20 minutes of 
the accident. These results are appropriate for AN0-1 considering the ability to 
manually start the EFW pumps within 20 minutes as discussed under item (a) and (b) of 
this evaluation, assuming failure of automatic EFW actuation. 

Another aspect of the studies was the assessment of recent design changes on the lift 
frequency of pressurizer safety and relief valves. The design changes included change 
in the setpoint of the pressurizer power-operated relief valve (PORV) from 2255 psi to 
2450 psi, change in the high pressure reactor trip setpoint from 2355 psi to 2300 psi 
and the installation of anticipatory reactor trips on turbine trip and on loss of 
feedwater. In the past, during turbine trip and loss of feedwater transients the PORV 
was lifted. With the new design these transients do not result in lifting of this 
valve. However, lifting of both PORV and safety valves might occur in case of rod 
withdrawal and inadvertant boron dilution transients, using the normally conservative 
assumptions found in the Chapter 15 safety analysis. The above design changes did not 
effect the lift frequency of the valves for these Chapter 15 safety analyses. 
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Based on our review of the small break analyses presented by B&W, the staff has deter
mined that a loss of all main feedwater with (a) an isolated PORV, but safety valves 
opening and closing as designed, or (b) a stuck open PORV consequentially does not 
result in core uncovery, provided either EFW or 2 HPI pumps are initiated within 20 
minutes. Based on the acceptable consequences calculated for small break LOCAs and 
loss of all main feedwater events and the expected reliability of the EFW and high 
pressure injection systems, we conclude that the licensee has complied with the ana 
lysis portion of paragraph (l)(d) of the Order. 

To support longer term operation of the facility, requirements will be developed for 
additional and more detailed analyses of loss of feedwater and other anticipated 
transients. More detailed analysis of small break LOCA events are also needed for 
this purpose. Accordingly, the licensee will be required to provide the analyses 
discussed in Sections 8.4.1 and 8.4.2 of the recent NRC Staff Report of the Generic 
Assessment of Feedwater Transients in Pressurized Water Reactors Designed by the 
Babcock and Wilcox Company (NUREG 0560). Further details on these analyses and their 
applicability to other PWRs and BWRs will be specified by the staff in the near fu
ture. In addition, to assist the staff in developing more detailed guidance on design 
requirements of relief and safety valve reliability during a:1ticipated transients, as 
discussed in Section 8.4.6 of the NUREG report, the licensee will be required to 
provide analyses of the mechanical reliability of the pressurizer relief and safety 
valves of the AN0-1 facility. 

The B&W analyses show that some operator action, both immediate and followup, is 
required under certain circumstances for a small break accident. Immediate operator 
action is defined as those actions committed to memory by the operators which are 
necessary to take as soon as the problem is diagnosed. To perform followup actions, 
operators must consult and follow instructions in written and approved procedures. 
These procedures must always be readily available in the control room for the opera
tors use. Guidelines were developed by B&W to assist the operating B&W facilities to 
develop emergency procedures for the small break accident. 

The Operating Guidelines for Small Breaks were issued by B&W on May 5, 1979 and rev 
iewed by the NRC staff. Revisions recommended by the staff were incorporated in the 
guidelines. In response to these guidelines, the licensee made substantial revisions 
to EP 1202.06 (Loss of Reactor Coolant/RC Pressure), EP1202. 14 (Loss of Reactor Coolant 
Flow-RCP Trip), EP 1202.26 (Loss of Steam Generator Feed), EP 1202.23 (Steam Generator 
Tube Rupture), and EP 1202.05 (Degraded Power). These emergency procedures define the 
required operator action in response to a spectrum of break sizes for a loss-of-coolant 
accident in conjunction with various equipment availability and failures. 

The procedure dealing with loss-of-reactor coolant (EP 1202.06) is divided into three 
sections. The first deals with a rupture well in excess of the capability of the high 
pressure injection pumps (a large break in which the system depressurizes to the point 
of low pressure injection). An automatic reactor trip is assumed. The second section 
of this procedure assumes the small break is within the capacity of the high pressure 
injection system and the reactor may not automatically trip. The third section assumes 
reactor coolant system leakage within the capacity of a single makeup pump and no 
automatic reactor trip. A separate procedure (EP 1202.23) provides guidance to the 

D-17 



operator in the event of a steam generator tube rupture. In all cases dealing with a 
small break, the operator actions are aimed at achieving a safe cold shutdown in 
accordance with the normal cooldown procedure. 

As indicated above, other procedures provide guidance to the operators for dealing 
with small breaks in the event of a degraded condition (such as a loss-of-feedwater 
and/or loss of reactor coolant pumps). These procedures are EP 1202.05, EP 1202.14, 
and EP1202.26. If all feedwater is lost, a heat removal path is established from the 
high pressure injection system through the break and the pressurizer power-operated 
relief valve or the safety valves. Once feedwater is reestablished, the steam genera
tors can be used as a heat sink. If the reactor coolant pumps are not available,.the 
operator is directed to establish and verify natural circulation. Additional guidance 
is provided if natural circulation is not immediately achieved. If normal power to 
the motor-driven emergency feed pump is lost, guidance is provided to the operator to 
power this pump from the diesel generator. 

For all cases in which high pressure injection is manually or automatically initiated~ 
the operators are specifically instructed to maintain maximum HPI flow unless two 
criteria are met. These criteria are: 

1. LPI has been operating for greater than 20 minutes with flow rates in excess 
of 2650 gpm per train, or greater than 3100 gpm with one train operating. 

2. All hot and cold leg temperatures are at least SO degrees below the saturation 
temperature for the existing RCS pressure. If the SO degrees subcooling cannot 
be maintained after HPI cutoff, the HPI shall be reactuated. 

The requirement to determine and maintain S0°F subcooling has been incorporated in all 
other procedures in which HPI has been manually or automatically initiated. These 
procedures include, Steam Supply System Rupture, Steam Generator Tube Rupture, Loss of 
Reactor Coolant Flow and Loss of Steam Generator Feedwater. Each of these procedures, 
in addition to the Loss of Reactor Coolant procedure, provide additional instructions 
to the operators in the event of faulty or misleading indications. A subsequent 
action statement directs the operators to check alternate instrumentation channels to 
confirm the key parameter readings. The AN0-1 staff have made revisions to all of 
these emergency procedures to include this requirement. Also, the licensee has pro
vided for computer readout of 16 thermocouple indications of core exit temperatures 
available to the operator in the control room. The licensee further committed to 
installation of an additional 16 thermocouples to be available before October 31, 
1979. The staff has reviewed the additional information to be gained with regard to 
providing additional verification of reactor coolant system temperature and finds the 
modifications acceptable. 

The Loss of Reactor Coolant procedure was reviewed by the NRC staff to determine its 
conformance with the B&W guidelines. Comments generated as a result of this review 
were incorporated in a further revision to the procedure. A member of the NRC staff 
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walked through this emergency procedure in the AN0-1 control room. The procedure was 
judged to provide adequate guidance to the operators to cope with a small break loss 
of coolant accident. The instrumentation necessary to diagnose the break, the indica
tions and controls required by the action statements, and the administrative controls 
which prevent unacceptable limits from being exceeded are readily available to the 
operators. We conclude that the operators should be able to use this procedure to 
bring the plant to a safe shutdown condition in the event of a small break accident. 

An audit of nine of the 27 licensed operators and senior operators was conducted by 
the NRC staff to determine the operators• understanding of the small break accident, 
including how they are required to diagnose and respond to it. The AN0-1 staff has 
conducted special training sessions for the operators on the concept of and use of 
emergency procedure 1202.06. The operators were found to have sufficient knowledge of 
the small break phenomenon and the general requirements of the emergency procedure. 
Each licensed individual will also receive additional training on the approved pro
cedure prior to power operation. 

The audit of the operators also included questioning about the TMI-2 incident and the 
resulting design changes made at AN0-1. The discussions covered the initiating events 
of the incident, the response of the plant to the simultaneous loss of feedwater and 
small break LOCA (PORV stuck open), and the operational actions that were taken during 
the course of the incident. We found their level of understanding sufficient to be 
able to respond to a similar situation if it happened at AN0-1. We also concluded 
that they have adequate knowledge of subcooling and saturated conditions and are able 
to recognize each condition in the primary coolant system by various methods. The 
emergency feedwater system was also discussed during the audit to determine the opera
tors• ability to assure proper starting and operation of the system during normal 
conditions, as well as during adverse conditions such as loss of offsite power or loss 
of normal feedwater. The long term operation of the system was examined to evaluate 
the operators• ability to use available manual controls and water supplies. The level 
of understanding was found to be sufficient to assure proper short and long term 
emergency feedwater flow to the steam generators. 

The licensed operators and senior operators have received training concerning the 
TMI-2 accident, small break LOCA recognition, design modifications, and procedure 
changes. To determine the effectiveness of this training program a written exam was 
administered to all licensed personnel by the licensee. Individuals scoring less than 
90 percent on the exam will receive additional training and will not assume licensed 
duties until a score of at least 9a percent is attained on an equivalent, but dif
ferent exam. Arkansas Power and Light also contracted with B&W and NUS Corporation to 
conduct audits to determine the effectiveness of the training program. The NRC staff 
also conducted audits which were judged satisfactory with some deficiencies noted to 
the AN0-1 staff. The AN0-1 staff will use the results of these audits and any generic 
weaknesses discovered on the written exams in their development of future training and 
requalification programs. The NRC staff will review all results and records as part 
of the normal inspection function of the AN0-1 requalification program. We conclude 
that there is adequate assurance that the operators at AN0-1 have and will continue to 
receive a sufficient level of training concerning the TMI-2 accident. 
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Based on the foregoing evaluation, we conclude that the licensee has complied with the 
requirements of item (d) of Paragraph (1) of the order. 

Item e 

The order required that; 

"At least one Licensed Operator who has had TMI-2 training on the B&W simulator 
will be assigned to the control room (one each shift)." 

The licensee has confirmed that all reactor operators and senior oper~tors have com
pleted the TMI-2 simulator training at B&W as required by the Order. This training 
consisted of a class discussion of the TMI-2 event and a demonstration of the event on 
the simulator as it occurred and how it should have been controlled. The class dis
cussion was about one hour long and the remainder of the four hour session was 
conducted on the simulator. The TMI-2 event, including operational errors, was 
demonstrated to each operator. The event was again initiated and the operators were 
given 11 hands-on" experience in successfully regaining control of the plant by several 
methods. Other transients which resulted in depressurization and saturation condi
tions were presented to the operators in which they maneuvered the plant to a stable, 
subcooled condition. 

CONCLUSION 

We conclude that the actions described above fulfill the requirements of our Order of 
May 17, 1979 in regard to Paragraph (1) of Section IV. The licensee having met the 
requirements of Paragraph (1) may restart AN0-1 as provided by Paragraph 2. 
Paragraph 3 of Section IV of the Order remains in force until the long term modifica
tions set forth in Section II of the Order are completed and approved by the NRC. 

Dated: May 31, 1979 
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NUCLEAn REGUL:...IGi1'r' cc;,:,·~~;ss:Ci .. 
WASHINGTON, 0_ C. 20555 

July 5, 19i9 

Mr. lowell E. Roe 
Vice President, Facilities Development 
Toledo Edison Company 
Edison Plaza 
300 Madison Avenue 
Toledo, Ohio 43652 

Dear Mr. Roe: 

By Order of May 16, 1979, the Commission confirmed your undertaking a series 
of actions, both immediate and long-term, to increase the capability and 
reliability of the Davis-Besse Nuclear Power Station, Unit No. 1 to respond 
to various transient events. In addition. the Order confirmed that you would 
maintain the plant in a shutdown condition until the following actions had 
been satisfactorily completed: 

(a) Review all aspects of the safety grade auxiliary feedwater system 
to further upgrade components for added reliability and performance. 
Present modifications will include the addition of dynamic braking on 
the auxiliary feedpump turbine speed changer and provision of means 
for control room verification of the auxiliary feedwater flow to the 
steam generators. This means of verification will be provided for 
one steam generator prior to startup from the present maintenance 
outage and for the other steam generator as soon as vendor-supplied 
equipment is available (estimated date is June 1, 1979). In addition, 
the licensees will review and verify the adequacy of the auxiliary 
feedwater system capacity. 

(b) Revise operating procedures as necessary to eliminate the option of 
using the Integrated Control System as a backup means for controlling 
auxiliary feedwater flow. 

(c) Implement a hard-wired control-grade reactor trip that would be actuated 
on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and implement 
operating instructions to define operator action. 

(e) All licensed reactor operators and senior reactor operators will have 
completed the Three Mile Island Unit No. 2 simulator training at B&W. 
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(f) Submit a reevaluation of the TECO analysis of the need for automatic 
or administrative control of steam generator level setpoints during 
auxiliary feedwater system operation, previously submitted by TECO 
letter of December 22, 1978, in light of the Three Mile Island Unit 
No. 2 incident. 

{g) Submit a review of the previous TECO evaluation of the September 24, 
1977 event involving equipment problems and depressurization of the 
primary system at Davis-Besse 1 in light of the Three Mile Island 
Unit No. 2 incident. 

By your letters dated April 27 and May 4, 1979 and supplemented by sixteen 
letters dated May 11, 18, 19, 22(2), 23(2}, 26{2), 29 and June 15(2), 18, 
21, 23 and 25, 1979, you have documented the actions taken in response to 
the May 16 Order. We have reviewed this submittal, and are satisfied that, 
ivith respect to Davis-Besse, Unit 1, you have satisfactorily completed the 
actions prescribed in items (a) through (g) of paragraph (1) of Section IV 
of the Order, the specified analyses are acceptable, and the specified 
implementing procedures are appropriate. The bases for these conclusions 
are set forth in the enclosed Safety Evaluation. 

Appropriate Technical Specifications for Limiting Conditions for Operation 
and for surveillance requirements should be developed as soon as practicable 
and provided to the staff within seven days with regard to the design and 
procedural changes which have been completed in compliance with the provisions 
of the May 16, 1979 Commission Order. The revised Technical Specifications 
should cover: 

(1) Addition of flow rate indication for the auxiliary feedwater system; 

(2) Addition of the anticipatory reactor trips; and 

(3) Changes in set points for high pressure reactor trip and PORV 
actuation. 

Within 30 days of receipt of this letter, you should provide us with your 
schedule for completion of the long-term modifications described in Section 
II of the May 16 Order. 

My finding of satisfactory compliance with the requirements of items (a) 
through (g) of paragraph (1) of Section IV of the Order will permit resumption 
of operation in accordance with the terms of the Commission's Order; it in 
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no way affects your duty to continue in effect all of the above prov1s1ons 
of the Order pending your submission and approval by the Commission of the 
Technical Specification changes necessary for each of the required 
modifications. 

Harold R. Denton, Director 
Office of Nuclear Reactor Regulation 

Enclosures: 
1. Safety Evaluation 
2. Notice 

cc w/encls: 
See next page 
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Toledo Edison Company 

cc w/enclosure(s): 

Mr. Donald H. Hauser, Esq. 
The Cleveland Electric 

Illuminating Company 
P. 0. Box 5000 
Cleveland, Ohio 44101 

Gerald Charnoff, Esq. 
Shaw, Pittman, Potts 

and Trowbridqe 
1800 M Street,-N.W. 
Washington; D. C. :20036 

Leslie Henry, Esq. 
Fuller, Seney, Henry and Hodge 
300 Madison Avenue 
Toledo, Ohio 43604 

Mr. Robert B. Borsum 
Babcock & Wilcox 
Nuclear Power Generation Division 
Suite 420, 7735 Old Georgetown Road 
Bethesda, Maryland 20014 

Ida Rupp Public Library 
310 Madison Street 
Port Clinton,Ohio 43452 

President, Board of County 
Commissioners of Ottawa County 

Port Clinton, Ohio 43452 

Attorney General 
Department of Attorney General 
30 East Broad Street 
Columbus, Ohio 43215 

Harold Kahn, Staff Scientist 
Power Siting Commission 
361 East Broad Street 
Columbus, Ohio 43216 
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(AW-459) 

U. S. Environmental Protection Agency 
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U. S. Environmental Protection Agency 
Federal Activities Branch 
Region V Office 
ATTN: EIS COORDINATOR 
230 South Dearborn Street 
Chicago, Illinois 60604 
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INTRODUCTION 

EVALUATION OF LICENSEE 1 S COMPLIANCE 

WITH THE NRC ORDER DATED MAY 16, 1979 

TOLEDO EDISON COMPANY AND 

THE CLEVELAND ELECTRIC ILLUMINATING COMPANY 

DAVIS-BESSE NUCLEAR POWER STATION, UNIT No. 1 

DOCKET NO. 50-346 

July 6, 1979 

By Order dated May 16, 1979, (the Order) the Toledo Edison Company and the 

Cleveland Electric Illuminating Company (TECO or the licensee) were directed 

by the NRC to take certain actions with respect to Davis-Besse Nuclear Power 

Station, Unit 1 (DB-1). Prior to this Order and as a result of a preliminary 

review of the Three Mile Island, Unit No. 2 (TMI-2) accident, the NRC staff 

initially identified several human errors that contributed significantly to 

the severity of the event. All holders of operating licenses were subsequently 

instructed to take a number of immediate actions to avoid repetition of these 

errors, in accordance with bulletins issued by the Commission•s Office of 

Inspection and Enforcement (IE). Subsequently, an additional bulletin was 

issued by IE which instructed holders of operating licenses for Babcock & 

Wilcox (B&W) designed reactors to take further actions, including immediate 

changes to decrease the reactor high pressure trip point and increase the 

pressurizer power-operated relief valve (PORV) setting.* 

*[IE Bulletins Nos. 79-05 (April 1, 1979), 79-05A (April 5, 1979), and 
79-05B (April 21, 1979) apply to all B&W facilities.] 
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The NRC staff identified certain other safety concerns that warranted addi

tional short-term design and procedural changes at operating facilities having 

B&W designed reactors. Those were identified as items (a) through (e) on 

page 1-7 of the 11 0ffice of Nuclear Reactor Regulation Status Report to the 

Commission 11 dated April 25, 1979. After a series of discussions between the 

NRC staff and the licensee concerning possible design modifications and 

changes in operating procedures, the licensee agreed, in letters dated 

April 27, 1979 and May 4, 1979, to perform promptly certain actions. The 

Commission found that operation of the plant should not be resumed until the 

actions described in Items (a) through (g) of paragraph (1) of Section IV of 

the Order are satisfactorily completed. 

Our evaluation of the licensee•s compliance with items (a) through (g) of 

paragraph (l) of Section IV of the Order is given below. In performing this 

evaluation we have utilized additional information provided by the licensee in 

letters dated May 11, 18, 19, 22 (2), 23 (2), 26 (2), 29 and June 15 (2), 18, 

21, 23 and 25, 1979 and numerous discussions with the licensee•s staff. 

Confirmation of design and procedural changes was made by members of the NRC 

staff at the DB-1 site. An audit of the training and performance of the DB-1 

reactor operators was also performed by the NRC staff to assure that the 

design and procedural changes were understood and were being correctly 

implemented by the operators. 
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EVALUATION 

Item (a) 

It was ordered that the licensee take the following action: 

"Review all aspects of the safety grade auxiliary feedwater system to 

further upgrade components for added reliability and performance. Present 

modifications will include the addition of dynamic braking on the auxiliary 

feedpump turbine speed changer and provision of means for control room 

verification of the auxiliary feedwater flow to the steam generators. 

This means of verification will be provided for one steam generator prior 

to startup from the present maintenance outage and for the other steam 

generator as soon as vendor-supplied equipment is available (estimated 

date is June 1, 1979). In addition, the licensees will review and verify 

the adequacy of the auxiliary feedwater system capacity ... 

The auxiliary feedwater (AFW) system at DB-1 consists of two safety-grade AFW 

pumps capable of being actuated and controlled by safety-grade signals that 

ensure the availability of feedwater to at least one steam generator. under 

the assumed conditions of a single failure. In addition, the capability to 

manually actuate and control AFW is available in the control room. The sources 

of water include two condensate storage tanks (CST), the service water system 

and the fire protection system. The CSTs provide the normal supply (non-safety

grade) and the service water system is used as a backup safety-grade supply. 
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A low level in either CST is alarmed to the operator and a continuous level 

is displayed inside the control room. low pressure switches on the AFW pump 

suction provide safety-grade signals to automatically shift suction for the 

pump from the CSTs to the backup service water supply. Additionally, the 

operator could also manually transfer the AFW suction to the fire water 

storage tank (FWST) in the fire protection system. 

Both steam-driven auxiliary feedwater pump turbines at DB-1 are provided with 

a governor used for variable pump speed control. The governor is equipped 
; 

with a small DC motor which changes the speed setpoint on the turbine control 

valve, thereby controlling steam flow which regulates the turbine and pump 

speed. This DC motor receives 11 raise-and-lower11 pulses from the safety-grade 

steam generator level control system or the manual control switches (located 

in the control room), which change the turbine speed as required. Pulse 

length is automatically increased the further steam generator level deviat~s 

from its setpoint. These changes in pump speed alter the AFW flow and thus 

control the water level in the steam generators. 

A 11 dynamic brake11 feature has been added, which consists of a resistor and 

electrical contacts in parallel with the windings of the DC motor. When the 

control pulse is terminated, the braking resistor is placed in parallel with 

the motor windings, causing rapid dissipation of the energy associated with 

the motor momentum (thus reducing the amount of motor coast). This, in turn, 

reduces the amount of pump speed overshoot, thereby allowing fewer speed 

changes to match the AFW flow rate to the steaming rate of the steam generators. 
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The licensee has also added flow rate indication for both steam generator AFW 

inlet lines. Each inlet line has a pipe-mounted ultrasonic flow transducer 

and signal conditioner. These are located in the auxiliary building and are 

accessible during normal plant operations. The signal conditioners provide 

outputs both locally and in the control room on the AFW pump section of the 

main control console. Each device is designed to provide flow rate indication 

to each steam generator from 0 to 1000 gpm. The systems are powered from 

120 VAC, 60 Hz buses which are fed by redundant non-Class IE station inverters. 

Functional testing of the installed auxiliary feedwater flow rate indication 

is to be conducted in conjunction with the functional testing of the dynamic 

braking modification of AFW pump turbine controls. The staff concludes that 

the dynamic brake and AFW flow rate indication modifications are acceptable 

contingent upon successful testing prior to restart. 

We have reviewed the piping and instrumentation diagrams and have determined 

that no active failure of a mechanical component, such as a pump or valve, 

would preclude obtaining the required AFW flow rate. The licensee has pre

viously performed tests of the manual and automatic level control system. The 

test results showed that the control system functioned as designed to control 

steam generator level. Verification of acceptable flow capacity for each of 

the two AFW pumps was based upon recorded steam generator level changes 

following a previous reactor trip. These data showed that each pump exceeded 

the design flow rate of 800 gpm at a steam generator pressure of 1050 psig. 

(The 800 gpm is the flow rate delivered to the steam generators and does not 

include the approximately 250 gpm recirculation flow rate.) 

D-30 



- 6 -

Additional information submitted by the licensee (letter from lowell E. Roe 

(TECO) to Mr. Robert W. Reid (NRC) dated May 23, 1979) shows that a total 

minimum flow, to one or both steam generators, of 550 gpm is required to 

support the accident analjses. Based on these data and analyses, and the 

agreement by the licensee to perform checkout testing of the dynamic braking 

and flow rate indication modifications prior to restart, we conclude that 

adequate .assurance exists that the AFW system will deliver the required flow 

rate upon demand. 

By letter (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 23, 

1979), the licensee provided results of a review of the operating history of 

the AFW system at DB-1. The largest number of failures* occurred during the 

initial operating and debugging phase of the facility. Fourteen (14) of the 

seventeen (17) reported failures occurred prior to January, 1978. Subsequent 

to impleme~ting system design changes as a result of several of these failures, 

the systems failure rate has· been reduced and its reliability enhanced. There 

were 3 failures of AFW system components from January 1978 to May 1979. 

(There were a total of 65 actuations of the AFW system in this time period.) 

Three different components in the AFW system were involved in these three 

failures: (1) the speed control circuit for #1 AFW pump turbine, (2) a faulty 

limit switch on an AFW discharge valve, and (3) two sticky AFW pump turbine 

steam supply valves. In each case, the licensee performed corrective actions. 

*[For the purpose of demonstrating improvement in the performance of the AFW 
system, the licensee has defined a failure of the AFW system to be any event 
for which at least one train of the AFW system is not delivering design flow 
to a steam generator.] 
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A later letter (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated June 29, 

1979) addressed a series of pressure switch failures which were discovered on 

May 2), 1979, and which affected both AFW trains. An evaluation of these 

failures by the licensee concluded that both trains would have automatically 

actuated if required, but that one train would not have shifted automatically 

to the service water supply. The NRC staff has discussed these failures with 

TECO and has requested that an improved surveillance program for these 

pressure switches be initiated to determine the cause of the failures and the 

optimum calibration interval. The licensee has agreed to an increased 

frequency of switch calibration. In addition, the licensee has made 

procedural changes, requested by the staff, to instruct the. operator to 

manually shift to the alternate supply of water for the AFW pumps, when the 

CST level drops to three feet (if automatic switchover has not occurred). 

This procedure provides greater assurance that, even with failures of this 

nature, the AFW system is available during the longer term. More recently 

(July 5, 1979), the NRC staff was verbally informed by TECO (Mr. G. Novak) of 

a valve malfunction which took place in an AFW system pump discharge line on 

July 4, 1979. The cause of the valve failure (failed closed) was apparently 

due to an electrical malfunction. TECO stated that they would request the 

motor vendor to examine the failed motor to determine the cause of the mal

function. The IE site inspector has been requested to follow this evaluation 

and to determine the need for further study and corrective action if necessary. 

The licensee h~s noted that manual capability (local handwheel) to open the 

valve existed at the time of the failure and that the redundant AFW train was 

available. 
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With regard to the operating history of the AFW system, the staff concludes 

that the licensee has increased the reliability of the AFW system by imple

menting appropriate corrective actions and design modifications. With regard 

to the more recent pressure switch and valve failures, the staff concludes 

that adequate assurance exists that the causes of the failures are being 

pursued by the licensee in a timely manner, and that the IE site inspector 

will follow the need for further corrective action. 

In addition, the licensee has revis·ed the administrative procedure pertaining 

to valve a 1 i gnment and contra 1. These revisions to AD 1839. 02 ( 11 0perat ion and 

Control of Locked Valves 11 ) provide further assurance that mispositioning of 

AFW system valves would be detected. 

Based on the above evaluation, the NRC staff concludes that the licensee has 

complied with the requirement of Item (a) of the Order. 

Item (b) 

It was also ordered that the licensee: 

11 Revise operating procedures as necessary to eliminate the option of 

using the Integrated Control System as a backup means for controlling 

auxiliary feedwater flow. 11 
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As indicated in Item (a), the DB-1 AFW system has been designed as a safety 

grade system and, as such, is separate from the integrated control system 

(ICS); however, the licensee has indicated that the AFW system is capable of 

being switched to the ICS mode for a backup means of control. As currently 

designed, the AFW system has three operational modes of controlling flow: 

11 ICS control 11 , "auto-essential" and 11 manual. 11 We requested that the licensee 

consider a more positive means to assure the continued separability of the ICS 

control position of the mode selector switches. The licensee agreed (letter 

from Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated June 15, 1979) to 

install a mechanical stop on these switches to further deter use of the ICS 

control position. The IE site inspector has verified the installation of t~is 

mechanical stop. 

The licensee has revised SP 1106.06 ("Auxiliary Feedwater System 11 ), which 

describes procedures for AFW system operation. This procedure specifically 

prohibits the use of the ICS control position on the mode selector switches. 

Procedural steps for placing the AFW system in service for plant startup 

require the operator to place the AFW mode selector switches in the auto

essential position. We have reviewed the revised procedure for AFW switch 

operation and conclude there is sufficient guidance to prevent use of the AFW 

system in the ICS mode of control. 

Other plant procedures that made reference to the ICS control mode of AFW have 

been revised by the licensee to no longer authorize that mode of control. The 
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staff has reviewed those procedures and concludes that those revisions are 

adequate. In addition, the NRC staff audit confirmed that the control room 

operators are aware that ICS control of AFW is prohibited. 

Based on the above evaluation, we conclude that the licensee has complied with 

the requirements of Item (b) of the Order. 

Item( c) 

The Order requires that the licensee: 

"Implement a hard-wired control-grade reactor trip that would be actuated 

on loss of main feedwater and/or turbine trip." 

The DB-1 original design did not have a direct reactor trip from a malfunction 

in the secondary system (loss of main feedwater and/or turbine trip). To 

obtain an earlier reactor trip (rather than delaying the trip until an operator 

took action or until a primary system parameter exceeded its trip setpoint), 

the licensee committed to install a hard-wired, control-grade reactor trip on 

the loss of all main feedwater and/or on turbine trip (letter from Lowell E. Roe 

(TECO) to H. Denton (NRC) dated April 27, 1979). The purpose of this antici

patory trip is to minimize the potential for opening of the power-operated 

relief valve (PORV) and/or the safety valves on the pressurizer. This new 
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circuitry meets this objective by providing a reactor trip during the 

incipient stage of the related transients (turbine trip and/or los~ of main 

feedwater). 

TECO has added control-grade circuitry to DB-1 which is designed to provide an 

automatic reactor trip when either the main turbine trips or there is a reverse 

differential pressure of 177 psid across both of the two main feedwater check 

valves (one check valve is located in the main feedwater discharge piping 

associated with each steam generator). The main turbine trip is sensed by a 

normally deenergized auxiliary relay associated with the main turbine generator 

master tri~ bus. The power for this bus is provided from a 24 volt DC source, 

which in turn is provided power (through rectifier circuitry) from a non-Class lE 

inverter supplied 120 volt AC distribution panel. A contact from the above 

auxiliary relay is arranged into a 120 volt AC circuit containing four.normally 

deenergized relays. Power for this 120 volt circuit is provided from a Class lE 

inverter supplied distribution panel. The design for these four relays and 

appropriate associated circuitry conform to Class lE requirements, including 

physical independence and provisions for testing. Each of these four relays 

provide one contact which is arranged in series with one of the four Class lE 

undervoltage coils associated with one of the four AC reactor trip circuit 

breakers (one undervoltage coil associated with each AC reactor trip circuit 

breaker). When these relays are energized, power to the associated Clas.s lE 

'undervoltage coils is interrupted so as to produce the desired reactor trip. 
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As indicated above, differential pressure switches across check valves, located 

in the main feedwater pump discharge piping, actuate upon sensing a reverse 

differential pressure across these check valves. Two contacts from these 

differential pressure switches are arranged into a 125 volt DC circuit, which 

is provided power from a Class lE 125 volt distribution panel. This circuit 

contains two associated DC relays. Two contacts (one contact per relay) 

associated with these relays are arranged in series. This series contact 

arrangement is provided in parallel with the contact associated with the main 

turbine generator master trip bus. The remaining circuitry associated with 

this trip is identical and common (shared) to that described above for the 

turbine trip (including power supply identification). 

Provisions have been included in the design to manually bypass and to reinstate 

the reactor trip feature associated with the main turbine generator trip. To 

supplement this feature, the design includes an annunciator which actuates 

whenever this reactor trip is bypassed and the reactor power level is above 15 

percent. Access to this bypass switch will require a key which is under 

suitable administrative control. Operator verification of the bypass removal 

is required by procedure during power escalation. The NRC staff has reviewed 

these procedures and concludes that sufficient administrative control exists. 

No bypass features are included in the design for the reactor trip feature 

associated with the loss of main feedwater circuitry. During normal startup 

or shutdown, an electric auxiliary pump is used when the steam driven main 

feedwater pumps are not available. 
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The licensee has analyzed this additional circuitry with respect to its 

independence from the existing reactor trip system and to assure that the 

design and operation of this additional circuitry will neither degrade the 

reliability of the existing reactor protection system nor create any new 

adverse safety system interactions. Based on our review of the i~plementation 

of the added trip circuitry, with respect to its independence from the existing 

trip circuitry, we conclude that this addition will not degrade the existing 

'reactor protection system design. In addition, the licensee has satisfactorily 

completed testing of this trip circuitry. 

The licensee has committed to perform a monthly periodic test of the added 

circuitry to demonstrate its ability to open the AC reactor trip circuit 

breakers (tripping of the AC reactor trip circuit breakers via the under

voltage trip circuit). We conclude that there is reasonable assurance that 

the additional circuitry will perform its intended function. 

Based on the above evaluation, we conclude that the licensee has complied with 

the requirements of Item (c) of the Order. 

Item( d) 

This Item in the Order requires the licensee to: 
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"Complete analyses for potential small breaks and develop and implement 

operating instructions to define operator action. 11 

By letter, (Lowell E. Roe (TECO) to H. Denton (NRC) dated April 27, 1979), the 

licensee agreed to provide the analyses and operating procedures of this 

requirement. 

B&W, the reactor vendor for the DB-1 plant, submitted generic analyses for B&W 

plants entitled, "Evaluation of Transient Behavior and Small Reactor Coolant 

Systems Breaks in the 177 Fuel Assembly Plant," and supplements to these 

analyses (References 1 through 5). Additional information specific to DB-1 

was transmitted in References 6 to 8. The transmittal under Reference 6 

contains Volume III for the B&W generic study covering raised-loop plants. 

Reference 7 provides additional analytical results specific to DB-1 with 

appropriate auxiliary feedwater flow rates. Reference 8 provides additional 

analytical results for the loss of all main feedwater flow accident with loss 

of all AFW. This latter analysis demonstrates that capabiiity exists at 

DB-1 which the operator could use in the unlikely event of a loss of 

main feedwater and a loss of both safety grade AFW traiins. This capability 

consists of using the combined functions the makeup pumps,* the electric 

startup auxiliary feedwater pump and the PORV to achieve depressurization 

(only if necessary). We requested that the availability of this option be 

incorporated in procedures at DB-1. The NRC staff will review these procedural 

changes prior to startup. 

*At DB-1, the makeup pumps are separate f~om the HPI pumps. 
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By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 22, 

1979), TECO referenced the analyses ~s appropriate for OB-1. The staff 

evaluation of the B&W generic study has been completed and the results of the 

evaluation will be issued as a NUREG report in July 1979. A principal finding 

of our review of the OB-1 submittals and the generic study is a reconfirmation 

that loss-of-coolant accident (LOCA) analyses of breaks at the lower end of 

the small breaks spectrum (smaller than 0.04 ft. 2)' demonstrate that a 

combination of heat removal by the steam generators, high pressure injection 

(HPI) system and t~rough the break ensure adequate core cooling. The AFW 

system used to remove heat through the steam generators has been modified to 

enhance its reliability as discussed in Item (a). 

• Uncovering of the reactor core is not predicted for breaks at this end of the 

small break spectrum with these features available, therefore, cladding 

temperatures do not rise significantly above pre-reactor trip temperatures 

(less than 800°F), and remain well within the 10 CFR 50.46 limit of 2200°F. 

The ability to remove heat via the steam generators has always been recognized 

to be an important consideration when analyzing very small breaks. The 

licensee demonstrated that permanent loss of main feedwater and loss of AFW 

for the first 20 minutes of a small LOCA will not result in uncovering the 

reactor core. However, when AFW is delayed beyond this time, a positive 

reliance on AFW actuation exists as a result of the relatively low (1600 psig) 

HPI system shutoff head for DB-1. Thus permanent loss of both main and auxiliary 
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feedwater could result in uncovering the core and fuel damage for the facility 

because of the unavailability of the high pressure injection pumps. Makeup 

pump and startup feedwater pump actuation, as discussed in the analysis of 

Reference 8 for the loss of feedwater accident with permanent loss of AFW, are 

considered potentially capable of maintaining the vessel mixture above the 

core for a small break, but this scenario was not confirmed in the small break 

analyses. The licensee•s position is that such analyses are unwarranted in 

light of the safety-grade design of the AFW system. Since the additional heat 

removal and coolant makeup capability does exist at DB-1, we requested that 

the procedures identify the availability of this option. Implementation of 

this procedural change will be verified by the staff prior to restart. While 

the staff recognizes that the AFW system is safety-grade, we also note that 

the licensee has agreed to continue to review performance of the AFW system 

for assurance of reliability and performance. Consistent with this long-term 

agreement, we will require that the licensee modify the plant to provide the 

greater degree of diversity offered by a 100% capacity motor-operated AFW 

pump, or an alternative acceptable to the staff. 

Another aspect of the analytical studies conducted was an assessment of the 

effect of recent design changes on the lift frequency of pressurizer safety 

and relief valves. The design changes included: (1) a change in the setpoint 

of the PORV from 2255 psig to 2400 psig, (2) a change in the high pressure 

reactor trip setpoint from 2355 psig to 2300 psig, and (3) the installation of 

anticipatory reactor trips on turbine trip and/or loss of main feedwater. In 

the past, during turbine trip and loss of feedwater transients, the PORV was 
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lifted. With the new design, these transients do not result in lifting of 

this valve. However, lifting of both PORV and safety valves might occur in 

the cases of rod withdrawal or inadvertant boron dilution transients, using 

the normally conservative assumptions presented in Chapter 15 of the Final 

Safety Analysis Report (FSAR). The above design changes did not affect the 

lift frequency of the valves for these Chapter 15 safety analyses. 

Based on our review of the analyses presented by B&W, the staff has determined 

that a loss of all main feedwater with (1) an isolated PORV (closed block 

valve), but safety valves opening and closing as designed, or (2) a stuck open 

PORV consequentially does not result in uncovering the reactor core, provided 

AFW pumps are initiated within 20 minutes. It is also concluded, that in the 

event of a loss of all AFW for either case, covering of the core would be 

sustained to long-term cooling by operator actions described in the analysis 

of Reference 8. These actions consist of starting at least one of the two 

makeup pumps, starting the startup feedwater pump, and opening the PORV (only 

if needed). 

Based on the consequences calculated for small break LOCAs and loss of all 

main feedwater events, and taking into account the expected reliability of the 

AFW and HPI systems for DB-1, we conclude that the licensee has complied with 

the analyses portion of Item (d) of the Order. 

To support long-term operation of the facility, requirements will be developed 

for additional and more detailed analyses of loss of feedwater and other 
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anticipa_ted transients. More detailed analyses of small break LOCA events are 

also needed for this purpose. Accordingly, the licensee will be required to 

provide the analyses discussed in Sections 8.4. l and 8.4.2 of the recent NRC 

11 Staff Report of the Generic Assessment of Feedwater Transients in Pressurized 

Water Reactors Designed by the Babcock and Wilcox Company11 (NUREG 0560). 

Further details on these analyses and their applicability to other PWRs and 

BWRs will be specified by the staff in the near future. In addition, to 

assist the staff in developing more detailed guidance on design requirements 

of relief and safety valve reliability during anticipated transients, as 

discussed in Section 8.4.6 of NUREG 0560, the licensee will be required to 

provide analyses of the lift frequency and the mechanical reliability of the 

pressurizer relief and safety valves of the DB-1 facility. 

The B&W analyses show that some operator actions, both immediate and followup, 

are required under certain circumstances for a small break accident. Immediate 

operator actions are defined as those actions, committed to memory by the 

operators, which must be carried out as soon as the problem is diagnosed. 

Followup actions require operators to consult and follow steps in written and 

approved procedures. These procedures must always be readily available in the 

control room for the operators' use. Guidelines were developed by B&W to 

assist the operating B&W facilities to develop emergency procedures for the 

small break accident. 
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The 110perating Guidelines for Small Breaks11 were issued by B&W on May 5, 1979 

and reviewed by the NRC staff. Revisions recommended by the staff were in

corporated in the guidelines.* In addition, by letter, the licensee submitted 

supplemental guidelines (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) 

dated May 22, 1979). In response to these guidelines, the licensee made 

substantial revisions to EP 1202.06 ( 11 Loss of Reactor Coolant and Reactor 

Coo 1 ant Pressure11 ), EP 1202. 14 c• Loss of Reactor Coo 1 ant Fl ow/RCP Tri p11 ), and 

EP 1202.26 ( 11 Loss of Steam Generator Feed11 ). These emergency procedures 

define the required operator action in response to a spectrum of accidents 

including a LOCA in conjunction with various equipment availability and 

failures. 

The procedure dealing with loss of reactor coolant (EP 1202.06) is divided 

into three sections. The first section deals with small reactor coolant 

system leaks within the capacity of the makeup pumps and assumes the reactor 

does not automatically trip. The second section assumes a small break within 

the capacity of the HPJ system and a situation where the SFAS** and reactor 

trips may or may not automatically occur. This section incorporates the B&W 

small break guidance and provides for operator actions in the event other 

*[Letter from J. Taylor (B&W) to Z. Rosztoczy (NRC) dated May 16, 1979] 

**[The safety features actuation system (SFAS) monitors variables to detect loss 
of reactor coolant system boundary integrity. Upon detection of 11 out-of-limit11 

conditions of these variables, the system initiates various actions, depending 
upon the location and severity of the 11out-of-limit11 conditions measured. 
These actions can include: initiation of emergency core cooling (ECC), which 
consists of high pressure injection (HPJ) and low pressure injection (LPI); 
containment vessel cooling and isplation; containment vessel spray systems; 
and starting of the emergency diesel generators.] 
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systems (such as reactor coolant pumps) do not operate as expected. The third 

section of this procedure deals with a pipe rupture well in excess of the 

capability of the makeup and/or HPI pumps (a large break in which the system 

depressurizes to the point of low pressure injection). Automatic reactor trip 

and SFAS actuation are assumed. In all cases dealing with a small break, the 

operator actions are aimed at achieving a safe cold shutdown in accordance 

with the normal cooldown procedure. 

As indicated above, procedures provide guidance to the operators for dealing 

with small breaks in the event of a degraded condition (such as loss of reactor 

coolant pumps). If the reactor coolant pumps are inoperable, the operator is 

directed to establish and verify natural circulation. Procedural steps to 

restore reactor coolant pump operation, once a pump becomes available, are 

provided. In the event natural circulation cannot be established and a reac:or 

coolant pump cannot be restarted and plant pressure reaches 2300 psig, the 

operator is provided procedural steps to relieve the heat energy via the PORV. 

(Additional relief capacity is provided via the code safety valves if the PORV 

is inoperable). 

In the event that normal feedwater is lost to the steam generators, auxiliary 

feedwater is automatically initiated via the safety-grade AFW system. EP 1202.26 

provides operator guidance in this event. With SFAS actuation, steam generator 

level is automatically maintained at 96 inches on the startup range to assure 

adequate heat removal during the small break event. 
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For all cases in which HPI is manually or automatically initiated, the operators 

are specifically instructed to maintain maximum HPI flow unless one of the two 

following criteria is met: 

(1) Low pressure injection has been operating for greater than 20 mi~utes 

with flow rates in excess of 1000 gallons per minute per frain, or 

(2) All hot and cold leg temperatures are at least 50 degrees below the 

saturation temperature for the existing reactor coolant system 

pressure. If the 50 degrees subcooling cannot be maintained after 

high pressure injection cutoff, the high pressure injection shall be 

reactuated. 

This requirement to determine and maintain 50°F subcooling has been incorporated 

into EP 1202.06 ( 11 Loss of Reactor Coolant and Reactor Coolant Pressure 11 ) and 

EP 1202.24 ( 11 Steam Supply System Rupture 11 ). The procedures also provide 

instructions to the operators to check alternate instrumentation channels to 

confirm key parameter readings, such as the degree of subcooling. Accordingly, 

the use of core exit thermocouples as alternate temperature indicators is 

addressed in the procedures. Under degraded cooling conditions (such as a 

LOCA), the pressure-temperature limits considered in the Technical Specifica

tions are not applicable to the ensuing depressurization and cooldown because 

these limits were developed for normal and upset operating conditions only. 

Density differences between the downcomer and reactor core will cause 

recirculation flew between the core exit and downcomer via the vent valves. 
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Mixing of the hot core exit water with the cold HPI water (or makeup water) 

will provide sufficiently warm vessel temperatures to preclude any significant 

thermal shock effects to the vessel. Subsequent restoration of AFW would 

depressurize the reactor coo 1 ant system to be 1 ow 6·00 psi g where pressure 

vessel integrity is assured for any reasonable thermal transients that might 

subsequently occur. B&W has agreed to provide a detailed thermal-mechanical 

generic report on the behavior of vessel materials for those extreme 

conditions. 

The "Loss of Reactor Coolant and Reactor Coolant Pressure 11 procedure was 

reviewed by the NRC staff to determine its conformance with the B&W guidelines. 

Comments generated as a result of this review were incorporated in a further 

revision to the procedure. A member of the NRC staff walked through this 

emergency procedure in the Davis-Besse control room. The procedure was judged 

to provide adequate guidance to the operators to cope with a small break LOCA. 

The instrumentation necessary to diagnose the break, the indications and 

controls required by the action statements, and the administrative controls 

which prevent unacceptable limits from being exceeded are readily available to 

the operators. We conclude that the operators should be able to use this 

procedure to bring the plant to a safe shutdown condition in the event of a 

small break accident. 

An audit of 9 of the 25 licensed reactor operators and senior reactor operators 

was conducted by the NRC staff to determine the operators• understanding of 

the small break accident, including how they are required to diagnose and 

respond to it. The 08-1 staff has conducted special training sessions for the 
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operators on the concept of and use of Emergency Procedure 1202.06. The 

operators were found to have sufficient knowledge of the ~mall break pheno

menon and the general requirements of the emergency procedure, although some 

deficiences were identified which were primarily due to the operators• lack of 

familiarity with the recently revised procedure. All operators will receive 

additional training on EP 1202.06 and a facility administered audit prior to 

assuming licensed duties during power operation . 

. 
The audit of the operators also included questioning about the TMI-2 accident 

and the resulting design changes made at DB-1. The discussions covered the 

initiating events of the incident, the response of the plant to the simul

taneous loss of feedwater and small break LOCA (PORV stuck open), and operator 

actions that were taken during the course of the incident. In addition, 

similarities and differences between the TMI-2 accident and the DB-1 incident 

of September 24, 1977 were discussed.· We found their level of understanding 

sufficient to be able to respond to a similar situation if it happened at 

DB-1. We also conclude that they have adequate knowledge of subcooling and 

saturated conditions and are able to recognize each condition in the primary 

coolant system by several methods. The AFW system was also discussed during 

the audit to determine the operators• ability to assure proper starting and 

bperation of the system during normal conditions, as well as during adverse 

conditions such as loss of offsite power or loss of main feedwater. The 

long-term operation of the system was examined to evaluate the operators• 

ability to use available manual controls and water supplies. The level of 

understanding was found to be sufficient to assure proper short- and long-term 

AFW flow to the steam generators. 
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The licensed reactor operators and senior reactor operators have received 

training concerning the TMI-2 accident, small break LOCA recognition, design 

modifications, and procedure changes. The training included formalized clas·s

room sessions and on-shift review of training material and emergency procedure 

changes. To determine the effectiveness of this training program, a written 

exam was administrated to all licensed personnel by the licensee. The exam 

was reviewed and found acceptable by a member of the NRC staff. Individuals 

scoring less than 90 percent on the exam will receiye additional trainir.g and 

will not assume licensed duties until a score of at least 90 percent is attained 

on an equivalent, but different exam. The NRC staff conducted audits to 

evaluate the effectiveness of the training program. The results were judged 

satisfactory with some deficiencies noted to the DB-1 staff. The DB-1 staff 

will use the results of these audits as well as any generic weaknesses 

discovered on the written exams in their development of future training and 

requalification programs. The NRC staff will review all results and records 

as part of the normal inspection function of the DB-1 requalification program. 

We conclude that there is adequate assurance that the operators at DB-1 have, 

and will continue to receive, a sufficient level of training concerning the 

TMI-2 accident. 

Based on the above evaluation, we conclude that the licensee has complied with 

the requirements of Item (d) of the Order. 
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Item (e) 

The Order requires that: 

11All 1 icensed reactor operators and senior reactor operators will have 

completed the Three Mile Island Unit No. 2 simulator training at B&W." 

The licensee has confirmed that all reactor operators and senior reactor 

operators have completed the TMI-2 simulator training at B&W as required by 

the Order. This training consisted of a class discussion of the TMI-2 event 

and a demonstration of the event on the simulator and how it should have been 

controlled. The class discussion was about one hour long and the remainder of 

the four hour session was conducted on the simulator. The TMI-2 event, 

including operational errors, was demonstrated to each operator. The event 

was again initiated and the operators were given 11 hands-on 11 experience in 

successfully regaining control of the plant by several methods. Other transients, 

which resulted in depressurization and saturation conditions, were presented 

to the operators, in which they maneuvered the plant to a stable, subcooled 

condition. 

The licensee has submitted copies of procedures that were revised as a result 

of this Order and actions the licensee has taken to preclude the oc~urrence of 

an incident similar to that which occurred at TMI-2.* The procedures reviewed 

by the staff include: 

*[As noted on page 16 of this Safety Evaluation, additional and more detailed 
analyses of loss-of-feedwater transients and other anticipated transients will 
be done, which could affect these procedures in the long-term.] 
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EP 1202.01 

EP 1202.02 

EP 1202.03 

EP 1202.04 

EP 1202.06 

EP 1202.14 

EP 1202.22 

EP 1202.24 

EP 1202.26 

AB 1203.04 

AB 1203.02 

AP 3003.41-.44 

AP 3003.49-.50 

AP 3003.51-.54 

AP 3003.59-.60 

SP 1105.16 

SP 1106.06 

ST 5071.01 

Special Order No. 20 

- 26 -

load Rejection 

Station Blackout 

RCS Overpressure Anticipatory Manual Trip 

Reactor-Turbine Trip 

loss of Reactor Coolant and Reactor Coolant 

Pressure 

loss of RC Flow/RCP Trip 

High Condenser Pressure 

Steam Supply System Rupture 

loss of Steam Generator Feed 

Depressurization of the RCS with Safety Grade 

Equipment 

loss of All AC Power 

High Pressure Injection High Flow Alarm 

low Pressure Injection High Flow Alarm 

High Pressure Injection low Flow Alarm 

low Pressure Injection low Flow Alarm 

Steam and Feedwater Rupture Control System 

Operating Procedure 

Auxiliary Feedwater System 

Auxiliary Feedwat~r System Monthly Test 

Additional Guidance for Checking Critical 

Parameters for Emergency Procedures 

The licensee•s revised procedures provide additional guidance for the operators 

when coping with emergency plant conditions. Where appropriate, operators are 
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directed to recheck certain critical plant parameters. Operators are also 

directed to check alternate instrument channels to confirm readings and reduce 

the possibility of reliance on faulty or misleading indications. 

NRC staff comments on the licensee•s proc~dures have been incorporated into 

the revised documents. These revisions have been reviewed by the staff and 

determined to be acceptable. The staff walked through the following procedures 

with the control room operators: EP 1202.06 {11 loss of Reactor Coolant and 

Reactor Coolant Pressure••), EP 1202.14 (11Loss of RC Flow/ RCP Trip11 ), EP 1202.26 

{ 11 Loss of Steam Generator Feed11 ), and SP 1106.06 (!'Auxiliary Feedwater System11 ). 

Based on this walk through and interviews with the operators, {see the discussion 

of the NRC staff audit of operators under Item (d)), we conclude that the 

procedures are functionally adequate and the operator training on their use is 

satisfactory. 

Based on the above evaluation, we conclude that the licensee is in compliance 

with Item (e) of the Order. 

Item (f) 

The Order requires that the licensee: 

11 Submit a reevaluation of the TECO analysis of the need for automatic or 

administrative control of steam generator level setpoints during auxiliary 

feedwater system operation, previously submitted by TECO letter of December 22, 

1978, in light of the Three Mile Island No. 2 incident. 11 
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By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 19, 

1979), the licensee provided additional discussion of the steam generator dual 

level setpoint. The need for this feature is to reduce the potential for loss 

of pressurizer level indication as a result of overcooling of the prima~ 

system for non-LOCA events. The results of a natural circulation test conducted 

at DB-1 and B&W analyses demonstrate that DB-1 can be operated at a low steam 

generator level (35 inches on the startup range instrumentation). The high 

level setpoint (96 inches indicated on the startup range instrumentation) is 

required since previous small break analyses assumed that auxiliary feedwater 

was controlled to a steam generator level of 96 inches. Pending incorporation 

of permanent design modifications to provide the automatic dual setpo,nt steam 

generator level control, emergency procedures instruct the operator to manually 

control the steam generator level at 35 inches for all events requiring AFW 

unless an SFAS level 2* signal occurs. When the SFAS level 2 signal occurs, 

the operator is instructed to control the steam generator level at 96 inches 

by placing the AFW mode selector switch in the auto essential position. This 

manual provision required no previous change to the design of the AFW control 

system. The future circuitry modification, to automatically control to 35 

inches, will be reviewed by the staff during the long term. TECO has cited 

Reference 9 to demonstrate that no unreviewed safety issues or detrimental 

accident consequences would result if the operator failed to manually control 

the steam generatar level at 35 inches. The staff reviewed the information 

contained in this reference and concluded that additional information was 

required to verify that the effects of manually controlling the steam generator 

level at 35 inches is adequate for the DB-1 FSAR Chapter 15 transient and 

*[SFAS level 2- An SFAS level 2 signal is developed. when reactor coolant 
system pressure drops to 1600 psig or containment vessel pressure increases 
to 4 psig.] 
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accident analyses, and the more recent B&W small break analyses (Reference 1). 

By letter, (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated June 15, 

1979), the licensee stated that the control of the steam generator level at 35 

inches has no adverse effect on the DB-1 FSAR analyses, since the peak reactor 

temperature and pressure following the most severe transients (loss of feedwater, 

feedwater line breaks, loss of offsite power) occur prior to initiation of the 

AFW. The results of natural-circulation testing conducted at DB-1 support the 

effectiveness of the 35 inch steam generator control level to maintain natural 

circulation and remove decay heat for: (1) transients that result in loss of 

forced circulation (loss of offsite power) and (2) for small breaks (less than 

0.01 ft. 2) that depressurize slow enough that it is possible to manually 

control the steam generator level prior to actuation of the SFAS level 2 

signal. For small breaks larger than 0.01 ft. 2, reduction of the reactor 

coolant system pressure to SFAS level 2 occurs prior to the steam generator 

level decreasing to 96 inches. With the steam generator level controlled at 

35 inches, the effectiveness of natural circulation is such that there is no 

small break size that will result in repressurization of the primary system 

without an SFAS level 2 actuation. The staff has reviewed the information 

provided by TECO in the referenced documents and concludes that dual level 

setpoints, with manual control of the steam generator level at 35 inches, are 

acceptable. Also; the NRC staff has verified that this manual control 

capability has been previously demonstrated. 

The licensee has submitted revised procedures, which the staff has reviewed, 

that provide requirements for steam generator level control. These procedures 
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include: EP 1202.06 ( 11 Loss of Reactor Coolant and Reactor Coolant Pressure 11 ), 

EP 1202.14 ( 11 Loss of RC Flow/RCP Trip11 ) and EP 1202.26 C1Loss of Steam Generator 

Feed11 ). The NRC staff has verified that these procedures instruct the operator 

to confirm that the AfW mode selector switches are in the auto-essential 

position and maintaining steam generator level at 96 inches on the startup 

range indication in the event SFAS level 2 condition is present. 

If a SFAS level 2 condition is not present and an AFW system demand event 

occurs, steam generator levels will automatically control at 96 inches (since 

the AFW mode selector switches are in the auto-essential position). The 

operator is directed to take manual control of steam generator level and 

maintain level at 35 inches on the startup range indication. If an SFAS 

Level 2 condition subsequently develops, the operator must return the AFW mode 

selector switches to the auto-essential position to allow automatic level 

control at 96 inches. Therefore, the emergency procedures are written to 

permit manual control of steam generator level after an automatic initiation 

of AFW only if an SFAS level 2 condition is not present. 

If a SFAS level 2 condition is present (or develops), the operator is directed 

to leave (or return) the AFW mode selector switches in the auto-essential 

position. In addition, a warning plate has been installed adjacent to the 

mode selector switch for each AFW train, reminding the operator of the 

requirement to maintain the switch in the auto-essential position mode if an 

SFAS level 2 condition is present. The NRC staff has verified the installation 

of this warning plate. Also, during the audit the NRC staff confirmed that 
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the control room operators are aware of the requirements outlined in the 

revised procedures and understand the purpose of the warning plate. 

Based on the above evaluation, we conclude that the licensee has complied with 

the requirements of Item (f) of the Order. 

Item (g) 

The Order requires that the licensee: 

11 Submit a review of the previous TECO evaluation of the September 24, 

1977 event involving equipment problems and depressurization of the 

primary system at Davis-Besse l in light of the Three Mile Island Unit 

No. 2 incident. 11 

By letter (Lowell E. Roe (TECO) to Mr. Robert W. Reid (NRC) dated May 18, 

1979), the licensee submitted additional discussion of the September 24, 1977 

event. 

This event was similar in several important areas to the TMI-2 accident. The 

initiating malfunction was a loss of main feedwater (the same as TMI-2); 

however, the ensuing trainsient was much less severe than TMI-2 for several 

significant reasons. The following discussion compares The DB-1 event to the 

accident at TMI-2. The bases for this comparison are the six human, design 

and mechanical failures described in IE Bulletin 79-0SA (April 5, 1979) which 

resulted in core damage and radiation releases at the TMI-2 nuclear plant. 
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1. At the time of the initiating event, loss of feedwater, (at TMI-2) both of 

the auxiliary feedwater trains were valved out of service. 

The DB-1 loss of feedwater (LOFW) event initiated both trains of AFW. 

However, only one train fed its associated steam generator (SG) due to 

a malfunction of a turbine-governor which kept one of the two AFW pump 

turbines at a speed insufficient to pump water into its associated SG. 

As a result of the DB-1 event, the modifications that have been made 

include: (1) the AFW pump turbine governors were modified to prevent 

binding malfunctions; (2) springs were installed in the AFW governor to 

prevent closure of the governor valve due to vibration; (3) the AFW 

governor control circuitry relays were replaced (see additional AFW 

discussions in Item (a)). 

2. The pressurizer power-operated relief valve (PORV), which opened during 

the initial pressure surge (at TMI-2), failed to close when pressure 

decreased below the actuation level. 

During the DB-1 LOFW, the PORV also failed to close, causing loss of 

coolant and some voiding in the reactor coolant system (RCS). However, 

the operators recognized the open PORV about 20 minutes into the event 

(compared with 2 1/2 hours at TMI-2) and responded by closing the PORV 

block valve and reinitiating high pressure injection (HPI) flow. 
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The DB-1 unit has been modified to provide the operator with a better 

status of the position of the PORV. The emergency procedures were also 

revised and now require the operator to verify that no leak exists at the 

top of the pressurizer by monitoring the saturation curve and quench tank 

pressure and level. 

3. Following rapid depressurization of the pressurizer (at TMI-2), the 

pressurizer level indication may have led to erroneous inferences of high 

level in the RCS. This erroneous high level indication apparently led 

the operators to prematurely terminate HPI, even through voids existed 

in the RCS. 

For the DB-1 LOFW event, the operator also initially terminated HPI due 

to a high pressurizer level indication; however, the operator recognized 

the open PORV at 20 minutes and reinitiated HPI at 49 minutes (after 

failing to control pressurizer level with a second makeup pump). 

DB-1 procedures have been revised and now require that for all cases in 

which HPI is initiated, maximum HPI flow is to be maintained unless one 

of two criteria is met. These criteria are addressed in Item (d). 

4. Because the containment does not isolate on HPI initiation (at TMI-2), the 

highly radioactive water from the relief valve discharge was pumped out 

of containment by the automatic initiation of a transfer pump. This water 

entered the radioactive waste treatment system in the auxiliary building 
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where some of it overflowed to the floor. Outgassing from this water and 

discharge through the auxiliary building ventilation system and filters 

was the principal source of the offsite release of radioactive noble gases. 

Containment isolation at DB-1 occurs at either 1600 psig RCS pressure 

(HPI initiation) or 4 psig containment vessel pressure. During the DB-1 

event, containment isolation signals occurred and the sump was not pumped 

outside containment as at TMI-2. 

5. Subsequently, the HPI system was intermittently operated (at TMI-2) 

attempting to control RCS inventory losses through the PORV, apparently 

based on pressurizer level indication. Due to the presence of steam 

and/or noncondensible voids elsewhere in the RCS, this led to a further 

reduction in primary coolant inventory. 

During the DB-1 event, the operator initially tried to control the pressur

izer level decrease with a second make-up pump after closing the PORV 

block valve. However, after the pressurizer level decreased further he 

restarted a HPI pump. When the pressurizer level was recovered, he 

terminated the HPI flow. At this time plant parameters were under 

control and the plant was brought to a stabilized condition. 

As indicated in Part 3 above, DB-1 procedures have been revised to require 

that for all cases in which HPI is initiated, maximum HPI flow is to be 

maintained unless one of two criteria is met. These criteria are addressed 

in Item (d). 
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6. Tripping of reactor coolant pumps during the course of the transient (at 

TMI-2), to protect against pump damage due to pump vibration, led to fuel 

damage since voids in the RCS prevented natural circulation. 

During the DB-1 incident, two RCP's were tripped to reduce system heat 

input into the RCS. One RCP per loop was maintained in operation 

throughout the incident. 

The DB-1 emergency operating procedures now require keeping at least one 

RCP per loop running in the event of a small LOCA. 

To summarize Item (g) of the Order, the staff views the September 24, 1977 

event at DB-1 to have been similar to the TMI-2 event in several important 

aspects. However, significant differences in plant status and operator 

response contributed to produce a much less severe transient. The staff 

concludes that satisfactory improvements in both design and emergency pro

cedures have been made since the DB-1 event and, that, the licensee has 

complied with the requirement of Item (g) of the Order. 

CONCLUSION 

We conclude that the actions described above fulfill the requirements of our 

Order of May I6, 1979 in regard to Paragraph (I) of Section IV. The licensee 

having met the requirements of Paragraph (I) may restart DB-I as provided by 

Paragraph (2). Paragraph (3) of Section IV of the Order remains in force 
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until the long term modifications set forth in Section II of the Order are 

completed and approved by the NRC. 
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UNITED STATES NUCLEAR REGULATORY COMMISSION 

TOLEDO EDISON AND 

THE CLEVELAND ELECTRIC ILLUMINATING COMPANY 

DOCKET NO. 50-346 

NOTICE OF AUTHORIZATION TO RESUME OPERATION 

The United States Nuclear Regulatory Commission issued an Order on 

May 16, 1979 (44 F.R. 29767, May 22, 1979), to The Toledo Edison and The 

Cleveland Electric Illuminating Company (TECO or The licensee), holders of 

Facility Dperating License No. NPF-3, for the Davis-Besse Nuclear Power 

Station, Unit No. 1 (Davis-Besse), confirming that the licensee accomplish a 

series of actions, both immediate and long-term, to increase the capability 

and reliability of Davis-Besse to respond to various transient events. In 

addition, t~e Order confirmed that the licensee would maintain the plant in 

a shutdown condition until the following actions had been satisfactorily 

completed: 

(a} aeview all aspects of the safety grade auxiliary feedwater system 
to further upgrade components for added reliability and performance: 
Present modifications will include the addition of dynamic braking on 
-:he auxiliary feedpump turbine speed changer and provis-ion of means 
for control room verification of the auxiliary feedwater flow to the 
steam generators. This means of verification will be provided for 
one steam generator prior to startup from the present maintenance 
outage and for the other steam generator as soon as vendor-supplied 
equipment is available (estimated date is June 1, 1979}. In 
addition, the licensees will review and verify the adequacy of the 
auxiliary feedwater system capacity. 

(b) Revise operating procedures as necessary to eliminate the option of 
using the Integrated Control System as a backup means for controlling 
auxiliary feedwater flow. 

(c) Imp1ement a hard-wired control-grade reactor trip that would be 
actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and 
implement operating instructions to define operator action. 
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(e) All licensed reactor operators and senior reactor operators will 
have completed the Three Mile Island Unit No. 2 simulator training 
at B&W. 

(f) Submit a reevaluation of the TECO analysis of the need for automatic 
or administrative control of steam generator level setpoints during 
auxiliary feedwater system operation, previously submitted by TECO 
letter of December 22, 1978, in light of the Three Mile Island Unit 
No. 2 incident. 

(g) Submit a review of the previous TECO evaluation of the September 
24, 1977 event involving equipment problems and depressurization 
of the primary system at Davis-Besse 1 in light of the Three Mile 
Island Unit No. 2 incident. 

By letters dated April 27 and May 4, 1979 and supplemented by sixteen 

letters dated May 11, 18, 19, 22 (2), 23 (2), 26 (2), 29, and June 15 (21, 

18, 21, 23, and 25, 1979, the licensee has documented the actions taken in 

response to the May 16 Order. Notice is hereby given that the Director of 

Nuclear Reactor Regulation (the Director) has reviewed this submittal and has 

concluded that the licensee has satisfactorily completed the actions prescribed 

in items (a) through (g) of paragraph (1) of Section IV of the Order, that the 

specified analyses are acceptable and the specified implementing procedures 

are appropriate. Accordingly, by letter dated July 6, 1979, the Director 

has authorized the licensee to resume operation of Davis-Besse. The bases for 

the Director's conclusions are more fully set forth in a Safety Evaluation 

dated July 6, 1979. 

Copies of (1) the licensee's letters dated April 27 and May 4, 1979 and 

sixteen letters dated May 11, 18, 19, 22 (2), 23 (2}, 26 (2), 29, and June 15 (2), 

18, 21, 23, and 25, 1979, (2) the Director's letter dated July 6, 1979 and {3) 

the Safety Evaluation dated July 6, 1979, are available for inspection at the 

Commission's Public Document Room at 1717-H Street, N. W., ~ashington, D. C. 20555, 

D-64 



-3-

and are being placed in the Commission's local public document room in ihe 

IDA Rupp Public library, 310 Madison Street, Port Clinton, Ohio 43452. A 

copy of items (2) and (3) may be obtained upon request addressed to the U. S. 

Nuclear Regulatory Commission, Washington, D. C. 20555, Attention: Director, 

Division of Operating Reactors. 

Dated at Bethesda, Maryland 
this 6th day of July 1979. 

FOR THE NUCLEAR REGULATORY COMMISSION 
-......... ~' / ) I /. h '1 1 __,; I 

- ~_,{_,-p./j.J,,/j yl .( ~& r: 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Docket No.~ 50-302 

Mr. W. P. Stewart 
Manager; Nuclear Operations 
Florida Power Corporation 
P. 0. Box 14042 
Mail Stop C-4 
St. Petersburg, Florida 33733 

Dear Mr. Stewart: 

July 6, 1979 

By Order of May 16, 1979, the Conmission confinned your undertaking a 
series of actions, both inmediate and long-term, to increase the capa
bility and reliability of the Crystal River, Unit No.3 to respond to· 
various transient events. In addition, the Order confirmed that you 
would maintain the plant in a shutdown condition until the foilowing 
actions had been satisfactorily completed: 

11 (a) Upgrade the timeliness and reliability of delivery from 
the Emergency Feedwater System by carrying out actions 
as identified in Enclosure 1 of the,licensee's letter of 
May 1, 1979.• ' 

"(b) Develop and implement operating procedures for initiating 
and controlling emergency feedwater independen~ of Inte
grated Control System control. 11 

"(c) Implement a hard-wired control-grade reactor trip that 
would be actuated on loss of main feedwater.and/or turbine 
trip •11 

"(d) Complete analyses for potential small breaks and develop 
and implement operating instructions to define operator 
action.• 

•(e) All licensed reactor operators and senior reactor operators 
will have completed the TMI-2 simulator training at B&W. • 

By your letter dated May 1, 1979 and supplemented by five letters, dated 
May 16, June 12, 15, 22, and 29, 1979, you have documented the actions 
taken in response to the May 16 Order. We have reviewed this submit~al, 
and are satisfied that, with respect to ~rystal River, Unit 3, you have 
satisfactorily coop1eted the actions prescribed in items (a) through (e) 
of paragraph {1} of Sec~ion IV cf the Order, the specified analyses are 
acceptable, and ~~e specified implementing procedures are ap~ropriate. The 
bases for 'these conciusions are .set forth in 'the enc1osed Safe"ty Evaiuation. 
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As noted on page liof the Safety Evaluation, you are required to conduct a 
test during power ascension {<15% rated power) to dem:r.strate.the ca~ability 
to provide and control emergency feedwater flow to both steam generators 
.independent of the integrated control system. 

Appropriate-Technical Specifications for Limiting Conditions for Operation and 
for surveillance requirements should be developed as soon as practicable and 
provided to the staff within seven days with regard to the desi.gn and procedural 
changes which have been completed in compliance witb the provisions of the 
May 16,:1979 Commission Order. The revised Technical Specifications should 
cover: 

{1) Addition of f1ow rate indication for the emergency feedwater system; 

(2) Addition .of the auto start circuitry for the emergency feedwater 
pumps; 

(·3) Addition of the anticipatory reactor trips; and 

(4) Changes in set points for high pressure reactor trip and PORY 
actuation. 

Within 30 days of receipt of this letter, you should provide us with your 
schedule for completion of the long-term modifications described i~ Section 
II of the May 16 Order. 

My finding of satisfactory compliance with the requirements of items (a) through 
(e) of paragraph (1) of Section.·IV of the Order' will permit· resunr,Jtion of 
operation in accordance with the terms of the Commission's ~rder; it in 
no way affects your duty to continue in effect all of the above provisions of 
the Qrder pending your submission and appr-oval by the Com:;:ission of the Tech
nical Specification changes necessary for each of the required modifications. 

Harold R. Denton, Director 
Office of Nuclear Reactor Regulation 

Enclosures: 
1. Safety Evaluation 
2. Notice 

cc.w/encls: 
See next page 
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Florida Power Corporation 

cc w/enclosure(s): 
Mr. S. A. Brandimore 
Vice President and General Counsel 
P. 0. Box 14042 
St. Petersburg, Florida 33733 

Mr. Wilbur Langely, Chairman 
Board of County Commissioners 
Citrus County 
Iverness, Florida 36250 

U. s. Environmental Protection Agency 
Region IV Office 
ATTN: EIS COORDINATOR 
345 Courtland Street, N.E. 
Atlanta, Georgia 3030A 

Director, Technical Assessment 
Division 

Office of Radiation Programs 
(AW-459) 

U. S. Environmental Protection Agency 
Crystal Mall #2 
Arlington, Virginia 20460 

Crystal River Public library 
Crystal River, Florid~ 3262~ 

Mr, J, Shreve 
The Public Counsel 
Room 4 Holland Bldg. 
Tallahassee, Florida 32304 

Administrator 
Department of Environmental Regulation 
Power Plant Sitin9 Section 
State of Florida 
t1ontgomery Building 
2562 Executive Center Circle, E. 
Tallahassee, Fl~rida 32301 

Attorney General 
Department of Le9al Affairs 
The Capitol 
Tallahassee, Florida 32304 
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Mr. Robert B. Borsum 
Babcock & Wilcox 

_Nuclear Power Generation Division 
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Bureau of Intergovernmental 
Relations 
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Tallahassee, Florida 32304 



P/ALUATION OF L:CEnSEE 1S COMPLIANCE 

kiTH THE NRC ORDER DATED MAY 16, 1979 

FLORIDA POWER CORPORATION 

CRYSTAL RIVER UNIT NO. 3 NUCLEAR GENERATING STATION 

DOCKET NO. 50-302 

July 2, 1979 
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INT?.ODUCTION 

By Order dated May 16s 1979s (the Order) the Florida Power Corporation (licensee 

or FPC) was directed by the NRC to take certain actions with respect to Crystal 

River Unit No. 3 (CR-3). Prior to this Orders and as a result of a preliminary 

revjew of the Three Mile Island Unit No. 2 (TMI-2) accident,-the t~C staff initially 

identified several human errors that contributed significantly to the severity of 

the event. All holders of operating licenses were instructed to take a number of 

immediate actions to avoid repetition of these errors, in accordance with bulletins 

issued by the Commission's Office of Inspection and Enforcement (IE). Subsequentlys 

an additional bulletin was issued by IE which instructed holders of operating 

licenses for Babcock & Wilcox (B&W) designed reactors to take fu~her actions, in

cluding immediate changes to decrease the reactor high pressure reactor trip point 

and increase the pressurizer power-operated relief valve {PORV) setting.* 

The NRC staff identified certain other safety concerns that warranted additional 

short-term design and procedural changes at operating facilities having B&W designed 

reactors. Those were identified as items {a) through (e) on page 1-7 of the 

nOffice of Nuclear Reactor Regulation Status Report to the Co~ission" dated April 25, 

1979. After a series of discussions between the NRC staff and the licensee concern-

ing possible design modifications and changes in operating proceduress the licensee 

agreeds in a letter dated May ls 1979s to perform promptly certain actions. ·The 

Commission found that operation of the plant should not be resu~ed until actions 

described in paragraphs {a) through {e) of paragraph (1) ~f Sec~ion IV of the Order 

were satisfactorily completed. 

*[IE Bulletins Nos. 79-05 (April ls 1979), 79-0SA !A:ril 5, 1979), and 79-0SB 
(April 21, 1979) apply to all 3~~ faci1ities.] 

D-70 



2 

Our evaluation of the licensee's compliance with ite~s (a) thr~~gn {e) of 

paragraph (1} of Section IV of the Order is given below. In ~erforminf this 

evaluation we have utilized additional information provided by the licensee on 

May 16, and June 12, 15, 22 and 29, 1979, and numerous discussions with the licensee's 

staff. Confirmation of design and procedural chanses was made by members of 

the NRC staff at the Crystal River site. An audit of the Crystal River reactor 

operators was also performed by the NRC staff to assure that the design and 

procedural changes were understood and were being correctly i~ler.ented by the 

operators. 

EVALUATION 

Item (a) 

It was ordered that the licensee take the following action: 

"Upgrade the timeliness and reliability of delivery from the 

Emergency Feedwater System by carrying out actions as identified 

in Enclosure l of the licensee's letter of May 1, 1979." 

The Crystal River emergency feedwater (EFW} system design has one turbine-driven 

pump that is automatically actuated and controlled independent of offsite power, 
' 

and one motor-driven EFW. pump that is automatically started if offsite power 

is available, but must be manually started on a vital AC bus if offsite power is 

lost. By reference above to Enclosure (1) c7 the licensee's 1~t~er of ~~ay 1, 1979, 

it was ordered that the licensee: 

1. "Review ;=~rocedures, revise as r.ecessary ana cond~ct :rain:ng 

~o ensure timely and proper start~ng of mctor-dr~ve!'l e!Tier-gency 
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feedwater (EFW) pump from engineered safeguards bus A upon 

loss of offsite power." 

The licensee has revised EP-101 {"Unit Blackout") to provide the operators 

with a procedure for loading the motor-driven EFW pump on engineered safeguards 

bus 3A. This procedure will be used only if the following three conditions 

are met: (1) loss of offsite power, (2) the turbine-driven pump is not function

ing, and {3) EFW is required. The procedure directs the operators to strip 

(remove) the following loads from bus 3A prior to loading the motor-driven EFW 

pump on the bus: (1) the decay heat removal pump, (2) building spray pump, (3) 

closed loop cooling pump, and {4) raw water pump. The loads stripped from the 

bus are not required for shutdown cooling during the ~eriod that EFW is used 

for decay heat removal. However, a redundant decay heat removal train would be 

available on the other emergency bus. When EFW is no longer needed, the motor

driven EFW pump would be removed from the bus and the other loads restored to the 

emergency bus. 

The NRC staff performed an audit at the site and verified that the operators were 

knowledgeable in the steps of this procedure. 

The NRC staff concludes that the licensee has adequate procedures and the operators 

are properly trained to start the motor-driven EFW pump from the diesel powered 

engineered safeguards bus 3A upon a loss of offsite ~ower, and therefore, meets 

the requirements of this part of the Order. 

It was also ordered that: 

D-72 



- 4 -

2. "To assure that EFW will be aligned in a timely manner to injec: 

on all EFW demand events when in the surveillance test mode, pro

cedures will be implemented and training conducted to provide an 

operator at the necessary valves in communication with the control 

room during the surveillance mode to carry out the valve align~nt 

changes. upon EFW demand events.• 

Survei 11 ance Procedure SP-349 ( 11 Emergency F eedwater System Operability Demon

stration") directs the operators to close the EFW pumps' discharge valves to perfonn 

the test and then provides direction. to reopen the valves to their normal operating 

positions following the test. These discharge valves are motor-operated valves 

that are controlled from the main control room; therefore, there is no need to 

station an operator at the valve locations during the surveillance testing. 

SP-349 requires that an operator determine that the EFW system valves are properly 

aligned and a second operator verifies the valve positions following the test. 

In addition to the independent veri fi cation of va 1 ve 1 i neups required fo 11 owing 

surveillance testing, independent verification is also required upon completion 

of maintenance on the system. A valve lineup check list for the EFW system is 

included in SP-300 ("Operating Daily Surveillance log"). 

The NRC staff has conducted an audit to verify that the operators are aware of 

the valve lineup requirements. 

The NRC staff concludes the licensee has developed adequate procedures and has 

properly trained operators to verify correct valve alignments in the EFW system, 

and, therefore, is in compliance with this part of the Order. 

D-73 



- 5 -

It was ordered that: 

3. "Emersency feedwater bypass valves are normally in the open posi~ion. 

Procedures have been developed and imple:er.ted to require the 

operator to take control of these valves upon failure of the ICS 

steam generator level control. If the ICS level control does not 

fail the operator will close the bypass •alves. Those valves in 

the EFW system not locked in position are verifiec to be in the 

proper position on a daily basis. Train:ng will be conducted on 

these revised procedures prior to June 1 , 19i9. •• 

Emergency feedwater flow is normally cantrall ed by the i r.tegratec control system (I :s) 

to maintain the required steam generator levels by act:.~aticn of the air-operated 

feedwater startup valves. An alternate path, independent of the ICS, is provided 

through the motor-operated EFW bypass valves. The bypass valves are normally 

maintained in the open position; however, following EFM ac~ivation, the operators 

must close the bypass valves and monitor steam generatJr levels and EFW flow to 
. 

determine if the ICS is functioning properly. If the ICS ~ails to maintain the 

proper steam· generator levels, the operator is directe1 =o control the level ~Y 

throttling flow with the bypass valves. 

The licensee has modified the following emergency procedures tc provide this 

guidance to the operators: EP-101 ("Unit Blackout"), ~P-1!:3 (":..ass of RC Flcw/RC 

Punp Trip"), EP-106 ("Loss of Reactor Cool ant or Rec:c::r C=o1 ar.: Pressure"), anc 

EP-108 ("Loss of Steam Generator Feed"). 
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The licensee has installed an ultrasonic flowrate meter system to provide 

control room indication of emergency feedwater flowra:e in gallons per minute 

(gpm) to each steam generator. Each system consists of the ultrasonic flow 

transducer, mounted on the EFW piping, and the associated flow display computer, 

mounted locally. Flowrate indicators are also located in the control room on 

the main control board. 

In addition to the directions for operator control of EFW flow if required, 

the licensee has provided for a daily verification of valve lineup in the EFW 

system in SP-300 ( 11 0perating Daily Surveillance Log"). 

The NRC staff has conducted an audit at the site and verified that the operators 

are trained in these procedures. The NRC staff concludes that the licensee has 

provided adequate procedures and operator training to control the EFW system 

independent of the ICS, and is thus in compliance with this part of the Order. 

It was also ordered that: 

4. "The EFW ~umps will be verified operable in accordance with the 

CR 13 Technical Specifications and Surveillance Procedures.'' 

The Technical Specifications for CR-3 require a monthly test of the turbine-driven 

EFW ~ump to demonstrate its operability. The surveillance procedure requires run

ning ~oth of the EFN pumps with their discharge valves closed, with flow through the 

recirculation line, and measuring the discharge pressure of the pumps.· We have 

reviewed the test procedure and find it acceptable. Satis7actory results of 
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this ~onthly surveillance test is an acceptaJie :asis for de~cns~rating the 

operability of the EFW pumps and, therefore, we conclude :hat the licensee is 

in compliance with this part of the Order. 

The licensee was also ordered to: 

5. 11Revi ew and revise, as necessary, the ~roced~;res and training for 

providing alternate sources of water to the suction of the Ef1J 

pumps." 

Emergency Procedure EP-108 ("Loss of Steam Generator Feed•) provides adequate 

direction to the operators for providing alternate sources of water to the s~ction 

of the EFW pumps. The primary source of water to the EFW ~umps is the condensa~e 

storage tank. (CST), which has a capacity of 150,000 gallons. The operator is 

alerted by a level alarm on the CST when the level drops t~ 89,000 gallons. The 

condenser hotwell, which has a capacity of 200,000 gallons, is the alternate 

source of water to the EFW pumps. The procedure directs tr.e operators to open . 
the motor-operated valves that will connect the h~twell to the suction of the E~W Ju~p~ 

and then to close the motor-operated suction valves froc t:e CST. The procecure 

also contains instructions on valve operation to provide a third source of de-

mi nera 1 i zed water from the water treatment system if needed. 

;he ~RC staff, at the site, has verified that t~e contrcl ~om ocerators are 

:>roperly trained to carry out these procedures. -he ~IRC s-:aff c::nc1 udes 'tha-: 

the licensee has complied with the requiremer.ts t: review :nd revise pr~cedures 

and operator training for providing alternate s=u~es of w::er fer ~he ~Fw system, 

and, is thus in compliance with th~s portion of :":e Jrder. 
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The licensee was ordered to: 

5. •Remove the interlock which prevents t~e t~rbine-crive~ emerg~ncy 

feedwater pump operation when the motor-driven er.er;e~cy feedwater 

pump is running." 

The licensee has removed the interlock. The turbine-crive~ EFa pumJ will start, 

if required, regardless of the motor-driven EFW pum~ status. 

Based on the above design modification, we conclude that the 11censee has cor.plied 

with this portion of the Order. 

It was also ordered that: 

7. •In the event emergency feedwater is necessarJ and offsite power 

is available, an auto start signal wi11 be proviced t~ the mater

driven emergency feedwater pump." 

The licensee has installed circuit~ to provide automctic starting of the motor

driven EFW pump if offsite power is available. The a~~o start signals include 

either of the foilowing: 

{1) coincident loss of ~oth main feedwa:e~ ;u~s, ser.sed ~Y tte loss 

of control oil pressure; or 

(2) coincident low-low steam genera:or 1eve~ in :c~h s:ea~ ger.erat:rs, 

detected ~Y existing and new eq~iprr.er:~ ~~ :he :cs. 
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Provisions have been incl~ded to manually bypcss the l:ss cf ~a~n feedwc~er 

pumps signal to allow for startup and.'or shutcoW'l. rn: by;ass switch is 

keylocked, with annunciation and a~~ir.istratiYe centro~. :he steam generatot 

low-low level signal is not bypassed. 

In addition, the licensee has modifiec the turbine-driven EFW pump start 

circuitry to include the same set of signals. P:""eviously, this purnp automatically 

started only on loss of both main feecwater pumps. Based en the above cesign 

modifications, we conclude that the l~censee ~as cow.pl:ed with this portion of 

the Order. 

It was also ordered that: 

8. 11 Design review and modif"!cation, as necessary, will be conducted to 

provide control room annunciation fer auto s:art conditions of 

the EFW system .•• 

The licensee has proviced control roc~ annunc:aticn tc a~ert the operators that 

the EFW punps (motor-driven and/or tu!"bi ne-dr:ven) have started when re~ui red 

or failed to start when required. 

The conditions which initiate the abc~e alarms include the s~e signals as 

discussed in Part 7 abcve: 

(1) loss of wain feedwater; O!'" 

(2) low-low 1evel in both s:e=::i ger::r=::!"S. 
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These signals are combined with the puwp stat~s {s:art or f:il :J sta~t) to 

provide the annunciation. Based on the abcve ::.odi'f:ca:icns, we ::ncl~e that 

the licensee has complied with this ~or":ion of the Crd:r. 

It was a 1 so ordered: 

9. "Verification has been r.:ade that the a~r-:perated ~e·,el control 

valves (a) fail to the 5~ open position upon los: cf ;:ower to 

the electrical/pressure converter, anc (=>) fc:il t: -:he as is 

position upon loss of instrument air and Electrical power to 

the air lock. At full load these valves are in t~e full (100%) 

open positions and at low power levels (=e~ow 15%: -:hey are 

partially open controlling flow. If these valves were to fail 

closed, feedwater flow would be controlled using :he EFW bypass 

valves as described in lter:1 3 af:ove." 

The licensee has completed its verif~cation tests c7 :"'e fc:iJur~ ';';!Ode of the air

operated level control valves. The results s!:ow :hat Jne :ir-o:e-at:d level control 

valve fails to a 54% open position and the ot~er fails to a ~7: c~en position upon 

loss of electrical po~r to the electrical/pr;ssure ccnver:er. ~.:se failure positions 

are within acceptable tolerance of the 5~ open posit~on s~ecified in the Order. On 

a test for loss of instrument air, both air-roerated :evel ccnt,.c: v:lves fa~led 

as is, i.e., remained at approximate!y the 5~ ~~e~ p:s~":~:n d~~~~g :he test. 

The EFW bypass valves are motor- operated regt.: a:i r.~ v:: ves whi :~. :re opera:ec 

independently from the ICS as discussed in pc:~ 3 :::::c·.~. :f ::-e :i r-cperatec 

level control valves remain closed cr :cs -=a"~s, =:=-, ~::w 11'0..;1: :-: :-:nually 
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controlled using the EFW bypass valves. We conclude that the 1 i censee has 

satisfied this portion of the Order. 

Conclusion: 

Based upon our evaluation of Parts 1 through 9 above, we conclude that the licensee 

has upgraded the timeliness and reliability of delivery from the EFW system by 

carrying out the actions identified in Enclosure 1 of the 1 icensee' s letter of 

May 1, 1979, and is, therefore, in c0r.1pliance with Item (a) of the Order. 

I tern (b) 

The licensee was ordered to: 

"Develop and implement operating procedures for initiating and control-

ling emergency feedwater independent of Integrated Control System 

Control." 

The NRC staff has reviewed the revised procecures for the EFW system to assure that 
·• 

there is sufficient guidance for the operators to actuate the system if automatic 

initiation fails and to control steam generator levels at the required values. The 

The NRC staff review of the procedures and the operator training focused on whether 

the operators were directed to observe the proper instruments and whether operators 

were given specific values of para~eters, such as steam generator level, to main-

tain by operating the control valves. The rev~ew also determined that the validity 

of the i nst rllllent readings of certain key parareters, such as steain generator ~ e vel, 

would be confirmed. The modificat~or.s :o the :rccedures to satisfy these deter-

minations were verified by the NRC s:aff. (See -=:.~rther discussion of these ;;rccedures 

in part 3 of Item (a)). 
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ke will require the licensee to perform a tes: curi~g :c~ep ~sc:~s~cn :1:ss than 

15% rated power) to a~onstrate the capability to ~rovice =~= cc~trcl ~F~ 

flow to both steam generators. The primary objecth·e 'is t: .er~fy thct ~~e 

operators can initiate EFW and control steam ~enerator lev:;~ i;depencent of 

the ICS. A member of the NRC staff will witness the test =nc ve~ify acceptability 

prior to authorizing the licensee to proceed to fu11 power oper~tion. 

The NRC staff audited a sample of Crystal River operators :o de:ermine if they 

were familiar with the revised procedures and could i~pl~:n~ t~em correctly. 

Based on the NRC audit, we conclude that the revised ::roce:ures and o~erator 

training are satisfactory, and, therefore, the licensee is ~r. c:mpliar.ce with 

Item (b) of the Order. 

Item (cl 

The Order required that the licensee: 

.. Implement a hard-wired control-grade reactor tri~ :•at would be 

actuated on loss of main feedwater and/or on t~r:;~~ t~ip.• 

The CR-3 original design did not have a direct reactor tri:J -=-ron a mal function in 

the secondary system (loss of main feedwater and/or t~rbire ~ri~). To obtain an 

earlier reactor trip (rather than delaying the tri~ u~t~l :;. o~~rator took 

action or until a pri~ary system parameter exceeced i:s t;~: se:pointi, :he 

licensee committed :o install a-hard-wired, contro1-~ace -::c:~r tri~ c, the 

loss of all main feedwater and/or on turbine tri~ (le::er :~ 3. L. Gr~7fin (FPC) 

to H. Denton {~RC) datea May 1, 1979). The ;>Urpcse c: :n-s ::n:;ci~a~:>r,y :ri;:> is 
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to minimize the potential for opening cf the PORV and/or :he safety valves on 

the pressurizer. 

The licensee has added control-grade circuitry which is designed to provide an 

automatic reactor trip when either the main turbine trips or all main feedwater 

is lost. 

The main turbine/generator trip is sensed by an existing ~ressure switch in 

the turbine electro-hydraulic control system. On a tur~ire trip, the pressure 

switch energizes a normally deenergized relay in the ICS. A contact from this 

relay is arranged in a normally energized circuit contain:ng t~~ parallel reactor 

trip actuation relays. Deenergizing both of these relays provides an output to 

energize the 125 DC volt shunt trip coils of the two reac:or trip breakers. Ener

gizing both reactor trip breakers trips the reactor. 

The loss of main feedwater is sensed by either of two s•grals: loss of the main 

feedwater pumps or low-low level in both steQ~ generators (~~e same signals which 

start EFW). The signals are generated separately for eacr fee1water path. Any 

one of these signals will energize a relay in the ICS (one relay for each feedwater 

path). The contacts from these relays are arranged in the same circuity as the 

reactor trip actuation relays such that any coincidence of signals from the two 

feedwater paths will deenergize the relays, in the same mcnner as the turbine trip, 

causing a reactor trip. 

Provisions have been included to autcmatical~y ~J?ass ar.G reinstcte the 1oss of 

main feedwater pump and turbine trip signals at less :he~ 1~ :ower to allow 
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for normal startup and shutdown of equipment without trip~irs :r.e reacto~. 

Operator verification of the bypass regoval is required by ;rocedure dur:ng 

potft!r ascention. 

The licensee has analyzed this additional circuitry with respect to its independ

ence from the existing reactor trip system. They have stated that the shunt coil 

is part of the existing AC reactor trip breaker. Each shun: coil is po~~red by 

a separate Class IE 125 volt supply and operates independently from ~he 120 volt 

AC undervoltage trip coil of the same AC reactor trip break~r, which receives a 

safety-grade reactor protection system trip signal. 

An r~c -inspector has confirmed that the checkout tests fer :he circuitry were 

completed successfully. In addition, the licensee has co~ftted to perform a 

monthly test on the added circuitry in order to demonstrate its ability :o open 

the AC reactor trip circuit breakers. 

Based on our revietr of the implementation of the trip circu:t.ry with res;:~ect to its 

independence from the existing trip circuitry, we conclude :hat this addition will 

not degrade the existing reactor protection system design. 

Based on the licensee's design modifications and commitment to perform a w~nthly 

test on the new circuitry, we conclude that there is reasonab1e ass~rance :ha: 

the system will perform its intendea function. 

Based on the above evaluation, we conclude that the 1 i censee ~ s in compn a::ce wi_th 

the requir~nts of Item (c) of the Order. 
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I tern (df" 

This item in the Crder required the licensee to: 

.. Complete analyses for potential small breaks and ce ... ·:l:p ar.d i~;~le!i:e"!t 

operating instructions to define operator action.• 

By letter dated ~4Y 1, 1979, the licensee committed to provicing the analyses and 

operating procedures of thi_s requirement. 

B&W, the reactor vendor for the Crystal River plant, submi:ted 2nalyses entitled, 

11 Eval uation of Transient Behavior and Snall Reactor Cool ~n: Sys:em Breaks in the 

177 Fuel Assembly ?lant 11 and supplements to these analyses (?ef~re~ces 1 thrcugh 6). 

The major parameters used in this generic study bound the trystal River plant. 

The staff evaluation of the B&W generic study has been comJleted and the results of 

the evaluation will be issued as a NUREG report in July 1979. 

A principal finding of our generic review is a recor.fir~atfor. :~at loss-of-cc~lant 

accident (LOCA) analyses of breaks at the lower end of the s~a:l break s~ectrum 

(smaller than 0.04 sq. ft.) demonstrate that a combination c-=" t-eat renoval by the 

steam generators and the high pressure injection (HPij sys:~ c~mbined with 

operator action ensure adequate core cooling. The EFW syst~, used to remove heat 

through the steam generators, has been modified to enhance i~s reliability as 

discussed in Item (a). The HPI system is capable o~ ~rcv~1:~9 ~ergency core 

cooling up to the safety valve pressure setpoint. 7he ~~~~~~Y :o re~ove hea: via 

the steam generators has always been recognized to be an ~cJr:ant cons~ce~a:ion 

when analyzing very small breaks. Separate sensit;i1i:y ara:_vs~s (7or b .. eaKs 
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smaller than 0.01 sq. ft.) were performed assLming per~arer: oss of a11 feec

water (with operator initiation of the HPI system at 20 rir~tes), and loss of 

feedwater for only the first 20 minutes of the accident. l~covering of ~he 

reactor core was not predicted for these events. The calc~a~ed peak cladding 

temperature was less than 800°F, well below the 10 CFR 50.45 requirer.1ent of 2200°F. 

These results are applicable to Crystal River considering the ability to manually 

start the redundant EFW punps and H?I punps from the contrcl rocm, assuning 

failure of automatic EFW actuation. 

Another aspect of the study was the assessment of recent design changes on the 

lift frequency of the pressurizer PORV and safety valves. 7he design changes in

cl udea: (1) a change in the setpoint of the PORV from 2255 psig to 2450 psis; 

(2) change in the high pressure reactor trip-setpoint frorr:2355 psig to2300 psig; 

and (3) the installation of an anticipatory reactor trip on turbine trip and/or 

loss of all main feedwater. In the past, during the turbire trip or loss of feed

water transients, the PORV lifted. With the design changes, the initial press~re 

increase of these transients do not result in lifting of t~i$ valve. Hcwever, the 

consequent depressurization could initiate PPI which could repressurize the syster.1 

and lift the PORV valve. It is expected that the operator would terminate H~I 

before the PORV or safety valves lift, since the 50°F subccoling criteria would 

be satisfied at pressures below the PORV setpoint.* Also, lifting of beth the 

PORV and safety valves might occur in the cases of control red withdrawal or in

advertent boron dilution transients, using the normally cc~servative aSSt.11'!:Jt~cr:s 

found in the Final Safety A.nalysis Report Chapter 13 safe:! analyses. -he a::cve 

*(The 50°F subcooling criteri3 is discussed on page 2J of this eva1uat~:n.) 
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desi~n changes do not effect the lift frequency of the valves for these 

Chapter 15 safety analyses. 

Based on our review of the small break analyses presented by B&W, the staff has 

determined that a loss of all main feedwater with {1) an isolated PORV, but 

safety valves opening and closing as designed, or {2} a stuck open PORV does not 

result in uncovering the reactor core, provided either EFW or HPI (2 punps) is 

initiated within 20 minutes. Based on the consequences calculated for small 

break LOCAs and loss of all maio feedwater events, and taking into account ex

pected reliability of the EFW and HPI systems, we conclude that the licensee has 

complied with the analy~es portion of Item (d) of the Order. 

To support long-term operation of the facility, requirements will be developed 

for additional and more detailed analyses of loss of feedwater and other anticipated 

transients. More detailed analyses of s~all break LOCA events are also needed for 

this purpose. Accordingly, the licensee will be required to provide the analyses 

discussed in Sections 8.4.1 and 8.4.2 of the recent me "Staf..f Report of the 

Generic Jl.ssessment of Feedwater Transients in Pressurized ',iater Reactors Designed 

by the Babcock and wilcox Company' {NUREG 0560). Further details on these 

analyses and their applicability to other PWRs and BWRs will be specified by the 

staff in the near future. In addition, to assist the staff in developing more 

detailed guidance on design requirements of PC?.'I and safety valve reliability 

during anticipated transients, as discussed in Section 8.A.6 of the 1\'UREG 0560, 

the licensee will be required to provide analyses of the 1~ft frequency and 

mechanical reliability of the pressurizer PCR'.' and safety ·,ralves of the Cryst~1 

River facility. 
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The B&W analyses show that some operator actions, !:lo:h ir.c.e:iate :nc fcllo .... -up, 

are required under certain circumstances for a small break :ccident. Immec~ate 

operator actions are defined as those actions, committed to ~emory by the c~era:Jrs, 

which must be carried out as soon as the problem is diagncs:d. Fo1l:w-up actic~s 

require operators to consult and follow the steps in written and approved ~ro

cedures. These procedures must always be readily available in the c~ntrol room 

for the operators• use. 

Guidelines were developed by B&W to assist the opera!ing B&M facilit'fes in the 

development of emergency procedures for the small break accident. •Operating 

Guidelines for ~all Breaks11 \-.tere issued by B&W on ~ay 5, 1379, and ~evie\Ed by 

the NRC staff. These guidelines were revised on May 15, 1~79, to in:lude 

revisions recommended by the staff (Reference 7}. In respcnse to these guideli-es, 

the licensee made substantial revisions to EP-106 (11 loss of Reactor Coolant/RC 

System Pressure .. }, and EP-103 (11 Loss of RC Fl ow/RC Pump Trip•). These emergenct 

procedures define required operator actions in response to a spectr~ of break 

sizes for a LOCA in conjunction with various equipment ava~lpbi11ty and fa:lure~. 

EP- 106 (11 Loss of Reactor Cool ant/RC System Pressure .. ) is divided into three sec:i ons. 

The first section deals with a leak or rupture that is within the czpability of 

one makeup pump.* In this case, the operators proceed with an orderly plant 

shutdown, if the leak is in excess of the Technical Specif:ca:ion l~Mi~s. 

:he second section of E?-106 defines required operator act·c~s fer E STtali bre~ 

:hat is wi'thin the capability of the i-f>I system to i::ci:atai~ ~~S ;:re!s~re a~d 

''lAt CR-3 the HPI pumps are used for makeup ;H;r.:;:s .] 
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~ressurizer level. This assumes tha: the :nitial creak was of a s:ze SJffic~e~t 

:o cause a depressurization with a resulting reactor :rip and n?I actua:icn. 

This part of the procedure provides the operators witt the guidance necessary 

to achieve a safe hot shutdo\~ condition for a variety of degraded cond:tions. If 

all feedwater is lost, a heat removal path is established by the HPI system 

through the break and the pressurizer PORV or the safety valves. Once feedwater 

is reestablished, the steam generators can be used as a heat sink. If ~he r~actor 

coolant pumps are not avai)able, the operator is direc~ed to EP-103 ( 11 Loss cf 

Reactor Flow/RCP Tri p11 ) which defines the actions necessary to establish nat:.~ral 

circulation. Additional guidance is provided in EP-103 if natural circulation 

is not immediately achieved. This includes •bunping" reactor coolant punps or if 

they cannot be operated, using the PCRV to cc~trol RCS pressure t::1t11 either 

forced flow or natural circulation can be achieved. :f natural circula~icn has been 

established and plant conditions are stable, the operator is directed to AP-113 

("Reactor Cooldown by Natural Circulation .. ). If forced circulation is established, 

the normal plant cooldown procedure (OP-209, •Plant Cooldown") is used 1n con

junction with E?-106. 

The third section of EP-106 deals with a large pipe r~.;pture in which the sys:er.-: 

depressurizes to the point of low pressure injection (lPI). The system response 

is not dependent upon the availablity of reactor coolant pumps or feedwater and, 

therefore, no other procedures need be referenced. 

~or all cases in which HPI is manually or aut=matical1y init~a:ed, ~he opera:ors 

are specifically instructed to maintain maximum HP! f:~w unless one of :he fJl:ow

ins criteria ~s met: 
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(1) the LP! system is in operation :nc ~rov:d~ns cooling at a rate 

in excess of 1000 gpm and the s:t~ation has Jeen stabie for 

20 minutes; or 

{2) all hot and cold leg temperatures are at least 50 defrees below 

the saturatio~ temperature for the existing RCS pressure. If the 

50 degrees subcooling cannot be maintainec after HPI cutoff, 

HPI shall be reactuated. 

A requirement to determine and maintain SOOf subcooling has been incorporated in 

all other procedures in which HPI has been manually or automatically initiated. 

These procedures include, EP-105 (,.Steam Supp1 y Syster.J P:Jpture 11 ) , EP-108 ( 11 Loss 

of Steam Generator Feed"), EP-101 ("Unit Blackout"), and P-103 ("loss of RC • 
Flow/RC Pump Trip .. ). Each of these procedures, in addition to EP-106 ("Loss of 

Reactor Coolant/RC System Pressure 11 ) procedure, provide additional instructions 

to the operators in the event of faulty or misleading indications. A subsequent 

action statement directs the operators to check alternate instrumentation 

channels to confirm key parameter readings. The Crys:al Eiver sta7f has made 

revisions to all of their emergency procedures to include this confirmation. 

The CR-3 incore thermocouples will be hard-wired to a dedicated monitoring system 

which is programmed to alarm at high temperature. In addition, the operators 

will be able to check all input readings and/or get a printout of the status of 

each thermocou p 1 e with this system. A process computer in the contra 1 room is a 1 so 

~vailable to provide this indication. 

If feedwater is not initially available follcwi~g a :~ans:ent or accident, core 

cooling is maintained by flew from two HPI pun~s and re:~e~ through the PORV, 
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~~ich is opened by the operator. B&W has per~~~ed st~d·es that show density 

aifferences between the downcomer and reactor core will cause recirculation 

f1ow between the core exit and doh~cor.~r via t~e vent ~alves. Mixing of the hot 

c~re exit water with the cold HPI water will ~rovide s~fficiently warm vessel 

temperatures to preclude any significant therr~l shock effects to the vessel. 

Under these conditions, with no circulation of water fro~ the steam generators, 

tne cold leg resistance temperature detectors {RTD) may not provide a satisfactory 

indication of the vessel temperature. B&W has recommended using the core exit 

thermocouples as a measure of vessel temperature, based on B&W analyses that 

conservatively show that the vent valves will open_at temperature differences 

between the core exit and downcomer of less than 150°F. They have also proposed 

a more appropriate pressure-temperature limit curve for the vessel that reflects 

allowable stresses under these faulted conditions (no feedwater). 

Tne l'P.C staff has revie\ted these guidelines and finds them acceptable based on 

the expected recirculation through the vent va:ves and the vessel stress limits 

used. The licensee has incorporated these revised gui:e1i~es. into ~~ergency Pro

cedure EP-108 {"loss of Stean: Generator Feed"i. Subseq~,;ent restoration of 

E:=-w would depressurize the reactor coolan,t sys!er;; to below 600 psig where pressure 

vessel inte-grity is assured for any _reasonable thermal transients that might sub

sequently occur. We conclude that further reliability analyses are needed as 

~art of the long-term requirements of the Order ~o confi~ that EFW can be 

restored (if lost) in a reasonable period of t:~e. B&A has agreed to provide a 

cetai1ed thermal-mechanical report on the behc:r!cr of 1essel materials for these 

extre~e conditions, to be applicable senericaliy :o the Cc~nee class of plants, 

wr.ich incluaes Crystal River. 
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The Crystal River Unit 3 main centro! board h:s an annunci:tor whic~ :lar.:s 

when the PORV solenoid is energized (to open :he 'lalve). :n acditijr., tt:ere 

are 3 indicating lights which are ~c:uated by 2 selec!or s~i~ctes c= ~he valve 

control circuitry. The green light is lit wh:n the u;.uro-JP:::N .. sehc~or 

switch is in the "Aura• position. In this position, the ~ress~re sfgnal will 

provide the open and close control of this vaive. The rec l:gf:t is 11t when 

the same switch is in the 0 0PENU pos:tion. I~ this pcsition, :he s~l:ctcr switch 

will control the valve (to the open position). The ar.;ber ligtr: is Ti-: when the 

0 f40R.'1-t.O•• selector switch is in the •Lo" posi:ion. In this positic1, the low 

pressure protection circuit is operable and c:n open the valve fer :his-~~de 

of operation. 

EP-106 ( 11 Loss of Reactor Coolant/RC System Pr!!ssure•) was reviehed ':Jy the 1\RC 

staff to determine its conformance with the &W guidelines. Ccr.r..er.:s generated 

as a result of this review were incorporated :n a further revision ~a the procedure. 

A member of the NRC staff walked thrc~h this er.ersency pr~ced~re i1 :he Crystal 

River control room. The procedure wcs j udget tc prov~de acE!':!u=te sji :lance tc 

the operators to cope wi~h a snall break LOCh. The instr~~~:at~or. necessary to 

diagnose the break, the indications anc! controls requ~red Jy the ac:ion state-

ments, and the administrative controls which ~revent acce~ta~le 1i~its from being 

exceeded are readily available to the cperatc~s. We conclude :hat :r.e o~erators 

should be able to use !his procedure tc br~n~ t~e ~lant tc a safe s1~~down cor~ 

dition in the event of a small ~reak acciaent. 

An audit of 8 of the 23 i icensed ooe~a:::>rs ass .. :~ec t:; sh;f-: ~..;-:_;,.- '":s cc~duc-:e~ 

by the t,RC sta.ff to determine :he ::>!=era::ors• 4r.cers:a~c~ !1£ :::-= :rte ~- ::1 :real< 
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accident, including how they are required to d~agncse and res=ord to i~. ~~e 

Crystal River staff has conducted special trai~ir.g sessions f~r ~he opera:c~s :n 

the concept and use of EP-106 and other emerse~cy ~rocedures reiated to t~e 

small break accident. The audit revealed severa1 deficiencies in the kncwl ed~~ 

of the small break phenomenon and the requirew.~nts of the procedure. Adcitior.all~. 

there were deficiencies in the knowledge of the details of the recent design 

modifications made to the Crystal River plant. :nese defic:enc~es were prinarily 

the result of design modifications and procedure revisions 1ot finalized at that 

time. As a result of the audit, each licensed ind~vidual received addit~onal 

training by the plant training organization and by the General Ftlysics Corporation 

(GPC). This additional training has been c01i1pleted and verif~ed by the K~C staff. 

A subsequent reaudit of 10 licensed individuals by the !'RC re·1ec:ied satisfactory 

results. 

The audit of the operators also included questioning about the TMI-2 incident and 

the resulting impact on the Crystal River plant. The discussior:s coverec the 

initiating events of the incident, the response of the plant :o the simul:anecus . -
loss of feedwater and small break LOCA (PORV s:uck open), and the operat:onal 

actions that were taken during the course of the incident. We ~dentifiec a 

deficiency in interpreting the initial sequence of the TMI-2 incident en the ~art 

of several of the operators. Additional training has been conducted in this area 

by the plant staff and their consultant GPC anc has been ve!'"i~ied by the ~{R~ s:aff. 

In sumr.:ary, we found :heir 1 evel of understana~ ng suff~cien: :o =>e able :c --es:ond 

to a sir.1ilar situation if i: happened at Crys:al ~-:ver. ~e a1sc concluce :~ey 
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have adequate knowledge of subcooling and satu~ated cor1itions and are ejle :o 

recognize each in the primary coolant sys~em by several methods. The EF~ 

system wes also discussed during the audit to dete~ine the operators• a~i1ity 

to assure proper starting and operation of the system curing normal conditions, 

as well as during adverse conditions such as loss of offsite power or loss of 

normal feedwater. The long-term operation of :he systEJ was examined to evaluate 

the operators• ability to use available manual contr~ls and water supplies. The 

level of understanding was found to be sufficient to assure proper short-and long

term EFW flow to the steam generators. 

In addition to the oral audit conducted by the ~~C, :he licensee administe~ed a 

written exanination to all licensed personnel. Indivicuals scoring less than 90 

percent on the exam will receive additional training ar.d will not· assume licensed 

duties until a score of at least 90 percent is attainec on an equivalent, but 

different exam. The written exam and the gracing were audited by the NRC staff 

and judged to be acceptable. The staff will also review all subsequent results 

and records as part of the normal inspection fJncticn cf the'Crystal River re

qualification program. we conclude that there is adeq~ate assurance that :he 

operators at Crystal River have and will continue tc receive a high level of 

training concerning the TMI-2 accident and the consequent impact on their unit. 

Based on the foregoins evaluation, we conclude that :he licensee has co~pl~ed with 

:he requirements of Item (d) of the Crder. 

0-93 



- 25 -

It err. (e) 

The Order required that: 

"All 1 i censed reactor operators and senior reactor operators wi 11 

have completed the TMI-2 simulator training at B&W." 

The licensee has confirmed that all reactor operators and senior reactor operators 

have completed the TMI-2 simulator training at B&W as required by the Order. 

This training consisted of a class discussion of the TMI-2 event and a demon

stration of the event on the simulator as it occurred and how it should have been 

contr9lled. The class discussion was about one hour long and the remaind~r of the 

four hour session was conducted on the simulator. The TMI-2 event, includ-ing 

operational errors, was demonstrated to each operator. The event was again 

initiated and the operators were given "hands-on" experience in successfully 

regaining control of the plant by several methods. Other transients which 

resulted in depressurization and saturation conditions were presented to the 

operators in \'lhich they maneuvered the plant to a stable, subcooled condition. 

Based on the foregoing evaluation, we conclude that the licensee has complied 

with the requirements of Item ~e) of the Order. 

CONCLUSION 

We conclude that the actions descrilbed above fulfill the requirements of cur 

Order of May 16, 1979, in regard to Paragraph ( 1) of Section IV. The licensee 

having met the requirements of Paragraph (1) r::.ay restart Crystal River as J:rO

vided by Paragraph (2). Paragraph (3) of Sec:ion IV of the .Crder remains :n 
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force until the lons-term actions set forth in Section II of ~he Crder are 

completed and approved by the ~RC. 
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UNITED STATES NUCLEAR REGULATORY CO~~ISSION 

FLORIDA POWER CORPORATION 

DOCKET NO. 50-302 

NOTICE OF AUTHORIZATION TO RESUME OPERATION 

The United States Nuclear Regulatory Conrnission issued an Order 

(the Order) on Hay 16, 1979 (44 F.R. 29765, Hay 22, 1979), to the Florida 

Power Corporation (FPC or licensee), holder of Facility Operating License 

No. DPR-72, for·the Crystal River Unit No.3 Nuclear Generating Plant 

7590-01 

(the facility or Crystal River Unit 3), confinning that the licensee accom-

plish a series of actions, both immediate and long-term, to increase the 

capability and reliability of the facility to respond to various transient 

events. In addition, the Order confirmed that the licensee would maintain 

the plant in a shutdown condition until the following actions had been 

satisfactorily completed: 

0 (a) Upgrade the timeliness and reliability of delivery from the 
Emergency Feedwater System by carrying out actions as identified 
in Enclosure 1 of the licensee's l~tter of Hay 1, l979.a 

0 (b) Develop and· implement operating procedures for initiating and 
controlling emergency feedwater independent of Integrated 
Control System control.• 

"(c) Implement a hard-wired control-grade reactor trip that would be 
actuated on loss of main feedwater and/or turbine trip.• 

0 (d) Complete analyses for potential small breaks and develop and 
implement operating instructions to define operator action." 

•(e) All licensed reactor operators and senior reactor operators 
will have completed the TMI-2 simulator training at B&w.• 

. 
By letter dated May 1, 1979 and suppl~~ented by five letters dated 

May 16, June 12, 15, 22, and 29, 1979, FPC has docu::tented the actions taken 

in response to the May 16 Order. Notice is hereby ;iven that the Director of 
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Nuclear Reactor Regulation (the Director} has reviewed :nis submitta~ and ~as 

.concluded that the licensee has satisfactorily complete~ the actions presc~ibed 

in items (a) through (e) of paragraph (1} of Section IV of the Order. tha: the 

specified analyses are acceptable and the specified irnp:~r.ting procecures are 

appropriate. Accordingly. by 1 etter dated -July 6. 1979. the Director has 

authorized the licensee to resume operation of Crystal liver Unit 3. The bases 

for the Director's conclusions are more fully set forth in a Safety Eve.luatfon 

da_ted July 2, 1979. 

Copies of (1) the licensee • s 1 etter dated May 1 • H79 and fl ve 1 etters dated 

May 16, June 12, 15, 22, and 29, 1979, (2) the Director's letter dated \lu1y 6, 

1979 and (3) the Safety Evaluation dated July 2, 1979, are available ~or 

inspection at the Conmission•s Public Document Room at !717 H Street, N. v •• 

Washington, D. C. 20555, and are being placed in the Coimission•s local pt:blic 

document room in the Crystal River Public Library, 668 ~- W. First Avenue, 

Crystal River, Florida 32629. A copy of it_ems (2) and (3) may be o:,tain!d 

upon request addressed to the U.S. Nuclear Regulatory:ocnmission, Washington, 

D. C. 20555, Attention: Director, Division of Operating Reactors. 

Dated at Bethesda, Maryland 
thiS, 6th day of July 1979. 
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Operating Reactors Branch #4 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Dockets Nos.: 50-269 
50-270 

and 50-287 

Mr. William 0. Parker, Jr. 
Vice President - Steam Production 
Duke Power Company 
P. 0. Sox 2178 
422 South Church Street 
Charlotte, North Carolina 28242 

Dear Mr. Parker: 

r1ay 18, 1979 

By Order of May 7, 1979, the Commission confirmed your undertaking a series 
of actions, both immediate and long term, to increase the capability and 
reliability of Oconee Units Nos. 1, 2 and 3 to respond to various transient 
events. In addition, the Order confirmed that you would shut down Oconee 
Unit No. 3 on April 28, 1979, an additional Oconee unit on ~ay 12, 1979, 
and remaining unit on May 19, 1979, unless, with respect to the latter two 
units, the following actions had been accomplished prior to the prescribed 
dates: 

(a) Install automatic starting of the interconnected emergency 
feedwater system so that all three pumps will receive a 
start signal from any affecte.d unit, and test the system 
for stability. The emergency feedwater pump discharge flow 
'.'ti 11 be connected to the interconnection headers sue h that 
each or all of the emergency feedwater pumps can supply 
water to any unit. Until these modifications and tests are 
completed, operating personnel will be stationed at each 
emergency feedwater pump with a direct commun.ication link 
to that unit's control room. In addition, the following 
procedural changes, put into effect on April 25, 1979 to 
enhance the reliability of the emergency feedwater system, 
will remain in force: 

(1) The discharges of these pumps have been tied together 
by alignment of manual valves such that each and all 
of the pumps can supply emergency feedwater to any 
Oconee unit requiring it. 
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(2) Administrative controls have been established so that 
in the ~vent of loss of both main feedwater pumps on 
an affected unit, that unit's emergency feedwater pump 
will start automatically, backed up by remote manual 
start from the control room. If the pump fails to start 
automatically, the operator stationed at that pump will 
start the pump locally, and has been trained to do so. 
In addition, the other two available emergency feedwater 
pumps will be started remotely rrom their unit's control 
room or locally if required to provide two more sources 
of ,feedwater to the affected unit. 

(3) Emergency feedwater flow to the steam generators will be 
assured by the control room operator who has been trained 
to maintain the necessary level. 

(b) Develop and implement operating procedures for initiat~ng 
and controlling emergency feedwater independent of Integrated 
Control System control. 

(c) Implement a hard-wired control-grade reactor trip on loss of 
main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and 
implement operating instructions to define operator action. 

(e) All licensed reactor operators and senior reactor operators 
assigned to the Oconee control rooms will have completed the 
TMI-2 simulator training at B&W. 

By submittal of May 7, 1979, as supplemented by two letters dated May 9, 1979, 
you have documented the actions taken in response to the ~ay 7 Order. I 
have reviewed this submittal, and am satisfied tnat, with respect to 
Oconee Units Nos. 1, 2 and 3, you have satisfactorily completed the actions 
prescribed in items (a) through (e) of paragraph (1) of Section IV of the 
Order, the specified analyses are acceptable, and the specified implementing 
procedures are appropriate. The bases for these conclusions are set forth 
in the enclosed Safety Evaluation. 

As noted on page 5 of the Safety Evaluation you have performed flow 
stability tests with two units operating (Unit No. 3 having been shut down 
previously for refueling) and two emergency feedwater pumps operating. The 
staff has concluded that the tests, which did not result in any flow instability, 
are satisfactory and that you have complied with the requirement of the Order 
that a stability test be performed. However, we will require Duke Power Company 
to demonstrate acceptable flow rates and flow stability with only two operating 
steam driven emergency feedwater pumps when all three nuclear units are 
operational. The test plan must be reviewed by us before the tests are 
performed. 
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Appropriate Technical Specifications for limiting Conditions for Operation 
and fur Surveillance requirements should be developed as soon as practicable 
and provided to the staff within seven days with regard to the design and 
procedural changes which have been completed in compliance with the provisions 
of the r~ay 7, 1979 Co1m1ission Order. The revised Technical Specifications 
should cover: 

(1) Changes to the Emergency Feedwater System; 

(2) Plant alignment changes made to ensure control of·emergency 
feedwater independent of the Integrated Control System; 

(3) Addition of the Anticipatory Reactor Trip; and 

(4) Changes in set points for high pressure reactor trip and 
PORV actuation. 

Within 30 days of receipt of this letter, you should provide us with your 
schedule for completion of the long-term modifications described in Section 
II of the May 7, Order. 

My finding of satisfactory compliance with the requirements of items (a) 
through (e) of paragraph (1) of Section IV of the Order \'lill permit 
resumption or continuation of operation in accordance with the terms of 
the Cowmission's Order; it in no way affects your duty to continue in 
effect all of the above provisions of the Order pending your submission 
and approval by the Commission of the Technical Specification changes 
necessary for each of the required modifications. 

Enclosures: 
1. Safety Evaluation 
2. Notice 

cc w/enclosures: See next page 

Sincerely, 

~srdR. d.,{_ 
Harold R. Denton, Director 
Office of Nuclear Reactor 

Regulation 
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cc w/enclosure(s}: 
Mr. William L. Porter 
Duke Power Co~pany 
Post Office Box 2178 
422 South Church Street 
Charlotte, tJorth Carolina 28242 

J. ~1ichael ~!cGarry, III, Esquire 
DeBevoise & Liber~an 
7UO Shoreham Building 
806 15th Street, N.~. 
Uashington, D. c. 20005 

Oconee Public Liorary 
201 South Spring Street 
Walhalla, South Carolina 29691 

Honorable Janes ~1. Phinney 
County Supervisor of Oconee County 
Walha113, South Carolina 29621 

Director, Technical Assessment 
Division 

Office of Radiation Programs 
(AW-459) 

U. S. Environmental Protection Agency 
Crystal Mall #2 
Arlington, Virginia 20460 

u. S. EnvironMental Protection Agency 
Region IV Office 
ATTN: EIS COORDINATOR 
345 Courtland Street, N.E. 
Atlanta, Georgia 30308 

U. S. Nuclear Regulatory Commission 
Region II 
Office of Inspection and Enforcement 
ATTH: Mr. Francis Jape 
P. (!. Box 85 
Sen£ca, South Carolina 29678 
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t1r. Robert 8. Borsum 
Babcock ~ Wilcox 
Nuclear Power Generation Division 
Suite 420, 7735 Old Georgetown Road 
Bethesda, Maryland 20014 

Manager, LIS 
NUS Corporation 
2536 Countryside Boulevard 
Clearwater, Florida 33515 

Office of Intergovernmental Relations 
116 West Jones Street 
Raleigh, North Carolina 27603 



I NTROOUCTI ON 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

EVALUATION OF LICENSEE'S COMPLIANCE 

WITH THE NRC ORDER DATED MAY 7, 1979 

DUKE POWER COMPANY 

OCONEE NUCLEAR STATION, UNITS NOS. 1, 2 AND 3 

DOCKETS NOS. 50-269, 270 AND 287 

By order dated May 7, 1979 (the Order), the Duke Power Company (DPC or the 

licensee) was ordered by the NRC to take certain actions with respect to 

Oconee Nuclear Station, Units 1, 2 and .J. Prior to this Order and as a result 

of a preliminary review of the Three Mile Island Unit No. 2 accident, the NRC 

staff initially identified several human errors that contributed significantly 

to the severity of the event. All holders of operating licenses were subse

quently instructed to take a number of immediate actions to avoid repetition 

of these errors, in accordance with bulletins issued by the Commission's 

Office of Inspection and Enforcement (IE). Subsequently, an additional bulletin 

was issued by IE which instructed holders of operating licenses for Babcock & 

Wilcox (B&W) designed reactors to take further actions, including immediate 

changes to decrease the reactor high pressure trip point and increase the 

pressurizer.pilot-operated relief valve setting. 

The NRC staff identified certain other safety concerns that warranted additional 

short-term design and procedural changes at operating facilities having B&W 

designed reactors. Those were identified as items (a) through (e) on page 1-7 

of the Office of Nuclear Reactor Regulation Status Report to the Commission on 

April 25, 1979. After a series of discussions between the NRC staff and the 
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licensee concerning possible design modifications and changes in-operating 

procedures, the licensee agreed in letters dated April 25, 26, and May 4, 1979 

to perform promptly certain actions. The Commission found that operation of 

all units should QOt be resumed or continued on an indefinite basis until 

actions described in paragraphs (a) through (e) of paragraph (1) of Section IV 

of the Order were satisfactorily completed. 

Our evaluation of the licensee's compliance with items (a) through (e) of 

paragraph (1) of Section IV of the Order is given below. In performing this 

evaluation we have utilized additional information provided by the licensee on 

May 3, 8, 10, and 16, 1979 and numerous discussions with the licensee's staff. 

We have utilized confirmation of design and procedure changes by the NRC 

resident inspector at the Oconee site and an audit by the NRC staff of the 

training of the Oconee reactor operators to assure that the de~ign and procedure 

changes are understood by the operators and that the revised procedures are 

being correctly implemented by the operators. 

E~LUATION 

Item (a) 

The original Oconee_design had a single emergency feedwater (EFW) pump for 

each unit that was actuated automatically when the main feedwater was lost on 

that unit. There were provisions for manually interconnecting the discharge 

of the EFW pumps so that they could service all three units. In letters from 

W. Parker (DPC) to H. Denton (NRC) dated April 25, 1979 and W. Lee (DPC) to 

H. Denton (NRC) dated April 26, 1979, the Duke Power Company committed to 
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installing an automatic starting feature of the interconnected emerg~ncy 

feedwater system so that all three EFW pumps will receive a start signal from 

any affected unit, and to performing a stability test of the system when more 

than one unit was using EFW. A trained operator stationed at each EFW pump to 

actuate it locally, if required, and a trained operator in the control room to 

maintain required steam generator water levels were also included in the 

licensee 1 s commitments. 

In particular, it was ordered that the licensee shall take the following 

actions with respect to Oconee 1, 2 and 3: 

11 Install automatic starting of the interconnected emergency feedwater 

system so that all three pumps will receive a start signal from any 

affected unit .•. 11 1'The emergency feedwater pump discharge flow wi 11 

be connected to the interconnection headers such that each or all of 

the EFW pumps can supply water to any unit. 11 "The discharges of 

these pumps have been tied together by alignment of manual valves 

such that each and all of the pumps can supply emergency feedwater 

to any Oconee Unit requiring it. 11 

The licensee has aligned his EFW system so that all three EFW pumps feed a 

common header and there are separate lines from this-common header which 

deliver EFW through a control valve to each of the two steam generators in the 

three units. This alignment, which has ~een verified by an NRC inspector at 

the site, was accomp 1 i shed by i_so 1 at i ng other a 1 ternate flow paths in the 

feedwater system with existing manual valves. 
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We have reviewed the piping and instrumentation drawings and have determined 

that no active failure to a mechanical component such as a pump or valve would 

preclude obtaining EFW flow in any unit. The licensee has performed flow 

tests with two EFW pumps operating and providing flow to the four steam gener

ators associated with two units. The minimum flow under this condition was 

greater than 720 gpm per unit which is acceptable. We have reviewed the 

modification to determine the minimum flow going to a unit if only one steam 

generator was functioning. The test to determine the maximum flow to one 

steam generator was not performed, but the licensee stated that the results of 

his analysis show-that a minimum of 720 gpm EFW flow will be delivered to any 

unit with only one steam generator functioning. The licensee also stated that 

the flow characteristics of the EFW system used in the analysis were confi~med 

in the flow tests. In one of these flow tests with only one steam generator 

functioning in one of the units, the flow to that steam generator with about a 

60% valve opening was approximately 500 gpm. We expect higher flows would be 

obtained by operater action. This 500 gpm flow rate with one steam generator 

available is acceptable basea on automatic initiation of EFW. 

Based on the above evaluation, the NRC staff concludes that the licensee has 

complied with the requirement for an interconnected EFW system such that each 

or all of the EFW pumps can supply water to any unit. 
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The licensee has added new circuitry which is designed to automatically start 

all three of the existing turbine-driven EFW pumps on loss of all main feedwater 

to any·of the three units and to open the EFW regulating valves in the affected 

unit(s). The loss of main feedwater supply to each unit is sensed by a normally 

energized auxiliary relay. The relay is deenergized by either low pressure in 

the main feedwater discharge header or by both main feedwater pumps tripped in 

the affected unit. The relay actuates each of the three EFW pumps and the 

solenoids which control the EFW regulating valves to the two steam generators 

in the affected unit. Loss of the 115 VAC power will therefore actuate the 

three turbine-driven EFW pumps and automatically open the EFW regulating 

valves to the preselected setting and deliver EFW to the steam generators. 

This actuation is independent of the Integrated Control System (ICS). 

The licensee has performed tests to demonstrate that these design modifications 

will autOmatically start all tnree EFW pumps and open the EFW regulating 

valves in the affected unit on loss of all main feedwater to any of the three 

units. The NRC resident inspector has verified the test results and we have 

concluded that the tests are satisfactory. 

Based on the above, the NRC staff concludes that the licensee has complied 

with the requirement for automatic starting of the interconnected EFW system 

so that all three pumps will receive a start signal from any affected unit. 

It was also ordered that the licensee " ...• test the system for stability.•• 

The licensee performed flow stability tests with two units operating and two 

EFW pumps available. The EFW flow to one of the steam-generators was stoppec 
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by closing a manual valve in the discharge line and the reactor operators 

inside the control room manually adjusted the flow to the other three steam 

generators to prescribed flow rates. The manual control of the emergency 

feedwater flow did not result in any flow instability or operator problems. We 

conclude that these tests are satisfactory and that the licensee has complied 

with the requirement to perform a stability test. However, we require the 

licensee to perform additional startup tests on the EFW system when all three 

units are operational to demonstrate acceptable flow rates and flow stability 

with only two operating EFW pumps. The test plan must be reviewed by the NRC 

staff prior to the tests, which will be witnessed by an NRC inspector. 

It was also ordered that: 

"Administrative controls have been established so that in the 

event of loss of both main feedwater pumps on an affected unit, 

that unit's EFW pump will start automatically, backed up by 

remote manual start from the control room. If the pump fails 

to start automatically, the operator stationed at that pump 

will start the pump locally, and has been trained to do so. 

In addition, the other two available EFW pumps will be started 

remotely from their unit's control room or locally if required 

to provide two more sources of feedwater to the affected unit." 
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The licensee has stationed an operator at each of the EFW pumps·to start the 

pumps locally if required. The procedures asso~iated with the EFW system 

(discussed in item (b)) have provisions for verifying that all EFW pumps start 

automatically with local initiation if required. The operators stationed 

locally at the pumps have been trained to start the pumps and have procedures 

for accomplishing this task. The implementation of this requirement has been 

verified by an NRC inspector. The actuation of the EFW pump locally is fairly 

simple. Depending on the fault, it may require bleeding off air to'open the 

steam admission valve to the turbine (these are turbine driven pumps) before 

opening the governor valves with a local controller. Members of the NRC staff 

at the site have estimated it would take less than 5 minutes to actuate the 

pumps locally even allowing for several false starts. The operator stationed 

locally is also provided with piping and instrumentation diagrams (P&IOs) of 

the EFW pumps, descriptions of the governor valves, and auxiliaries such as 

the lube oil and cooling water. If necessary, the local operator can take 

remedial actions if subsequent problems with pump operation arise. 

Based on our inspection at the site, we conclude that the licensee has complied 

with the requirement to have a trained operator stationed at each EFW pump and 

has administrative procedures covering his actions if required. 

It was also ordered that: 

11 Emergency feedwater flow to the steam generators will be assured by 

the control room operator who has been trained to maintain the 

necessary level. 11 
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The licensee has modified his procedures on the EFW system as discussed in 

item (b) of this evaluation. These procedures include verification of flow 

and manual control of steam generator water level. The regulating valves in 

the individual EFW discharge lines open automatically upon signal of need from 

the affected unit(s); it is only later that the valves are controlled by the 

operator. The licensee has installed flow orifices in each of the EFW discharge 

lines with indicators in the control room. 

The NRC staff at the site has verified that control room operators is properly 

trained to carry out these procedures. We conclude that the licensee has 

complied with the requirement that a trained control room operator shall 

maintain the necessary steam generator water level. 

Based on the above, we conclude that the licensee has complied with the require

ments of item (a) of paragraph (1) of the NRC Order, with the provision for 

additional flow tests when all three units are operational. 

Item (b) 

By letter from W. Lee (DPC) to H. Denton (NRC) dated April 26, 1979, the 

licensee committed to develop and implement operating procedures for initiating 

and controlling EFW independent of ICS control. With the installation of the· 

modified EFW system, discussed in item (a), the licensee has bypassed the 

previous piping and valve alignments that were controlled by the ICS. As a 

result, the present EFW system is totally separate from the ICS. The order 

requires the licensee to: 
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"Develop and implement operating procedures for initiating and 

controlling EFW independent of Integrated Control System control." 

The licensee has revised his emergency procedures related to the use of the 

EFW system to reflect the separation of the EFW system from the ICS. The key 

operator actions resulting from the system modification are to verify that all 

EFW pumps are actuated either automatically or manually and to maintain the 

steam generator water level at prescribed values which depend on whetryer the 

reactor coolant pumps are operating. These procedures would be implemented by 

the operator whenever there is a loss of all main feedwater caused by feed

water system problems or loss of offsite power. For all other events, the 

steam generator water level would be controlled by the ICS using the startup 

valves and the main feedwater pumps. 

We have reviewed the revised procedures for the EFW system to assure that 

there is· sufficient guidance tp the operator to activate the system if 

the automatic initiation fails and to manually control the steam generator 

water level to specified values. 

The review of the procedures included consideration of verifying readings of 

certain key parameters by using alternate instrumentation and specification of 

parameter values that must be controlled by the operator. Our comments on the 

proced~res were incorporated by the licensee and verified by the NRC resident 

inspector. The licensee has committed to provide double verification of the 

restoration of equipment following surveillance tests or maintenance on the 

EFW system. 
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NRC staff at the Oconee site walked through the EFW procedures with Oconee 

operators to evaluate whether the .procedures were functionally adequate. In 

addition, the NRC staff audited a sample of Oconee operators to determine if 

they were familiar with ~he revised procedures and would implement them correctly. 

Based on the NRC staff audit, we conclude that the revised procedures and 

operator training are satisfactory. 

The procedures reviewed addressed the following emergency conditions: 

1. Loss of Main Feedwater Pumps 

2. Loss of Main Feedwater Pumps and Emergency Feedwater 

3. Loss of Station Power and/or Loss of Instrument Air 

4. Loss of Reactor Coolant Flow both with and without Station power and 

instrument air 

5. Steam line break inside the reactor building both with and without Station 

power and instrument air. 

6. Steam line break outside the reactor building both with and without 

Station power and instrument air. 

Based on our review and verification, we find that the licensee has complied 

with the requirements of item (b) of paragraph (1) of the Order. 

Item (c) 

The original Oconee design did not have any direct reactor trips that would be 

initiated by a malfunction in the secondary system (feedwater and steam). To 

obtain an earlier reactor trip (rather than delaying the trip until an operator 
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took action or when a primary system parameter exceeded its trip setting) the 

licensee committed to install a hard-wired control-grade reactor trip on loss 

of all main feedwater and/or turbine trip. (Letter from W. Lee (DPC) to 

H. Denton (NRC) dated April 26, 1979.) The Order requires that: 

11 Implement a hard-wired control-grade reactor trip on loss of main 

feedwater and/or turbine trip. 11 

The purpose of this anticipatory trip is to minimize the potential for opening 

the Pilot Operated Relief.Valves (PORVs) and/or the safety valves on the 

pressurizer. The licensee has estimated that the new anticipatory trip will 

result in a reactor trip 3 to 10 seconds earlier for loss of all main feedwater 

and turbine trip events, and the staff generally agrees. 

The licensee has added new nonsafety-grade circuitry to Units 1, 2, and 3 

which is designed to provide an automatic reactor trip when either the main 

turbine trips or all the main feedwater is lost. 

The main turbine trip is sensed by an existing normally deenergized auxiliary 

relay in the main turbine Electro-Hydraulic control system. The relay is 

energized by a Class IE de power supply upon any turbine trip signal on the 

main turbine trip bus. The relay provides two contact closures to energize 

two de shunt coils (one in each of the two reactor trip ac circuit breakers) 

to open each of the breakers and trip the reactor. The shunt coil power 

supply is also from the Class IE de source. Both ac circuit breakers must be 

opened to cause reactor trip. Provisions have been included to bypass the 

D-114 



turbine trip signal to the breaker (via a main control room switch) for startup 

and/or low power levels. 

The total main feedwater loss is sensed by a normally energized auxiliary 

relay in the EFW actuation circuitry. The relay is deenergized by either a 

low pressure signal in the main feedwater discharge header or i.ndication that 

both main feedwater pumps are tripped (indication is provided by feedwater 

pump turbine steam stop valve limit switches.) The relay provides a contact 

closure to energize each of the same two de shunt coils energized in the event 

of a turbine trip to open the ac circuit breaker and trip the reactor. A loss 

of the 115 VAC Class IE power to this relay will cause a reactor trip and 

initiate EFW. 

The turbine trip and main feedwater trip circuits are wired in parallel to 

each coil such that either signal will cause the ac circuit breakers to open. 

The licensee has analyzed thts additional circuitry with respect to its inde

pendence from the existing reactor trip system. They have stated that the 

shunt coil is part of the existing ac reactor trip breaker. This shunt coil 

is powered by a Class IE 125 VOC supply. It is not classified as part of the 

existing reactor trip system. However, it is separate and operates indepen

dently from the 120 VAC undervoltage trip coil of the same ac breaker. The 

reactor trip safety-grade signal deenergizes the 120 VAC undervoltage coil to 

produce a trip of the same ac breaker. The new cabling assoc,iated with the 

added circuitry is located in the cable room/control room area and is routed 

with the non~Class IE cabling throughout. 
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The licensee has committed to perform a monthly test on the added circuitry in 

order to demonstrate its ability to open the ac circuit breakers. 

Based on our review of the implementation of the trip circuitry with respect 

to its independence from the existing trip circuitry, we conclude that this 

addition will not degrade the existing reactor protection system design. 

Based on the licenseeis design and commitment to perform a monthly test on the 

new circuitry, we conclude that there is reasonable assurance that the system 

will perform its function. The resident IE lnspector has confirmed that the 

checkout tests for this circuitry were ·completed successfully. 

On the basis of the above, we conclude that the new trip complies with the 

requirements of item (c) of paragraph (1) of the Order. 

Item (dJ 

This item in the Order requires the licensee to: 

11 Complete analyses for potential small breaks and implement 

operating instructions to define operator action. 11 

By letter from W. Lee (OPC) to H. Denton (NRC) dated April 26, 1979, the 

licens~e committed to providing the analyses and operating procedures of this 

requirement. 
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Babcock & Wilcox, the reactor vendor for the Oconee plants, submitted an 

analysis entitled, 11 Evaluation of Tr·ansient Behavior and Small Reactor Coolant 

System Breaks in the 177 Fuel Assembly Plant11 and supplements to this analysis 

(References 1 through 5). The major parameters used in this generic study 

conservatively bound the Oconee plants. EG&G on NRC's request also performed 

two reactor coolant system small break calculations for the Oconee plant. The 

EG&G calculations were consistent with B&W results. The staff evaluation of 

B&W generic study has been completed and the results of the evaluation will be 

issued as a NUREG report prior to June 1, 1979. 

A principal finding of our generic review is a reconfirmation that Loss of 

Coolant Accident (LOCA) analyses of breaks at the lower end of the small break 

spectrum (smaller than 0.04 sq. ft.) demonstrate that a combination of heat 

removal by the steam generators, high pressure injection system and operator 

action ensure adequate core cooling. The auxiliary feedwater system used to 

remove heat through the steam generators has been modified to enhance its 

reliability as di.scussed in item (a). The high pressure injection system is 

capable of providing emergency core cooling even at the safety valve pressure 

set point. Reactor core uncovery is not predicted for these events. The 

calculated peak cladding temperature was less than 800°F, well below the 

10 CFR 50 .. 46 requirement of 2200°F. The abi 1 ity to remove heat vi a the steam 

generators has always been recognized to be an important consideration when 

analyzing small breaks. Sensit)vity analyses were performed with acceptable 

results assuming permanent loss of all feedwater (with operator initiation of 

the high pressure injection system at 20 minutes) and loss of feedwater for 

only the first 20 minutes of the accident. These are acceptable results 
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considering the ability to locally start the EFW pumps in five minutes as 

discussed under item (a) of this evaluation, assuming failure of automatic EFW 

actuation. 

Another aspect of the studies was the assessment of recent design changes on 

the lift frequency of pressurizer safety and relief valves. The design changes 

included change in the setpoint of the pressurizer relief valve from 2255 psi 

to 2450 psi, change in the high pressure reactor trip setpoint from 2355 psi 

to 2300 psi and the installation of anticipatory reactor trips on turbine trip 

and on loss of feedwater. In the past, during turbine trip and loss of feed

water transients the pressurizer relief valves were lifted. With the new 

design these transients do not result in·lifting of the relief valve. However, 

lifting of both relief and safety valves might occur in case of rod withdrawal 

and boron dilution transients, using the normally conservative assumptions 

found in the Chapter 15 safety analyses. The above design changes did not 

effect the lift frequency of the safety valves for these events. 

Based on our review of the small break analyses presented by B&W, the staff 

has determined that a loss of all main feedwater with (a) an isolated PORV, or 

(b) a stuck open PORV consequentially does not result in core uncovery, provided 

either EFW or 2 HPI pumps are initiated within 20 minutes. Based on the accept

able consequences calculated for small break LOCAs and loss of all main feedwater 

events and the expected reliability of the EFW and high pressure injection 

systems, we conclude that the licensee has complied with the analysis portion 

of paragraph (l)(d) of the Order. 

D-118 



To support longer term operation of these facilities, requirements will be 

developed for additional and more detailed analyses of loss of feedwater and 

other anticipated operational transients. More detailed analysis of small 

break LOCA events are also needed for this purpose. Accordingly, the licensee 

will be required to provide the analyses discussed in Sections 8.4.1 and 8.4.2 

of the recent NRC Staff Report of the Generic Assessment of Feedwater Transients 

in Pressurized Water Reactors Designed by the Babcock and Wilcox Company 

(NUREG 0560). Further details on these analyses and their applicability to 

other PWRs and BWRs will be specified by the staff in the near future. In 

addition, to assist the staff in developing more detailed guidance on design 

requirements of relief and safety valve reliability during anticipated tran

sients, as discussed in Section 8.4.6 of the NUREG report, the licensee wiTl 

be required to provide analyses of the mechanical reliability of the pressurizer 

relief and safety valves of the Oconee facilities. 

The B&W analyses show that some operator action, both immediate and followup, 

is required under certain circumstances for a small break accident. Immediate 

operator action is defined as those actions, committed to memory by the operators, 

which are necessary to take as soon as the problem is diagnosed. In order to 

carry out followup actions the operators must consult and follow instructions 

in written and approved procedures. These procedures must always be readily 

available in the control room for the operators' use. Guidelines were developed 

by B&W in order to assist the utility staff of the operating B&W facilities to 

develop emergency procedures for the small break accident. 
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The 110perating Guidelines11 for Small Breaks were issued by B&W on May 5, 1979, 

and reviewed by the NRC staff. · Revisions recommended by the staff were incor

porated in the guidelines .. In response to these gutdelines, the DPC staff at 

the Oconee Nuclear Station made substantial revisions to EP/0/A/1.800/4, Loss 

of Reactor Coolant. This emergency procedure defines the required operator 

action in response to a spectrum of break sizes for a LOCA in conjunction with 

various equipment availability and failures. The procedure is divided into 

eight sections beginning with excessive reactor coolant system leakage without 

a reactor trip and concluding with a rupture in excess of the capability of 

three high pressure injection pumps. The latter case is the larger break 

accident in which the system depressurizes to the point of low pressure injection. 

Six cases of small break accidents are considered in the procedure. The first 

one assumes that feedwater to the steam generators and the reactor coolant 

pumps is available but the reactor is not automatically tripped. The second 

case increases the break size to cause an automatic trip of the reactor. In 

both cases, the required operator actions are generally the same and a safe, 

cold shutdown of the plant is accomplished with normal cooldown procedures. 

The other four small break procedures provide guidance to the operators for 

dealing with. degraded conditions such as loss of feedwater and/or loss of 

reactor coolant pumps. If feedwater is lost, a heat removal path is estab

lfshed from the high pressure injection system through the break and pres;.. 

surizer PORV or the safety valves. Once feedwater is reestablished, the steam 

generators can be used as a heat sink. 
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If the reactor coolant pumps are not available, the operators are directed to 

establish and verify natural circulation. Additional guidance is provided if 

natural circulation is not immediately achieved. 

For all cases in which HPI is manually or automatically initiated, the operators 

are specifically instructed to maintain maximum high press·ure_jnjection flow 

unless two criteria are met. These criteria are: 

1. Both LPI pumps are in operation and flowing at a rate in excess of 

1000 gpm and the situation has been stable for 20 minutes, or 

2. All hot and cold leg temperatures are at least 50 degrees below the 

saturation temperatures for the existing reactor coolant system 

pressure. If the SO_degrees subcooling cannot be maintained after 

high pressure injection cutoff, the HPI shall be reactuated. 

The requiremen~ to determine and maintain 50°F subcooling has been incorporated 

in all other procedures in which HPI has been manually or automatically initiated. 

These procedures include: Steam Supply System Rupture, Steam Generator Tube 

Rupture, Loss of Reactor Coolant Flow and Loss of Steam Generator Feedwater. 

Each of these procedures, in.addition to the Loss of Reactor Coolant procedure, 

provide additional instructions to the operators in the event of faulty or 

misleading indications. A subsequent action statement directs the operators 

to check alternate instrumentation channels to confirm the key parameter 

readings. 
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The Loss of Reactor Coolant procedure was reviewed by the NRC staff to determine 

its conformance with the B&W guidelines. Comments generated as a result of 

this review were incorporated in a further revision to the procedure. Two 

members of the NRC staff 11walked through11 the latest revision to this emergency 

procedure in the Oconee control rooms. The procedure was judged to provide 

adequate guidance to the operators to cope with a small break LOCA. The 

instrumentation necessary to diagnose the break, the indications and controls 

required by the action statements, and the administrative controls which 

prevent unacceptable limits from being exceeded are readily available to the 

operators. We conclude that the· operators should be able to use this procedure 

to bring the plant to a safe shutdown condition in the event of a small break 

accident. 

An audit of fourteen licensed operators and senior operators was conducted by 

the NRC staff to determine their understanding of the small break accident 

including how the operators are required to diagnose and respond to it. The 

Oconee staff has conducted special training sessions for the operators on the 

concept of and use of the emergency procedures, EP 1800/4. We found the 

operators had sufficient knowledge of the small break phenomenon and the 

general requirements of the emergency procedure. Each licensed individual has 

since received additional training on the approved procedure prior to assuming 

his shift duties. 

The audit of the operators also included questioning about the TMI-2 incident 

and the resulting design changes made at Oconee. Our discussions with them 

covered the initiating events of the incident, the response of the plant to 
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the simultaneous loss of feedwater and small break LOCA (PORV stuck open), and 

the operational errors that were apparently made during the course of the 

incident. We found their level of understanding sufficient to be able to 

respond to a similar situation if it happened at Oconee. We can also conclude 

they have adequate knowledge of thermodynamic processes of subcooling and 

saturated conditions and are able to recognize each in the primary coolant 

system. 

Based on the foregoing evaluation, we conclude that the licensee has complied 

with the requirements of item (d) of paragraph (1) of the Order. 

Item (e) 

By letter from W. Parker (DPC) to J. o•Reilly (NRC) dated May 4, 1979, the 

licensee has confirmed that all reactor operators and senior reactor operators 

assigned to the Oconee control rooms have completed the TMI-2 training at B&W 

as required by the Order. This training consisted of a class discussion of 

the TMI-2 event and a demonstration of the event on the simulator as it occurred 

and how it should have been controlled. The class discussion was about one 

hour long and the remainder of the four to six hour session was conducted on 

the simulator. The TMI-2 event, including operational errors, was demonstrated 

to each operator. The event was again initiated and the operators were given 

11 hands-on11 experience in successfully regaining control of the plant by several 

methods. Other transients whic~ resulted in depressurization and saturation 

conditions were presented to the operators in which they maneuvered the plant 

to a stable, subcooled condition. 
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The.licensed operators and senior operators have received in excess of 23 

hours of training concerning.the TMI-2 accident and followup actions. Nearly 

30 percent of the licensed individuals on shift duty at the 3 units were 

interviewed by the NRC. The results were judged to be satisfactory with some 

generic deficiencies noted to their management. In order to correct these 

deficiencies, Duke Power Company has committed (letter from W. 0. Parker (DPC) 

to H. Denton (NRC) dated May 16, 1979) to a written examination by their 

training services group. An individual must receive a grade of 90% before he 

will be utilized at the control board of an operating unit. For long term 

verification of the effectiveness of the training, Duke Power Company has 

contracted with B&W and General Physics Corporation to independently perform 

audits on the operators. The NRC staff will review all results and rec~mmen

dations as part of our normal inspection function of their requalification 

program. We conclude that there is adequate assurance that the operators at 

Oconee have and will continue to receive a high level of training concerning 

the TMI-2 accident and the consequent impact at their station. 

Based on our interviews with a sample of the licensed operators and Duke Power 

Company•s commitment to examine all of their operators, we conclude that the 

licensee has complied with the requirements of item (e) paragraph (1) of the 

Order. 

CONCLUSION 

We conclude that the actions described above fulfill the requirements of our 

Order of May 7, 1979 in regard to Paragraph ~1) of Section IV. The licensee 

having met the requirements of Paragraph (1) need not shut down Unit 1 as 
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described in Paragraph (4) and may restart Unit 2 and Unit 3 as provided by 

Paragraphs (2) and (3). Paragraph (2) of Section IV of the Order is related 

specifically to Oconee Unit No. 3, which is currently shutdown for a reload. 

Unit 3 is undergoing a reload review and cannot restart until NRC issues a 

license amendment related to the reload review in addition to meeting the 

requirements of Paragraph (2) of Section IV of the Order. Paragraph (5) of 

Section IV of the Order remains in force until the long term modifications set 

forth in Section II of the Order are completed and approved by the NRC. 

Dated: May 18, 1979 
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UNITED STATES NUCLEAR REGULATORY COMMISSION 

DUKE POWER COMPANY 

DOCKETS NOS. 50-269, 50-270, AND 50-287 

NOTICE OF AUTHORIZATION TO RESUME OPERATION 

7590-01 

The United States Nuclear Regulatory Commission issued an Order 

on May 7, 1979 (44 F.R. 27776, May 11, 1979), to Duke Power Company 

(the licensee}, holder of Facility Operating Licenses Nos. DPR-38, DPR-

47 and DPR-55 for Oconee Nuclear Station, Units Nos. 1, 2 and 3, con-

firming that the licensee accomplish a series of actions, both immediate 

and long term, to increase the capability and reliability of Oconee 

Units Nos. 1, 2 and 3 to respond to various transient events. In addition, 

the Order confirmed that the licensee would shut down Oconee 3 on 

April 28, 1979, an additional Oconee unit on May 12, 1979, and remaining 

unit on May 19, 1979, unless, with respect to the latter two units, the 

following actions had been accomplished prior to the prescribed dates: 

(a) Install automatic starting of the interconnected emergency 
feedwater system so that all three pumps will receive a 
start signal from any affected unit, and test the system 
for stability. The emergency feedwater pump discharge flow 
will be connected to the interconnection headers such that 
each or all of the emergency feedwater pumps can supply 
water to any unit. Until these modifications and tests are 
completed, operating personnel will be stationed at each 
emergency feedwater pump with a direct communication link 
to that unit's control room. In addition, the following 
procedura 1 changes, put into effect on· Apri 1 25, 1979 to enhance 
the reliability of the emergency feedwater system, will remain in 
force: 

(1) The discharges of these pumps have been tied together by 
alignment of manual valves such that each and all of the 
pumps can supply emergency feedwater to any Oconee Unit 
requiring it. 
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7590-01 

- 3 -

Copies of (1) the licensee•s letter dated May 7, 1979, and two letters 

dated May 9, 1979, (2) the Director•s letter dated May 18, 1979 and 

(3) the Safety Evaluation dated May 18, 1979 are available for inspection 

at the Commission•s Public Document Room at 1717 H Street, N.W.~ Washington, 

D.C. 20555, and are being placed in the Commission•s local public document 

room at the Oconee County Library, 201 South Spring, Walhalla, South 

Carolina 29691. A copy of items (2) and (3) may be obtained upon re

quest addressed to the U. S. Nuclear Regulatory Commission, Washington, D.C. 

20555, Attention: Director, Division of Operating Reactors. 

Dated at Bethesda, Maryland 
this 18th day of fwlay 1979. 

FOR THE.NUCLEAR REACTOR REGULATION 

,r) I ,, J/1 /~ -/~ 
OL-1//--?._,. Jt/t-· ~if 
Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 
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+ q, UNITEDSTATES !w ~ NUCLEAR REGULATORY COMMISsiON 
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~ E WASHINGTON. D. C. 20656 
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-:...., o"' 
~ ~ ..... ~ 
Docket Nos.: 50-269, 50-270 

and 50-287 

r-tr. ·Wf lli am 0. Parker 
Vfce President - Steam Production 
Duke Power Company 
P.O. Box 2178 · 
422 South Church Street 
Ch~rlotte, North Carolina . 28242 

Dear Mr. Parker: 

OCT 16 1979 

SUBJECT: EMERGENCY FEEDWATER FLOW RATE AND STABILITY TEST FOR OCONEE 1, 2, & 3 

· In your letter dated August 22, 1979, you requested exemption from the flow rate 
and flow ~tability test that we required in our May 18, 1979 evaluation of your 
compliance with the NRC Order of May 7, 1979. 

We have reviewed·your r.equest and conclude that the flow test we required in our 
May 18, 1979 evaluation will not be necessa~ provided all motor-operated pumps· 
are available prior to three unit operation. The enclosed evaluation describes 
the details of our review and provides the basis for our conclusion. 

As' stated on page two of the enclosed evaluation, the addition of the two motor-
. driven pumps to each unit requires· that new analyses be perfonned regarding a 

main steam line break inside containment since the peak containmen.t pressure may 
be affected due to. the emergency feedwater flow which is dependent on manual 
actions to isolate· flow to the affected steam generator. In perfonning the 
analyses, you must consf~er the run out flow from the turbine-driven pump and 
one motor~driven pump. Please provide us a date by which we can expect to 
receive the revised analyses. 

If you have any additional ~uestions, please do not hesitate to call me. 

Enclosure: 
Sucolenent 1 to Evaluation of 

Licensee's Compliance \'lith the 
.. ~,. OP"der de. ted ~1av 7, 1979 

cc: See attached distributioh list 

Sincerely, 

OriaL~ol s!e;nod byr 

Robert W. Reid, Chief 
Operating Reactors Branch No. 4 
Division of Operating Reactors 
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~~. ~illiam L. Porter 
:·:.:~e ?c .... :r Conpany 
F:s: Office Sox 217g 
'22 Sc-uth Church Street 
c:-;a:--iotte, t;orth tarolina 28242 

J. ~~icliael flcGarry, Ill, Esquire 
Ce5evoise & Liberhlan 
7:0 ~horeham Sui1ding 
E :! e 1 5 ~h Street, N. ~. 
lias hi ng:on-, 0. C. 20005 

~---~;h1c J;nes M. Phinnev .. ...~ .. ..,. -~·- - .. 
C ........ ,"~'Y '''~"~e .... visor of Oconee County t.r-· - --,. 
~alhalla~ Sout~ Carolina 29621 

Di~:ctcr, Technical Assessr.ent 
Civision 

Cffice-of Radiation Prograu:s __ 
(Ah'-~59) 

U. S. Environmental Protection Agency 
Crvstal Ma11 #.2 
Ar1ington; Virginia 20460. 

u. s. Environwenta1 Protection Agency 
~eoion IV Office 
AT'rtJ':. ElS COORDll~ATOR 
345 Courtland Street, N.E. 
~tlanta, Georgia 30308 

U. S. Nuclear Regulatory Commission 
~e:ion I I 
:~~•ce of Inspection and Enforcement 

? . C·. :~x 85 
2SCi8 
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ENCLOSURE 

.SUPPLEMENT 1 TO nEVALUATION OF LICENSEE'S COMPLIANCE WITH THE 
NRC ORDER DATED·MAY 7, l979- DUKE POWER COMPANY- OCONEE-NUCLEAR STATION, 
UNITS 1, 2,.& 3- DOCKET NOS. 50-269, 270, AND 287" DATED MAY 18, 1979 

DISCUSSION 
Our staff evaluation of Duke Power Company's compliance with the Commission 
Order of May 7, 1979, required that the licensee demonstrate acceptable flow 
rates and flow stability.with only two operating steam-driven emergency feedwater 
(EFW) pumps when all three units were operational. This test was required since 
the EFW system for Oconee, existing at that time, consiste~ of only three turbine-. 
driven pumps which would normally be cross-connected to feed all three units •. 
The failure of one pump would necessitate that two turbine-driven pumps be 
capable of supplying adequate EFW to all three units. To ensure adequate flow 
to all three units, we required a test to show that two pumps could meet the 
EFW needs for all three units. 

However, since this requirement was transmitted on May 18, 1979, there has been 
no instance in which all three units were operating. Duke Power Company is 
presently modifying the EFW design at Oconee such that each unit will have a 
turbine-driven pump and two motor-driven pumps. Each three-pump system will 
be dedicated to one reactor unit and will operate with the systems not cross
connected. The modifications are complete for Unit 3 and essentially complete 
for Unit 1. The modifications to Unit 2 are partially complete and should be 

finished dOring the present scheduled shutdown. Duke Power Company states that, 
with the completion of installation of the motor-driven pumps for each unit, 
the operation of all three units with the cross-connected steam-driven EFW 
pumps will no longer be an established mode of operation, thereby making the 
test described above unnecessary. 

The modified EFW system will include two motor-driven pumps (500 gpm) and one 
turbine-driven pump (1080 gpm) for each unit. All three pumps will automatically 
start on loss of main feedwater pumps or low feedwater pressure. A single 
failure of any pump could reduce the· available feedwater supply to a minimum 

D-131 



- 2 -

of 1000 gpm (assuming failure of a turbine-driven pump) to one unit when all 
three units are operating. A single failure of one pump for the original 
three turbine-driven pump design would reduce the available feedwater to each 
unit to 720 gpm. assuming no flow instabilities. Since the two motor-driven 
pu~ps will provide additional feedwater capabilitr assuming a single failure, 
the emergency feedwater system will no longer be required to be cross-connected 

·between units. Cross-connected EFW system operation was the basis for the 
flow testing requirements wi~h two turbine-driven EFW p~mps supplying three 
units. 

The addition of the·two motor-driven pumps to each unit requires that new 
analyses be performed regarding a main steam line break inside containment 
since the peak containment pressure may be affected due to the emergency 
feedwater flow which is dependent on manual actions to isolate flow to the 
affected steam·gener~tor. The licensee must perform an analysis which 
considers the run out flow from the turbine~driven and one motor-driven EFW 
pumps. 

CONCLUSION 
B~sed on our review of the proposed modifications as described above, and with 
the resolution of the main steam line break concern-, we conclude that the 
addition of the motor-driven pumps will be an improvement relative to the 
existing·"turbine onlyn configuration and that the flow testing requirements 

c . 

for two turbine-driven pumps supplying three units are not necessary. 
Simuftaneous three unit operation will not occur prior to the installation 
and testing of the motor-driven pumps. These tests will be witnessed by the 
IE site inspector. 
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UNireo STATES · 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20555 

June 27, 1979 

Docket No. 50-312 

Mr. J. J. Mattfmoe 
Assistant General Manager and 

Chief Engineer 
Sacramento Municipal Utlfty District.! 
6201 s·street 
P. 0. Box 15830 
Sacramento, California 95813 

Dear Mr. Mattfmoe: 

By Order of May 7, 1979, the Commission confiMmed your undertaking a series 
of actions, both immediate and long teMm, to increase the capability and 
reliability of the Rancho Seco Nuclear Generating Station to respond to 
various transient events. In addition, the Order confirmed that you would 
shut down Rancho Seco on April 28, 1979, and maintain the plant in a shut
down condition until the following actions had been satisfactorily completed: 

{a) Upgrade the timeliness and reliability of deliver,y from the 
Auxiliary Feedwater System by carr,ying out actions as identified 
in Enclosure 1 of your letter of April 27, 1979. 

{b) 

{c) 

(d) 

(e) 

Develop and implement operating procedures for initiating and 
controlling .. auxiliary feedwater independent of llltegrated Control 
System control. 

Implement a hard-wired control-grade reactor trip that would be 
actuated on loss of main feedwater and/or turbine tri.p. 

Complete analyses for potential small breaks and develop and 
implement operating instructions to define operator action. 

Provide for one Senior Licensed Operator assigned to the control 
room who has had Three Mile Island Unit No. 2 (THI-2) training 
on the B&W sfmul ator. 

By submittal of May 14, 1979, as supplemented by seven letters dated May 22, 
24, 29, 30(3) and June 6, 1979, you have documented the actions taken fn 
response to the May 7 Order. We have reviewed this submittal, and are satisfied 
that, ·with respect to Rancho Seco, you have satfsfactori~y completed the actions 
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Mr. J. J. Mattimoe -2-

prescribed _in items {a) through (e) of paragraph (1) of Section IV of the 
Order, the specified analyses are acceptable, and the specified implementing 
procedures are appropriate. The bases for these conclusions are set forth 
in the enclosed Safety Evaluation. 

As noted on page 13 of the Safety Evaluation, you will be required to conduct 
a test during power operation to demonstrate operator capability to assume 
manual control of the Auxiliary Feedwater System independent of the Inte-
grated Control System. · 

Appropriate Technical Specifications for Limiting Conditions for Operation 
_and for surveillance requirements should be developed as soon as practicable 
and provided to the staff within seven days with regard to the design and 
procedural changes which have been completed in compliance with the provisions 
of the May 7, 1979 Commission Order. The revised Technical Specifications should 
cover: 

(1) Addition of flow indication to the Auxiliary Feedwater System; 

(2-) Addition of the Anticipatory Reactor Trips; and 

(3) Changes 1-n set points for high pressure reactor trip and 
PORV actuation. 

Within 30 days of receipt of this letter, you should provide us with your 
schedule· for completion of the long tenn modifications described in Section II of 
the May 7 Order, and you should submit for staff review the model used in the 
analysis for potential small breaks referenced in your letter of May 14, 1979. 

MY finding of satisfactory compliance with the requirements of items (a) through 
(e) of paragraph (1) of Section IV of the Order will pennit resumption of 
operation in accordance with the tenns of the Commission• s Order; it ·in no way 
affects your duty to continue in effect all of the above provisions of the Order 
pending your submission and approval by the Commission of the Technical Specifi
cation changes necessary for each of the required modifications. 

Sincerely. t:/' 
~~R:C~or 
· Office of Nuclear Reactor 

Regulation 

Enclosures: 
1. Safety Evaluation 
2. Notice · 

cc w/enclosures:_ See next page 
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Sacramento MUnicipal Utility 
District 

cc w/enclosure(s): 
David s. Kaplan, Secretary and 

General Counsel 
6201 S Street 
P. 0. Box 15830 
Sacramento, California 95813 

Sacramento County 
Board of Supervisors 
827 7th Street, Room 424 

· Sacramento, CaHfornia 95814 

California Energy Commission 
ATTN: Librarian 
1111 Howe Avenue 
Sacramento, California 95825 

Business and Municipal Department 
Sacramento City-County Library 
828 I Street 
Sacramento, California 95814 

Director, Technical Assessment 
Division 

Office of Radiation Programs 
(AW-459) 

U. s. Environmental Protection Agency 
Crysta 1 Ha 11 12 
Arlington, Virginia 20460 

U. S. Environmental Protection-Agency 
Region IX Office 
ATTN: EIS CO(RDINATOR 
215 Fremont Street 
San Francisco, California 94111 

Mr. Frank Hahn 
California Energy Commission 
1111 Howe Avenue 
Sacramento, ca 1 i fomf a 95825 

Ms. Eleanor Schwartz 
California State Office 

Michael L. Glaser, Esq. 
1150 17th· Street, N. W. 
Washington, D. C. 20036 

Dr. Richard F. Cole 
Atomic Safety and Licensing B~ar~ Panel 
u. S. Nuclear Regulatory Comm1ss1on 
Washington, D. C. 20555 

Mr. Frederick J. Shon 
Atomic Safety and Licensing Board Panel 
u. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Timothy V. A. Dillon, Esq. 
Suite 380 
1850 K Street, N. W. 
Washington, D. C. 20006 

Mr. Mark Vandervelden 
Ms. Joan Reiss 
Mr~ Robert Christopherson 
Friends of the Earth 
California Legislative Office 
717 K Street, 1208 
Sacramento, California 95814 

Atomic Safety and.:·Lfcensing Board Panel 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Atomic Safety and Licensing Appeal 
Board Panel 

U. S. Nuclear Regulatory COmmission 
Washington, D. C. 20555 

Mr.RDbertB.Iorsllft 
Babcock I Wilcox · 
Nuclear Power Generation Division 
Suite 420, 7735 Old Georgetown Road 
Bethesda, Maryland 20014 

Mr. Richard D. Castro 
Mr. Gary Hursh 
Sacramento Municipal Utility 

District 
6201 S Street 
P. 0. Box l5.8l0. 

600 Pennsylvania Avenue, S. E., Roam 201 
Washington, D. C. 20003 

Sacramento, California 95817 

cc w/enc1osure(s) and incoming 
Docketing and Service Section 
Office of the Secretary 
U. S. Nuclear Regulatory Commission · 
Washington, D. C. 20555 
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California Department of Health 
ATTN: Chief, Envi·ronmenta1 

Radiation Control Unit 
Radiological Health Section 
714 P Street, Room 498 
Sacramento, California 94814 



EVALUATION OF LICENSEE'S COMPLIANCE 

WITH THE NRC ORDER DATED MAY 7, 1979 

SACRAMENTO MUNICIPAL UTILITY DISTRICT 

RANCHO SECO NUCLEAR GENERATING STATION 

DOCKET NO. 50-312 

June 27, 1979 
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INTRODUCTION 

By Order dated May 7, 1979, (the Order) the Sacramento Municipal Utility 

District (SMUD or licensee) was directed by the NRC to take certain actions 

with respect to Rancho Seco Nuclear Generating Station. Prior to this Order 

and as a result of a preliminar,y review of the Three Mile Island Unit No. 2 

(TMI-2) accident, the NRC staff initially identified several human errors that 

contributed significantly to the severity of the event. All. holders of operating 

licenses were subsequently instructed to take a number of immediate actions to 

avoid repetition of these errors, in accordance with bulletins issued by the 

Commission's Office of Inspection and Enforcement (IE). Subsequently, an 

additional bulletin was issued by IE which instructed holders of operating_ 

licenses for B&W designed reactors to take further actions, including immediate 

changes to decrease the reactor high pressure trip point and increase the 

pressurizer power-operated relief valve (PORV) setting.* 

The NRC staff identified certain other safety concerns that warranted additional 

short-term design and procedural changes at operating facilities having B&W 

designed reactors. Those were. identified as items (a) through (e) on page 1-7 

of the 110ffice of Nuclear Reactor Regulation Status Report to the Ca.ission11 

dated April 25, 1979. After a series of· discussions between the NRC_staff and 

the licensee concerning possible design modifications and changes in operating 

procedures, the. licensee agreed~ in a letter dated April 27, 1979, to perform 

promptly certain actions. The Commission found that operation of the plant 

lt[IE Bulletins Nos. 79-05 (April 1, 1979), 79-05A (April 5, 1979), and 79-058 
(April 21, 1979) apply to all B&W facilities.] 
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sh~uld not be resumed until actions described in paragraphs (a) through (e) of 

paragraph (1) of Section IV of the Order were satisfactorily completed. 

Our evaluation of the licensee's compliance with items (a) through (e) of 

paragraph (1) of Section IV of the Order is given below. In perfonDing this 

evaluation we have utilized· additional infomation provided by the licensee on 

May 14, 22, 24, 29, 30, and June 6, 1979, and numerous discussions with the 

licensee's staff. Confirmation of design and procedure changes was11ade by 

members of the NRC staff at the Rancho Seco site. An audit of the Rancho Seco 

reactor operators was also performed by_ the NRC staff to assure that the 

design and procedure changes were understood and were being correctly implemented 

by the operators. 

EVALUATION 

Item a 

It was ordered that the licensee take the following action: 

"Upgrade the- timeliness and reliability of delivery fro11 the Auxiliary 

Feedwater System ~ carrying out actions as identified in Enclosure 1 of 

the licensee• s ietter of April 27, 1979. 11 

The Rancho Seco auxiliary feedwater (AFW) design has one turbine/motor tandem 

drive pump (P-318} that is autolliatically actuated and controlled independent 
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of offsite power, and one motor-driven AFW pump (P-319) that is automatically 

started, but must be manually transferred to a vital AC bus if offsite power 

is lost. The turbine/motor driven pump will be manually started, according to 

procedure, from a vital AC bus if the turbine drive fails. By reference above 

to Enclosure (1) of the licensee's letter of April 27, 1979, it was ordered 

that the licensee: 

"1. Review procedures, revise as necessary and conduct training to 

ensure timely and proper starting of motor driven auxiliary feed

water (AFW) pump(s) from vital AC bu.ses upon loss of offsite power. 11 

The licensee has developed Section 7.5 of Operating Procedure A.Sl (11 Auxiliary 

Feedwater System11 ) to provide specific direction for the operator on the steps 

required to load motor driven pump P-319 on nuclear service bus 4A and to 

secure the steam to the-turbine on the dual-drive pump P-318, in the event of 

inoperability of the steam drive, and load the motor drive on nuclear service 

bus 48. Bypass keys are required to complete the connection of the auxiliary 

feedwater pump motors to the diesel powered buses (nuclear service buses 4A 

and 48); these keys are available in the office adjacent to the control room. 

Emergency Procedure D. 1 ("Load Rejection") directs the operator to use Operating 

Procedure A.Sl if main feed pUmp operation cannot be maintained. The NRC 

staff verified that the operators are knowledgeable in the procedure for 

loading the AFW pumps on the vital AC buses. The NRC staff concludes that the 

licensee has adequate procedures and the operators are trained to start the 

AFW system from diesel powered buses upon loss of offsite power or load rejection 

and therefore, is in compliance with this part of the Order. 

D-139 



It was also ordered that: 

112. To assure that AFW will be aligned in a timely manner to inject on 

all AFW demand events when in the surveillance test mode, procedures 

will be implemented and training conducted to provide an operator at 

the necessar.y valves in phone communications with the control room 

during the surveillance mode to carr.y out the valve alignment changes 

upon AFW demand events. 11 

Surveillance Procedures SP 210.01A and SP 210.018 are used for the quarterly 

surveillance and inservice testing of auxiliar.y feed pumps P-318 and P-319, 

respectively. These procedures have been revised to include the following 

statement; "Station an operator at FWS-055, auxiliar.y feedwater system full 

flow recirculation valve in continuous communication with the control room 

until FWS-055 is secured closed at the completion of this test. 11 In addition 

to the above procedure revisions, the licensee has added FWS-492 (bypass valve 

for FWS-055) to the 11 LockedValve List" (SP 214.03). The licensee has also 

incorporated independent verification of valve lineups following surveillance 

testing and/or maintenance of the AFW system. 

The NRC staff has reviewed SP 210.01A and SP 210.018 to verify that the procedures 

contain specific directions to return each valve that was operated during the 

conduct of- the surveillance test to its proper position. The local operator 

has to close a valve (FWS-855) when so instructed by the control room operator 
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or if he loses communication with the control room. The NRC staff has verified 

that the operators are familiar with this test procedure. We conclude that 

the licensee has adequate procedures to assure that AFW will be aligned in a 

timely manner to inject on all AFW demand events when in the surveillance test 

mode and therefore, is in compliance with this part of the Order. 

It was ordered that: 

113. Procedures.will be developed and implemented and training conducted 

to provide for control of steam generator level by use of safety 

grade AFW bypass valves in the event that ICS steam generator level 

control fails.•• 

The licensee has developed Emergency Procedure D. 14 ('1Loss of Steam Generator 

Feed;1 ) that describes the symptoms that would result from a loss of main 

feedwat~r control that ~ have been caused by an integrated control system 

(ICS) failure. The proced~re has been reviewed by the NRC staff. ·. The operator 

is directed to restore feedwater to the steam generators by one of three 

methods. The preferred method is described in Section 7.7 of Operating Procedure 

A.51 ('1Auxiliary Feedwater System .. ). Section 7.7 directs the operator to: 

close the ICS controlled AFW control valves; start the AFW pumps; and maintain 

the steam generator levels, specified in the procedure, by manually operating 

the motor driven AFW ~ass valves from the control room. In this mode the 

pumps and valves will operate independent of the ICS. The operator is provided 

with AFW flow rate and stea11 generator level indications in the control room 

for each steam generator. 
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Since the AFW bypass valves will fully open on a safety features actuation 

signal (SFAS)*, the operator is provided with instructions on how to take 

manual control of the valves after a SFAS. NRC staff has conducted an audit 

of the operator training and verified that the operators have been trained to 

carr,y out those procedures. 

The NRC staff concludes that the licensee has developed adequate procedures 

and operator training to control AFW flow to the steam generators to specified 

values independent of the ICS, should a failure of the ICS occur, and therefore, 

is in coanpliance with this part of the Order .• 

It was also ordered: 

114. Verification that Technical Specification requirements of AFW capacity 

are in accordance with the accident analysis will be conducted. 

Pump capacity with mini flow in service will also be verified." 

The licensee has conducted the verification that Technical Specification 

requirements of AFW capacity are in accordance with the accident analysis for 

the Rancho Seco Nuclear Station. The Technical Specification states, as a 

*[The safety features actuation system (SFAS) monitors variables to detect 
loss of reactor coolant syste11 boundar,y integrity. Upon detection of 11out
of-1imi.t'' conditions of these variables, it initiates emergency core cooling 
(ECC) which consists of high pressure injection (HPI) and low pressure 
injection (LPI), Reactor Building cooling and isolation, and Reactor Building 
spray systeiiS. Additionally, it starts diesel generators GEA and GEB, which 
are in standby redundance with the nucleal' service buses 4A and 48.] 
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limiting condition for operation,,capability to supply feedwater at a process 

flow rate corresponding to a decay heat level of 4.5 percent of full reactor 

power from at least one of the following .aans: 

(a) a condensate pump and a main feed pump, or 

(b) a condensate pump, or 

(c) an auxilia~ feedWater pump. 

A 1etter from Babcock & Wilcox to the licensee, dated May 16, 1979, states 

that it has perfor.ad an analysis of the required AFW flow rate for the Rancho 

Seco Plant which shows that a decay heat level of 4.5 percent of rated power, 

plus the heat input from the RCPs, will require a total flow rate to either or 

both steam generators of approximately 760 gpm. 

Each of the two AFW pumps are sized to deliver 780 gpm to steam generators 

with 60 gpm mini flow in service. This pump capacity exceeds the minimum 

required AFW flow rate in the Rancho Seco safety analysis and Technical Specifi

cations. AFW pump capacity, with mini flow in service, has been verified by 

performing the quarterly 11AFW Systent Surveillance Test•• and the "Auxilia~ 

Feedwater Flow Indicator Functional Test" (STP 612). The results of these 

tests demonstrated that each of the two AFW pumps has the capability to deliver 

a minimum of 780 gpm into the steam generators, with mini flow in service. 

The licensee will reconfir. the •inimum AFW flow rate to the steam generators 

in a test immediately following startup. 
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Based on our review of the AFW flow rate test results, performed to date, we 

conclude that the licensee is in compliance with this part of the Order. 

It was also ordered that: 

115. Modifications will be made to provide verification in the control 

ro011 of AFW flow to each steam generator. •• 

To verify tha~ AFW is being pumped to the steam generators, the licensee has 

installed Clampitron Flowmeters on both of the AFW injection flow paths, 

downstream of the AFW control valves, so that the actual flow rate to each 

steam generator will be measured. The Clampitron Flowmeters consists of 

transducers, attached to the AFW piping, connected to a flow display computer. 

On command from the flow display computer, the transducer transmits an ultra

sonic beam through the water inside the pipe and the velocity of the beam, as 

affected by AFW flow, is analyzed by the flow display computer, which calculates 

the AFW flow rate in gpm. The AFW flow rate is displayed in the control room. 

A calibration test (STP-612) was conducted by the licensee to functionally 

test the.performance of the flowmeters. Performance of this test demonstrated 

that the indicated flow rate agreed with the calculated flow rate within the 

±201 acceptance criteria specified in the procedure. 

Based on our review of this design modification and test results, we conclude 

that the licensee is in compliance with this part of the Order. 
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It was also ordered that the licensee: 

•&. Review and revise, as necessary, the procedures and training for 

providing alternate sources of water to the suction of the AfW 

paaps.• 

Control ro011 alai'IIS are available to alert the operator to perfol'll the ~~anual 

transfer of the AFW supply source fro~~ the condensate storage tank {CST) to 

the plant reservoir. The CST is designed to seiSIIic Category I criteria. 

The licensee has reviewed and revised his Eaerge~ Procedures 0.10 (•Loss of 

Reactor Coolant Flow/RCP Trip•), 0.14 (•Loss of Steaa Generator Feed8 ), and 

Operating Procedure A.Sl {8 Auxiliary Feedwater Syste.•) to provide guid~e 

for the operator to obtain an alternate source of water for the suction of the 

AFW PUIIIPS. The revised procedures require the operator_ to break condenser 

vacul8 when the level reaches a level alal'll point of approxiutely 29 feet and 

to shift the AFW p&ap suction to the plant reservoir when the CST level is 

down to a second alal'll point of approxiutely 3 feet fro. the bottoll of the 

tank. The capacity of the CST is large enough to provide cooling for about -24 

hours before this transfer is required. The shifting to an a 1 ternate source 

of AFW pu.p suction is acc011plished by 11a11ually operating four isolation 

valves at a local valve station. The operator has about 40 •inutes to effect 

the transfer. The NRC staff has reviewed the revised Ellergency Procedures 

0.10 and 0.14 and Operating Procedure A.Sl and concludes that these prqcedures 

provide sufficient guidance ta the operator for a ti .. ly shifting to an alternate 

water source for the AFW p&~~ps, before the CST is e~~ptied._ 
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The NRC staff has verified that the control roo. operators are properly trained 

to -carry out these procedures. We conclude that the 1 i censee has COIIP 1 i ed 

with the require.ents of this part of the Order. 

It was also ordered that: 

•1. Design review and·IIOdification, as necessary, will be conducted to 

provide control roo. annunciation for all auto start conditions of 

the AfW systell. u 

The·licensee has provided indication for all auto start conditions of the AFW 

systell on an annunciation panel inside the control room. The conditions which 

will actuate the annunciator are: 

(a) loss of all reactor coolant pu.ps, or 

(b) ·low discharge pressure {850 psig) on both main feedwater pumps, or 

(c) unual start of the 110tor driven AFW pu.p. 

A safety features actuation signal, which will also automatically start AFW, 

had a 1 ready been annunciated in the contro 1 rooa before the current 

110difications. Based on our review of this design 110dification, we conclude 

that the licensee is in COIIPliance with this part of the Order. 

It was ordered that: 
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•s. Procedures wi11 be developed and i11plaented and training conducted 

to provide guidance for timely operator verification of any autalatic 

initiation of AFW. 0 

The conditions that will automatically initiate auxilia~ feedwater are adequately 

described in Operating Procedure A. 51 I c· Auxi 1 i a~ Feedwater Systell"). The 

operators are directed, as an iiBediate action, to verify that the AFW flow 

has autoRtically started on loss of both aain feedwater pumps in e-.ergency 

Procedure 0.14 (uloss of Steam Generator Feed11 ) and on loss of all reactor 

coolant PUlPS in Eaergency Procedure 0.10 (•Loss of Reactor Coolant Flow/RCP 

Trip11 ). Both procedures require the following ia.ediate actions by the operator: 

verify that the auxilia~ feedwater pumps have autaaatically started; that 

there is flow to the ste• generators; and that the proper stea11 generator 

levels are being aaintained. The NRC staff has performed an audit and verified 

that the operators are trained in these procedures. 

Based on review of these procedures, we conclude that the licensee has provided 

guidance for timely operator verification of any automatic initiation of AFW 

and therefore, is in c011pliance with this part of the Order. 

It was also ordered: 

•g. Verification will be aade that the air operated level control valves 

(a) Fail to the Sal open position upon loss of electrical power to 
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the electrical to pressure converter, and (b) Fail to the 1001 open 

position upon loss of service air. The AFW ~ass valves are safety 

grade.• 

The licensee has co.pleted its verification test for the failure mode of the 

air operated level control valves. The test results show that both air operated 

level cont~l valves fail to the 1001 open position on loss of air pressure 

at the valve operators. On tests for loss of control signal to the electric 

to pressure converters, one level control valve failed to the 50% open position 

and the other one failed to the 601 open position, which are acceptable. The 

AFW bypass valves are safety grade, motor-operated valves which are operated 

independently fro. the ICS as discussed in Part 3 above. Based on our review 

of the test results on the air operated level control valves and the safety 

grade design of the bypass valves, we conclude that the licensee is in compliance 

with this part of the Order. 

Based upon our evaluation, we conclude that the licensee has upgraded the 

timeliness and reliabili~ of delive~ from the AFW system by car~ing out the 

actions jdentified in Enclosure 1 of the licensee•s letter of April 27, 1979, 

and therefore, is in c011pliance with Itell (a) of the Order. 

Item (b) 

It was ordered that the licensee: 
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"Develop and implement operating procedures for initiating and controlling 

auxilia~ feedwater independent of Integrated Control System {ICS) control. 11 

We have reviewed the revised procedures for the AFW system to assure that 

there is sufficient guidance for the operator to actuate the system if the 

automatic initiation failed, and to control steam generator levels at the 

required values. The review of the procedures focused on verifying that the 

operator is directed to observe the proper instruments and that the operator 

is directed to maintai.n specific values of parameters by manual control, such 

as steam generator levels. The review also determined that the operator 

should confirm the validity of the instrument readings of certain key parameters, 

such as steam generator levels. The necessa~ modifications to the procedores 

to satisfy these requirements were presented to the licensee, and the NRC 

staff has verified that the modifications have been incorporated in the procedures. 

(See further discussion of these procedures in part 3 of Item (a.) 

The licensee will conduct a startup test at low power (<151) to demonstrate 

the capability to provide and control flow to the steam generators using the 

AFW bypass valves. 

During the visit to the site, the NRC staff walked through the.AFW procedures 

with the operators to evaluate whether the procedures were functionally adequate. 

In addition, the NRC staff audited a sample of Rancho Seco operators to determine 

if they were familiar with the revised procedures and could implement them 

correctly. Based on the NRC staff audit, we conclude that the revised procedures 

and operator training are satisfacto~ and therefore, the licensee is in 

compliance with Item (b) of the Order. 
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Ite111 {c) 

The original Rancho Seco design did not have any direct reactor trips that 

would be initiated by a Rlfunction in the secondary syste111. To obtain an 

anticipatory reactor trip (rather than delaying the trip until a primary 

system parameter exceeded its trip setting) the licensee committed to install 

a hard-wired, control-grade, reactor trip on loss of all main feedwater and/or 

turbine trip. The Order requires that the licensee: 

ulmplement a hard-wired control-grade reactor trip that would be actuated 

on loss of uin feedwater and/or turbine trip." 

The licensee has added control-grade circuitry to Rancho Seco, which is designed 

to provide an autOIIat~c reactor trip when either the main turbine trips or all 

Min feedwater is lost. The purpose of the anticipatory trip is to minimize 

the potential for opening of the power-operated relief valve (PORV) and/or the 

safety valves on the pressurizer~ The licensee has indicated that this new 

circuitry .. ets this objective by providing a reactor trip during the incipient 

stage of the related transients (turbine trip and/or loss of main feedwater). 

The •in turbine trip is sensed by an existing, normally deenergized relay in 

the •in turb-ine/generator protection syst•. The relay is energized by the 

protective trips of the turbine and/or generator. Power is supplied by an 

onsite ~attery source. 

The loss of all Ein feedwater is sensed by two newly installed pressure 

switches (one in each of the two main feedwater pump discharge lines). The 
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pressure switches actuate (close) on low pressure in the header. Power is 

supplied by the same onsite battery source. In order to prevent an inadvertent 

reactor trip during startup or shutdown, the loss of all •ain feedwater trip 

input is cut-out of the circuitry by a keylock switch: The key for this 

switch is maintained in the custodY of the shift supervisor and is located in 

the contro.l ro011. When the switch is placed in the "cut-out'' position, it is 

annunciated on the main control board. The operating procedures specify when 

the switch is placed in the "nontal" or "cut-out" position. 

Either signal (turbine trip or loss of all main feedwater) will actuate a 

reactor trip relay, which in turn provides an input to both of the shunt coils 

of the AC reactor trip breakers. Energizing both of the shunt coils causes a 

reactor trip. 

The licensee has analyzed this additional circuitry with respect to its 

independence from the existing reactor trip system. They have stated that the 

shunt coil is part of the existing AC reactor trip breaker. Each shunt coil 

is powered by a separate Class IE 125 VDC supply and operates independently 
> 

from the 120 VAC undervoltage trip coil which receives the safety-grade reactor 

trip signal. 

An NRC inspector has confirmed that the check-out tests for this circuitry 

have been completed successfully. In addition, the licensee has committed to 

perform a monthly periodic test on the added circuitry in order to demonstrate 

its ability to open the AC reactor trip breakers via the shunt coil. 
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Based on our review of the implementation of the trip circuit~, with respect 

to its independence from the existing reactor trip circuit~, we conclude that 

this addition will not degrade the existing reactor protection system design. 

Based on the licensee•s design modifications and commitment to perform a 

.anthly test on the new circuit~, we conclude that there is reasonable assurance 

that the system will perform its function. 

On the basis of the evaluation above, we conclude that the licensee has complied 

with the requirements of Item (c) of the Order. 

Item (d} 

This item in the Order requires the licensee t~ 

"Complete analyses for potential small breaks and develop and implement 

operating instructions to define operator action. •• 

In the ~icensee•s letter of April 27, 1979, the licensee committed to providing 

the analyses and operating procedures of this requirement. 

Babcock and Wilcox, the reactor vendor for the Rancho Seco plant, submitted 

analyses entitled, "Evaluation of Transient Behavior and Small Reactor Coolant 

Systa Breaks in the 177 Fuel Assembly Plant11 and supplements to these analyses 

(References 1 through 6}. The major parameters used in this generic study 
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bound the Rancho Seco plant. The staff evaluation of the B&W generic stucb' 

has been CGIIPleted and the results of the evaluation will be issued as a NUREG 

report in June 1979. 

A principal finding of our generic review is a reconfir.atfon that Loss-of-Coolant 

Accident (LOCA) analyses of breaks at the lawer end of the s~~all break spectru. 

(s.aller than 0.04 sq. ft.)· ~nstrate that a combination of heat reaoval by 

the stea generators. the high pressure injection systell an_d operator action 

ensure adequate core coo 1 i ng. The AAI systell used to remove heat through the 

stea generators has·been IIOdified to enhance its reliability as discussed in 

item (a). The high pressure injection systea is capable of providing e~~ergency 

core cooling even at the safe~ valve pressure setpoint. The ability to 

remove heat via the steaa gener~tors has alw~s been recognized to be an 

important consideration when analyzing very Slla11 breaks. -&eparate sensitivi~ 

analyses were performed assi.Bing penaanent loss of all feedwater (with operator 

initiation of the high pressure injection system at 20 •fnutes) and loss of 

feedwater for only the firs~ 20 •fnutes of the accident for breaks of 0.01 sq. 

ft. Reactor core uncovery· is not predicted for these events. The calcula~d 

peak cladding tellperature was less than 800°F. well below the 10 CFR 50.46 

requirement of 22000F. These results are applicable to Rancho Seco considering 

the ability to .anually start the redundant AFW PUIIPS fro. the control rooa. 

assu.ing failure of autaDatfc AFW actuation. 

Another aspect of the s~ was the assess.ent of recent design changes on the 

lift frequency of pressurizer safety and relief valves. The design changes 
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included: a change in the setpoint of the pressurizer power-operated relief 

va_lve (PORV) from 2255 psi to 2450 psi; change in the high pressure reactor 

trip setpoint from 2355 psi to 2300 psi; and the installation of an anticipa

to~ reactor trip on turbine trip and/or on loss of all main feedwater. In 

the past, during the turbine trip or loss of feedwater transients, the PORV 

lifted. With the design changes the initial pressure increase of these tran

sients do not result in lifting of this valve. However, the consequent 

depressurization could initiate safety injection which in turn could repres

surize the system and lift the relief valve. It is expected that the operator 

would terminate HPI before the relief valve or safety valves lift, since the 

50°F subcooling criteria would be satisfied at pressures below the PORV 

setpoint. Also, lifting of both the PORV and safety valves might occur in the 

case of control rod withdrawal or inadvertent boron dilution transients, using 

the normally conservative assumptions found in the Chapter 15 safety analyses. 

The above design changes do not effect the ltft frequency of the valves-for 

these Chapter 15 safety analyses. 

Based on our review of the small break analyses presented by B&W, the staff 

has determined that a loss of all main feedwater with (a) an isolated PORV, 

but safety valves opening and closing as designed, or (b) a stuck open PORV 

does not result in core uncove~, provided either AFW or 2 HPI pumps is 

initiated within 20 minutes. Based on the acceptable consequences calculated 

for small break LOCAs and loss of all main feedwater events coupled with the 

expected reliability of the AFW and HPI systems, we conclude that the licensee 

has complied with the analyses portion of Item (d) of the Order. 
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To support longer term operation of the facility, requirements will be developed 

for additional and more detailed analyses of loss of feedwater and other 

anticipated transients. More detailed analyses of small break LOCA events are 

also needed for this purpose. Accordingly, the licensee will be required to 

provide the analyses discussed in Section 8.4.1 and 8.4.2 of the recent NRC 

•staff Report of the Generic Assessment of Feedwater Transients in Pressurized 

Water Reactors Designed by the Babcock and Wilcox Company11 (NUREG 0560). 

Further details on these analyses and their applicability to other PWRs and 

BWRs will be specified by the staff in the near future. In addition, to 

assist the staff in developing more detailed guidance on design requirements 

of relief and safety valve reliability during anticipated transients, as 

discussed in Section 8.4.6 of the NUREG report, the licensee will be required 

to provide analyses of the lift frequenc.y and mechanical reliability of the 

pressurizer relief and safety valves of the Rancho Seco facility. 

The B&W analyses show that some operator action, both immediate and followup, 

is required under certain circumstances for a small break accident. Immediate 

operator action is defined as those actions committed to memory by the operators 

which must be carried out as soon as the problem is diagnosed. Follow--up 

actions require operators to consult and follow the steps in written and 

approved procedures. These procedures must always be readily available in the 

control room for the operators• use. Guidelines were developed by B&W to 

assist the operating B&W facilities in the development of emergency procedures 

for the small break accident. 
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The •Operating Guidelines for Satall Breaks'' were issued by B&W on May 5, 1979 

and reviewed by the NRC staff. Revisions reca.ended by the staff were 

incorporated in the guidelines. In response to these guidelines, the staff at 

Rancho Seco .ade substantial revisions to EBerge~ Procedure 0.5 (uloss of 

Reactor Coolant/ Reactor Coolant Systell Pressure'') and Operating Procedure 8.4 

( 0 Plant Shutdown and Cooldown"). These procedures define the required operator 

action in response to a spectrum of break sizes for a loss-of-coolant accident 

in conjunction with various equipment availability and failures. 

Emergen~ Procedure 0.5 (EP 0.5) is divided into three sections. The first 

section deals with a small leak within the capability of a ukeup pump. In 

this case, the operators proceed with an orderly plant shutdown unless pres

surizer or makeup tank levels fall below prescribed limits. If these limits 

are exceeded the reactor is unually tripped and high pressure injection is 

initiated. 

The second section-of EP 0.5 defines the required operator action for a small 

break not within the capability of a makeup PliiiP· This section provides the 

operator with the guidance necessa~ to achieve a safe hot shutdown condition 

for a variety of degraded conditions. If all feedwater is lost, a heat removal 

.path is established by the high pressure injection systell through the ·break 

and the pressurizer power-operated relief valve or the safety valves. Once 

feedwater is reestablished, the stea. generat~rs can be used as a heat sink. 

If the reactor coolant PUlPS are not available, the operator is directed to 

Operating Procedure 8.4 (OP 8.4) which defines the actions necessa~ to cool 

down the plant by natural circulation. Additional guidance is provided in OP 

8.4 if natural circulation is not i-.ediately achieved. 
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The third section of EP 0.5 defines the actions necessa~ in the event of a 

large rupture. In this case the system depressurizes to the point of low 

pressure injection. 

For all cases in which high pre~sure injection is manually or automatically 

initiated, the operators are specifically instructed in EP 0.5 to maintain 

maximum HPI flow unless on~ of the following criteria are met: 

(1) The LPI system is in operation and providing cooling at a rate in 

excess of lOOO gpm and the situation has been stable for 20 minutes, 

or 

(2) All hot and cold leg temperatures are at least 50 degrees below the 

saturation temperature for the existing RCS pressure. If the 50 

degrees subcooling cannot be maintained after HPI cutoff, HPI shall 

be reactuated. 

A requirement to determine-and u1ntain 50°F subcooling has been 1ncorporated 
~ .. 

in all other procedures in which HPI has been manually or automatically initiated. 

These procedures include, "Steam Supply System Rupture," and 11 Loss of Steam 

Generator Feedwater.•• Each of these procedures, in addition to the "Loss of 

Reactor·coolant/Reactor Coolant System Pressure" procedure, provide additional 

instructions to the operators in the event of .faulty or misleading indications. 

D-157 



A subsequent action statement directs the operators to check alternate instru

Entation channels to confir11 key paraeter readings. The Rancho Seco staff 

has Ede revisions to all of .their aergency procedures to include this 

requi re~~ent. 

If feedwater is not initially available foll~ng a transient or accident, 

core cooling is .aintained by flow fro. two HPI pumps and relief through the 

PORV, which is opened by the operator. B&W has perfonaed studies that show 

that density differences between the downca.r and reactor core will cause 

recirculation flow between the core exit and downcaaer via the vent valves. 

Mixing of the hot core exit water with the cold HPI water will provide suffi

ciently war. vessel temperatures. to preclude any significant thermal shock 

effects to the vessel. Under these conditions with no circulation of water 

froa the stea. generators, the cold leg ther110eouple (located upstream of the 

reactor coolant pump) does not provide a satisfacto~ indication of the vessel 

temperature. B&W has recoa~ended using the core exit thenDOcouples as a 

.easure of vessel temperature, based on B&W analyses that conservatively show 

that the vent valves will open at teaperature differences between the core 

exit and downcomer of 1 ess than 150°F. They have a 1 so proposed a 110re 

appropriate pressure-teaperature limit curve for the vessel that reflects 

allowable stresses under these faulted conditions (no f~ater). 

The NRC staff has reviewed these guidelines and finds tha. acceptable because of 

the expected recirculation through the ·vent valves and the vessel stress 

li•its used. The licensee has incorporated these revised guidelines in his 

procedures for loss of all feedwater. Subsequent restoration of AFW would 

depressurize the reactor coolant system to below 600 psi where pressure vessel 
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integrity is assured for any reasonable thermal transients that might 

subsequently occur. We conclude that further reliability analyses are needed 

as part of the long-term requirements of the Order to confirm that AFW can be 

restored (if lost} in a reasonable period of time.· B&W has agreed to provide 

a det~iied thermal-mechanical report on the behavior of vessel materials for 

thase extreme conditions, to be applicable generic~lly to the Oconee class of 

-plants, which includes Ra~cho Seco. 

The "Loss of Reactor Coolant/Reactor Coolant System Pressure11 pr-ocedure was 

reviewed by the NRC staff to determine its conformance with ~~e B&W guidelines. 

Comments generated as a result of this review were incorporated in a further 

revision to the procedyre. A member of the NRC staff walked through this 

emergency procedure in the Rancho Seco control room. The procedure was judged 

to provide adequate guidance to the operators to cope with a small break 

loss-of-coolant accident. The instrumentation necessa~ to diagnose the 

break, the indications and controls required by the action statements, and the 

administrative controls which prevent unacceptable limits from being exceeded 

are readily available to the operators. We conclude that the operators should 

be able to use this procedure to bring the plant to a safe shutdown condition 

in the event of a small break accident. 

An audit of seven of 14 licemsed operators and senior operators assigned to 

shift duty (22 total licensed personnel) was conducted by the NRC staff to 

determine the operators• understanding of the small break accident, including 

how they ar& required to diagnose and respond to it. The Rancho Seco staff 

has conducted special training sessions for the operators on the concept and 
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use of EP D.S. The audit revealed that. except for one deficiency. the 

operators had sufficient knowledge of the ..all break phenOB&non and the 

require.ents of the procedure. This deficien~. verification of natural 

circulation. was brought to the attention of the plant staff. Each licensed 

individual received additional training in this area by the plant training 

organization and General P~sics Corporation. They also ~ceived training on 

the revisions .. de to EP D.S as a result of the NRC review. This additional 

training has been completed and verified by the NRC staff. 

The audit of the operators also included questioning about the TMI-2 incident 

and the resulting design changes made at Rancho Seco. The discussions covered 

the initiating events of the incident, the response of the plant to the si•ul

taneous loss of feedwater and small break LOCA (PORV stuck open), and the 

operational actions that were taken during the course of the incident. We 

identified a deficiency in interpreting the initial sequence of the TMI-2 

incident on the part of several of the operators. Additional training has 

been conducted in this area by the plant staff and their consultant and 

verified by the NRC staff. 

Otherwise. we found their level of understanding sufficient to be able to 

respond to a similar situation if it happened at Rancho Seco. We also 

concluded they have adequate knowledge of subcooling and saturated conditions 

and are able to recognize each in the primary coolant system by various 

aethods. The AFW system was also discussed during the audit to determine the 

operators• ability to assure proper starting and operation of the system 

during normal conditions, as well as during adverse conditions such as loss of 

D-160 



offsite power or loss of nol'llal feec:twater. The long tel'll operation of the 

systa was ex•ined to evaluate the operators• ability to use available •nual 

controls and water supplies. The level of understanding was found to be 

sufficient to assure proper short and long tel'll AFW flow to the ste• generators. 

In addition to the oral audit conducted by the NRC, the licensee ac:lllinistei-ed 

a written ex•ination to all licensed personnel. Individuals .s.coring less 

than 90 percent on the ex• will receive additional training and will not 

assu.e licensed duties until a score of at. least 90 percent is attained on an 

equivalent, but different ex•. The written ex• and the grading was audited 

by the NRC staff and judged to be satisfactory~ The staff will also review 

all subsequent results and records as part of the normal inspection funct~on 

of the Rancho Seco requalffication progr•.- We conclude that there is adequate 

assurance that the operators at Rancho Seco have and will continue to receive · 

a hfgh level of training-concerning the TMI-2 accident and the consequent 

i8P&Ct at their station. 

Based on the foregoing evafuatfon, we -conclude that the licensee has COIIPlied 

wftb--the requiraents of Itea (d) of the Order,. 

Ita (e) 

The Order requires U.t the licensee: 

•Provide for one senior licensed operator assigned to the control rooa 

who has had TMI-2 training on the 8&W siiiUlator. • 
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The licensee bas confirmed that this item of the Order has been completed and 

bas further committed that all reactor operators ~d senior reactor operators 

will have completed the tMI-2. stmulator training at B&W by June 21, 1979.* 

This training consists of a class discussion of the TMI-2 event followed by a 

demonstration of the event on the simulator as it occurred and the proper 

actions that should be taken to control the accident. The class discussion is 

about four hours long and the remainder of the session is conducted en the 

simulator. The 'l'MI-2 event, including operational errors, is demonstrated to 

each operator. The event is again initiated and the operators are given 

''hands-on" experience in successfully regaining control of the plant by several 

methods. Other transients which result in depreesarization and saturation 

conditions are presented to the operators and they must maneuver the plant to 

a stable, subcooled condition. 

Based on the above actions by the licensee, we conclude that the licensee 

is in compliance with Item (e) of the Order. 

Conclusion 

We conclude that the actions described above fulfill the requirements of our 

Order of May 7, 1979 in regard to Paragraph (1) of Section IV. The licensee 

having met the requirements of Paragraph (1) may restart Rancho Seco as provided 

by Paragraph (2). Paragraph (3) of Section IV of the Order remains in force 

until the long term modifications set forth in Section II of the Order are 

completed and approved by the NRC • 

• This action has been completed and satisfies the long-term portion of the Order 
in this regard. 
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UNITED STATES NUCLEAR REGULATORY COMMISSION 

SACRAMENTO MUNICIPAL UTILITY DISTRICT 

DOCKET NO. 50-312 

NOTICE OF AUTHORIZATION TO RESUME OPERATION 

7590-0T 

The United States Nuclear Regulator,y Commission issued an Order on 

May 7, 1979 (44 F.R. 27779, "-Y 11, 1979), to Sacramento Municipal Utility 

District (the licensee), holder of_Facility Operating license No. DPR-54, 

for the Rancho Seco Nuclear Generating Station (Rancho Seco), confinning that 

the licensee accanplish a series of actions, both inanedfate and long tenn, to 

increase the capability and reliability of Rancho Seco to respond to various 

transient events. In addition, the Order confirmed that the licensee would 

shut down Rancho Seco on April 28, 1979, and maintain the plant in a shutdown 

condition until the following actions had been satisfactorily completed: 

(a) Upgrade the timeliness and reliability of deliver,y from the 

Auxilflar,y Feedwater System by car~ing out actions as identified 

in Enclosure 1 of the licensee's letter of April 27, 1979. 

(b) Develop and imp-lement operating procedures for initiating and 

controlling auxilfar,y feedwater independent of Integrated Control 

System control. 

(c) Implement a hard-wired control-grade reactor trip that would be 

actuated on loss of main feedwater and/or turbine trip. 

(d) Complete analyses for potential small breaks and develop and implement 

operating instructions to define operator action. 
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:.z_ 7590-01 

(e) Provide for one Senior Licensed Operator assigned to the 

control room who has had Three Mile Island Unit No. 2 (TMI-2) 

training on the B&W simulator. 

By submittal of May 14, 1979, seven letters dated May 22, 24, 29, 30{3) and . 
June 6, 1979, the licensee has documented the actions taken in response to the 

May 7 Order. Notice is hereby given that the Director of Nuclear Reactor 

Regulation (the Director) has reviewed this submit~a1 and has concluded that tha 

licensee has satisfactorily completed the actions prescribed in items (a) through 

(e) of paragraph (1) of Section IV of the Order, that the specified analyses are 

acceptable and the specified implementing procedures are appropriate. Accordingly, 

by letter dated June 27, 1979, the Director has authorized the licensee to resume 

operation of Rancho Seco. The bases for the Director's conclusions are more fully 

set forth in a Safety Evaluation dated June ·27, 1979. 

Copies of (1) the licensee's letters dated May 14, 1979, and seven letters 

dated May 22, 24, 29, 30(3) and June 65 1979, (2) the Director's letter dated 

June 27~ 1979 and {3} the Safety Evaluation dated June ·27, 1979, are available 

for inspection at the Commission's Public Document Room at 1717. H Street, N. w., 
Wash7ngton, D. c. 20555, and are being placed in the Commission's local public 

document roam in th~ Business and Municipal Department, Sacramento City-County 

Libra~. 828 I Street, Sacramento, California 95814. A copy of items (2) and (3) 

may be obtained upon request addressed to the u. S. Nuclear Regulator) CG~ission, 

Washington~ o. c. 20555, Attention: Director~ Division of Operating Reactors. 

Dated at Bethesda, Haryland, 
this 27th day of Jun·e 1979'. 

FOR THE NUCLEAR REGULATORY COMM!SS-IOt'f 

~U-~ 
Robert w. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 
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APPENDIX E 

LETTERS ISSUING AUXILIARY FEEDWATER SYSTEM REQUIREMENTS 

The NRC issued letters to licensees of pressurized water reactors 
and boiling water reactors advising of requirements for auxiliary feedwater 
systems. Some of the requirements were generic according to reactor vendor 
(Combustion Engineering or Westinghouse) and others were plant-specific. 

Copies are contained in this appendix as follows: 

Arkansas 2 (C-E) 11/06/79 

Calvert Cliffs 1&2 (C-E) ll/07/79 

Ft. Calhoun 1 {C-E) 

Maine Yankee (C-E) 

Millstone 2 {C-E) 

Palisades (C-E) 

St. Lucie 1 (C-E) 

Beaver Valley 1 (W) 

D. C. Cook 1&2 (W) 

Farley 1 (W) 

Ginna 1 (W) 

H. B. Robinson 

Haddam Neck (W) 

10/22/79 

10/18/79 

10/22/79 

10/30/79 

10/17/79 

10/ll/79 

10/30/79 

10/13/79 

10/22/79 

9/21/79 

1 0/ll/79 

E-1 

Indian Point 2 (W) 

Indian Point 3 (W) 

· Kewaunee (W) 

North Anna 1 (W) 

Point Beach 1&2 (W) 

ll/07/79 

ll/07/79 

9/21/79 

9/28/79 

9/21/79 

Prairie Island 1&2 (W) 10/16/79 

Salem 1 (W) 9/21/79 

San Onofre 1 (W) 11/15/79 

Surry (W) 9/25/7~ 

Trojan (W) 10/03/79 

Turkey Point 3&4 (W) 10/16/79 

Yankee Rowe 1 (W) 11/09/79 

Zion 1&2 (W) 9/18/79 
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NUCLEAR REGULATORY COMMISSION 
-INGTON, D. C.-

....... 
Docket Mo. 50-368 

Mr. William Cavanaugh, Ill 
Executive Director of Generation 

and Construction 
Arkansas Power I Light Campa~ 
P. O. Box 551 
Little Rock, Arkansas 72203 

Dear Mr. Cavanaugh: 

November 6, 1 979 

SUBJECT: tftC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT ARKANSAS 
NUCLEAR ONE UNIT 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mi-le 
Island, Unit 2.. · 

Enclosure 1 to thfs letter identifies. each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Combustton Engineering-designed operating 
plants, and (2) plant-specific requirements applicable only to the subject 
facility. Enclosure 2 contains a generic request for additional information 
regarding auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated 
against the applicable requirements specified in Enclosure 1 to determine 
the degree to which the facility currently conforms to thes, requirements. 
The results of this evaluation and an associated schedule and commitment 
for implementation of required changes or actions should be provided for 
NRC staff review within thirty days of receipt of this letter. Also, this 
schedule should indicate your date for submittal .of -information such as design 
changes, procedure changes or Technical Specification changes to be provided 
for staff review. You may also provide your response to the items in Enclosure 
2 at that tfme. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated by 
the Bulletins and Orders Task Force. Such requirements are those resulting from 
our review of the loss-of-feedwater event and the small break loss-of-coolant acc
ident as described in the Combustion Engineering report CEN-114-P (Amendment 1-P) 
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Mr. Wfllia• Cavanaugh, III -z-

entitled, •Revfew of SRll Break Transients 111 CellllultfOII Ellfflllll"t .. 
Nuclear Stea11 Supply Syst••· • . Our specific concerns tnclucll I,Jit
reliabili~ (other than the auxflfar,r flldwater systa.), a1111YIIS 1 

gut ell lines and procedures for opmtors. IIICl operator tra1 n1 ng. 

We plan to identify, in separate correspondence. -the requf,...nts 
resulting fro~~ the additional tt .. s fro. the Bulletins and Orders 
Task Foree 'review. . , 

Enclosur..es: 
As stated 

cc w/enclosures: 
See next page 

..... ,-.:~-... 
Dfvfston of Or.rating Reactors 
Office of Nuc ear Rueter Regulation 



Arkansas Po.r I L tght c;a.pan,y 

cc: . 
Phtlltp K. lYon, Esq. 
House, Hol• I Jewell 
1550 Ta.er Butldtng 
Ltttle Rock, Arkansas 72201 

Mr. Davtd c. Trtmle 
Manager, Ltcenstng 
Arkansas Power I Ltght Compan,y 
P. 0. Box 551 
Ltttle Rock, Arkansas 72203 

Mr. James P. O'Hanlon 
&eneral Manager 
Arkansas Nuclear One 
P. 0. Box 608 
Russellville, Arkansas 72801 

Mr. William Johnson 
U. s. Nuclear Regulator, Commtsston 
P. 0. Box 2090 
Russellville, Arkansas 72801 

Mr. Robert B. Bors1111 
.Babcock I Wtlcox 
Nuclear Po.ar Generation Division 
Suite· 420; 7735 Old &eorgeto~m Road 
Bethesda,·Maryland 20014 

·Troy B. Conner, Jr., Esq. 
Conner, Moore I Corber 
1747 Pennsylvania Avenue, N.W. 
·Washington, D.C. 20006 

Arkansas P.olytechnic College 
Russellville, Arkansas 72801 
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X. 1 (CE) 

X.l.l 

X. 1. 1.1 

· ENCLOSURE 1 

_ ARKANSAS 2 

EMERGENCY FEEDWATER SYSTEM 

System Description 

Configuration - Overall Design 

The emergency feedwater system (EFWS) as shown in Figure 1 consists 

of primary and secondary sources of water and two emergency f~ater 

pumps, which feed either or both steam generators (SG). The·priaary 

source of EFWS water is a non-seismic Category I condensate storage 

tank with a 200,000 gallon capacity, 160,000 gallons ofwhfcH are 
) 

-dedicated to the EFWS by the Technical Specifications. There fs 

also available 100,000 gallons of water from a swing condensate 

storage tank which is shared by both Unit 2 andUnft 1. 

The secondary source of water is the plant service water systea, a 

seismic Category I system, whose water source is either the emergency 

cooling pond or the Dardanell Reservoir. The service water system is 

seismic Category I up to and including the suction piping from the 

emergency cooling pond (the ulti•ate heat sink). Three service water 

pumps can draw water from the reservoir (nor.al .ode) or fro1 the 

emergency coo 1i ng pond. The reservoir can also act as a 1 onp ter. 

water source. 
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The primary condensate storage tank is normally lined up to supply 

water to both EFW pumps through manually operated.locked open isolation 

valves. Train A inc.l_udes the motor-driven pump and Train B includes 

the turbine-driven pump, each having 100% capacity, and designed to 

deliver 575 gpm .. @ 1390 psig. The discharge lines from each pump are 

cross-connected through two normally closed (NC) manual isolation 

valves. Upon low suction pressure to the operating pump(s), the suction 

to the pump is automatically aligned to the secondary water source. 

Under the worst transient conditions the licensee estimates that, 

without the EFW flow,the SG would boil dry in 14 minutes, following 

loss of main feedwater with reactor trip. 

Components 

Except for the condensate storage tanks, the EFWS components (pumps, 

valves, and valve operators) and piping are safety grade, seismic 

Category I and tornado missile protected. The power supplies and 

instrumentation are Class lE. Each EFW pump is located in a separate 

room. Because the pumps are located below the probable maximum flood 

level, these rooms are watertight with watertight doors to prevent 

flooding. There are two room coolers in the steam-driven pump room 

and one room cooler in the motor-driven pump room. The lubricating 

system for each EFW pump is air-cooled by vanes on its pump shaft. 
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Power Sources 

Except for the turbine pump steam admission valves immediately down

stream of steam gene.Y:_ators A and B, respectively, Train B of. the.s.vst1111, 

(turbine-driven pump) obtains cont~lpower and power for operating 

valves from the Division II bus, a Class 1E DC source. The turbine pump 

steam admisston valves receive POwer from Division I and II Class lE AC 

sources, respectfvel.v. !klwever, they are locked open with power removed 

durtng·operat1on. 

Train A (motor-driven pump) is powered by the Division I bus, a Class 

IE AC source. Except for the two ball val.ves ~ed to isolate 

the steam generators which are DC~. all the val.ves in 

Train A are AC powered. The onsite emergency-power syste. consists 

of two divisions, each being supplied by an independent diesel 

generator and corresponding DC battery system. Both the diesel 

g~nerators and battery systems are located in separate seis•ic 

Category I rooms. 

Instrumentation and Controls 

~ 

Steam generator level is controlled automatically by the engineered 

safety features actuation system ~ESFAS} and can be-controlled 

manually from the control rcio11. St.HII generator level ind.ication and 

alarm are available to the operator in the control room. EFWS_flow 

to the steam generator is automatically terminated when the· level 

reaches a'high point, and low steam generator level will auto~ 

matically reestablish 111irgency feedwater flow. This on·off ~e of 
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flow control is accomplished by opening or closing the ball valves 

located at the inlet to the steam generators. 

Information Available to Operator 

System information available to the operator in the control room to 

assess the performance of the emergency feedwater system is as 

follows: 

Position indicating lights for 

each electrical and pneumatic operated valve. 

Steam generator level 

Steam generator pressure 

EFWS flow indication in each of the four water paths to the 

steam generators. 

Initiating Signals for Automatic Operation 

The EFW pumps and flow path control valves are automatically actuated 

by the ESFAS whenever any of the followfnq two out of four 

coincident logic conditions exist: 

1. Steam generator (A & B) low level 

2. Steam generator (A & B) low pressure 

3. Steam generator differential pressure-high (SG-A>SG-B) 

·4. Steam generator differential pressure-high (SG-B>SG-A) 
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Main steam line break isolation is accomplished automatically whereas 

·a mafn feedwater 1fne break fs manuall.v isolated. 

If steam generator isolation is required, as in the case of ~ 

postulated main steam line or feedwater line break, the ESFAS will 

open only the EFW valves leading to the intact steam generator. A 

combination of measured variabJes (level and pressure) for each steam 

generator are used to determine which steam generator is·intact. 

Testing and Technical Specifications 

The EFWS is periodically tested and has limiting Conditions. of 

Operation in accordance with the Technical Specifications as follows: 

EMERGENcy· FEEDWATER SYSTEM 

Two emergency·feedwater pumps and associated flow paths shall be 

OPERABLE with: 

a. One motor driven pump capable of being powered from an OPERABLE 

emergency bus, and 

b. One turbine driven pump capable of being powered.from an 

OPERABLE steam supply system. 

APPLICABILITY: MODES 1, 2 and 3. 
' 

ACTION: 

With one emergency feedwater pump inoperable, restore the inoperable 

pump to OPERABLE status within 72 hours or ~ in HOT SHUTDOWN within 

the next 12 hours. 
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SURVEILLANCE REQUIREMENTS 

Each emergency feedwater pump shall be demonstrated OPERABLE: 

a. At least once per 31 days by: 

1. Verifying that the turbine driven· pump develops a discharge 

pressure of ~1200 psig at a flow of ~560 gpm when the 

. secondary steam supply pressure is greater than 865 psig 

and the pump speed is ~3600 rpm. The provisions of 

Specification 4.0.4 are not applicable. 

2. Verifying that each valve (man4al, power operated or 

automatic) in the flow path that is not locked,.sealed, or 

otherwise secured in position, is in its correct position. 

b. At least once per 18 months during shutdown by: 

1. Verifying that each automatic valve in the flow path 

actuates to its correct position on MSIS or ESFAS test 

signals. 

2. Verifying that the motor driven pump starts automatically 

upon receipt of an ESFAS test siqnal. 

3. Verifying that the turbine driven pump steam supply MeV 

opens automatically upon receipt of an ESFAS test sf~nal, 
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Reliability Evaluation 

Dominant Failure Modes 

Loss of Main feedwat.er (LOFW) 

No single failure was identified which would make both feedwater 

trains unavailable. Thus the dominant failure modes were 

combinations of two independent failures, each failing one subsystem . 

LOFW With Loss of Offsite AC Power 

The dominant failure modes are the same as those identified above in 

the case of loss·of main feedwater only. 

LOFW with Only DC Power Available 

The dominant failure modes for this event are failure of the turbine 

driven pump subsystem due to test and maintenance outages, hardware 

failure, or human error. 

Since the motor driven EFW pump would not be available upon loss of 

all AC power, auxiliary feedwater flow would be dependent on the 

single turbine driven pump subsystem. Single valve or pump failure, 

or a manual valve being left in the closed position, or the subsystem 

being out due to test and maintenance ~re all significant contri

butors to the unavailability of the EFWS during this event. 

Potential Interactions 

None 
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Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS. and 

plant-specific) identified in this section represent actions to 

improve AFW*system reliability that should be implemented by January 

1, 1980, or as soon thereafter as ·is practicable. In general, they 

involve upgrading of Technical Specifications or establishing pro

cedures to avoid or mitigate potential system or operator failures. 

The long-term recommendations (both generic, denoted by GL, and 

plant-specific) ide~tified in this section involve system design 

evaluations and/or modifications to improve AFW system reliability 
I 

and represent actions/that should be implemented by January 1, 1981, 

or as soon thereafter as is practicable. 

Short-Term 

1. Recommendation GS 6 - The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 

Procedures should be implemented to require an 

operator to determine that the AFW system valves 

are properly aligned and a second operator to 

independently verity that the valves are properly 

aligned. 

The licensee should propose Technical Specifications 

to assure that prior to plant startup following 

an extended cold shutdown, a flow test would be 

performed to verify the normal flow path from 

the primary AFW system water source to the steam 

* The term AFW syst.m as used in these recommendations applies to the 
AN0-2 EFW system. 
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generators. The flow test should be conducted 

with AFW system valves in their .normal alignment. 

2. Recommendation GS-7 - The licensee should verify that the 

automatic start AFW system signals and associated circuitry are 

safety-grade. If this cannot be verified, the AFW system auto

matic initiation system should be modified in the short-term to 

meet the functional requirements listed below. For the longer 

term, the automatic initiation signals and circuits should be 

upgraded to meet safety-grade requirements as indicated in 

Recommendation GL-5. 

The design should provide for the automatic initiation of 

the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

The alternating current motor-driven pumps and valves in 

the auxiliary feedwater system should be included in. the . 
automatic actuation (simultaneous and/or $equential) of the 

loads to the emergency buses. 
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The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual ~apability to initiate the AFW system from the 

centro 1 room. 

3. Recommendation - The Surveillance Requirements section of the 

Technical Specications should add pressure and flow accep~ance 

criteria for the periodic (31-day) testing of the motor driven 

pumps. 

X.1.3.2 Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at w- and 

C~E-designed operating plants. They have not been examined for specific 

applicability to this facility. 

1. Recommendation - The licensee should provide redundant level 

indications and low laval alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate the 

need to make up water or transfer to an alternate water supply and 

prevent a low pump suction pressure condition from occurring. The 

low laval alarm setpoint should allow at least 20 minutes for 

operator action, assuming that the largest capacity AFW pump is 

operating. 
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2. · Recommendaton - The licensee should perform a 72-hour endurance test 

on all AFW system pumps, if such a test or continuous period of 

operation has not be,p accomplished to date. Following the 72-hour 

pump run, the pumps should be shut down and cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain wfthin the design lfmfts wfth 

respect to bearing/bearing oil temperatures and vibration and that 

pump room ambient conditions (temperature, humidity) do not exceed 

environmental qualification limits for safety-related equipment 1n 

the roc:n. 

3. Recommendation - The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A•32 of NUREG-0578: 

"Safety-grade indication of auxiliary faedwater flow to 

each steam generator shall be provided in the control room. 

The, auxiliary faedwater flow instrument channels shall be 

pow~red from the emergency buses consistent with satisfying 

thai emergency power diversity requirements' for the auxiliary 

feedwater system sat forth in Auxiliary Systems Branch 

Technical Pos'ftion 10•1 of the Standard Review Plan, 

Siction 10.4.9." 

4. Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic testa on'one AFW ayatem 
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train, !Q& there is only one remaining AFW train available for 

operation should propose the Technical Specifications to provide that 

a dedicated individ~al who is in communication with the control room 

be stationed at the manual valve~ Upon instruction from the control 

room, this operator would realign the valves in the AFW system train 

from the test mode to itsoperational alignment. 

X.l.3.3 Long·Term 

Long-term recommendations for improving the system are as follows: 

l. Recommendation • GL·S • The licensee should upgrade the AFW system 

automatic initiation signals and circuits to meet safety-grade 

requirements. 

2. Recommendation • The Arkansas Unit 2 AFW system design does not meet 

the high energy line break criteria in SRP·l0.4.9 and Branch 

Technical Position lO·l; namely, that the AFW system should maintain 

the capability to supply the required AFW flow to the steam genera· 

tor(s) assuming a pipe break anywhere in the AFW pump discharge lines 

concurrent with a single active failure. 

The licensee should evaluate the postulated pipe breaks stated above 

and (1) determine any AFW system design changes or procedures 

necessary to detect and isolate the break and direct the required 

feedwater flow to the steam generator(s) before they boil dry or (2) 
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describe how the plant can be brought to a safe shutdown condition by 

use of other systems which would be available following such 

postulated events. 

3. Recommendation • Concern was expressed to the licensee about the 

capability of the design to isolate a break occurring downstream of 

the steam admission valve to the turbine~riven pump during AFWS 

operation concurrent with a sin~le active failure of th• DC emergency 

Division II. Assuming that without DC, the corresponding dies~l 

generator will not be able to start, the break could not be isolated 

because of the loss of DC and AC power in Division II. The licensee 

advised that analysis has been performed showing that there is 

sufficient residual magnetism to flash the diesel generator field and 

consequently the Division II diesel-generator cin be brought up to 

speed• and vo.l tage without the need of. DC from the emergency 

batteries. Thu•, the break could be isolated if the failure of the 

DC emergency Division II does not result also in the loss of AC in 

the same division. The licensee should submit for staff review the 

analysis with regard to startf~g the diesel generator without DC emergency 

power avaflahle. 
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ENCWSURE 2 

BASIS FOR AUXILIARY FEEriNATER SYSTEM FT.J:M REQUIREMENTS 

As a nasill t of J;eCent s"tari reviews of operating plant auxiliary feedwater syatema 

(MWS), the staff concludes that the design bases and criteria provided by lioenilees 

for establishing MWS requirements for flow to the steam generator(s) to assure ade

quate rerroval of reactor decay heat are not well defined or dOC\llleilted. 

We ~uire that you provide the following MWS flow design basis infOllllation as appli

cable to the design basis transients and accident conditions for your plant. 

l. a. Identify the plant transient and accident conditions considered in estab-

b. 

lishing MWS flow ~ui.rements, including the following events: 

1) LOss of Main Feed ( l.MFW) 

2) LMFW w/loss of ¢ffsite AC power 

'3) LMFW w/loss of offsite and onsite AC power 

q) Plant cool.dc::JIIn 

5) Turbine trip with and Without bypass 

6) Main steam isolation valve closure 

7) Main· feed line b~ 

8) Main steam line b~ 

9) Small b~ LOCA 

10) Other transient or accident conditions not listed above. 

Describe the plant protection acceptance criteria and corresponding techni

cal bases used for each initiating event identified above. The acceptance 

criteria should address plant limits such as: 

- Maximum RCS pressure (PORV or safety valve actuation) 

- Fuel temperature or damage limits (INB, PCI', maxlJm.lm fuel central temperature 

- RCS cooling rate limit to avoi? excessive coolant shrinkage 

- Mi.ninn.lm steam generator level to assure sufficient steam generator heat trans-

fer S\ll!face ·to·nmcve decay_ heat and/or cooldam the primaxy System. 
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2. Describe the analyses and assumptians and corresponding tecluti.cal justification 

used With pl.a1It ccnditians consi~d :in l.a. above :including: 

a. Maxim..un zuctor power (:including :instr.lment error allowance) at the time of 

the :initiating transient or accident. 

b. Time delay fran :initiating event to reactor trip. 

c. Plant parameter(s) which :initiates A'fWS flc:M and time delay between :initiat

ing event and :introduction of A'fWS flow. :into steam generator(s). 

d. MinimUm steam genexator water level when :initiat:ing event occurs. 

e. .Initial steam genexator water :inventoxy and depletion mte before and after 

A'fWS flow cam.mces .;. identify reactor decay heat nrte used. 

f. Maxim..un pressure at which steam is released fran steam genemtor(s) and against 

which the A'IW pump must develop sufficient head. 

g. Minimum number of steam generators that II'LISt receive A'IW flow, e.g., 1 of 2, 

2 of 1+7 

h.· RC flow ccndition - ccntinued -opere.tion of RC pumps or natural circulation. 

i. . Maxim..un A'IW :inlet t~ture. 

j. Following ·a postulated steam or feed line brealc, time delay assUmed to isolate 

break and direct A'IW flow to :intact steam genemtor(s). A'IW pump flow capacit:: 

all~ance to acCCIIDdate the time delay and mainta:in mi.niJm.un steam generator 

water level. Also identify credit taken for primary system heat reneval dus 

to blowclown. 

k. Volume alid maxiDum t~tun! of water :in main feed lines between steam 

genemtor(s) and AfWS connection to main feed line. 
' 

1. Opemting ccndition of steam genenrtor nonnal blowdown following :initiating 

event. 

m. ' PrimaJ:y and secondary system water and metal sensible heat used for cooldown 

and A'IW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR (or SCS) system cut 

:in t~ture to size AIW water source :inventory. 
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3. Verify that t;he AIW pullq)8 in your plant will supply the neoessmy flow to the· 

steam genenrtor(s) as determined by items 1 and 2 above considering a s:ingle · 

failure. Identify the margin :in sizing ·the pump flow to allow for pump recir

culation flow, seal leakage and pump wear. 



4f'~···~~" 

~~~~ UNITID ITA Til 

~ '. 
·~.~~~ 

NUCLEAR AEOULATOAY COMMISIION 
WAIHINCITON, D, C.-

........ 
Docket Noa.: 5D·317 

50·318 

Mr. A. E. Lundvall, 'Jr: · 
Vict•PI'IIident • Supply 
Blltimort Gas I Eltctric Company 
P. 0. Box 1475 
Blltimort, Maryland 21203 

Dear Mr. Lundvall: 

Novner 7, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT CALVERT CLIFFS 
NUCLEAR PLANT UNITS 1 AND 2 

The purpose of. this litter is to advise you of our requi re1111nts for th1 
auxiliary ftedwattr systems at tha subject facility. These requirtllllnts 
wtre idantifitd during th1 course of the NRR Bulletins and Orders Task 
Force review of optrating reactors in light of the accident at Thrte Mile 
Island, Unit 2. 

Enclosure 1 to this lettar identifies each of the requirements·app11cab11 
to the subject facility. These requirtllllnts art of two typeli, (1) generic 
rtquira1111nts app11cable to most Combustion Engineering-designed operating 
plants, and (2) plant-specific require1111nta applicable only to the subject 
facility. Enclosure 2 contains a generic request for additional information 
ragarding auxiliary feldwater system flow requirtllllnts. 

Tha dasigns and procedural of the subjact faci11ty should be aval uated 
against the applicable require1111nts specified in Enclosura 1 to determine 
the dagree to which the faci11ty currently conforms to these require1111nts. 
Tha rtsults of this evaluation and an associated schedule and commit1111nt 
for imple1111ntation of required changes or actions should be provided for 
NRC staff rtview within thirty di,Ys of receipt of this letter. Also, this 
schedula should indicate your date for submittal of information such 11 design 
changes, procedure changes or Technical Specification chfnges to be provided 
for staff I'IView. You mi,Y also provide your response to the items in Enclosurt 
2 at that ti1111. 

In addition to the regui re1111nts identified in this letter, other requi re1111nts 
which mi,Y be applicable to the subject facility are expected to be generated by 
the Bulletins and Orders Task Force. Such require1111nts are those resulting from 
our review of the losa·of·feedwater event and the small break loss·of·coolant acc· 
idant as dascribed in the Combustion Engineering report CEN·114-P (Amendment l·P) 
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Mr. A. E. Lundvall, Jr. ·2· 

entitled, "Review of Small Break Transients in Combuation Enginter1ng 
Nuclear Steam Supply Systems.• Our apec1f1c conc;erns 1ncludl syst• 
re11ab11ft,Y (other than the aux11 flry f'eeclwater system), ·analya11, 
guidelines and procedures for operators, and operator training, 

We plan to identify, in separate correapondencef the require1111nts 
resulting from the additional items from the Bu let1ns and Orders 
Task Force review. 

Sincerely, · 

~~"-" Division of Operating Reactors 
Office of Nuclear Reactor Regulation 

Enclosures: 
As stated 

cc w/enclosurel: 
Sae next paga 



laltf~ore &11 I Eltctrfc Company 

cc: 
~aaea A. Bfddfaon, ~r. 
hntral coun111 
a and E luflding 
Charl 11 Ctnttr 
Baltiaort, Maryland 21203 

Qeorgt F. Trowbridge, Esqufrt 
Shaw, Pit~n. Pottl and 

Trowbrfdgt 
1800 M Strttt, N.U. 

·Washington, D. c. 20035 

fir. R. C. ~. 01 lOft 
Baltimore Gas and Electric Company 
Room 122 • Q and E Building 
Post OffiCI Box 1475 
Baltimore, Maryland 21203 

Mr. Lton B. Rullt11, Chitf Eng1nttr 
Calvert Cl.f(fl Nucltar Power Plant 
I'IHir.~ort Gu and Electric Company 
LUID,V, llaryl and 20557 

Btchtal Power Corporation 
ATTN: fir, J, C, Judd 

Chftf Nuclear Enginttr 
15740 Shad1 Grove Road 
Gaithersburg, Mtr,vland 20750 

Combustion Enginttring, Inc. 
ATTN: Mr. P. W, Kruse, Manager 

. Engineering Services 
Post OffiCI Box 500 
Windsor, Connecticut 06095 

Calvert Coun~ Librar.v' 
Prfnct Frtdtrick, Mar,vland 20678 

· Mr. R. M. Doug1ass, Manager 
Quality Assurance Dtpartmlnt 
Room 123 Gtl I E1tctr1c lut1d1nt 
p, o. lox 1475 
Bllttmore, Mteyland 21203 
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ENCLOSURE 1 

lC.2 (C·E) CALVERT CLIFFS UNITS 1 I 2 AUXILIARY FEEDWATER SYSTEM 

)(,2.1 SYSTEM DESCRIPTION 

)(.2.1.1 Conf1gurat1on • Overall Dta1gn 

F1gure 1 is a liiPlifitd diagr11 of tht Calvert Cliffs Un1t 1 aux111a~ 

ftt~atar a,vatu (AFWS). Tht Calvert C11ffl Un1t 2 AFWS 11 1dlnt1cal to 

that of Unft 1. Btl1ca11,v, tht AFWS is a .. nutlly operated 1y1t11 that 

includes two attll turb1nt•dr1vtn pu.pa, ttch of ~1ch can deliver 700 IPI 

at 11DO paia. Both PUIIPI are located 1n t.ht aux11iar,v fltdwata.r pump room. 

Tht nol'llll wetar supply to ttch pu.p i1 frot Condensate Storage Tank 

No. 12 ·ccsT No. 12), vi1 1 ca.0n'11na feeding 1 branch 11ne to ttch Pllllll· 

Flow fi'DII Itch PIIIIP d1achtrttl into a branch lint ftlding ·a e-n 11nt 

which in..turn b~1nch11 to etch of two 1taM generators (SG). AFWS flow 11 

.controlled~ contr~111ng PUlP IPIId and~ regulating ;low t.hrough a 

non~~11,v clo11d (NC) air-operated control valva in the fttd lint to Itch 

SG. Each NC air•optrltad control valve fails open on lou of air, and 

each c1n b1 b,vpaaatd ~ a loop that includla a nol'lllll.V closed IIIIIUtlly 

optrttld valva. 

AFWS water can ba obtained frot f1vt sources. The pri .. ~ watar 1ourca 

for both un1tl i1 CST No. 12 wh1ch haa 1 310,000 ~allan capacf~, 300,000 

gallon• of which art ~~dicatld to tht AFWS, for both unftl. Tht 1ictnlll 

1t1ttd that th11 11ount of watar can cool down both unite and wf11 111t 
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six to ten hours, depending on the accident or transient that caused the 

need for AFWS operation. The normal source of AFWS water flows from CST 

No. 12 through two normally open manually operated valves and a check 

valve in a common line which branches to the two pumps. This source of 

water is designed to seismic Category I requirements and is. protected 

against tornado missiles. The other sources of water are neither designed 

to seismic Category I requirements nor protected against tornado missiles. 

The secondary sources of water consist of two-350,000 gallon tanks, CST 

No. 11 and CST No. 21 for Unit 1 and Unit 2, respectively. Each tank is 

designed to serve its associated AFWS, without any cross-connection ·to the 

other tank, via a single line. This line includes two normally closed 

manually-operated valves, and is connected to the common header that feeds 

both auxiliary feedwater pumps. Although none of this water is dedicated 

for AFWS service, the licensee estimates that it would take about three to 

five minutes to line-up either tank tQ its respective AFWS, if required. 

Three additional sources of water are: (1) the 350,000 gallon de11iner· 

alized water tanks; (ii) the two-500,000 gallon pretreated water storage 

tanks, of which 600,000 ga 1 1 ons are dedicated for fire protection usage; 

(iii) the well water system. The licensee estimates that it would take 

approximately fifteen minutes to manually align the 350,000 gallon 

demineralized water tanks to CST No. 12. The licensee also estimates that 

it would take approximately thirty minutes to connect the pretreated water 

storage tanks to the demineralizer system and that it would require 

approximately one hour if the demineralizer system is bypassed, In either case, 
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the pretreated water storag~ tanks would be connected to CST No. 12, in 

which case the licensee esti~~ates that all of the above tanks would 

provide for more than tan hours of AFW supply. The well water syste has 

a pumping capability of 966 gpm, and automatically (or manually, if required) 

rap 1 ani shes the pretreated water tanks whenever they reach a 1 ow leve 1. 

The ability to ~~aintain the AFW syste function following certain postulated 

pipe.breaks in the 11ain steu, main feedwater and auxiliary feedwater 

piping syste11s was evaluated. In the event of feedwater line breaks 

inside or outside contai11111nt or uin steu line breaks downstreu of the 

main steam isolation valve (MSIV), acceptable AFWS capabflity.can be 

retained by feeding the intact steu· generator, provided the control valve 

to the affected steu generator is maintained closed. ~ver, if a ste111 

line break occurs upstreu of the MSIV concurrent with :1 s·ingle active 

failure, or i.f a steu line break occurs in the co-n header to tha two 

AFW pUIIp turbines, even without an active failure, potential problus 

could result in the conta.in~~ent penetration area. In the fo1'118r case, if 

the ste111 inlet motor operated valve (MDV) fi'OII the unaffected ste• 

generator to the turb.f ne-drfven auxiliary feedwater pa.p faf 1 s to open, 

loss of AFWS function will result. This AFWS function can be restored by 

~~anually opening the bypass valve around the affected MDV, thereby aclllitting 

steam to the turbine-drive AFW pu.ps and restoring AFWS function. This 

manual action is possible since the bypass valves have operator extensions 

which extend into the adjacent roo11. In the latter case, the AFW pu.p 

room must be vented and cooled to pemit access for isolating the break 
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and manually supplying steam to the AFW pump turbines from the other unit 

or from the auxiliary steam generator. The licensee estimates that these 

emergency actions can be accomplished in approximately thirty minutes. 

Except for the pumps, the AFWS equipment is not qualified for operation in 

the pipe break environment. 

Pipe breaks at two locations in the AFWS were considered: (1) at the 

steam generator, and {2) in the common discharge header between the pumps 

and the steam generators (the worst case break). In the former case, 

manual action (e.g., closing the normally open valve in the affected line) 

can be taken to assure flow to the unaffected steam generator. The 

1 icensee estimates that it would take approximately three minutes to 

perform the rP.quired valve operation(s). In the latter case, however, 

loss of feedwater function will result and persist until the break itself 

is repaired. 

Depending on the initial plant conditions and the event that causes the 

need for the AFWS, the licensee estimates that the steam generators would 

boil dry in approximately thirty minutes if the AFWS is not actuated. 

X. 2.1. 2 Components - Design and Classification 

The 1 icensee stated that the components and equipment of the AFWS 

were designed and classified in accordance with the following table. 
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C!!!!!!!onent/Egufpeent 

Pumps & Turbf ne' 

Valves/Actuators 

Piping 

Main Stellll SystaD 
up to MSIV 

Condensate Storage 
Tank No. 12 

Condensate Storage 
Tanks Nos. 11 & 21 

Dui neral h:id 
Water Tank 

Pretreated 
Water Tank 

Deep Well SystM 

Cont ro 1 s and 
Instr111111ntatfon 

X. 2.1. 3 Power Sources 
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Envf ro ... nta 1 
Qua 11 ff cat1 on 

Hfgh Energy 
Pfpe Break 

Allbfent 

Design 
Claufffcatfon 

Safety Related 

Non-Safety 
Related 

Se1 .. 1c 
~ 

N 

• 

Non·Se1s•1c 

• 

Steam to drive the AFWS turbfne·drfven pumps fa obtained fro. the ate .. 

generators. Each ateu generator can supply sta .. to either or both ate .. 

turbine-driven PUIIPI fro• fts mafn steu line through a nol'lllllly closed 

motor operated valve which falls aa·ia or a nol'llllllly closed anual bypau 

valve into a e-n header. ·Each AFW PUIIP takes ate .. fro. the COMOn 

header through a nomally open unual valva, a check valve, a DC operated 

normally open stop valve, and an afr operated nor~~a11y closed throttle 

va 1 ve. An alternate source of steam can be obtai ned fi'OII the steM 

generators of the other unit or from steam generated by the auxiliary 

steam generator, which uses an oil fired bofler (aux. stm. gen.).' The 
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alternata scLrce of ste1m 1s routed through a nonnally 

locked closed .. nual valve connectad between the check valve and atop 

valve on each pu~ ste .. supply line. 

'The two motor.operatld ste .. turbine p~ inlet valves are powered fro. 

separate emergency AC buses. The turbine control valve and the AFWS flow 

control valva are air operated fa11 open valv11. The turbine atop valv11 

are powered fr011 the DC bUill, and fail in the open position. .All control 

and instrumentation power is from emergency 'buaea which can be energized 

from the dieael generators. 

Upon 1011 of all station AC, local manual action is required to start the 

ayatem by opening the steam inlet MDV'•· 

X.2.1.4 . Inat,rumentation end Controla 

X.2.1.4.1 ~ 

The following control• ere located in the Control Room: 

1. Hand indiceting controllers for 

a. Turbine Control (throttle) Valve 

b. AFWS Regulati,ng Valve 

2. Motor Dperated Valvea • Open/Close 

3. Turbine Trip 

Al~ controla except the motor opereted valve control• ere elao located at 

the Remota Shutdown Penel/AFWS Pump Room. 
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X.2.1.4.2 Information Available to the Operator 

The following alarms are located in the.control roo•: 

1. 

2. 

Common Alarm Low Pump Suction and Discharge Pressure 

Condensate Tank Low Level A ltl'tlll 

a. Common Alarm Tank 11 & 12 

b. C01111on Alann Tank 12 & 21 

3. Ste1m Generator Low Level Alarms 

No alarm• are located at the R1110te Shutdown Panel or the local atationa. 

The following indicator• ere located in the control room: 

1. AFW Flow Indicator • one per steam generator 

2. Ste1m Generator Level 

3. Condenute Storage Tanks' Level Indication· 

4. Valve Poaition Indication for 

a. Motor Operated Inlet SteM Valve 

b. Turbine Control Valve 

c. AFW Regulating Valve 

d. Turbine Stop Valve 

5. Pump Di acharge Preuure 

&. Ste1m Line Preuure 

7. Pump Suction Pr111ure (COIIIIIOn) to be Removed 

The fol ~owing indicator• ere located at the Re110te Shutdown Stet ion: 

1. St11m Generator Level 

2. CST Level 
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3. AFW Regulating Valve Position Indicator 

4. Pump Discharge Pressure 

5. Steam Line Pressure 

X.2.1.4.3 Initiating Signals for Automatic Operation 

Since the system is a manually initiated system this section is not appli

cable. Manual AFW initiation is 'Jy a semi-dedicated operator in the 

control room following any reactor trip. The semi-dedicated operator 

means that the operator has other duties in the control room unt11 that 

time when the AFWS is needed, then he is dedicated 100% to operate, 

control and monitor the system. 

X.2.1.5 Testing 

The pumps are tested on a monthly basis in a recirculating mode of 

operation for total dynamic head and vibration, and for bearing tempera

tures at each refueling. All non-manual valves are stroked and timed 

monthly. The instrumentation at the remote shutdown panel is checked 

monthly. The normally closed or opened manual valves are not stroked. 

When the system has been down for maintenance, the normal monthly tests 

are performed prior to the system being restored to service. 

X. 2. 1. 6 Technical Specifications 

The following are the technical specifications for the plant. 
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AUXILIARY FEEDWATER SYSTEM 

LIMITING CONDITION FOR OPERATION 

3. 7.1.2 At le11t two Iteam turbine driven 1teu generato1' auxiliary 

fledwater pump1 and auociated flow paths shall be OPERABLE. 

APPLICABILITY: MODES 1, 2 and 3. 

~: 

With one auxiliary feedwater pump inoperable, re1tore at lea1t two 

auxiliary feedwater pumps to OPERABLE statui within 72 houri or be in HOT 

SHUTDOWN within the next 12 hours. 

SURVEILLANCE REQUIREMENTS 

4. 7. 1.2 Each auxiliary feedwater pump shall be d11110nstrated OPERABLE: 

a. At 1 east once per 31 days by: 

1. Verifying that the steu turbine driven PUIIP develops e Total' 

Dynamic Head of ~ 2800 ft. on recirculation flow when the 

secondary steam supply pressure is greater than 800 psig. 

2. Verifying that each valve (manual, power operated or aut011atic) 

in the flow path that is not locked, sealed, or otherwise 

secured in position, is in its correct position. 
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CONDENSATE STORAGE TANK 

LIMITING CONDITION FOR OPERATION 

3. 7. 1. 3 The No. 12 condensate storage tank (CST) shall be OPERABLE with a 

minimum contained water volume of 150,000 gallons per unit. 

APPLICABILITY: MODES 1, 2 and 3 

ACTION: 

With the No. 12 condensate storage tank inoperable, within 4 hours either: 

a. Restore the CST to OPERABLE status or be in HOT SHUTDOWN within the 

next 12 hours, or 

b. Demonstrate the OPERABILITY of the No. 21 condensate storage tank as 

a backup supply to the auxiliary feedwater pumps and 'restore the 

No. 12 condensate storage tank to OPERABLE status within 7 days or be 

in HOT SHUTDOWN within the next 12 hours. 

SURVEILLANCE REQUIREMENTS 

4.7.1.3.1 The No. 12 condensate storage tank shall be demonstrated 

OPERABLE at least once per 12 hours by verifying the contained water 

volume Is within its 1 imits when the tank is the supply source for the 

auxiliary feedwater pumps. 

4. 7. 1. 3. 2 The No. 21 condensate storage tank shall be demonstrated 

OPERABLE at least once per 12 hours by verifying that the tank contains a 

minimum of 150,000 gallons of water and by verifying that the flow path 
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for taking suction from this tank is OPERABLE with the IUnual valves in 

this flow path open whenever the No. 21 condensate storage tank is the 

supply source for the aux111 ary feedwater pumps. 

X. 2. 2 RELIABILITY EVALUATION RESULTS 

X.2.2.1 Do11inant Failure Modes 

Failure modes of the AFWS were assessed for three loss of IHin feedwater 

transients. The dominant failure modes for each transient type are 

discussed below. 

Loss of Main Feedwater (LOFW) with Offsite Power Available 

There are two dominant failure modes of the AFWS for this transient,_ 

both of which are related to human errors. 

The first human error is failure of the operator to IUnually initiate 

the AFWS. Upon a demand for the AFWS, the operator has approxi~~ately 

30 minutes to actuate AFWS and prevent steam generators from bo11i ng 

dry, depending on the cause of the transient. Thus, the human error 

is the failure to actuate AFWS within this time period. 

The second human error is related to the inadvertent closure of 

either of two manual valves in the single condensate storage tank 

supply line to the AFWS pumps. Such an inadvertent closure could 

result from a nulllber of causes, e.g., personnel error in closing the 

wrong valve during a test procedure, or an error in failing to reopen 

the valve after maintenance in adjoining parts of the AFWS. Coupled 
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with this error is the failure of the operator to reopen the valve 

before damage to the pumps occurs fo 11 owing an AFWS demand. The combi

nation of these errors results in an AFWS failure. 

Loss of MFW with Only Onsite AC Power Available 

This transient is very similar to the transient discussed above. 

Additional failure modes related to the onsite AC power system were 

considered; however, these did not have a significant impact. As 

such the dominant failure modes discussed above are also considered 

to the applicable for this transient. 

Loss of MFW with Only DC Power Available 

In this transient no AC power, either onsite or offsite, is available. 

Because of certain AC dependencies, the daninant failure IIDde is 

assessed to be the failure of the operator to manually open one of 

the two steam admission valves to the pump turbine within approximately 

thirty minutes after the transient. These valves are nomal.ly closed 

m:>tor-operated valves that normally receive pov~er ftan either t."'e 

offsite AC power system or the onsite (diesel-generator) AC pcMer 

system. Since neither of these sources is available in this transient, 

local manual opening of one of the valves would be required. 
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X.2.2.2 PrinciJ!I.J. Dependencies 

The principal d~pendency identified for this AFWS syste11 is that related 

to human action requirements. For each transient discussed here, hUII&n 

errors are the dominant AFWS failure modes, 

Two additional potential dependencies have been noted for the Calvert 

Cliffs AFWS, both resulting from the physical location of equipMnt within 

the p 1 ant. These are: 

1. Location commonality of AFWS pu..ps. 

Both AFWS turbine pumps (and soma associated valving) are located in 

a relatively small room sealed with watertight doors. Because of 

this close proximity of redundant equipment, there exists the potential 

for total AFWS failure resulting fro11 flooding, missf1es, etc., 

caused by failures within one train or from external causes. (Sea 

Recomendat ions) 

2. Location commonality of steam-aclnlission valves. 

Both steam-aclnlission valves for the AFWS pump turbines are located in 

a common area, the main steam line penetration room. Normal conditions 

in this area are high temperature and high humidity; thus, there 

exists some potential for environmentally-caused common mode failures. 

In addition, because the main steam lines are located just above 

these valves, the potential environmentally-caused failure Qf these 

valves after a steam line break, when AFWS is needed, requires further 

investigation. (See Recommendations) 
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Rec-ndatouns ror this Plant 

The· short-tara recoaaendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to i1111rov:e AFW 

systa reliability that should be iiiPl-nted by January 1, 1980, or as 

soon thereafter cc ts practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential syste..or operator failures. The long-tenl reca..endations 

(both Qeneric, denoted by GL, and plant specific) identified in this 

section involve systea design evaluations and/or modifications to improve 

AFW systea reliability and represent actions that should be iiiPl-nted by 

January 1, 1981, or as soon as thereafter as is practicable. 

X. 2. 3. 1 Short Ten1 · 

1. Rec0111111ndation GS-2 - The 1 icensee presently, by administrative procedure, 

locks open single valves or multiple valves in series in the AFW system 

pump suction piping and locks open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly inspection 

should be performed to verify that these valves are locked and in the 

open position. These inspections should be proposed for incorporation 

into the surveillance recommendations of the plant Technical Specifica

tions. See Recommendation GL-2 for the longer-term resolution of this 

concern. 

2. Recommendation GS-4 - Emergency procedures for transferring to alternate 

sources of.AFW supply should be available to the plant operators. 

These procedures should include criteria to infon1 the operator when, 

and in what order, the transfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 
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The case in which the priury water supply is not initially 

avai·lable. The procedures for this case should include any 

operator actions required to protect the AFW PUIIPS against 

self-dllllage before a water flow is initiated, and, 

The case in which the priury water supply is baing depleted •. 

The procedure for this case should provide for transfer to the 

alternate water sources prior to draining of the prfury water 

supply. 

3. Rec~ndation GS-5 - The as-buflt plant shPuld be capable of provfdi~ 

the req11ired AFW flow for at least two hours fi"OII one AFW PUIIP train 

independent of any alternating current power source. If unuel AFW 

systH initiation or flow control is required followt"ng a COIIPlete 

loss of alternating current power, -rgency procedures should be 

established for un~~elly initiating and controlling the syst .. ~~r 

these conditions. Since the water for cooling of the lube ofl for 

the turbine-driven PUIIP bearings .ay be dependant on alternating 

current power, design or procedural changes &·111111 be ucla to eliminate 

this dependency as soon as practicable. uriti-j: thfs is CloRe. the 

emergency procedures should provide for an individual to be stationed 

at one turbine-driven PUIIP in the event of the loll of ell e1terneting 

cur~:ent power to 110nitor pump bearing and/or lube oil t811Peratures. 

If necessary, thfs operator would operate the turbine-driven PUIIP in 

an on-off 110de unt 11 a 1 ternat i ng current power is restored. Adequate 

lighting powered by direct current power sources and comaunicetfons 
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at local stations should also. be provided if manual initiation and 

c:ontorl of the AFW system is needed. (See Rec:o1111endation GL-3 for 

the longer-term resolution of ttis concern.) 

4. Rec:01111endation GS-6 - The licensee should confirm flow path availability 

of an AFW system flow train tha: has been out of servi c:e to perform 

periodtc: testing or uintenanc:e as follows: 

Procedures should be implenented to require an operator to 

deten~ine that the AFW sys-:em valves are properly aligned and a 

second opera~or to indepencently verify that the valves are 

properly al fgned. 

The licensee should propose Technical Specifications to assure 

that prior to plant startu; following an extended cold shutdown, 

a flow test would be perfo:-med to verify the normal flow path 

fr011 the pri1111ry AFW systea water source to the steam generators. 

The flow test should be co~ducted with AFW system valves in 

their nol'lllll al ignmant. 

S. Rec01111endation GS-8 - The licensee should install a system to auto

matically initiate the AFWS. This system need not, in the short-term, 

be safety-grade; however, it should.meet the criteria listed below, 

which are similar to Item 2.1.7a of NUREG-0578. For the onger term, 

the automatic initiation signals and circuits should be upgraded to 

meet safety-grade requirements as 1ndicated in Recorrmendation GL-1. 
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The design should provide for the automatic: initiation of the 

auxiliary fl!edwater system flow. 

The automatic initiation signals and circuit• should be designed 

so that a single failure wf11 not result 111 the lou of auxiliary 

feedwater syste11 functfo11. 

Testability pf the initiating 1fgnah and cfrcufta should be a 

feature of the design. 

The initiating signals and circuits should be powered fi'OII the 

e11argenc:y busea. 

Manual c•pability to initiate the auxiliary teedwater systu 

from the control roo11 should be retained •nd 1hould be fiiJ)leHnted 

so that a single failure 1n the •11ual c1rcutts will not result 

fn the loss of systu function. 

The altern•ting current 1110tor-drivan PUIIPI and valves in the 

auxiliary feedw•ter tYStu should be included fn the •utOMtfc 

•ctu•tion (simultaneous and/or seque11tial) of the loads to the 

Hergenc:y buses. 

The automat!~ initiation signals and circuits should be designed · 

so that their failure will not result tn the lou of unual 

capability to fnftfate the AFW syatem from the control ro011. 

6. Rec:o-ndation - The 1icensl8 should propose IIOdific:ations to Technical 

Spec:fffcations to require that unual valves .that are non~~lly closed 

or open will be tested periodically. 
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X. 2. 3. 2 Additional Short-Term Reconunendations 

The following additional short-term reconunendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW systems designs at J!!· and 

C·E·designed operating plants. They have not been examined for specific 

applicability to this facility. 

1. Reco-ndation - The licensee should provide redundant level indications 

and low level alarms in the control roo11 for the AFW syste11 primary 

water supply to allow the operator to anticipate the need to make up 

water or transfer to an alternate water supply and prevent a low pump 

suction pressure condition from occurring. The low level alarm 

setpoint should allow at least 20 minutes for operator action, assuming 

that the largest capllcity AFW pump is operating. 

2. Reco-ndation - The licensee should perform a 72-hour endurance test 

on all AFW syst .. pu.ps, if such a test or continuous period of 

operation has not been accomplished to date. Following the 72-hour 

pump run, the pumps should be shut down and cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain within design limits with 

respect to bearing/bearing oil temperatures and vibratipn and that 

PUIIIP room ambient conditions (temperature, hUIIidity) do not exceed 

environmental qualification limits for safety-related equipment in 

the room. 
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3. Recommendation - The 1 i censee shou 1 d imp 1-nt the following require

ments as specified by Ito 2.1.7.b on page A-32 of NUREG•0578: 

"Safety-grade indication of auxiliary feedwater flow to each 

steam generator shall be provided in the control ro0111. 

The auxiliarY feedwater flow instrU..nt channels shall be powered 

frOII the emergency buses consistent with satisfying the -rgeney 

power diversity requfr .. ents for thl auxilfary feedwater syst.. 

set forth in Auxiliary SystHs IJranch Technfc&1 Position 1o-1 of 

the St~ndard Review Plan, Section 11i.4. 9." 

4. Rec-ndation - Licensees with plant• which require local dnual 

realignment of valves to cunduct flilriodic tests on one AFW 1y1t.. 

train, and there is only one J'jillafning Af!li train avai"llble. for 

operation should propose Technical Specifications to provide that a 

dedicated individual who fl fn c-unfcation with thl control ro011 be 

stationed ilt the manual valves. Upon in1truction from tha control 

roilll, this operator would realign the valves fn the AFW sy1te11 train 

fr011 the test mode til its operational alignment. 

X. 2. 3. 3 Long-Term 

Long-term recommendations for improvin~ the systemt are as •follows: 

1. RecOMandation - ~L-i - Licensees with plants having a manual 1tarting 

AFW systelli should install a lyst.m to automatically initiate the AFW 

sy!item fldW. This syste• and auociated autoutic initiation signals 
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should be designed and installed to meet safety-grade requirements. 

Manual AFW system start and control capability should be retained 

with manual start serving as backup to automatic AFW system initiation. 

2. Recommendation - GL-2 - Licensees with plants in which all (primary 

and alternate) water supplies to the AFW systems pass through valves 

in a single flow path should install redundant parallel flow paths 

(piping and valves). 

Licensees with plants in which the primary AFW system water supply 

passes through valves in a single flow path, but the alternate AFW 

system water supplies connect to the AFW system pump suction piping 

downstream of the above valve(s) should install redundant valves 

parallel to the above valve(s) or provide automatic o'pening of the 

valve(s) from the alternate water supply upon low pump suction pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the va 1 ve positions. 

3. Recommendation - GL-3 - At least one AFW system pump and its associated 

flow path and essential instrumentation should automatically initiate 

AFW system flow and be capable of being operated independently of any 

alternating current power source for at least two hours. Conversion 

of direct current power to alternating current is acceptable. 

E-23 

- 21 -

4. Recommendation - The motor operated steam inlet valves and other 

equipment affected by the environmental effects of the aain s·team and 

feed line breaks discussed in section 2.1.1 and 2.2.4 should be 

qualified to the environmental conditions that will be present. 

5. Recommendations - The licensee should evaluate the following concerns: 

a) The AFW pump discharge lines and turbine driven AFW steam supply 

lines cOIIIbine into different single lines through which all AFW 

water or steam must flow. (See Figure 1). A pipe break in 

either of these single flow paths would cause loss of the entire 

AFW function. 

b) The Calvert Cliffs AFW systems do not meet the high energy lfne break 

criteria in SRP 10.4. 9 and Branch Technical Position 10-1; 

namely, that the AFW system should maintain the capability to 

supply the required flow to the steam generator(s) assuming a 

pf pe break anywhere in the AFW pump discharge 1 i nes concurrent 

with a single active failure. 

The licensee should evaluate the postulated pipe breaks stated above 

and (1) determine any AFW system design changes or procedures necessary 

to detect and i so 1 ate the break and direct the required feedwater 

flow to the steam generator(s) before they boil dry or (2) describe 

how the plant can be brought to a safe shutdown condition by use of 

other systems which would be available following such postul:'ted 

events. 
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E!~Cl.OSJRE 2 

BASIS FOR A!JXILJ:ARY ~TER SYSTEM FLOW !§OUI!'!E:MEmS 

As & resUlt cf :J:eCent staff miewi of opel"'Ltin& plant auxiliary feGater I~ 

(MWS), the stat! concludes that the desi&n ,bases and criteriA providad by liOIIIIMU 

fer establishing ANS requirements for flc:w to the steam gsneratar(s) to US1.l%'8 ade

quate rem:lV&l of reactor decay heat are not well defined or dCCIJIIellted. 

' ' 
We req~ that you provide the follCMing ANS flc:w design basis infOim&tion es appli-

cable to the design basis transients and accident conditions for yoor. plant. 

1. a; Identify the plant transient and accident con:litia'IS considered in .estab

lishing AZWS flCM requWelllents, including the following events: 

1) Loss of Main Feed (I.MFW) 

2) LMfW w/loss of ·offsite M. pc:wer 

3) LMFw w/loss of cffsite and onsite AC power 

4) Plant coclda.n 

5) Turoine trip with and Without bypass 

6) Main steam isolation valve closure 

7) Main. feed line break 

8) Main steam line break 

9) Snall break LOCA 

10) Other 'lnnsient or accident conditions not listed ilboYa. 

b. Describe the plant ~ection acceptmoe criteria an4 ~ techni

cal bull ueed far each initiatini event idc)ti!ied eov... The ecceptcloe 

criteria lhould lddrul plant limite such u: 

- MAxinun RCS pr111ure (PO:RV ar safety valve actuatian) 

- FUel temperature ar damqe limit• CINB, Per, maxinun Ml oental "ternper&t\:l 

- RCS coolin~ rate l:lmit to avoid exceuive ooolent 1hri:lkqe 

- Minimum 1team &enerator level to as1ure sl.l!!icient stea pnen,tar heat ~ 

fer .1\m!&ce ·:to·~ ~.hut end/cr ccoldown the pr:l.muy iyetem. 
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2. Describe the analyses and usumptiCN and ccrn~spandin& technical justif'icatia1 

used With pla,nt ccnditials cc::nsidered in l.a. above includin&: 

a. Maxinun reactor power (includin& instNnent error alla.rance) at the t:lma of 

the initiating transient or accident. 

b. Time delay fran initiating event to reactor trip. 

· c. Plant ~er(s) which initiates MWS flow and time delay between initiat

ing event and intnlductia'l of AEWS flow into steam generetor(s). 

d •. ltiJWmlm steam generetor water level when .initia<::::tg event occurs. 

e. Initial ~team generator water inventory and de;:>letia'l rate before and after 

An-IS flow caJi.nces - identify reactor decay heat rete used. 

f. MllxiDun pres~ at which steam is released frail steam generator( a) and agains

which the A1W ·pllllp llllSt develop sufficient head. 

g. ltiJWmlm ~umber of steam generatore that must receive 1-.1'<1 flc:M, •·I·, l of 2, 
2 of 4? 

h. RC flow oonditia'l - =tinued ·operatia'l of RC p~m~ps or natuxel. cireul.aticn. 

i. · MaximJm A1W inlet tempemture. 

j • Fol.l.owini ·a postulated steam or feed line brealc, tir.le delay assumed to isolate 

brealc md direct A1W fl.CM to intact steam generator(s). A1W pump flow capacit· 

allc:Mence to accaJICdate the time delay and maintain mininum steam generator . 

water level. Also identify credit taken fer priJIIaey system heat x.nioveJ. due 

to bl.cwlbm. 

](, Volume and liiiXiDun tenprs:ture of water in main feed lines between iteam 

pnere.tor(s) and AM oonnectia1 to main feed line. 

1. Opera-tins oonditia'l of steam generator normal blowdown fo~ initiat:l.q 

event. 

m. . Primary and seconclaxy system water. and meti!l se:~sible heat used for cooldam 

and AF'W flew sizing. 

n. Time at hot standby and time to cooldcwn RCS to RHR (or SCS) sys1;em cut 

in temperature to size A1W water scurce inventory. 
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3. Verif}r that t}'le A1W pun;~S iri your pllll!t will lllpply the necessuy ~ to the 

steam generatorCs) as determined by items l and 2 above oonsiderini a •inale · 

failure, Identify the margin in sizing the pump·flow to allc:M for pump ~ 

culatia'l flc:M, seal lealcap and pump wear. 
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Docket No. 50-285 

Mr. W. C. Jones 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, 0. C. 2-

0ctOber 22, 1979 

Division Manager - Production Operations 
Omaha Public Power District 
1623 Harney Street 
Omaha, Nebraska 68102 

Dear Mr. Jones: 

SUBJECT: tf!C REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT FORT CALHOUN 
STATION UNIT NO. 1 

The purpose of this letter is to advise you of our requirements for the, 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Combustion Engineering-designed operating 
plants, and (2) plant-specific requirements applicable only to the subject 
facility. Enclosure 2 contains a generic request for additional information 
regarding auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated 
against the applicable requirements specified in Enclosure 1 to determine 
the degree to which the facility currently conforms to these requirements. 
The results of this evaluation and an associated schedule and commitment 
for implementation of required changes or actions should be provided for 
NRC staff review within thirty days of receipt of this letter. Also, this 
schedule should indicate your date for submittal of information such as design 
changes, procedure changes or Technical Specification changes to be provided 
for staff review. You may also provide your response to the items in Enclosure 
2 at that time. 

In addition to the requirements identified in this letter, other requirements 
wtlich may be applicable to the subject facility are expected to be generated by 
the Bulletins and Orders Task Force. Such requirements are those resulting from 
our review of the loss-of-feedwater event and the small break loss-of-coolant acc
ident as described in the Combustion Engineering report CEN-ll4-P (Amendment 1-P) 
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entitled, ""Review of Small Break Transients in Combustion Engineering 
Nuclear Steam Supply Systems. • Our specific concerns include systems 
reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements 
resulting .from the additional items from the Bulletins and Orders 
Task Force review. 

Enclosures: 
As stated 

cc wfenclosures: 
See next page • 

Sincerely, 

; ; '1 ·.I· ·--r . r . . J. 
-:< t'o. ""'·~ ~, t ····-··C'"-~-"-I. ........ ..,o4,} /~~ 
Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



~ana Public Power District 

cc: 
f·largaret R. A. Paradis 
LeBoeuf, Lamb, Leiby & llacRae 
1333 New Hamoshire Avenue. NW. 

·Washington, D. C. 20036 

Blair Public Library 
1665 Lincoln Street 
Bl al.r, l~ebraska 68008 
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Combustion Engineering Principal Contact Listing 

Mr. David Bixel 
Nuclear Licensing Admiistrator 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Mr. Willi am .Cavanaugh, II I' 
Executive Director of Generation 

and Construction 
Arkansas Power & Light Company 
P. 0. Box 551 
Little Rock, Arkansas 72203 

Mr. A. E. Lundvall, Jr. 
Vice-President - Supply 
Baltimire Gas & Electric Company 
P •• Box 1475 
Baltimore, Maryland 21203 

Mr. Theodore E. Short 
Assistant General Manager 
Omaha .Public Power District 
1623 Harney Street 
Oma~a. Nebraska 68102 

Mr. Robert H. Groce 
Licensing Engineer 
Yankee Atomic Electric Company 
20 Turnpike Road 
Westboro, Massachusetts 01581 

Mr. W.· G. Counsil, Vice-President 
Nuclear Engineering & Operations 

Northeast Nuclear Energy Company 
P. o. Box 270 
Hartford, Connecticut 06101 

Dr. Robert E. Uhrig, Vice-President 
Advanced Systems & Technology 
Florida Power & Light Company 
P, 0. Box 529100 
Miami, Florida 33152 



Co~ustion Engineering Owners Group Representatives 

Mr. G. E. Liebler, Chairman 
Combustion Engineering Owners Group 
Florida Power and Light Company 
P. 0. Box 013100 
Miami, Florida 33101 

Mr. Joseph K. Gasper, Vice Chairman 
Combustion Engineering Owners Group 
Omaha Public Power Oistrict 
Fourth & Jones 
Omaha, Nebraska 68108 

Mr. John Garrity, Chairman 
Guidelines Subgroup 
Maine Yankee Atomic Power Company 
Edison Orive 
Augusta, Maine 04336 

Mr. Robert G. Harris, Chairman 
Analysis Subgroup 
Northeast Utilities Service Co. 
P. o. Box 270 
Hartford, Connecticut 06101 

Mr. David S. Van de Walle 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Mr. William Szymczak 
Yankee Atomic Power Company 
25 Research Drive 
Westboro, Massachusetts 01581 

Mr. J. T. Enos 
Arkansas Power & Light Con~anv 
P. 0. Box 55' 
Lit~," :o-:.c~' .!..~· 
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ENCLOSURE 1 

X. 3 (CE) FT. CALHOUN 

AUXILIARY FEEDWATER SYSTEM 

X. 3.1 Systu Description 

X.3.1.1 Configuration. Overall Design 

A simplified diagru of the auxiliary fttdWater systa• (AFWS) for the 
. . 

Ft. Calhoun plant 1s shown in Figure 1. The AFWS includes a sttu turbine~ 

driven pump and a moto~driven pu.p, each rated 260 gp1 I 2400 ft. head. 

Each pump is capable of cooling the plant down to the telperature where 

the shutdown cooling systu (SCS) can be used to continue safe plant 

shutdown. The pumps are located in the seis•1c Category I auxiliary 

building, and are protected against internal and external flooding. 

Piping interconnections are provided to pel'llit either. AFW PIIIIP to feiCI 

directly either or both steu generators through the nol'lllil AFW flow path. 

AFW flow can also be directed to the uin feadWater lines upstreu of the 

111ain feedWater isolation valves. 

The pri111ry water supply for the AFWS is the sefs•ic.Category i ... rgenc:y 
feedwater storage tank (EFST) having a capacit_v of 63,000 aallona. The 

' - -·- ----··- ... - ----
EFST is required by Technical Specification$ to contain at least 

55,000 gallon& .of water whenever tha reactor coolant systu (RCS) 

temperature is above 300°F. The licansee states that this is adequate to 

111fntain hot standby for 8 hours. 
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The EFST water level is automatically maintained by the condensate _system (CS). 

If the CS is not available, the EFST 1 eve 1 will be maintained by 

either the demineralized water from the water treatment plant or the 

outside condensate storage tank. In addition, emergency makeup water 

supply to the EFST may be obtained from the fire main of the fire protection 

system. EFST water level indicators are provided which will initiate, 

alarm and annunciate in the main control room on high or low water 

level. 

X. 3.1. 2 Components - Design Classifications 

The AFWS, including instrumentation and control and primary water source, 

is classified as an engineered safety features system and designed according 

to seismic Category I and safety grade requirements. 

X. 3 .1. 3 Power Sources 

The steam turbine driven pump receives steam from either SG from a point 

upstream of each main steam isolation valve (MSIV) via direct current (DC) 

power solenoid air operated valves and exhausts directly to the atmosphere. 

(See Figure 1 for valve(s) normal position and position upon loss of power 

<r ~ir.) 

The motoP..driven pump receives power from a 4160V vital bus. Upon loss of 

offsite power, the operator must connect the motor-driven pump train to an 

emergency diesel generator bus. 
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X. 3.1. 4 Instrumentation and Controls 

X.3.1.4.1~ 

The instrumentation and controls within the AFWS have been designed as 

safety grade and seismic Category I components. The systetlls' safety. 

function will not be affected by a single failure, since redundancy has 

been provided. The SG water level is manually controlled by the operator 

using either one of the DC solenoid a!r operated valves which are located 

outside the containment. Manual operation of these valves can be performed 

locally on loss of compressed air. The pumps (turbine driven and motor 

driven) can be controlled remotely from the control room or at the auxiliary 

feedwater control panel. 

X.3.1.4.2 Information Available to Operator 

The important AFWS information available to the operator includes pump 

operability (.suction flow, discharge, flow),EFST level and temperature. SG 

flaw, SG water level and •. control valve position indication are also provided 

in tne contro 1 room. 

X.3.1.4.3 Initiating Signals for Automatic Operations 

Both AFW pumps will automatically start on trip of the last o~erating main 

feedwater pump. On loss of offsite power, only the turbine driven pump 

will start automatically; the motor driven pump can be started nianually 

after connecting the motor to an emergency diesel gen&rator 1:1ua1• AlW flolf 

from the turbine-driven pump will initiate automatically upon loss of all 

•The licensee is considering the possibility of automating the electric AFW subsystu 
for the case where offsite AC would be lost. 
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onsite and offsite AC power. In this event, the steam supply and AFW flow 

control valves in the turbine pump train open. Also, the turbine pump 

lube oil is cooled by recirculated AFW flow. 

X.3.1.4.4 Testing 

The AFWS is tested every 31 days in accordance with technical specification 

requirements. The system is tested using the pump recirculating line and 

noting pump pressure and flow. The instrumentation system is checked 

periodically, in accordance with the technical specifications, each shift, 

monthly or during refueling outages. AFW flow instrumentation channels 

for the SGs, flow indicating controls for the Af\1 pumps, and level indica

tion and level alarm switches are calibrated annually. 

In addition to the above periodic testing, the licensee routinely uses the 

AFWS for shutdown and startup operations. This practice augments the 

detection of malfunctions in the Ft. Calhoun AFWS periodic surveillance 

testing. 

X.3.1.4. 5 Technical Specifications 

The Limiting Conditions for Operation stipulate that the reactor coolant 

system shall not be heated above 300°F unless the following conditions are 

met: 

1. Both auxiliary feedwater pumps are operable. One of the auxi'liary 

feedwater pumps may be i noperab 1 e for 24 hours pr~vi ded that the 

redundant component shall be tested to demonstrate operability. 
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2. A minimum of 55,000 gallons of water in the e~~ergency feedwater 

storage tank and a backup water supply to the -rgency fudwater 

storage tank from the Missouri River by the fire water system. 

3. All valves, interlocks and piping associated with the above components 

required to function during accident conditions are operable. 

X.3.2 Reliability Evaluation Results 

X.3.2.1 Dominant Faflure Modes 

• 

The· Ft. Calhoun. AFWS consists of two subsystems, one includes a motor 

driven pump and the other a steu turbine driven pump. Either of these 

two sub" systems delivering water to one of the two ste111 generators· provf des 

for adequate decay heat removal given the three 1 oss of main feedwater 

events considered. 

The following failure modes were found to dominate tlie d-nd unavailability 

of the Ft. Calhoun AFWS. 

Loss of Feedwater {LOFW) with Offsite AC Power Available 

The dominant failure mode ("' 801 contribution) identified for the Ft. 

Calhoun AFWS was inadvertent closure of the single, manually operated AFW 

pump suction valve from the EFST that could make the redundant AFWS subsystems 

inoperative. Although this valve is located in a security area and is 

visible and locked open, the licensee plans to further strengthen the 

administrative checking on this valve and its position status, (i.e., a 

visual check would be made and logged as part of a routine data logging 

procedure performed for the turbine .and steam plant). This added procedure 
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would result in a check of the valve position status at least several 

times each day. 

The AFWS for Ft. Ca 1 houn is used to supply feedwater to the SG' s for 

routine shutdowns and startups. This ·routine use is over and above that 

usage resulting from actual demands and testing demands and serves to 

further confirm the availability of a flow path through the single locked 

open pump suction valve. It is considered, however, that even with the 

above valve status v"rification procedure in place, this single suction 

valve remains a major point of vulnerability in the Ft. Calhoun AFWS. 

This is because all emergency feedwater sources (primary and backup) must 

pass through this single valve and flow blockage (e.g., disengaged valve 

gate/disc) could make the AFWS inoperative. 

An additional potential vulnerability of the Ft. Calhoun AFWS design was 

observed; however, this vulnerability was not assessed in detail during 

this revi~. This potential vulnerability is associated with the discharge 

piping cross-connection between the two AFWS subsystems that includes two 

normally open manual valves (FW 744 and FW 745). This cross-connection 

was installed by the licensee subsequent to the FSAR review to provide an 

alternate way to supply AFW flow vi~ the main feedwater system. A single 

passive failure in this cross-connection would require local operator 

action to manually close either FW 744 or FW 745 to isolate the two sub

systems from one another. The licensee should re-evaluate the position of 

these valves considering a postulated break in the cross-oameatian (see 

short-term reconnendation number 6.) 
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LOFW with only Onsite AC Power Available 

The Ft. Ca 1 houn vi~ 1 e 1 ectri ca 1 buses up 1 oy two emergency diesel generators 

(EDG) with load shedding features. The IIOtor-driven pump train of the AM 

ean be pc:~W~~Xed by either E!lG unit; .. howeverl · e:lnae it is ncmDIIlJ.y ocmeated to an 

electrical bus supplied by offsite power, it is shed from the bus on loss 

of offsite power. As soon as the EDG' s pick up their safety loads, the 

plant operator 1s required to connect the 110tor-dri van pump to a. of 1!le EDGe 

by switching action in the control ro011. Assessment of this hllllllln dependency 

and its contribution to the overall AFWS unavailability indicates 11 small 

increase relative to the above LOFW transient event (~ 201). The single 

valve in the AFWS suction line r•ains as the d011inant fault contributor. 

LOFW With Only DC Power Available 

In this event, the turbine-driven pump train portion of the Ft. Calhoun 

AFWS would start automatically. The operator would lie expected to provide 

backup in case the solenoid operated valves (SOVs) in the ste111 admission 

line to the turbine-driven pump fail to open. The dominant contributors 

to AFWS unavailability in this event were: 

-Allowed test and maintenance outage ti•s (- 401) 

-Hardware faults (turbine pumps and manual valves around the turbine 

pumps) ( -SOX) 

X. 3. 2. 2 Principal Dependencies Identified 

1. The single locked open AFW pump suction valve (FW-339) which fj!eds 

both AFWS pumps. 
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2. The potential common mode vulnerability in the cross-connection 

i nsta 11 ed by the 1 i censee due to va 1 ves FW 744 and FW 745 being 1 eft 

normally open. Failure 

manual actions to correct. 

in the cross-connection requires local 

3. The operator being required to connect the motor-driven pump train of AFWS 

to an EDG bus for the LOFW transient with only onsite AC power available. 

Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant 

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term recommendations 

(both generic, denoted Gl, and plants specific) identified in this section 

involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or as soon thereafter as is practicable. 

X.3.3. 1 Short-Term 

1. Recommendation GS-2 - The licensee should lock open single valves or 

multiple valves in series in the AFW system pump suction piping and 

lock open other single valves or multiple valves in series that could 

interrupt all AFW fl-ow. Monthly inspections should be performed to 
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verify that these valves are locked and in the open position. These 

inspections should be proposed for incorporation into the surveillance 

requirements of the plant Technical Specifications. See Recommndation 

GL-2 for the longar term resolution of this concarn. 

2. Recommendation GS-4 - Emergency procedures for tranferring to alternate 

sources of AFW supply should be available to the plant oparators. 

These procedures shou 1 d inc 1 ude criteria to inform the operator whan, 

and in what order, the transfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 

The case in which the primary water supply is not initially 

available. The procedures for this case llhould 

include any operator· aatian .~uired to protect 

the liN system pumps against self-daqe 

before water flow is initiated; 

and, 

The case in wh!ch the primary water supply is being depleted. 

The procedure for th.is case should provide for transfer ti(the 

alternate water sources prior to draining of the primary water 

supply. 

3. Recommendation GS-6 - Tha licensee should confirm flow path availability 

of an AFW system flow train that has been out of service to perfol'll 

periodic testing or maintenance as follows: 
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Proceduru should be implemented to require an operator to 

determine that the AFW system valves are properly aligned and a 

second operator to independently verify that the valves are 

properly aligned. 

The licensee should propose Technical Specifications to assure 

that prior to plant startup following an extended cold shutdown, 

a flow test would be performed to verify the normal flow path 

from the primary AFW system water source to the steam generators. 

The flow test should be conducted with AFW system valves in 

their normal alignment. 

4. Recommendation GS-7 - The licensee should verify that the automatic 

start AFW system signals and associated circuitry are safety-grade. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic initi

ation signals and circuits should be upgraded to meet safety-grade 

requirements as indicated in Recommendation GL-5. 

ll 

The initiation signals and circuits should be powered from the 

emergency buses. 

Manual capability to initiate the auxiliary feedwater system 

from the control room should be retained and should be implemented 

so that a single failure 1n the manual c1rcu1ta w111 not result 

in the loss of system function. 

The alternating current mot,or·driven pumps and vaves in the 

auxiliary feedwater system should be included in the automatic 

actuation (simultaneous and/or sequential) of the loads to the 

emergency buses. 

The automatic initiation signals and circuits shall be designed 

so that their failure will not result in the lou of manual 

capabilty to initiate the AFW system from the control room. 

5. The lioens11 should prepare a procedure that auures that the operator 

manually connects ~he motor-driven pump train to the bus powered by 

the emergency diesel generator following loss of offsite power. 

6. Since values FW 744 and 745 in one of the AFW pump discharge headers 

The design should provide for the automatic initiation of the are normally open (see Figure 1), a postulated break in .this header 

auxiliary feedwater system flow. wo1,1ld cause loss of the capability to provide AFW flow to both steam 

The automatic initiation signals and circuits should be designed generators. The licensee should re-evaluate the position of these 

so that a sfngla failure will not result in the loss of auxiliary valves considering such a postulated pipe break ·to revise the valve 

faedwatar system function. • alignment to reduce the impact of such an. event on the AFW capability 

Testability of the initiation signals and circuits shall be a (e.g., close valves FW 744 and FW 745). 

feature of the design. 
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X.3.3.2 Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at~- and C-E

designed operating plants. They have not been examined for specific 

app 1 i cabil i ty ot this facility. 

1. Recommendation - The 1 icensee should provide redundant level indica

tions and low level alarms in the control room for the AFW system 

primary water supply to allow the operator to anticipate the need to 

make up water or transfer to an alternate water supply and prevent a 

low pump suction pressure condition from occurring. The low level 

alarm setpoint should allow at least 20 minutes for operator action, 

assuming that the largest capacity AFW pump is operating. 

2. Recommendation - The licensee should perform a 72-hour endurance test 

on all AFW system pumps, if such a test or continuous period of 

operation has not been accomplished to date. Following the 72-hour 

pump run, the pumps should be shut down and cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain within design limits with 

respect to bearing/bearing oil temperatures and vibration and that 

pump room ambient conditions (temperature, humidity) do not exceed 

evironmental qualification limits for safety-related equipment in the 

room. 
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3. Recommendation - The licensee should implement the following require

ments as specified by Item 2.1. 7.b on page A-32 of NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to each steam 

generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be powered 

from the emergency buses consistent with satisfying the emergency 

power diversity requirements for the auxiliary feedwater system set 

forth in. Auxiliary Systems Branch Technical Position 10-1 of the 

Standard Review Plan, Section 10.4.9." 

4. Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AFW system 

train, and there is only one remaining AFW train available for opera

tion,should propose Technical Specifications to provide that a dedicated 

individual who is in communication with the control room be stationed 

at the manual valves. Upon instruction from the control room, this 

operator would realign the valves in the AFW system train from the 

test mode to its operational alignment. 

X.3.3.3 Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL-1- Licensees with plants having a manual starting 

AFW system should install a system to automatically initiate the AFW 

system flow. This system and associated automatic initiation signals 
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should be designed and installed to meet safety-grade requirements. 

Manual AFW system start and control capability should be retained 

with manual start serving as backup to automatic AFW system initiation. 

(Note: This recommendation is applicable to the motor-driven AFW 

pump subsystem upon the loss of offsite AC power). 

2. Recommendation GL-2 - Licensees with plants in which all (primary and 

alternate) water supplies-etc the AFW systems pass through valves in a 

single flow path should install redundant parallel flow paths (piping 

and va·l ves). 

Liensees with plants in which the primary AFW system water supply 

passes through valves in a single flow path, but the alternate AFW 

system water supplies connect to the AFW system pump suction piping 

downstream of the above valve(s) should install redundant valves 

parallel to the above valve(s) or provide automatic opening of the 

valve(s) from the alternate water supply upon low pump suction pressure. 

The 1 i censee should propose Techni ca 1 Speci fi cations to incorporate 

appropriate periodic inspections to verify the valve positions. 

3. Recommendation - GL-5 - The lic,ensee should upgrade the AFW system 

automatic initiation signals and circuits to meet safety-grade 

requirements. 
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4. Recommendation - The 1 icensee should evaluate the following concerns: 

a. The discharge lines of both AFW pumps combine into a single 

header through which all AFW water must flow. A pipe break in 

this single flow path could result in the loss of the entire AFW 

system function. 

b. The Ft. Calhoun AFW system design does not meet the high energy 

line break criteria in SRP 10.4.9 and Branch Technical Position 

10-1; namely, that the AFW system should maintain the capability 

to supply the required AFW flow to the steam generator(s) assuming 

a pipe break anywhere in the AFW pump discharge lines concurrent 

with a single active failure. 

The licensee should evaluate the postulated.pipe breaks stated 

above and ( 1 ) determine any AFW system design changes or procedures 

neces~ary to detect and isolate the break and direct the required 

feedwater flow to the steam generator(s) before they boil dry or 

(2) describe how the plant can be brought to a safe shutdown 

condition by use of other systems which would be available 

following such postulated events. 
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ENCLOSURE 2 

BASIS FOR AUXILIARY FEErMATER SYSTEM FLOW REQUIREMENTS 

As a resi.tl t of :r:ecent staff reViews of operating plant auxiliary feedwater syrt

(AFWS), the staff concludes that the design bases' and cciteria provided by licensees 

for establishing AFWS req~ts for flCM to the steam generator(s) to assunt ade

quate reJTOval of reactor decay heat are not wll defined or documented. 

We require that you provide the follCM:i.ng AFWS flCM design basis information as appli-

cable to the design basis transients and accident conditions for your plant. 

1. a. Identify the plant transient and accident conditions conside:recl in estab

lishing AFWS flCM requirements, including the follCM:i.ng events: 

1) loss of Main Feed (I.MFW) 

2) I.MFW w/loss of offsite AC pCMer 

3) I.MFW w/loss of offsite and onsite AC power 

4) Plant cooldCMn 

5) Tumine trip with and Without bypass 

6) Main steam isolation valve closure 

7) Main· feed line break 

8) Main steam line break 

9 J Small break LOCA 

10) Other transient or accident conditions not listed above. 

b. Describe the plant protection acceptance criteria and oorrespond:i.ng techni

cal bases used for each initiating event identified above. "l'hhl··aoceptanos 

criteria should ~ss plant limits such as: 

- MaxiJmml RCS pressure (PORV or safety valve actuatioo) 

- Fuel tempera~ or damage limits Ct:NB, Per, maximJm fuel central t~tul· 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam genen~.tor heat tranE 

fer Slmfa.Ce ·to·remov~~ decay, heat and/or coolc:ICMn the primary system. 
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2, Describe the analyses and usU~~Vticns and corr.spond:in& technical justificatiCZl 

used With pliJlt canditions ccnsiden!d in l.a. above including: 

a. MaxiJmJm reactor power (including i.natNnant e= allowance) at the t:lme of 

the initiating transient or accident. 

b, T:lme delay fian initiating event to reactcr trip. 

c. Plant parameter(s) which initiates ArWS flow and time delay between initiat

ing event ancl :!ntrcductiCZl of MWS flow into steam generator(s). 

d. Minimum steam generator water level when initia':ing event occurs, 

e. Initial steam generator water :Inventory anc1 depletion rate before and after 

AFWS fl.c:M carinences - identify reactcr decay heat rete used. 

f. Max:iJmJm pressure at which steam is released fn::m steam generatcr(s) and agains~ 

which the AFW pi.DIIp must develop sufficient head. 

g. Minimum ~I.Uiiler of steam generators that must receive AFW fla;r, e.g., l of 2, 

2 of 4? 

h. RC flow candition - cant:inulid -operatiCZl of. RC ~ or natural circulation. 

i. · Maxinun AFW inlet temperature, 

j. Fol.low:ing ·a postulated steam or feed line break, .time delay assumed to isolate 

break anc1 direct AFW fla;r to intact steam generatcr(s). AFW pump fl.c:M capacit: 

alla;rance to acccm:xla.te the time delay and maintain mi1rlmum steam generator 

water level. Also identify credit taken for primary system heat resicval due 

to blowdown, 

Jc •. Volume and maxinum temperature of water in main feed lines between steam 

generator(s) and ArWS connectiCZl to main feed line. 

1. Operating condition of steam generator noma.l blowdown follO!O'ing ini tiati.ng 

event. 

m. Primary and secondary system water al').d metal sensible heat used fer cooldam 

and MW flow sizing. 

n. Time at hot standby and t:lme to ocoldam RCS to RHR (or SCS) sys-t;:em cut 

in temperature to size A,;w water source inventory, 
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3. Verify that t;he MW p~qS in your plant will supply the nacessazy flcM to the 

steam generator( s) u determ:!ned by ~ t- 1 anc1 2 above cansi.dezini 'a a :!nile 

f allure. Identify the margin in sizing the pump flow to allO!O' fer pump reciz.

culation fla;r, seal leakage anc1 pump wear. 
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UNITED STATES :l~o~ "'~I\ t ::'~-.~:, J NUCLEAR REGULATORY COMM·ISSION 
WASHINGTON, D. C. 20151515 

~,.... .. ·,~ ..... ..; .f$' 

., ...... .. 
Docket No. 50-309 

t~r; Robert H. Groce 
Licensing Engineer . 
Maine Yankee Atomic Power Company 
20 Turnpike Road 
t·lestborough, MA 01581 

Dear Mr. Groce: 

October 18, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEOWATER SYSTEHS AT THE t~INE YANKE.E 
ATOMIC POWER STATION 

The pUrpose of this letter is to advise you of our requirements for the auxiliary 
feedwater systems at the subject facility. These requirements were identified 
during the course of the NRR Bulletins and Orders Task Force review of operating 
reactors in light of the accident at Three Mile Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable to the 
subject facility. These requirements are of two types, (1) generic requirements 
applicable to most Combustion Engineering-designed operating plants, and '(2) plant
specific requirements applicable only to the subject facility. Enclosure 2 contains 
a generic request for additional information regarding auxiliary feedwater system 
flow requirements. 

The designs and procedures of the subject facility should be evaluated against the 
applicable requirements specified in Enclosure 1 to determine the degree to which 
thl! facility currently conforms to these requirements. The results of this evalua
tion and an associated schedule and comnitment for implementation of required 
changes or actions should be provided for NRC staff reviel'l within thirty days of 
receipt of this letter. Also, this schedule should indicate your date for submittal 
of information such as design changes, procedure changes or Technical Specification 
changes to be provided for staff review. You may also provide your response to the 
items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements which 
may be applicable to the subject facility are expected to be generated by the . 
B~lletins and Orders Task Force. Such requirements are those resulting from·our 
review of the loss-of-feedwater event and the small break loss-of-coolant accident 
as described in the Combustion Engineering report CEN-114-P (Amendment 1-P) 
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entitled, "Review of Small Break Transients in Combustion Engineering Nuclear 
Steam Supply Systems." Our specific .concerns include systems reliability 
(other than the auxiliary feedwater system), analyses, guidelines and 
procedures for operators, and operator training. 

We plan to identify, in separa.te correspondence, the requirements resulting 
from the additional items from ·the Bulletins and Orders Task Force review. 

Enclosures: 
As stated · · 

cc w/enclosuresr 
See next page 

Sincerely, 

'" 1 f:nuc.; 1 (IL\t·JwJ-~r¥e~~~is~~ut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Yankee Atomic Electric Company 

CC W/encl OSure( S): 
E. w. Thurlow, President 
Maine Yankee Atomic Power Company 
9 Green Street 
Augusta, f·la i ne 04330 

~lr. Donald E. Vandenburgh 
Vice President - Engineering 
Yankee Atomic Electric Company 
20 Turnpike Road 
l~estboro, tlassachusetts 01581 

John A. ~itsher, Esquire 
·Ropes ., Gray 
225 Franklin Street 
Boston, Massachusetts 02110 

14r. John H. R. Pate'rson 
Assistant Attorney General 
State of ~Ia i ne. 
Augusta, ~jne 04330 

~lr. Nicholas Barth 
Executive Director 
Sheepscot.Valley Conservation 

Association, Inc. 
P. o. Box 125 
Alan, tlaine 04535 

Wiscassett Public Library Association 
High Street 
Wiscasset, llaine 04578 

fir. ~obert g. Radcliffe 
Office of Energy Resources 
55 Capitol Street 
Augusta, !·Iaine 04330 

llrs. L. Patricia Doyle, President 
SAFE POWER FOR HAl NE 
Post Office Box 774 
Carnden, !Iaine 04843 

First Selectman of Wiscasset 
~luni c i pa 1 ·Building 
u. S. Route 1 
Wiscasset, ~ine 04578 

Director, Technical Assessment 
Division 

Offlce of Radiation Programs 
(AW-459) 

U. S. Environmental Protection Agency 
Crystal Mall #2 
Ar·lington, Virginia 20460 

u. S. Environmental Protection Agency 
Region I Office 
ATTN: EIS COORDINATOR 
JFK Federal Building 
Boston, Massachusetts 02203 

State Planning Officer 
Executive Department 
State of t.laine 
H19 State Street 
Augusta, ~Iaine 04330 
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ENCLOSURE 1 

MAINE YANKEE 

AUXILIARY FEEDWATER SYSTEM 

Systetn Description 

Configuration, Overall Design 

A siiiiPlffied diagru of thtl Maine Yankee &lXil.iazy f~ IIY8'tem 

(AFWS), is shown in Figure 1. The principal c0111p0nents of the AFWS 

include two •otor-driven pumps and one turbine-driven PUIIIP each 

supplying flow to the three steu generators (SG). Each motor-driven 

pump and the turbine-driven pump has a rated capacity of 500 gpm 

@ 1100 psi a head. A 11 three pull!p discharge lf nes feed a ca.on 

header such that any one pump can deliver flow to all or any SG. The 

plant c:an be cooled to thll tiii!Perature at which the shutdown cooling 

syste can be uaed to bring the plant to a 11fe shutdown by any one 

pump and one SG. The licensee estiutes that the steam generators 

would boil dry in approxi•ately 30 •inutes and 15 11inutes as a result 

of a loss of main feedwater due to the loss of offsite power, -and in 

the event of loss of main feedwater without loss of offsite power, 

respectively. 

The primary water source for the AFWS is the demineralized water ·e:taniP 

tank CI14S'l'lliavhlg a tctal etanp Cllll*i-t:y·of 150,000 p.llala, 100,000 of 

which are dediJ:ated to the AFWS. The lfcensu states that this 
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dedicated inventory is suffi cf ant for about 6 hours of decay heat 

removal, and that this is ample time to allow for replenishing of the 

supply from backup sources, if needed. 

The seconaary water source is the primary water storage tank with a 

capacity of 150,000 gallons. This source is normally isolated from 

the system by locked clo.sed valves. The licensee estimates that 

manual actuation to open the valves would take five minutes for each 

valve. A. low level in the DWST is alarmed in the control room to 

a 1 ert the operator to connect the secondary source. 

Both water sources are backed up by the primary water treatment plant 

which can supply 300 gpm to the primary or secondary source. The 

fire protection water system, which has a storage of 3 million 

gallons, can also be used to provide AFW for an extended period of 

time. Connection of the fire protection water system to the AFWS is 

accomplished by a fire hose connection which the licensee estimates 

takes one- half hour to accomp 11 sh. 

The two AFW motor-driven pumps are located in the AFW pump house and 

the AFW turbine driven pump is located in in the main steam 

and feedwater valve area. Both rooms that .contain the AFW pumps are 

cooled by the normal room ventilation system. The three main steam 

1 ines, one from each SG, pass through the main steam 11nd 

feedwater valve area containing the turbine-driven pump. Thus, a steam 
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1 ina break in this room could disable the turbine-driven pUIIJI. The 

second motor-driven pump was added as a result of the NRC high energy 

pipe line break criteria of 1973. All three AFW pumps have a 

self-contained, self lubricating oil system. 

Components 

The AFW system, including components and piping are safety-grade, 

seismic Category I and are located in tornado-missile proof 

buildings. The primary water supply syatem, including the · 

demineralized water storage tank is seismically designed and fs 

Safety Class 3 up to the regulating valves and Clau 2 from the 

regulating valves to the steam generators. All other water sourcu 

are of non-seismic design and non-safety gra~e. 

Power Sources 

The power supplies and instrumentation are Clau lE. The two 

motor-driven auxiliary feedwater pumps are supplied from .two inde

pendent alternating current (AC) power emergency busu. The three 

pneumatic-operated discharge flow control valves auociated with the 

three steam generators receive control power· fJ'!Im the 11111e AC vital 

instrument bus (Division IV) and fail open. This bus fs normally 

supplied by a corresponding direct current (DC) power emergen!=Y bus 

via an inverter; however, by transfer switch operation, this bus may 

be connected to the Divfaion I bus. 
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The steam for the turbine-driven pump is received from the main steam 

system via a series of valves as shown in Figure 1. Three of these 

valves are pneumatic ~air-operated valves. One of these 

air-operated valves fails closed and is designed to close on high 

containment pressure (5 psig). The other two air-operated valves 

fail open; one receives its control power from the Division IV vital 

AC bus and the other from a DC bus. 

Instrumentation and Controls 

~ 

The auxiliary feedwater system is manually initiated and controlled 

from the control room upon the loss of the main feedwater system. 

Steam generator level indication (narrow and wide range) are 

available to the operator in the control room. The narrow range 

level channels are designed in accordance with protection system 

requirements. Although the wide range level channel is not con

sidered to be safety-related, it is powered from the vital AC 

instrument buses. 

Information Available to Operator 

System information available to the operator in the control room to 

assess the performance of the auxiliary feedwater system is as follows: 

Motor breaker position indicating lights associated with each 

motor-driven auxiliary feedwater pump. 

Motor amperage for each motor·dri ven AFW pump. 
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Control signal indication (0·100%) to each air operated 

auxiliary feedwater flow control valva. 

Auxiliary feedwater flow path discharge pressure indicating 

light. 

Demineralized water storage tank water level indication. 

Steam generator levels. 

Initiating Signals for Automatic Operation 

The auxiliary feedwater system is initiated manually from the control 

room. 

Testing 

The power supplies are tisted monthly. Diesel generators are started 

and connected to the bus and operated for 2 hours at full 1 oad. The 

AFW pumps, the system valves, and instrumentation are tested quar

terly in accordance with Technical Specifications. Full flow testing 

is performed upon startup and shutdown. 

Technical Specification 

The following aspects of the Main..Yanl<ee TeG!hnical Specifications, 

including Limiting Conditions of Operation, are applicable to the 

AFWS. 
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1. The following conditions must be met for a. steam generator to be 

considered operable for decay heat removal. 

A. The reactor coolant system must be closed and pressurized 

to 100 psi above saturation pressure. 

B. The steam generator must have both the co 1 d and hot 1 eg 

stop valves fully open. 

C. The steam generator water level must be above the top of 

the tube bundle. 

D. An inventory of over 100,000 gallons of primary grade 

feedwater must be available. 

E. A feed pump must be operable. 

2. The reactor shall not be maintained in a power operating 

condition unless the following conditions are met to assure post 

shutdown heat remov a 1 capab i 1 i ty. 

A. Two steam generator feed pumps are operab 1 e. 
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B. An inventory of over 100,000 gallons of primary grade 

feedwater is available. 

Exception: 

Reliability Evaluation 

Dominant Failure Modet 

If either steam generator 

auxi!"iary feed pump becomes inoperable 

continued power operation is pennitt!lld for a 

maximum of 7 days. In this stuation, the 

operab 1 e feed pump is to be tested once a 

day. 

The following'failure modes were found to dominate the dtmand 

unavailability of the Maine Yankee MWS: 

Loss of Feedwater (LOFW) With Offsite Power Available 

Failure of the operator to start the AFW system was assessed to 

be the dominant failure mode for this transient. To start the 

system the operator must start one of the 3 pumps and open one 

of the 3 air operated flow control valves. The licensee esti

mates that it will take approximately 15 minutes to boil dry the 

SG for this transient followed by reactor trip. 
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LOFW With Only Onsite Power Available 

Failure of the operator to start the AFW system, as in the previous 

case, was assessed to be the dominant fai 1 ure mode for this 

transient. The sue systu startup procedure as above is followed. 

The licensee estimates that it ·will take approximately 30 minutes to 

boil dry the SG for this transient followed by a reactor trip. 

LOFW With Only DC Power Available 

The dominant fault contributors for this event are failure of the 

turbine-driven AFW train due to hardware 11alfunctions or maintenance 

errors or fai 1 ure of the operator to start the system. Another 

potential fault contributor for this event is the CIS isolation 

valves. On total loss of AC, the CIS isol&l:icn valve, Mlich fails 

closed, is held open by an air accumulator supplied by. an AC powered 

air compressor. If sufficient air leaks through the seals, the valve 

could fail closed, thereby stopping steam flow to the AFWS turbine 

and in turn stopping AFW flow. It is presently unknown whether the 

operator can manually open this valve locally. 

Potential Interactions 

Potential interactions between systems that could affect AFWS 

operation include: 

Interaction with the Contain11ent Isolation System - Upon a 5 

psig contaimaent pressure or an air or power failure to the air 

operated CIS isolation valve will cause the CIS isolation valve 

X.4.3 
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to close. Such closing blo~ks steu flow to the turbine-driven 

AFW pu11111, thereby rendering the steam turbine drive AFWS pump 

ineffective for those situations which necessitate the use of 

said pump. 

Interactions With the Power Supply Syste~ - All AFWS flow 

control valves derive their control power fi'DIII the s- vital 

instrUIBerit bus. Upon the loss of power on this bus, these 

valves would fail open (safe); however, since the actual response 

of these valves is unknown under a degraded bus condition, there 

is a potential for adverse valve response. 

Piping Syste• Interactions - Since all three trains feed a 

c0111110n header, a bNa1c. .in tids line caul.d cause tba · lolls of the 

enti.ra system. 

Recon~endat ions for this Plant 

The short-term recommendations (both generic, denoted by GS, and 

plant-specific) identified in this section represent actions to 

improve AFW systems reliability that should be impl-nted by 

January 1, 1980, or as soon. thereafter as is prac.ticable. In 

general , they i nvo 1 ve upgrading of Techni ca 1 Speci fi cations or estab

lishing procedures to avoid or 11itigate potential syst111 or operator 

failures. The·long·tel'lll rec-ndations (both generic, denoted by GL 

and plant-specific) identified in this section involve systell design 
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evaluations and/or modifications to improve AFW system reliability 

and represent actions that should be implemented by January 1, 1981, 

or 11 soon thereafter as 11 practicable. 

Short Ternf 

1. Recommendation GS-2 - The licensee should lock open single 

valves or multiple v1lv11 in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

i nspect1 ons should be performed to verify that these val VII are 

locked and in the open position. Th111 inspections should be 

incorporated into the surveillance requirements of the plant 

Technical Specifications. S11 Recommendation GL-2 for the 

longer term rasolution of. this concern. 

2. Rec0111111ndation GS-4 - E111rgency procedures for transferring to 

alternate sources of AFW supply should be available to .the plant 

operators. Th111 procedures should include criteria to inform 

the operator when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

The c111 in which the primary weter supply 11 not initially 

available. The procedures for this c111 should include any 
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operator actions required to protect thi AFW sysilll PUIPI 

against self-damage btfori water flow 11 initiated; and, 

The case in which the primary water aupply 11 being 

depleted. Tht procedure for thia caat ahould provide f~r 

transfer to the alterntte water ao.urcts prior to drtining 

of tht pri1ary wtter aupply, 

3. Recwendation GS•& • The lictnstt should confirl flow path 

availability of an AFW syltlll flow train that hll bttn out of 

11rvict to perform periodic teiting or 11intenanc1 11 as 

follows: 

Procedures should be iiPl-ntld to require en operator to 

determine thet the AFW systlll valv's ere properly aligned 

and 1 second operator to independently verify that the 

valvta are properly aligned. 

The licensee should propose Technical Specificetions to 

assure that prior to plant stertup following ~n extenctlli' 

cold shutdown, 1 flow test would be perfor.~d to verify tht 

normal flow path frOII thl Rr.illry AFW 1y1t11 Witt!' IOUI'CI 

to the steam generators. The flow tttt shou1ct bt .. conducted 

with AFW syste1 valves in their nol'lal alignment. 

4. :Recommendation GS-8 - The licen••• should install a systlll to 

autoutically initiate AFW systu flow. For the short·term, 

th11 systu need not be safety-grlde; however, it should Mit 
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the criteria ll1t1d below, which ara similar to Item 2.1.7a of 

NUREG·0578. For the longer term, the automatic Initiation 

signals and clrcuit1 should be upgraded to m11t aafety·grade 

requlre11nt1 11 Indicated 1n Recommendation GL·1. 

The design 1hould provide for the automatic Initiation of 

the auxiliary feedwater 1ystem flow. 

The automatic Initiation signals and circuits should be 

deslgnad so that 1 lingle failura will not result In the 

.lou of auxiliary feedwater 1y1t1m function. 

T11tabll1ty of the Initiation slgnal1 and clrcultl 1hould 

be a feature of the d11ign. 

The Initiating 1lgna11 and cfrcuftl lhould be powered fro11 

the emergency bu111. 

Manual capability to Initiate the auxiliary feedwater 

1y1t1m from the control room should be retained and should 

be implemented 10 that a single failure in the manual 

circuits will not r11ult in the lou of 1y1t1m function. 

The alternating current motor•dr1ven pumps and val VII In 

the •ux111ary feedwater 1y1tem 1hould be included In the 

auto11atic actuation (slmultaneoul and/or 11quential) of the 

1 oada to the emergency bu111. 

The automatic Initiation 1lgn111 and cfrcultl 1hould be 

dealgned 10 that thefr failure will not ~11ult In the lou 

of manual capability to initiate the AFW 1y1t1m from the 

Cl'.,trol room. 
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5. Reco111111ndatlon • The l1cen111 1hould propo11 a revfllon to the 

Technical Specification to require periodic AFWS operability 

t11tl ng on a monthly frequency rather than quarterly in 

confo!'lllance with current Standard Technical Specificationl. 

~. Recon~endation • A pneu111tic·operated valve in the 1t1u aupply 

line to the turbine•dri~en AFW pump, and the three 

pneu1etfc•operated AFW flow control valv11 derive their power 

fro•· the lUI AC vi tel in1tru111nt bu1. Although th11e valve• 

are d11igned to fail open upon the lou of air or power, thel'lby 

au uri ng auxi 11ary feedwater flow to the 1teu generator• upon 

1uch 101111, it cannot be concluded that all flilur11 will re1ult 

in opening the valv11. The consequenc11 of voltage degradltion 

should be analyzed 11 well •• other fail ur11 (e. g. , rettrlcted 

air flow) to assure that such event• would not incapacitate the 

auxiliary f11dwater syst111. Establllh sultlbla emargancy .. ' 

procedures to IIIUI'I AFWS function for 1uch events. (See 

Long•Term Reco~~~tndation NUiber 3.) 

7. The 11cen111 should verify that the afr accUiul~tor wm hold 

the containment isolation valve in the turbine ilrfven PUIIIP steu 

supply 11ne open for at 1111t two hours following lou of 111 AC 

power. 
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Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force and the Bulletins and Orders Task 

Force review of AFW systems at Babcock & Wi 1 cox-designed operating 

p 1 ants subsequent to our review of the AFW system designs at lt" and 

C-E-designed operating plants. They have not been exami-ned for 

specific applicability to this facility. 

1. Recommendation - The licensee should provide redundant level 

indic:ations and low level alarms in the control room for the AFW 

system primary water supply to allow the operator anticipate the 

need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition from occur

ring. The low level alarm setpoint should allow at least 

20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 

2. Reco11111endation - The licensee should perform a 72-hour enduranc:e 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Follow

ing the 72-hour pump run, the pumps should be shut down and 

cooled down and then restarted and run for one hour. Test 

acceptance criteria should include demonstrating that the pumps 

remain within design 1 imits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental 

qualification limits for safety related equipment in the room. 
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3. Rec011111endation - The licensee should imple1111nt the following 

requirements as specified by Item 2.1;7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary flow to each ste• 

generator should be provided in the control room. 

"The auxiliary feedwater flow instrument channels should be 

powered from the emergency.buses consistent with satiaf.yi~ 

.the emergency power diversity requireaents for the auxiliary 

feedwater system set forth in Auxiliary Systems Branc:h 

Technical Position 10-1 of the Standard Review.Plan, 

Section 10. 4. 9." 

4. Rec011111endation - Licensees with plants which .require local 

manual realignment of valves to conduct periodic tests on one 

AFW system train, and there is only one remaining AFW train 

available for operation should propose Technical Specifications 

to provide that a dedicated individual who is in c~~~aunication 

with the control ro011 be stationed at the 111nual valves. Upon 

instruction from the control room, this operator would realign 

the valves in the AFW system train fr011 the test mode to its 

operat i ona 1 alignment. 
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Long Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL-1 - Licensees with plants having a manual 

starting AFW system, should install a system to. aut011atically 

initiate the AFW system flow. This system and associatedauto

~ini~ signals should be designed and installed to 

meet safety-grade requireMents. Manual AFW system start and 

control capability should be retained with manual start serving 

as backup to automatic AFW system initiation. 

2. Recommandation - GL-2 - Licensees with plants in which all 

{primary and alternate) water supplies to the AFW systems ,pass 

through valves in a single flow path should install redundant 

parallel flow paths {piping and valves). 

Licensees with plants in which the primary AFW system water 

supply passes through valves in a single flow path, but the 

a 1 ternate AFW system water supplies connect to the AFW system 

pump suction piping downstream of the above valve{s) should 

install redundant valves parallel to the above valve{s) or 

provide automatic opening of the valve{s) from the alternate 

water supply upon low pump suction pressure. The licensee 

should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions: 

E-47 

- 17 -

3. Recommendation - Modify the: AFWS design to eliminate the 

potent i,al for adverse response of the three AFW flow contro 1 

valves and one of the steu adlllission valves to the turbine PIIIIIP 

due to degradation of power of the .Division IV vital bus, e.g., 

provide service to these valves fr011 different Division. 

4. RecD~m~~ndation - The licensee should evaluate the following 

concerns: 

a. A pipe break in the auxiliary faedwater syst• e-n 

discharge ·header could ~t .ill the l.aaa o4 amcl.li.zy 

&edwteE · .,._. .. ~ ewnwltilollt a. .paB'I!IIla.W 

~· aatiw fall.uzoe, The l1oansae ~· 1ltl&t ill INIIh 

an event the auxiliary feedwater can be manually routed 

through the main feedwatar lines to the steam generators. 

b. In the event of a steu or feedwater line break {main or 

auxiliary) the isolation of the auxiliary feedwater flow 

paths to the affected steu gene1'1tor is accomplished 

manually. The licensee should evaluate the postulated pipe 

breaks stated abo~te and {1) determine any AFW systH design 

changes or ~ .nacesaar:y to. c1etec:t sd iaol.ate the 

break and direct the required flledwater flow to the steim 

generator{s) before they boil dry o'r {2) describe how the 
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ENCLOSURE 2 " 

BASIS FOR AUXILIARY FE:EJ::MATER SYSTEM FIJJVI F-=:QUIRE:1ENTS 

As a result of recent staff reviews of operating plant a:Dd.liary feedwater systems 

(AI'NS), the staff concludes that the design bases and criteria provided by licensees 

for establishing AFWS req~ts for flow to the steam generator(s) to ass~ ade

quate renoval of reactor decay heat are not well defined or documented. 

We require that you provide the following AfWS flow design basis information as appli

cable to the design basi.<> transients and accident conditions for your plant. 

1. a. Identify the plant transient and accident conditions considered in estab

lishing AFWS flow req~ts, including the following events: 

1) l..oss of Main Feed ( I.MfW) 

2) I.MfW w/loss of offsite AC p<:Mer 

3) LMFW w/loss of offsite and onsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve clos~ 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above. 

b. Describe the plant protection acceptance criteria and corresponding techni

cal bases used for each initiating event identified above. The acceptance 

criteria should address plant limits ·such as: 

- Maximum RCS press~ (PORV or safety valve actuation) 

- Fuel tellqlera~ or damage limits (!liB, Per, ::wei= fuel central tellqleratul 

- RCS cooling rate limit to avoid.excessive coolant shrinkage 

- MiniimJm steam generator level to ass~ sufficient steam generator heat trar .. 

fer $W:!face ·to· remove decay heat and/ or cooldcr.m the primory system. 
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2. Describe the analyses and assumptions and corresponding technical justificatial 

used with plant conditions considered in l.a. above including: 

a. Maximum reactor power (including instrunent err<"" ~uowanoe) at the time of 

the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay between initiat

ing event and introduction of AFWS :flOW' into steam genere.tor<s). 

d. MiniimJm steam generator water level when initiating event occurs. 

e. Initial steam generator water invento:ry and depletion rate before and after 

AFWS :flOW' cctimmces - identify -reactor decay heat nrt:e used. 

f. Maximum press~ at which steam is released fran steam geneNtor(s) and apinllt 

which the AfW ·~ must develop sufficient head. 

g. MiniimJm number of steam generators that must receive AfW flow, e. g. , 1 of 2, 

2 of 4? 

h. RC flow condition- continued operation of RC ~ or natural ~tion. 

i. Maximum AIW inlet tellqlerature. 

j. Following a postulated steam or feed line break, time delay assumed to isolate 
break and direct AIW flow to intact steam generator(&). AIW ~ flow. capac;tty 

allowance to acccltcdate the time delay and maintain mininun steam gencWtar 

water level. Also identify credit taken for pr.imllry system heat~ due 

to bl.owdown. 

k. Volume end JMXlJium temperature of wat~ in main feed lines between steam 

generator(s) and AFWS connection to main feed line. 

1. operating condition of steam generator nonnal blC7ildown followin& initiatin& 

event. 

m. Primary and seconda:ry system water and metal sensible heat used for cooldcwn 

and AfW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR Cor SCS) system cut 

in tellqlera~ to size AIW water source invento:ry. 
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3. Verify that tl:le AIW pumps in your plant will supply the necessaxy flow to the 

steam generator(s) as detemined by items 1 and 2 above considering a single 

failure. Identify the margin in sizing the pump flow to allO'N for pump re~ 

culation flow, seal leakage and pump~. 
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~ 8 10 .• ' ,. NUCLEAR REGULATORY COMMISSION 
WAIHINGTON, D. C.-

' <I' 
....... 

Docket No. 50·336 

Mr. w. G. Counsil, Vice-President 
Nuclear Engineering & Operations 
Northeast Nuclear Energy COIIIIPIIIY 
P. 0. Box 270 
Hartford, Connecticut 06101 

Dear Mr. Couns11: 

October 2~, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT MILLSTONE 
NUCLEAR POWER STATION UNIT 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feec:lwater systems at the subject facility, These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

·Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Combustion Engineering-designed'qperating 
plants, and (2) plant-specific requirements applicable only to the subj'ect 
facility. Enclosure 2 contains a generic request for additional information 
regarding auxiliary feec:lwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated 
against the applicable requirements specified in Enclosure. 1 to ditermine 
the degree to which the facility currently conforms to these requirements. 
The results of this evaluation and an associated schedule and commitment 
for implementation of required changes or actions should be provided for 
NRC staff review within thirty days of receipt of this letter. Also, this 
schedule should indicate your date for submittal of information such as design 
changes, procedure changes or Technical Specification changes to be provided 

. for staff review. You may also provide your response to the items in Enclosure 
2 at that time. 

In addition to the requirements identified 1ti this letter, other requiremints 
which may be applicable to the subject facility are expected to be generated by 
the Bulletins and Orders Task Force. Such requirements are those resulting from 
our review of the loss·of·feec:lwater event and the small break loss-of-coolant ace• 
ident as described in the Combustion Engineering report CEN-114-P (Amendment l·P) 



Mr. w. G. Couns11 ·2· 

ant1t11d, "Rav1tw of Sma11 Bruk Trans1ants 1n Combuat1on Eng1naar1ng 
Nuclur St11m Supply Systams." Our spac1f1c concarns 1nclucll systlms 
ra11ab111ty (othar than tha aux111ary faadwatar system), analyus, 
gu1da11nas and procaduras for oparators, and oparator tra1n1ng. 

Wa plan to 1dant1fy, 1n saparata corrupondancaf tha requ1rtmtnts 
rtsult1ng from tha add1tiona1 itams from the Bu latins and Orclars 
Tuk Foret ravitw. 

Enclosuru: 
AI lUted 
cc w/anclosurts: 
See next page 

Sincaraly, 

::!,., 
2~~71:. '"f#: 'C~:c...~ f..-
Darrtll G. Eisenhut, Acting Diractor 
Division of Operating Raactors 
Off1ct of Nucl11r Rlactor Ragulation 
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Northeast Muclur Energy Company 

cc: 
William H •. Cud~, Esquira 
Day I Barry a Howard 
Counsel ora at LaW' 
Ona Constitution Plaza 
Hartford, Connecticut 05103 

Waterford Pub11c Library 
Rope Farry Road, Routa 155 
Waterford, Connecticut 05385 

Northaut Nuclaar Energy Company 
ATTN: Suparintenclant 

Mi 1 lltona Plant 
Post OffiCI Box 128 
Watarforcl, Connacticut 05385 

Northaast Ut111t1ts Sarv1ca Company 
ATTN: Mr. Jamtl R. H1nmtlwr1ght 

Nucllar Enginaaring and Oparations 
P. o. Box 270 
Hartfor'd, Connacticut 05101 

Anthony z. Ro11man, Esq. 
Natural Ruourc11 Olflnu Council 
917 15th Straat, N.w. 
Washington, D. c. 20005 

Mr. John T. Shadlosk,y 
Muclaar Reyulatory Commission, Region I 
Office of nspaction and Enforcamant 
631 Park Avanua 
King of Prussia, Pannsylvania 19405 



X. 5 (CE) 

X.5. 1 

X.5. 1.1 

ENCLOSURE 1 

MILLSTONE 2 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to 

the steam generators (SG) for reactor coolant system decay heat 

removal when the main feedwater system is not available. It is also 

used for plant startuos and shutdowns below the power level where the 

main feed11ater system is not required. 

The AFWS is shown in simplified form on Figure 1. The system consists 

of a steam turbine-driven pump having a 600 gpm capacity·, and two 

motor-driven pumps each having a 300 gpm capacity. The steam supply 

to the turbine is obtained from a common line connected to lines 

coming from each of two steam generators. The AFWS is normally 

aligned as indicated on Figure 1, the motor-driven pumps supplying 

No. 1 SG and the turbine driven pump supplying No. 2 SG. 

A condensate storage tank (CST) of 250,000 gallons capacity is the 

primary source of water for the AFWS, and the primary water storage tank 

(PWST) of 150,000 gallons capacity is the secondary source. Another 

back-up source consists of two 250,000 gallon fire storage water 

tanks. In addition, a connection to the city water supply exists 

which can be used to provide AFW for an extended period of time, if 

required. 

X.5. 1.2 

x.s. 1. 3 
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The AFWS is manually actuated from the control room. The pumps and 

appropriate valves can be controlled from the control roo• and fro• 

the remote shutdown panel. 

Component Design Classification 

The pumps, motors and piping associated with the AFWS are designed to 

seismic Category I requirements. The CST is not designed to seismic 

Category I requirements; however, a seismic Category I missile 

barrier surrounds the CST. This barrier will contain the water in the 

evant of a CST tank failure. 

Power Sources 

The motor-driven pumps are supplied from separate Class 1E 111ergency 

buses. All motor operated valves (MOVs) associated with. the AFWS are 

powered from the 480V AC emergency buses and fail as-is. 

Steam generator level instrumentation, AFWS pump breaker .and valve 

controls are powered from their associated Class lE emergency buses. 

Although the AFWS instruments and associated wiring are not Class 1E, 

they are powered from Class lE emergency buns .• 

The steam for the turbine-driven pump is' received from the mafn steu 

system via a series of valves as shown in Figure 1. Steam 1s intro· 

duced to the turbine via a normally closed motor operated steu 

admission valve, and steam flow is regulated by 1 turbine throttle 

valve in series with the admission valve. 
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Instrumentation and Control 

Controls 

The AFWS can be controlled from either of two control stations, one 

at the •ain control room;the other at the remote shutdown panel. 
I 

Information Available to the Operator 

The following indications are available, except as indicated, at both 

control stations: 

1. SG level 

2. Pump turbine.RPM (control room only) 

3. Pump motor current (control room only) 

4. MOV valve positions 

5. P ... p 110tor breaker position 

6. CST level 

7. PWST level (control ro011 only) 

8. Auxiliary feed flow 

9. Pump "discharge pressure 

The following alarms annunciate at both control stations: 

1. CST low level 

2. SG low level 

Initiating Signals for Automatic Operation 

Not applicable since AFW is manutllY initiated. 

X.5.1.5 
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T!ltinq 

The syst1111 are tested monthly in accordance with plent Technical 

Specification raquire•nts. In addition to the periodic tilting, the 

systems are retested in the recirculation mode In accordance with the 

surveillance tests subsequent to perform! ng 11a1 ntenance. 

The systems are tested usinl! the recirculating lines, at which time 

discharge pressures and PUIIJI motor currents are 11onltored. In 

addition, valve positions are verified monthly. 

The licensee uses the system routinely during startup and shutdown 

thus verifying valve positions. 

Techn1cel Specifications 

Th, Limiting Condition For Operation (LCO) for the syst111 is 48 hours 

upon a failure .. of one of the AFWS trains (e.g., 1 pump 110tor failure). 

If the affected AFWS train is not restored within 48 hours, the unit 

must be brought to 1 hot shutdown in the next 12 hours. 

A review of the Technical Specifications indicated that these speci· 

ficati.alll cover LCOs and periodic surveillance testing consistent 

with current Standard Technical Specifications. 
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Rll111!1llt¥ Evaluttlon R!!ultl 

DQ!I nant Fafl Uti MOdi! 

Paflure 110d11 of the AFWS were 1111111d for thr11 loll of main 

flldwater Initiating event!. The dominant failure modi! for each 

tran1lent ~· ar1 di!CUIIId below. 

Lott of Mafn Fttclwattr CLQFWl wftb Qfftftt Powtr Avaflablt 

The dominant failure mode of the AFWS for thfl tran111nt 11 failure 

of the operator to unuall~ actuate the 1~1t11n. Upon th1 loll of 

main f11dWiter, the !1ctn111 lltlll&tll that the operetor hi! 15 to 

45 mlnut11, depending on th1 Initiating .tran!ltnt, to actuate thli 

AFWS blfOtl the 1t11m gtnlrltOtl would boll dey. BICIUII of thf! 

tl• rtltrlctlon, failure to p1rform th1 r1qulr1d actuation prior to 

bofllng th1 SG dey hll b11n 1111111d to be th1 dominant failure mode 

for thf! tran1lent. 

• wi:m· !!nlY ·.I'Jna.ha NJ '-"' .AVdlell 

Thf! tran1l1nt f! ver~ Plmllar to thl tran111nt di!CUI!Id abov1, 

IIICtpt that the off1lt1 AC power ·~•to f! not aval lable. Additional 

fallurl 110d11 relat1d to thl on1ft1 AC pow1r ·~•t.u were con1ld1t1d; 

howev1r, th111 did not hav• a llgnlflcant IIIIP&Ct on th1 dominant 

f&flUI'I IIOdl. AI IYC:h, thl dominant flflUtl mOdi di!C:UIIId lbOYI 

(1.1., fal!ur1 of th1 op1rator to actuat1 th1 AFWS) f! a11o dominant 

for thf! tran111nt. 
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LQf!W wftn pnlv pc PMr Ayaflablt 

For thl1 ev1nt no AC power (on1lt1 or off!ltl) 11 avallabla; thlrtfore, 

th1 AFWS 11 reduc1d to th1 1t1ardrlv1n PiliP train. 1'1f1ut11 

which can f1f1 thf! train lncludt hardw1r1 fat1ur11 of thl pu.p or 

Vllvll, m1lnt1nanc1 outag11, and hUNn 1rror1. 

Th• dolll n1nt fat! ure mod1 for thf! 1v1nt f! f1f1 ure of thl op1rator 

to B~nua11~ op1n two noru11~ clotld VI1VII (thl 1t1111 1dll111on 

v11vl and thl AFW di!Chltlll va1v1) In thl turblna•drlvln train within 

th1 afore.~ntlon1d 11 to 41 111nut11 1fttr thl dllll~. Thl va1v11 are 

.AC MOtor-opltltld 1~ ar1 norma111 powered frOM offtltl power or from 

thl dl1111·g•n1rator• on 1oll of off•ltt AC power. Slnc1 nalthtr of 

thlll powtr IOIH'CII 11 avalllb11 during thfl 1v1nt, local Hnua1 

opining of thl valVII 11 ttqulred. 

prfnc1•1 Qtptndtnc1tl 

Th1 101t llgnlffe:ant d1p1nd1nq found In thf! 1va1aatton f! thl 

d1p1nd1nca on op1r1tor action to ac:tuatt thl APWS on dllll~. 

The 11cond llgnfffc:ant dtp1nd1nq found I• thl 111pand1nc1 on AC power 

to actuatt Clrtlln portion• of thl 1t1ardr1v1n pump tratn of th1 

APWS. Thf! d1p1nd1n~ 1! th• dolllfna~t: c:ontrfllutor to APWS unavllfl· 

allf11~ upon the tott1 lou of AC power. 

Location depitndenclll, 1uch a1 aompon1nt proxfmf~ to high 1n1rw 

1fn11, WIN con11111r1d llut do not appaar to 111 llgntflcent. 
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Rec-ndetions 

The short·tel'll rec0111111endetions (both generic, denoted by GS, and 

plant-specific) identified in this section represent actions. to 

improve AFW lyste• ave111bi11ty that should be impl-nted by 

Januery 1, 1980, or •• soon thereafter 11 is practicable. In 

general, they involve upgrading o~ Technical Specifications or 

establishing procedures to avoid or mitigate potential system or 

operator failures. The long·tei'IR rec0111111ndetions (both generic, 

denoted by GL, and plant-specific) identified in this section involve 

systu design evaluations and/or IIOdifications to improve AFW syst1111. 

reliability and represent actions that should be impl-nted by 

January 1, 1981, or 11 soon thereafter as is practicable. 

Short·Tel'lll 

1. Rec011111endat ion GS-4 • E111rgency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures should include criteria to inform 

the operator when, and in what order, the transfer to alternate 

water sources should t.ake place. The following cases should be 

covered by the procedur:es: 

The case in which the primary water supply is not 

initially available. The procedures for this case 

should include any operator actions required to 

protect the AFW syste• pumps against self-damage 

before water flow 1s initiated; and,, 
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The case in which the pri .. ry water suppli is befng. 

depleted. The procedure for this case should provfdl 

for transfer to the alternate water sources prfor to 

drafnfng of the prfmery weter supply. 

2. Reco.D~ndetfon GS·S • The plant should be ceplble of provfdfng 

the required AFW flow for at leest two hours fro. one AFW pu.p 

trafn fndeptndent of any alternating current power sourcie. If 

.. nu~l AFW system inftfatfon or flow control fs requfrtd follow

ing 1 c0111plete lou of alternating current ~r, -rgeney 

procedures should be esteblfshed for .. nually initiating and 

.controlling the syste• under theta conditions. Since the water 

for cooling of the lube oil for the turbine-driven PUlP bearings 

mey be dependent on alternating current power, design or 

procedural changu shall be mede to eli•in~e thh dependency 11 

soon as practicable. Until this 1s done, the -rgency 

procedures should provide for an individual to be stetioned at 

the turbine-driven pump in the event of the loss of all alter

nating current power to 110nitor p11111p bearing and/or lube oil 

temperatures. If necessary, this operator would operate the 

turbine-driven PUIIIP fn an on•off 110de until alternating curren'o. 

power is restored. Adequate lighting powered by direct current 

power sources and ca.unications at local stations should also 

be provi.,ed ff manual initiation and control of the AF'tf systu 

is needed. (See Reco111111ndetfon GL·3 for the longer-tel'lll resolu· 

t ion of this concern. ) 
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3. Recommendation GS-6 - The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 

Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

a 1 i gned and a second operator to i ndapendent ly verify 

that the val vas are properly aligned. 

The licensee should propose Technical Speci fi cations 

to assure that prior to plant startup following an 

extended cold ·shutdown, a flow test would be performed 

to verify the normal flow path from the primary AFW 

system water source to the steam generators. The flow 

test should be conducted with AFW system valves in 

their normal a 1 i gnment. 

4. Recommendation GS-8 - The licensee should install a system to 

automatically initiate AFW system flow. For t~ short-term, 

this system need not be safety-grade; however, it should meet 

the criteria listed below, which are similar to Item 2.1.7a of 

NUREG-0578. For the longer term, the automatic initiation 

signals and circuits should be upgraded to meet safety-grade 

requirements as indicated in Recommendation GL-1. 

The design should provide for the automatic initiation 

of the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should 

be designed so that a single failure will not result 

in the loss of auxiliary feedwater system function. 

X.5.3.2 
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Testability of the initiating signals and circuits 

should be a feature of the design. 

The initiating signals and circuits should be powered 

from the emergency buses. 

Manual capability to intiate the auxiliary fttdwater 

system from t.he control room should be retained and 

should be implemented so that a single failure in the 

manual circuits will not result in tha loss of syste• 

function. 

The alternating current motor-driven pumps and valves 

in the auxiliary feedwatar system should be included 

in the automatic actuation (simultaneous and/or 

sequential) of the 1 oads to the· emergency buses. 

The automatic initiation signals and circuits should 

be designed so that their failure.will not result in· 

the loss of manual capability to intiate the AFW 

system from the control room. 

Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and 

Orders Task Force review of AFW systems at Babcock & Wilcox-designed 

operat.ing plants subsequent to our review of the AFW system designs 

at ~- and C-E-designed operating plants. They have not been examined 

for specific applicability to this facility. 
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Recommendation - The 1 icensee should provide redundant level 

indications and low level alarms in the control room for the AFW 

system primary water suppJy to allow the operator to anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow at least 

20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 

Recommendation - The 1 icensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has 'not been accomplished to date. 

Following the 72-hour pump run, the pumps should oe shut down 

and cooled down and then restarted and run for one hour. Test 

acceptance criteria sno~ld include demonstrating that the pumps 

remain within design limits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qualifica

tion limits for safety-related equipment in the room. 

Recommendation- The licensee should implement the following 

requirements as speci"fied by Item 2.1. 7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indicati~n of auxiliary feedwater flow to 

each steam generator should be provided in the control 

room. 
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"The auxiliary feedwater flow instrument channels should be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch 

Technical Position 10-1 of the Standard Review Plan, 

Section 10.4. 9." 

Recommendation - Licensees with plants which require local 

manual realignment of valves to conduct periodic tests on one 

AFW system train, !!!!! ther.e is only one remaining AFW train 

available for operation should propose Technical Specifications 

to provide that a dedicated individual who is in communication 

with the control room be stat1oned at the manual valves. Upon 

instruction from the control room, this operator would realign 

the valves in the AFW system train from the test mode to its 

operational alignment. 

Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL-1 - Licensees with plants having a manual 

starting AFW system should install a system to automatically 

initiate the AFW system flow. This sys~em and associated auto

matic initiation signals should be designed and installed to 

meet safety-grade requirements. Manual AFW system start and 

control capability should be retained with manual start serving 

as backup to automatic AFW system initiation. 
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ENCI.OSURE 2 

BASIS FOil. IJJt.I'WJ« FEErMA'l'ER SYSTEM FI.J:lW REMm1ENTS 

M a rui.ll t ot X)IOII!t stat! reviwl ot opeminl plant auxiliazy teedwater 1ysten. 

(ArtiS) o the It&t! concl~l that the. desi.FI !)uel an4 czoitiZ'ia ~de4 by ll01111ees 

tor utcll•hinl AiWS re~lliremlnts tor now to thl atum ~C~~NtorCal to u~~.n adl

~uate removal ot ruotor ~ hut are not w.ll deti.r\14 or documlnte4. 

.w. reql.lire that you providl thl tol.l.owinl AiWS na.r deai.FI wil int6rmaticn u appll

ca))l& to thl dlaian wil trc11ient1 C\4 aacic!ent aanciition1 tor ywzo. plC\t, 

l. a, Identity the plant tl:'cllient and ~idclt conditicnl acn~idere4 in e1taJ>. 

lilhi.ni AM tlcM reqlliremlntl ' incl.u4i:\i the tcl.lcwin& eVC\tl: 

l) l.o11 ot Main Fll4 (OOW) 

2) OOW w/lol1 ot ott1ite I.e power 

3) I..MFw w/l011 ot ott1it1 an4 Ol'llitl I.e power 

I+) PlC\t oooldcMI 

. 5) '1\lri)i.r\e trip with and Withollt bypul 

6) Main 1tum ilol&tic:a valve cl.OINZ'I 

7) Main. !114 line breaJc 

e > Main 1t11111 line breaJc 

9) Small break IJ)CA 

lO)- Other trenaient or accidclt conciitiOI'II not ll1te4 above. 

b. Deacribe thl plant proteotion acceptance criteria anc1 oorrespclndina techni

cal bues 1.11ed tor each initiatinl IVC\t ic!entuie4 eove. The acceptance 

crl teria llhoul.d adc:lres1 pllll":t l:IJni ts such u: 

- Maximum RCS P"Siure (PORV or aatety valve actuatia'l) 

- Fuel t~:rature or damqe l:lmits CtNB, PCI', 1'IIIIX.inun fuel eentnl t~:ratur··. 

- RCS ooolinl rate l:lmi t to avoi4 excessive coolant shrlr.l<qe 

- Mi.nillun steam aenerator level to assure auttieient steam generator heat trans 

ter -.=ace ·to·MII:)W decay, heat an4/or oooldown the pri.!Mry lyatam. 
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2. Deicrlbl the ll'lll.ylu 11'14 ull.lllpticnl 11'14 oorreaponc1ins tlohniall j1.11titioa'ticrl 

1.1114 with p~ CICI\d.itic:rl* midere4 in l.a •. above incl\ldinal 

a. Ml.xi1lun reactor power Cincl.\ldina inltzo.ant C'r'OZ' allowlnol) at the til'lll of 

thl initiatinl tl:'cllient 0%' I.CICidclt. 

!), Timl delay !Rm initiatinl ....-.nt to reactor trip, 

c. P~ plnlllltiX'C•l Mlich initiatll AiWS tlcM and t!lnl dll&y l>rtwHn Wtiat

lna: event 11'14 in~ ot AiWS now into 1t11111 pnen.tor(l >. 
4. Minilmml 1t11111 ~toz' water l&vellolhln initiatiniiVCit occun. 

e. 

t. 

I• 

h.· 

i. 

j. 

.Initial 1t11111 pneretor water inVCitozy 11'14 dlpleticn n.te Wen 11'14 atter 

AiWS tlcM ocni:.ncel - idcltity reactor dloay heat Nte \1114, 

Ml.xi1lun p%'111\ft at which ltlllll il rel&u&4 1'rclll ltlllll Pnezw.torCI) and qainlt 

Mlich thl Ani pump lmllt develop .INHicient bud. 

Minilmml 1-wmb.z. ot 1t11111 pnen.torl that a~~t receive Ani now, e.1. ,. l ot 2, 

2 ot !+2 
• 

~ tla.r conciition • contini.Mi4 ··~tia'l ot IIC p.m;~~ or natlmll eirc.ll&tia'l, 

·Mix:im..lnl Ani Wet ~· 

Fo:LJ.owina 'a poatul&ted atee or !114 line brealc, tiN dilly ull84 to ilol.&te 

breaJc e~4 c1irect Ani na.r to intact 1t11111 pnere'tlor( • > • Ani pump now CApiCi ty 

alla.rC\01 to acoc:mx!Ce the timl dll&y Cld maintain miniJiun ltlllll pnere'tlor 

water level. Alao idcltity 0%'14it tll<en t=- primlry aysttm heat 'xawll due 

to bl.owdown. 

k, Vol\.11111 m4 IMXim.lm temperatl.n ot water in main !114 linu l>rtwHn 1t11111 

aene:rator<•> and AM oonneotia'l to main !114 line. 

l. Opl:ratin& conciition ot 1tea111 pnerator noxmal bl.owdown tollcwin& initiatiq 

event. 

m. Pri!M:y anc1 seoonc:Wy system water m4 lllltll sensible heat 1.11ed tor oooldcMI 

and MW na.r sizina;. 

n. T:!.ml at hot standby anc1 t:!.ml to oooldown RCS to RiR Cor SCS) IYI~1111 aut 

in t~:rature to size A1W wat1r SOU%'Ce inVCitoxy •. 
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3. Verify that t,he AFW p1.DIIps in your plant will supply the necessary flow to the 

steam generator(s) as determined by items l and 2 above considering a single 

failure. Identify the margin in sizing the p1.DIIp flow to allow for p1.D11p recir

culation flow, seal leakage and p1.D11p wear. 

E..f:O 
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UNITED STATES !~,·~ : n 

":. . : i .- . I 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C.-

~ .. ., ·~ ~" ........ "' 
Docket No. 50-255 

Mr. David Bixel 
Nuclear Licensing Administrator 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Dear Mr. Bixel: 

October 30, '1979 

SUBJECT.: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT PALISA!)ES 
NUCLEAR PLANT 

The purpose of this 1 etter is to advise you of our requirements for the 
avxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Foree review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Combustion Engineering.-designed operating 
plants, and (2) plant-specific requirements applicable only to the subject 
facility. Enclosure 2 contains a generic request for additional infol'lllltion 
regarding auxiliar.y feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated 
against the applicable requirements specified in Enclosure 1 to deter.ine 
the degree to which the facility currently conforms to these requirements. 
The results of this evaluation and an associated schedule and commitment 
for implementation of required changes or actions should be provided for 
NRC staff review within thirty days of receipt of this letter. Also, this 
schedule should indicate your date for submittal of information such as design 
changes, procedure changes or Technical Specification changes to be provided 
for staff review. You may also provide your response to the items in Enclosure 
2 at that time. 

~n addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated by 
the Bulletins and Orders Task Foree. Such requirements are those resulting fi'OIII 
our review of the loss-of-feedwater event and the small break loss-of-coolant acc
ident as deserfbed in the Combustion Engineering report CEN-114-P (Amendment 1-P) 
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entitled, "Review. of Small Break Transients in Combustion Engineering 
Nuclear Steam Supply Systems.• Our specific concerns include systems 
reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements 
resulting from the additional items from the Bulletins and Orders 
Task Force review. 

Enclosures: 
As .stated 

~~cerely, 
\~ \ ' ' (\ /_ 

~w_u 1·~ 
Darrell G. iise ut, cting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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Mr. David Bixel 

cc w/enclosures: 
H. I. Miller, Esquire 
Isham, Lincoln & Beale 
Suite 4200 
One First National Plaza 
Chicago, Illinois 60670 

Mr. Paul A. Perry, Sec,retary 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Judd L. Bacon, Esquire 
Consumers Power Company 
212 West Michigan Avenue 
Jackson, Michigan 49201 

Myron H. Cherry, Esquire 
Suite 4501 
One IBM Plaza 
Chicago, Illinois 60611 

Ms. Mary P. Sinclair 
Great Lakes Energy Alliance 
5711 Summerset Drive 
Midland, Michigan 48640 
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Charles Bechhoefer, Esq., Chairman 
Atomic Safety .and Licensing Board Panel 
u. s. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dr. George C. Anderson 
Department of Oceanography 
University of Washington 
Seattle, Washington ·!18195 

Dr. H. Stanley Livingston 
1005 Calle Largo 
Santa Fe, New Hex ico 87501 

Kalamazoo 'Public Library 
315 South Rose Street 
Kalamazoo, Michigan 49006 

October 30, 197g 
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ENCLOSURE 1 

PALISADES 

AUXILIARY FEEDWATER SYSTEM (AFWS) 
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X.&.l SYftllll P!lcription 

require tllet a total of 100,000 gal[lon• of watar inventory be ave111ble 

for the AFWS. The Hcen111 11ti•+• that 'thh inventory il IPJIJ'OXiMtll~ 
an 8 hour 1upply. The condan11t1 forage tank 11 a11o coniiiCtld to the . 

main cond1n11r hotwlll through two ~kl·up valve• connected in parallel. 
I 

X.&. 1.1 Configuration • OveraJl P!lign 

A liiiiP11fied flow diagru of Pa111adel AFWS 11 pre11nted in Figure 1. The 

AFWS include• a motor-driven PWIP and a turbine•driven pu.p, each caplbla 

of 1upplying 1001 flow require•ent• for deca,y heat r-val. Each PUIIP hal 

a capaci~ of 415 liP• at 2730 feet. The pump• di1charge to a co.-on AFWS 

header which branch!! and connect• to the uin feed lleadtrl to each 1t1u 

generator (SG). Only one 5G 11 needed to cool the plant down to the 

tuperature where the Shutdown Cooling •Y•t•• (SCS) can be u11d to bring 

the plant to 1afe lhutdown. The 11cen111 fltimatel that the 1t1u generator 

would boil dry in 15 minute• without AFW flow following the wor•t ca11 

condition of lou of uin feedwater with reactor trip. 

The two PUIIPI art located in the 1ua roo• and could be rendered inoperlble 

11 a re1ult of a pipa break cau1ing the flooding of the roo•. 

An alternate, long•te!'ll 1ource of water to thl AFWS, if nlldlcl, .ii fi'OII 

Lakl Michigan and i1 diracted to the AFWS PUlP 1uction1 via the three fire 

protecti~n 1y1t11 PUlP•· TWo of the fire PUlP• art driven by dedicated 

'ditlll engine• and the other PUIIIP 11 driven by an electric 110tor which 11 

powered fi'CIIII one of thl two ltation Hlrgency di1111. generator~. 

U.1.2 .C•n•ntl • D11ign Cla11it1cat1on 

The cond1n11t1 1to~age tank 11 the only 1ource of AFWS watv which hal 1 

11i11ic Category 1 cl&llification. Thl 1~11 turbine-driven.auxiliary 

flldwater PUlP· and IIIOCiatld 1t111 inlet VllYII and pi!Jing i1 dllillflld to 

withetand 1 0.05 earthquake 11 1tated in Appendix A of the FSAR. Thl 

motor-driven auxiliary feldwater PUlP and auociated piping and valve• are 

clauified 111l1ic Category 1. 

x.&. 1. ,3 Power Sours!! 
Thl pri11ry 1ourc1 of water for the AFWS il a 125,000 gallon condtnlate The motor•driven auxiliary feedWater p~ i1 1uppli1d frDI one of thl two 

1torage tank. In addition, 75,000 gallon• of water from the primary AC emergency bu111. The turbine-driven PUIIP can receive IOtive•power 

1y1tH 11kl•up 1torag1 tank and 275 liP• fr0111 the make•up dllllinera11zer ateam fi'OIII either at11111 generator. 

1y1tem can be 1uppl11d to the condenaate 1torag1 t~nk via pneumatic-operated 

va1vea which art opened from the control roo•. The technical apecificationa 

E-62 



• 3 • 

The pne~~natic•operated valvll in the d11charge headar of both PUIIIPI receive 

control power fi'OII 11parat1 AC vital inatru..nt buill; Th111 bu111 are 

nol'lllllly aupp 11ed fr011 an AC Htrgency bua and backed up by the correapondi ng 

DC -rgency bua via an inverter. The pneuMtic•operated valve• in each 

1t1111 line from the 1t1111 generator to the turbine·driven aux111ary feedwater 

PUIIIP are controlled fr011 independent DC Hlrgency bu111. 

X.&.1.4 Inttru!!!!ntltion and Control• 

X.ll.1.4.1~ 

The AFWS 11 manually initieted and flldwater flow to the 1t1111 generator(a) 

11 manually controlled fro• the control ro011. St1111 generator level 

indication (narrow range only) 11 available to the operator in the control 

ro011. The narrow range level channell ire deaigned in accordance with 

protection ayatiM requir~t~enta. 

X.6.1.4.2 Infor.ation Available to Operator 

Syatem i~formation available to the operator in the control roo11 to a11111 

the performance of the auxiliary f11dwater ay1t1111 11 11 followa: 

Statui indicating 11ghtl for ·the motor driven auxiliary f11dw1t1r 

pump. 

Poaition indication of auxiliary f11dw1t1r flow path control valv11. 

IE~ 

• 4. 

Pri111ry and aecondary aource water level indication•. 

Aux111ary flldwater flow incUcation. 

Auxiliary fetdwater preuure i.ndication. 

Ste .. preaaure at inlet of turbine drivan auxiliary faedwater.~UIP· 

Steu generator level. 

X.&.1.4.3 Initiating Siqnall for AytO¥tic Optrat1on 

The auxiliary feldwater 1y1tH il initi.ated unually fro. the control 

1'0011. 

In the event of 1 ateu or flldwater <••in or auxiliary) 11ne break, 

iaolation of the auxiliary feedwater flow pathl to the affected SG i1 

accapl11h1d Mnually, 

·Main 1t1111 11ne break iaolation il accCIIIp111hed autonlltically by the MSlY 

wher111 flldwater 11ne break 11olation 11 acc011pl11bed unually. 

I 

A turbina tr1p will reault in a raactor tr1p if raactor pOWir 11 in1tfally 

above 15 percent of rated power. A reactor trfp wfll alwaya reault fn a 

turbfne trip. 
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X. 6.1. 5 Testing 

Subsequent to the completion of this· review', the license has been 

amended to incorporate new Technical Specification requirements 

as follows: 

APPLICABILITY' 

Applies to periodic testing requirements of the turbine-driven and 

motor-driven auxiliary feedwater pumps. 

OBJECfiVE 

To verify the operability of the auxiliary feedwater system and 

its ability to respond properly when required. 

SPECIFICATIONS 

a. The operability of the mtor- and steam-driven auxiliary feed 

pumps shall be confirmed as required by Specification 4.3c.Y 

b. The operability of the auxiliary feedwater pumps' discharge 

valves CV-0736A and CV-0737A shall be confirmed at least every 

three (3) mnths. 

Y Specification 4.3c reads as follows: Inservice testing of ASME Class 1, 2 

and 3 pumps, as detennined by 10 CFR SO, Section 50.55a and Regulatory 

Guide l. 26 shall be perfcmned in accordance with Section XI of the ASME 

Boiler and Pressi.II'e Vessel Code with applicable addenda as required by 

10 CFR SO, Section SO.SSa(g), except where specific relief has been granted 

by the NRC. 
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X.6.1.6 Technical Specifications 

The limiting conditions of operation are in accordance with the Technical 

Specifications as follows: 

SteUI and Feedwater Systems 

Applicability 

Appl ias to the operating status of the steam and feadwater syst•s. 

Objective 

To define certain conditions of the steam and feedwater syst .. necessary 

to assure adequate decay heat ruoval. 

Specifications 

The primary coolant shall not be heated above 325°F unless the following 

conditions are mat: 

a. Both auxiliary feadwater pu1111s operable or one auxiliary fHdwater 

pump and one fire pump operable. 

b. A minimum of 100,000 gallons of water in the condensate storage and 

primary coolant system makeup tanks cOIIIbined and 1 backup source of 

additional water from Lake Michigan by the operability of one ·of the 

fire protection p1.111ps. 
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c. All valves, interlocks and piping associated with the above components 

required to function during accident conditions, are operable. 

d. The main steam stop valves are operable and capable of closing in 

five seconds or less under no-flow conditions. 

The licensee has committed to implement the following plant operating 

"procedures, until an approved Technical Specification revision in this 

regard is established: 

X.6.2 
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Reliability Evaluation Results 

The Pal fsades AFWS consists of two full capacity subsystems, either of 

which, when delivering its pump capacity, can provide for adequate decay 

heat remova 1. The system is manually actuated from the plant contro 1 

room. The failure modes expected to dominate the overall d8111and unavail· 

bility of the AFWS were assessed given three transient events for which 

operation of the AFWS would be requi~ed. The dominant failure modes for 

these three transient events are summarized below: 

X.6.2.1 Loss of Main Feedwater (LOFW) 

With the primary coolant system temperature greater than 325°, both auxiliary The dominant failure mode assessed for the AFWS design for thfs transient 

feedwater pumps and one fire pump will be operable except as follows: was failure of the plant operator to start at least one of the AFW syste• 

trains. This potential failure mode was estimated to contribute roughly 

a. One auxiliary feedwater pump may be fAoperable for a period of 72 hours. 

b. The firewater makeup to the auxiliary feedwater pump suction may be 

f noperab 1 e for a perf od of 72 hours. 

If an inoperable auxiliary feedwater pump is not restored to service in 

7.2 hours, the plant will be placed in hot shutdown within the next 12 hours. 

The licensee has proposed Technical Specification changes in this regard 

which are under staff evaluation. 
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90% to the AFWS unavailability. The next level of dOMinant failure modes 

identified was principally composed of double faults. These double faults 

included: (1) failures .. in the turbine and electric pump trains due to 

hardware faults or allowed maintenance outages, and (2) inadvertent closure 

of manual valve (A) from the condensate storage tank to the pumps sucton 

and not reopening this valve or, as backup, the operator failing to activate 

the fire water supply to the AFWS before pump damage occurs. 

X.6.2.2 LOFW and Loss of Offsite AC Power (Only Onsite AC Power Available) 

The i:!aDinant faults identified for this transient wera essentially the 

same as described above. 
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X.6.2.3 LOFW with Only DC Power Available 

Tha dominant failure modal id~ntifiad for th11 givan avtnt wert (1) operator 

faiHng to actuate l)'ttam from tha control roo11 and (2) demand failurll in 

tha turbine train dua to tingle hardware fault• and to tha allowed outage 

tima for th11 train of AFWS. For th11 LOFW avant, it wat notad that air 

oparatad valv11 (E) and (F) in tha ttaam tuppl)' 11na for the turbine 

driven pump could avantuall)' fail clo11 aftar baing actuated open. Th111 

valv11 fail clolld on lou of air tuppl)' and with ti111, ·the air tuppl)' in 

tha air accumulator could dacl)' to a point whara the valvll would clo11. 

Tha operator can, however, 11nuall)' opan thtll valv11 (locall)') and ra11tab· 

111h operation of tha turbine driven PUIIP· Jf tha plant operator 1'ailt 

to do th11, tha AFWS will axptr1tnca dtll)'td failure. 

X. 6.2.4 Pr1nc1pal Dapendenc11!/Interact1on Idtnt1f1td 

X.6.3 

Tha principal dtptndtnc1tt ire dttcr1btd above. One other potential 

1 nttract 1 on 1 dent 1f1td 11 due to the fact that both AFWS pUIIJII art 1 ocattd ~ 

tha •- room. Thut, tha pumpa appear vulnerable to flooding. No h1gh 

anar;)' l1n11 wtra 11fd to ax1at w1th1n th11 room; however, tha room hat ll.ooc!ad 

:l.n tha put to a dapth ot about aix inahas due to laalc ot t:l.ow ~ tha nooz. 
drain. The rcan ia current :tle:f.na ~ed tar fiood:f.na evcy llhitt. 

Raco~~mandat1ont for thit Plant 

Tha thort·tarm raCOIIIIIIIndat1ont (both ganar1c, danotld b)' GS, and P·llnt· 

specific) 1dant1f1td in th11 taction repr11ant act1on1 to 1mprova AFW 

l)'ltlm ra11abi11t)' that thould bl 1mplamtntad b)' Januaey 1, uao, ar .. 

E..SS 
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aoon tharatftar 11 11 pract1cabla. In gtntrtl, thl)' 1nvolve upgrading of 

Technical Sptc1f1cat1ona or 11tlb11th1ng proctdurll to avo1cl or a1t1gatt 

potential t)'ttlll or operator fa11urll. The long-ttl'll rac011Hndat1ont 

(both generic, denotad by GL, and p1ant•apec11'1c) 1dtnt1f1ed 1n th1t 

tect1on 1nvo1vt l)'ttlll det1gn ava1uat1ona and/or 110d1f1cat1ona to 1aprove 

AFW l)'ttlll re11&b111t)' and repreaent actiont that thoulcl be 1ap1-ntld by 

January 1, 1181, or 11 aoon thereafter 11 11 practfcabla. 

X. 6.3. 1 Short•TII'!I 

1. Racowndlt1pn gs·& • Tha lfcantll ahould lock open t1ng1a valvaa or 

' IU1t1p1e VllVII 1n 11rf11 fn thl AFW l)'tt• PIIIIIP IUCt1.on p1p1ng and. 

lock opan othar t1ng1a valvtt or mu1t1p1t valvtt 1n 1ar111 thtt could 

interrupt all AFw flow. Monthl)' 1napect1ont ahoulcl bt,Pt~ol'lld to 

ver11')' that thllt va1v11 ere locklcl and 1n the open· poa1t1on. Thill 

fnapect1ont ahoulcl ba propotacl for 1ncorportt1on fnto•tn. turvtfllanct 

requ11'111tntt of the plant Technical Spacf1'fcatfont. S11 RtcOMtnclatfon 
' ' 

GL•2 for the longer tll'll retolutfon of th11 concern. 

~· RtcWtnclat1on gs-4 • EmergtnC)' procec1ur11 for trenaferr1ng to tl~r.n•ta 
IOUI'CII of AFW tuppl)' thould bl IVI11abll to thl plant optrttort. ' 

Th111 procedur11 thould 1ncluclt cr1t.~r1a to fnfol'll the operator when, 

and fn what order, the trantftr to alternate water aourcaa thoulcl 

takl place. The following C&lll thoulcl bt covered b)' the procedure•: 

'l'hole 1n which the primary watar auppl)' 11 not fn1tfa11)' ava11&blt. 

Tha procedure• for th11 c111 ahould fncluclt Ill)' operator act1ont 
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required to protect the AFW system pumps against self-damage 

before water flow is initiated; and, 

In case in which the primary water supply is being depleted. 

The procedure for this case should pro vi de for transfer to the 

alternate water sources prior to draining of the primary water 

supply. 

RecaJIIIIIndatian GS-6 - The licensee should confirm flow path availability 

of an AFW system flow train that has been out of service to perform 

periodic testing or maintenance as follows: 

Procedures should be implemented to require an operator to 

determine that the AFW system valves are properly aligned and a 

second operator to independently verify that the valves are 

properly aligned. 

The licensee should propose Technical Specifications to assure 

that prior to plant startup following an extended cold shutdown, 

a flow test would be performed to verify the normal flow path 

from the primary AFW system water source to the steam generators. 

The flow test should be conducted with AFW system valves in 

their normal alignment. 

Recommendation GS-8 - The licensee should install a system to auto

matically initiate AFW system flow. For the short-term, this system 

need not be safety-grade; however, it should meet the criteria listed 

E-67 

- 12 -

below, which are similar to Item 2.1. 7a of HUREG-0578. For· the 

longer term, the automatic initiation signals and circuits should be 

upgraded to meet safety-grade requirements as indicated in Recotlllllndation 

GL-1. 

The design should provide for the automatic in.itiatilon of the 

auxiliary feedwater systH flow. 

The automatic initiation signals and circuits 

that a single failure will not result in the 

feedwater system function. 

i 
shoul4 be designed ao 

I 
1 (Icc 1 nf auxiliary 

I 
Testability of the initiating signals and circuit! ~hould be a 

feature of the design. 
i 

The initiating signals and circuits should !:1• powe11ed from the 
. ' 

emergency buses. 
i 

Manual capability to initiate the auxiliary feedwa}er system 

from the control room should be retained and should be impleented 

so that a single failure in the manual circuits will not result 

in the loss of system function. 

The alternating current motor-driven pumps and valves in the 

auxiliary feedwater system should be included in the automatic 

actuation (simultaneous and/or sequential) of the loads to the 

emergency buses. 

The automatic initiation signals and circuits should be designed 

so that their failure will not result in the loss of manual . 
capability to initiate the AFW system from the control room. 
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· 5. Recommendation The licensee should verify that the air accumulator 

will hold the air operated valves in the turbine driven pump steam 

supply line open for at least two hours following loss of all AC 

power. 

6. Recommendation - The motor driven pump and the pneumatic-operated 

valve(G) through which AFW flow to steam generator A is controlled 

receive motive and control power from Division I emergency buses. 

Pneumatic valve (F), which supplies steam fro• steam pne:t'll'tcr A to 

the turbine driven AFW pump, receives control power from a Division 

II emergency bus. Similarly· AFW flow control valve (H) and steam 

supply valva (E) associated with steam generator B receive power from 

Division II and I e11ergency buses respectively. Upon loss of air or 

power, the AFW flow control valves (G) and (H) fail open and the 

turbine driven pump steam adndssian valves (E) and (F) fail closed. 

It is recognized that the AFW flow control valves are designed to fail 

open upon loss of air or power so that AFW flow to the steam 

generators should be assured. However, it cannot be concluded that 

all failures will result in opening these valves. Degradation of 

Division I buses could potentially result in loss of the entire AFW 

system. The licensee should analyze the consequences of Division I 

voltage degradation as well as other failures (e.g., restricted air 

flow) to assure that there is no Division I failure mode that can 

result in loss of the entire AFW system. Until this analysis is 
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completed or the AFW system is modified to preclude such an occur· 

rence, emergency procedures should be prepared to retain AFW aystl• 

capability. (See long term reconnendation 4.b). 

7. Recommendation - Each steu generator has two pneuMtic·operated 

atmospheric steam dump va 1 ves connected in para 11 • 1. These four 

valves have the same controller which presu.ably receives power fra. 

only one source, and therefore fl vulnerable to a single failure 

event. Concern was expressed to the l1cens11 as to whether the steM 

supply to the turbine AFW pu.p is adversely affected by the potential 

simultaneous opening of all atmospheric dUIIIP valves due to a single 

failure at the controller or its power source. The l1cens11 has 

indicated that the pressure drop acroas the v~lves is sufficiently 

large to assure adequate steam supply'to the turbine driven PUlP fro. 

the steam generators. We require that the 1 i censee provide ana lyses 

to confirm this assertion. (See long term reco•endation 41.) 

X.6.3.2 Additional Short·Tertn Reco-ndations 

The following additional short-tel'll recon~endations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 
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Task Force review of AFW systems at Babcock & Wilcox-designed operating 

p 1 ants subsequent to our review of the AFW system designs at ~- and 

C-E-designed operating plants. They have not been examined for specific 

applicability to this facility. 

1. Recommendation - The licensee should provide redundant level indica

tions and low level alarms in the control room for the AFW system 

primary water supply to allow the operator to anticipate the need to 

make up water or transfer to an alternate water supply and prevent a 

low pump suction pressure condition from occurring. The low level 

alarm setpoint should allow at least 20 minutes for operator action, 

assuming that the 1 argest capacity AFW pump is operating. 

2. Recommendation - The licensee should perform a 72-hour endurance test 

on all AFW system pumps, if such a test or continuous period of 

operation has not been accomplished to date. Following the 72-hour 

pump run, the pumps should be shut down and cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain within design limits with 

respect to bearing/bearing oil temperatures and vibration and that 

pump room ambient conditions (temperature, humidity) do not exceed 

environmental qualification _limits for safety-related equipment in 

the room. 
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3. Recommendation - The licensee should implement the following require

ments as specified by Item 2. 1. 7. b on page A-32 of NUREG-0578: 

4. 

"Safety-grade indiction of auxiliary feedwater flow to each 

steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be powered 

from the emergency buses. consistent with satisfying the emergency 

power diversity requirements for the auxiliary feedwatar system 

set forth in Auxiliary Systems Branch Technical Position 10-1 of 

the Standard Review Plan, Section 10.4.9." 

Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic test on one AFW syste11 

train, and there is only one remaining AFW train available for 

operation should propose Technical Specifications to provide that a 

dedicated individual who 1s in communication with the control room be 

stationed at the manual valves. Upon instruction from the control 

room, this _operator would realign the valves in the AFW system train 

from the test mode to its ope rat i ona 1 alignment. 

X. 6. 3. 3 Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Reconvnendation - GL-1 - Licensees withplants having a manual starting 

AFW system, should install a system to automatically initiate the AFW 
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system flow. This system and associated automatic initiation signals 

should be designed and installed to meet safety-grade requiren~ents. 

.Manual AFW syst111 ·start and control capability should be retained 

with manual start serving as backup to automatic AFW system initiation. 

2. Recon~~~~ndation GL-2 - Licensees with plants in which all (primary and 

alternate) water suplies to the AFW syst1111s pass through valves in a 

single flow path should install redundant parallel flow paths (piping 

and valves). 

Licensees with plants in which the primary AFW system water supply 

passes through valves in a single flow path, but the alternate AFW 

system water supplies connect to the AFW systalll PIIIIP suction piping 

downstream of the above valve(s) should install redundant valve(s) 

from the alternate water supply upon low pump suction pressure. The 

licensee should propose Technical Spec1fiations to incorporate appro· 

priate periodic inspections to verify the valve positions. 

3. Recommendation - The licensee should evaluate the following concerns: 

a. The discharge lines of both AFW PUIIIPS combine into a single 

header through which all AFW water must flow. A pipe break in 

this single flow path could result in the loss of thi entire AFW 

syste11 function. 
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b. The Palisades AFW syst .. design does not meet the high energy 

line break criteria in SRP 10.4.9 and Branch Technical Position 

10·1; n ... ly, that the AFW syst.- should mafntafn the capabflfty 

to supply the required AFW flow to the steam .generator(s) assu.fng 

a_ pipe break anywhere in the AFW pump discharge lines concurrent 

with a single active failure. 

The licensee should evaluate the postulated pipe breaks stated 

above and ( 1) detemi ne any AFW systH design changes or procedures 

necessary to detect and isolate the break and direct the required 

feedwater flow to the steam generator(s) before they boil dry· or 

(2) describe how the plant can be brought to a safe sh~tdown 

condition ~Y use of other syst1111s which would be ·~•flable 

following such postulated events: 

4. The licensee should evalute the following concerns: 

a. Each stea11 generator has two pneumatfc•operated atmospheric 

steu du.p valves connected in parallel. These four valves have 

the sama contrci ller which pres1111ab ly receives power fi'OII only 

one source. The consequences of single failures would be reduced 

by supplying power to the dump valves of each steu generator 

from separate power divisions. (See short·terll rec-ndatfon 

7). 
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1:1. 'l'hia ocncem il a follcM-up to that in llhOZ't:-tum NOallllll'ldation 6 1 

<~. •· 1 lost of tha A!WS due tel a ~ polfC' ·~tel division), 

Valvu (G) lnC1 (F) az. !:loth in A!WS min A but woeift polfC' frail 

dii'fewnt CC divilicnl u do Valvu (E) II'ICI (10 Which 1n in A!WS 

min B. 'l'hl.ll 1 the effect of dlp'sd&tion of cne pcillfC' clivilion 

IIOUl.d l:le wdl.lold by havina;.valvu (Q) lnC1 (F) poiMNd frail the 

•- divilion1 timilarly for yalftl (E) lnC1 (H), 

c. Wld1 r1ng1 1t1u generator level lnat.ru11nt.atlon Ia not provided 

,In the control ro0111. Evaluate the need for auch lnatru11nt.atlon 

to facilitate proper operator action conalderlng tranaltnt.a and 

accident. conditione. 

Baaed on the l'llult.a of the above •valuational the lfcenaae ahould (1) 

dete ... lne any AFW 1~1t.11 daalgn changea neeeaaaey to 11lt.lgat:e tha concern 

or (Z) daacrlbe how the plant. can be brought. t.o 1 aafe ahut.down condition 

b~ uae of other ·~•t. .. a which would be available following auch poat.ulat.ed 

event.a. , 

Conalderat.lona B111d on the Syat.e11at.lc Evaluation Progrl!ft 

The following lt.11111 are under review by the Syat.emat.lc Evaluation Progr111 

(SEP) and aupple111nt. the above long•t.erm reco1111111ndat.lona. 

1. The Palfladea Plant Including the AFWS will be rttvaluat.ed during the 

SEP with regard to. lnt.ernall~ and ext.ernall~ generated mlullea, pipe 

whip and jet I111Pinge111nt., qualft.~ and aeflmlc dealgn requlre11ent.1, 
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eart.hquaklt, t.ornldoll, flooda, and thl faflul'l of noneuentlal 

·~·"··· 
2. Thl at.tff w111 r1111111 the need for 1 ..... ~ 11c111 .,.._ in 1M 

AFWS PIIIIP ro011. 

3, '1h8 Paliladu A!WS illlO't 1U'tc111111tiC1 ini1:ilted lnd 1:1'11 -~ dQII 

not have capabllf~ to IUt.OIIItfclll~ t.t ... fnlta flldwltar flow to 1 

diPI'IIturfzed 1t.1111 generator and provfdl flow to the Intact ateai. 

generator, Thll fl ICCOIIplflhld by thl control 1'0011 optrltor. Thl 

effect of t.hfa provfafon w111 bl 1111111d fn t.hl lllln 1t111 11nt 

break 1v11 u1t 1 on for Pa1 f11d11. 

4. A lack of ·~•till rldundlney ufat.a btc!lutl the turbfnrdrfven AM 

PUlP Ia not 11f111fc Clau 1. The at.lff w111 con1fdlr the IIHCI for 

upgredlng the 1111111c Clllllflcat.fon of thl PIIIIP fn t.hl SEP 

Integrated aaaeaa111nt. of Palltedea. 

5. The at.aff wfll 111e11 the need for lnc!'laalng t.hl technical 

apeclflcatlon Inventory 1f11lt. for the ael111lc Cl111 J AFWS water 

IUppl~. 
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INCI.DSURE 2 

BASIS FOR AUXILIARY FE:EI:WAT£R SYSTEM FI.DW REQYIREME:NTS 

As a ruUJ. t of z:ecent staff reviews of operating plant auxiliazy feedwater syateaa 

(A!'WS), 'the staff concludes that the design bases and cciteria provided by licenHU 

for establishing A!'WS requirements for flc:M to the stellll generator(s) to as~ llde

quate rwroval of reactor decay heat are not well defined or docllllented. 

He requ,ire that you provide the follCMing A!'WS flCM design basis infOimation u appli

cable to the design basis transients and accident conditions for yr:AJ.r. plant. 

1. a. Identify 'the plant trmlllient end accident cor .. .itions CCilllidere4 in utal>

lishing A!'WS flCM requirements, including the fo1lcMing events: 

1) Loss of Main Feed (!MfW) 

2) lMfW w/loss of offsite AC power 

3) J..Miw w/loss of offsite and onsite AC power 

4) Plant coolcbm 

5) 'rurbine trip with end without bypass 

6) Main steam isol.aticn valve closure 

7) Main.'feed line break 

8) Main steam line break 

9 > Small break LOCA 

10) Other transient or accident conditicns net liate4 ~. 

b. Describe the plant protection acceptance criteria end OCil"lUpCXldin techni· 

cal bases used for each initiating event identified above. The aaoeptence 

criteria should ~ss plant llmits such as: 

- MaxiJmml RCS press1.1n1 (PORV or safety valve actuaticn) 

- Fuel temperature or damage limits (l:NB, Per, IIIIIX:imum fila... central t~t' . 

- RCS cooling rate limit to awid excessive coolent ahr:l.nk:aae 

- Minimuni steam generator level to ass1.1n1 lufficient steam genc.tor heat tn 

fer SUI!face ·to·remove decay, heat end/or oooldam the primlry. system. 
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2. Describe -.:.'Ia analyses and ass~ions and corresponding techm.ca... J""tification 

used With plant canditialS CalSideted in l.a. above including: 

a. ~~actor power (including instrunent error allowance) at the ti.rne of 

the initiating transient or accident. 

b. Time delay fran initiating event to reactor trip. 

c. Plant paramater(s) which initiates MWS flow and time delay between initiat

ing event and introductioo of An1S flow into steam generator(s). 

d. Minimum steam generator water level when initia-:ing event occurs. 

e. _Initial steam generator water inventoiy and df, >letian rate bef~ and after 

MWS flow caDI*loes - identify reactor decay heat mte used. 

f. Maximum pressure at which steam is released fran steam generator(s> and agains· 

which the AZW pump IIII.1St develop sufficient head. 

g. Minimum number of steam generators that llllSt receive AZW flow, e.g., l of 2, 

2 of 1+? 

h. RC flow condition - canti.nued ·operation of RC pumps or natul"tll cirl:ul.atian. 

i. ·Maximum AZW inlet teuprature. 

j. Following." a postulated steam or feed line male, time delay assumed to iSolate 

bmalc and diact AZW flow to intact ste11111 genemtor(s). AZW pump flow capacit: 

allowance to acocm:xlate the time delay and maintain mininaml ste11111 generator 

water level. Also identify credit talcen for primmy system heat nmDvaJ. due 

to blcwdown. 

lc. Volume and maxiuun temperature of water in main feed lines between steam 

genemtor(s) and An1S connection to main feed line. 

l. Operating can~ tian of steam generator norual blcwdo.m following ini tia~il:lg 

event. 

m. . Prilr.a:-; and secondaly. system water and metal sensible heat used for cooldCMn 

and .~w fl~ sizing. 

n. Ti.':le a.t h~t standby and time to cooldCM!l RCS to Ri-:R (or SCS) system cut 

in te:rrpera~ to size A..>'W water source inventory. 
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3. Verify that t;he 1\I'W pumps in your plant will supply the necessuy flow to the 

steam generator(s) as determined by items l and 2 above cansiderln& a eincle 

failure. Identify the lllil%'iin in sizing the pump flow to allow for pump mci.X'

culation flew, seal leakage and~ wear. 
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••••• 

Docket rio, 50·335 

Mr. Robert E. Uhri~, Vice-President 
Advanced Systems and Technology 
Florida Powar and Light Company 
P, o. Box 529100 
Miami , Fl ori da 33152 

Dur Mr. Uhrig: 

October 17 , 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT ST. LUCIE UNIT 1 

. The purpose of thfs letter fs to advisa you of our requirements for the 
auxiliary feedwater systems at the subJect facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Is land, Unit 2. . 

Enclosure I to thfs letter identifies uch of the requirements applicable 
to the subject facility, Thill requirements are of two types, (I) generic 
requirements applicable to most Combustion Engineering-designed operating 
plants, and (2) plant-specific requirements applicable·only to the subJect 
facilfty, Enclosure 2 contains a generic request for additional information 
reGarding auxiliary fetdwater system flow requirements. 

The designs and procedures of the subJect facility shoul cj be evaluated 
against the applicable requirements specified in Enclosure 1 to determine 
the degree to which the facility currently conforms to these requirements. 
The results of this evaluation and an associated schedule and corrmitment 
for implementation of required changes or actions should be provided· for 
NRC staff review within thirty days of recti pt of this letter. Also, thfs 
schedule should indicate your date for submittal of information such as design 
changes, procedure changu or Technical Specification changu to be provided 
for staff review. You may also provide your response to the it~s in Enclosure 
2 at that time, 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subJect facilfty are expected to be generated 
by the Bulletins and Orders Task Force •. Such requirements are those resulting 
from our review of the loss-of•fetdwater event and the small break lou-of-coolant 
accident u described in the Combustion Engineering report CEN·11.4·P (Pinendment l·P) 

E-74 

Mr. Robert E. Uhrfg ·2- October .17 , 1979 

entitled,. "Review of Small Br11k Transients fn Combustion Engfneerfnt 
Nuclear Steam Supply Systems." Our specific concerns include S)'ltems 
relfabflity (other than the auxflfary fudwater syst1111) ,. analysiS, 
guidelfnes and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements 
resulting .from the additional ftems from the Bulletins and Orders 
Task Force review. 

Enclosures: 
As stat•d 

cc: See next page 

liiP.:f'"' ~. (I .. ~ A v 
Wf Q, Eisenhu~rector 

Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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Combustion Engineering Owners Group Representatives 

Mr. G. E. Liebler, Chairman 
Combustion Engineering Owners Group 
Florida Power and Light Company 
P. 0. Box 013100 
l~iami, Florida 33101 

Mr. Joseph K. Gasper, Vice Chairman 
Combustion Engineering Owners Group 
Omaha Public Power District 
Fourth & Jones 
Omaha, Nebraska 68108 

Mr. John Garrity, Chairman 
Guidelines Subgroup 
Maine Yankee Atomic Power Company 
Edison Drive . 
Augusta, Maine 04336 

Mr. Robert G. Harris, Chairman 
Analysis Subgroup · 
Northeast Utilities Service Co. 
P. 0. Box 270 
Hartford, Connecticut 06101 

Mr. David S. Van de Walle 
Consumers Power Company 
212 West Michi~an Avenue 
Jackson, Michigan 49201 

Mr. William Szymczak 
Yankee Atomic Power Company 
25 Research Drive 
Westboro, Massachusetts 01581 

Mr. J. T. Enos 
Arkansas Power & Light Company 
P. 0. Box 551 
Little Rock, Arkansas 72203 
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Mr. David Bixel 
Combustion Engineering Principal Contact Listing 

Nuclear Licensing Admiistrator 
Consumers Power Company 

- 212 West Miohi gan Avenue 
Jackson, Michigan 49201 

Mr. William Cavanaugh, lll 
Executive Director of Generation 

and Construction 
Arkansas Power & Light Company 
P. o.· Box 551 
Little'Rock, Arkansas 72203 

~lr. A. E. Lundvall, Jr. 
Vice-President - Supply 
Baltimire Gas & Electric Company 
P •• Box 1475 
Baltimore, Maryland 21203 

Mr. Theodore E. Short 
. Assistant General' Manager 
Omaha Public Power District 
1623 Harney Street 
Omaha, Nebraska 68102 

Mr. Robert H. Groce 
Licensing Eng.ineer 
Yankee Atomic Electric Company 
20 Turnpike Road 
Westboro, Massachusetts 01581 

Mr. w. G. Counsil, Vice-President 
Nuclear Engineering & Operations 

Northeast Nuclear Energy Company 
P. 0. Box 270 
Hartford, Connecticut 06101 

Or. Robert E. Uhrig, Vice-President 
Advanced Systems & Technology · 
Florida Power & Light Company 
P. 0. Box 529100 
Miami, Florida 33152 
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cc: 
Robert LO\Itnstein, Esquire 
Lowenstein, Newman, Refs~ Axelrad 
lOZS Connecticut Avenue, N.w. 
Washinston, 0. C. Z0036 ENCLOSURE l 

Nonnan A. Coll, Esquire 
t1cCarthy, Steel, Hector & Oavf s 
14th Floor, First National Bank Building 
Hi ami, Florida 33131 

Mr. Jack Shreve 
Office of the Public Counsel 
Room 4, Holland Bldg. 
Tallahassee, Florida 3Z304 

Indian River Junior College Library 
3209 Virginia Avenue 
Fort Pierce, Florida 33450 
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X. 7.1 

X. 7. 1.1 

ST. LUCIE UNIT 1 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration, Overall Design 

A simplified flow diagram of the St. Lucie auxiliary feedwater system 

(AFWS) is shown in Figure 1. The AFWS consists of one full capacity 

turbine-driven pump (500 gpm@ lZOO psi) and two half capacity 

(250 gpm @ 1200 psi) motor-driven pumps. One turbine pump or both 

motor driven pumps are required to adequately remove decay heat. The 

turbine-driven pump suppl f es feedwater to two. steam generators (SG) 

by means of two separate 1 i nes each with its own motor operated 

control valve. Each motor-driven pump normally supplies feedwater to 

one steam generator. A cross connection with two remote manual nor

mally closed isolation valves is provided to enable the routing of 

feed flow of the two motor driven pumps to either steam generator. 

The AFWS is manually started from the control room. The AFW system 

can supply water to the SG(s), ~suming a single act.ive component 

failure with loss of offsite or onsite power. The licensee states 

that the AFWS is capable o,f cooling the plant down to the condition 

where the shutdown coo 1 i ng system can be used to continue the ~afe 

p 1 ant s.hutdown process. 

The primary water supply of the AFWS is maintained in a 250,000 gal. 
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seismic Category 1 condensate storage tank (CST) connected to the 

pumps' suction by redundant lines with locked open manual valves. 

A minimum of 168,000 gal. is reserved strictly for the AFWS by 

administrative control. The reserved water inventory is sufficient 

to maintain the plant at hot standby condition for 8 hours following 

a reactor trip, and subsequently cool the plant down to the shutdown 

coo 1 i ng system cut-in temperature. 

Low water level in the CST will alarm and annunciate in the main 

control room. The AFW pump suctions are connected only to the CST. 

Additional water may be supplied either from the SG Slowdown Monitor 

Storage Tank or the city water tanks via the CST as shown in 

Figure 1. Supplying water from these alternate sources requires 

considerable operator action and is estimated to take 3 hours to 

accomplish. 

Components - Design, Classification 

All components of the AFWS, including the primary water supply, are 

designed to seismic Category 1 requirements. 

Power Sources 

The steam turbine driven pump uses steam from the main steam lines 

taken upstream of each main steam isolation valve (MSIV) and e.xhausts 

to the atmosphere. The steam is supJI'l ied via an AC powered motor operat

.ed valve (MOV) from each steam generator. These valves are normally 

closed and .fail as-is. Downstream of these valves there is a single 
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steara supply header w1th a DC powered HOV which is normally closed 

and fails as-is. The two 11otor driven PUIIIP1 are powered from the 

Division A and B emergency diesel generators respectively in case of 

a loss of normal AC power. 

Instrumentation and Controls 

Contr.ols 

The control of auxiliary feedwater flow and steam generator water 

level is accomplished from the control roomby remote manually operated 

control valves. A. local control station is provided to facilitate 

plant shutdown if the control room is not accessible. All manually 

operated valves in the AFWS are locked open. The motor operated 

valves will. fail in the "as-is" position. 

Information Available to Operator 

The i~portant 'information available to the operator includes AFW 

discharge header flow, AFW discharge header pressure, CST level, 

steam generator level, ste111 pressure to steu driven AFW pump, and 

control valvt.position indication. 

Additional information available is listed in the following 

instrument list: 

Auxiliary Feedwater Parameters Available on RTGB 102. Vertical 

~ 

1. Aux Feedwater Flow, Header 'A' FI-09-ZA 

2. Aux Feedwater Flow, H~ader 'B' FI-09•28 
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3. Aux Feedwater Flow, Header 'C' FI·09·2C 

4. Aux Feedwater Press. Header 'A' PI·09·8A 

5. Aux Feedwater Press.· Header '8' PI-09·88 

6. Aux Feedwater Press. Header 'C' PI-09·8C 

7. Steam Press. to Aux Feedpump 'C' PI-08-5 

8. Condensate Storage Tank Level L1S-12·ll 

9. Aux Feed Pump 'lA' Amperes 

10. Aux Feed Pump '18' Amperes 

Auxiliary Feedwater Parameters on RTG8 102-Horizonta·l Section 

1. AFW PWDp -.111 disch steam generator (SG) lA MV-09-9. Switch and 

valve position lights. 

2. .AFW PUI!IP 18 disch to SG 18 MV-09-10 - switch and valve position 

lights. 

3. AFW pump lC disch to SG l.A MV-09-ll - switch and valve position 

lights. 

4. AFW pump lC Disch to SG 18 MV-09-12 - switch and valve position 

lights. 

5. AFW pump lA disch to SG 18 MV-09·13 - switch and valve position 

lights. (crossconnect valve) 

6. AFW 18 disch to SG lA MV-09·14 - switch and valve position 

lights. (crossconnect valve) 

7. Start and stop switches for lA, 18 and lC Aux Feed Pu~ps and 

indicator lights. 

8. lC Aux Feed Pump speed controller and speed indicator. 

X.7.1.4.3 
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9. lC Aux Feed Pump ste111 in.let fro• iA main steu line, MV-08·14 

indicator lights. 

10. lC Aux Feed Pump .steu inlet fi'OII 18 main ste111 line MV-08·13 

indicator 1 ights. 

11. lC Aux Feed Pump steam inlet MV-08·3 indicator lights. 

Initiating Signals for Automatic Operation 

The St. Luct'e AFWS is a manually started system. In the avant of a 

loss of main faedwater PUIIJlS or offsite power, followed by reactor 

triP .. the licensee estiilates that the operator has approximately 

13 minutes in which to sta~t the AFW pump and open the AFW flow 

control valves to the steu generators to prevent the steam 

generators from boiling dry; 

Testing 

Each 1110nth the motor operated fled water ·Valves are .. cycled from 

closed to full open to closed, after which each pump is started and 

operated at least 15 minutes. Specified minimum discharge pressure 

Is verified while the pumps are operating. No manual valve lineup 

changes are required for this testing. Condensate storage tank laval 

is verified at or above minimum at least once per 12 hours. 

Technical Specifications 

1. The two motor driven ~FW pumps and the steam turbine driven AFW 

pump are all required !to be operab 1 e when the reactor coo 1 ant 

system Is above 325°F, the 11aximum operating temperature of the 

shutdown cooling systa•. 
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2. If any one pump i1 inoperable, it mu1t be returned to operable 

1tatu1 within 72 hour• or the plant mu1t be placed in hot 

1tandby within 12 houri. 

3. If two or more pump• are inoperable, the plant mu1t be in hot 

ltlndby within 1 hour and in cold 1hutdown within 30 hour• 

unleu at 1111t one pump i1 returned to operation and the unit 

11 back under 2 above u1ing the time interval• of the initial 

d11covery. 

4. The CST il required to have minimum volume of 116,000 gallon• 

when the RCS temperature 11 above 325°F. If the volume i1 below 

minimu~ it mu1t be re1tored within 4 houri or the plant mu1t be 

in hot 1tandby within the next 6 hour• a~d in cold thutdo~n 

within the following 30 hour1. 

Re11abi11tx Evaluation R11ult1 

Dominant Failure Model 

The St. Lucie Unit 1 AFWS con11lt1 of two 1Ub1y1tem1, i.e, one 

tub1y1tem of two one·half capacity motor-driven· pumpa and another 

subayttem of a single full capacity turbine-driven pump. Either 

aubayatem, when delivering ita pumping capacity to at lust one •team 

generator can provide for adequate decay heat removal for the three 

loss of main feedwater events considered. 
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The follQWing failure model were found to d011inate tbe demand 

unava11ab111ty of the St. ·Lucit AFWS: 

Loll of f!!dwater CLOFW) with offlite AC available 

Failure to manually actuate.the St. Lucie Unit 1 AFWS, wa~ 

111111ed to be the do11nailt fa11ure 10d1 and th11 fault con• 

trfbutfon to the overtl.l AFWS unavt11tb111~ 11 elt1mattd to bt 

approxfutely 80 percent. 

LOFW wjth onlY on1ite AC IVtiltblt 

St. Lucie Unit 1 u111 a 1wtng tfe bu1 ("AB") that furnflhu AC 

power to valv11 in the 1t1111 turbine driven portion of .the AFWS. 

Thfl b~1 11 f nterl ockld to prevent t f • to 110re than one emer-. 

gency df11el generator (EDG) 1fmultaneou11y; The "AB" bul fl 

normally tied to the "A" EDG. Thu1, the lfmfting EDII ftflure 

would be failure of the "A" EDG. Thfl faflure requfrel h111111n 

action to tren1fer bu1 "AB" to the avaflable 11111 EDG. The 

impact of thfa human action on the overall AFWS w11 aneued and 

found not to ligniffcantly alter the above r11ult1. Thul, 

failure to mtnually actuate AFWS re111in1 the common dOminant 

faflure mode identified. 

LOFW with onlY DC available 

For th11 event, the St. Lucfe Unit 1 AFWS detfgn require• a 
' . 

plant operator to proceed to the local valve station• for the 

1te111 turbfne drfven trafn of the AFWS and open four AC motor 
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operated valves (2 steam and 2 water) that are normally closed. 

The 11 censee assessment of access i bill ty and the opening t 1 mes 

indicate that this operation could be successfully accomplished 

by two men in about 5 minutes and one man· in about 10 minutes. 

Human fclilure to open these valves has been assessed as the 

dominant fault contributor (~60%) for this event. 

Principal Dependencies 

The principal dependencies identified were those associated with 

human actions required to actuate the St. Lucie Unit 1 AFWS for the 

above three events. 

Recommendations for this Plant 

The short-term recommendat 1 ons i dent i fi ed in this section represent 

actions to improve AFW system reliability that should be implemented 

by January 1, 1980, or as soon thereafter as is practicable. In 

general, they involve upgrading of Technical Specifications or 

establishing procedures to avoid or mitigate potential system or 

operator failures. The long-ter.m recommendatio.ns identified in this 

section involve system design evaluations and/or modifications to 

improve AFW system reliability and represent actions that should be 

implemented by January 1, 1981, or as soon thereafter as is 

practicable. 
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Short· Term Recommendat 1 ons. 

1. RecC~~Mndat 1 on GS-4 • Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures shou 1 d inc 1 ude criteria to 1 nform 

the operator when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

The case in which the primary water supply is not 

initially available. The procedures for this case 

should include any operator actions required to 

protect the AFW system pumps against self-damage 

before water flow is initiated;· and, 

The case in which the primary water supply is being 

depleted. The procedure for this case should provide 

for transfer to the alternate water sources prior to 

draining of the primary water supply. 

2. Recommendation GS-5 - The plant llhcW.d be capable ot ~.the 

required AFW flow for at least two hours from one AFW pump train 

independent of any alternating current power source. If manual 

AFW system initiation or flow control is required following a 

complete loss of alternating current power, emergency procedures 

should be established for manually initiating and controlling 

the system under these conditions. Since the water for cooling 

of the lube oil for the turbine-driven pump bearings may be 



• 10 . 

dependent on altern~ting current power, design or procedural 

changes sha~l be ffiade to eliminate this dependency as soon as 

practicable. Until this is done, the emergency procedures 

should provid~ for an individual to be stationed at the tur· 

bine·driven pump in the event of the loss of all alternating 

current power to monitor pump bearing and/or lube oil tempera· 

tures. If necessary, this operator would operate the 

turbine-driven pump in an on·off mode until alternating current 

power sources is restored. Adequate lighting powered by direct 

current power sources and communications at local stations 

should also be provided if manual initiation and control of the 

AFW system is needed. (See Recommendation GL-3 for the 

longer-term resolution of this concern.) 

3. Recommendation GS·6 · The 1 icensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 

Procedures should be implemented to require an 

operator to determine that the AFW system valves are 

properly aligned and a second operator to indepen· 

dently verify that the valves are properly aligned. 

The licensee should propose Technical Specifications 

to assure that prior to plant startup following an 

extended cold shutdown, a flow test would be performed 

to verify the norma1 flow path from the primary AFW 

4. 
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system water source to the steam generators. The flow 

tost should be conducted with AFW system valves in 

their normal alignment. 

Recommendation GS-8 - The licensee should install a system to 

automatically initiate AFW system flow. For the short term, 

this system need not be safety-grade; however, it should meet 

the criteria listed below, which are similar to Item 2.1.7a of 

NUREG-0578. For the longer term, the automatic initiation 

signals and circuits should be upgraded to meet safety-grade 

requirements as indicated in Recommendation GL·l. 

The design should provide for the automatic initiation 

of the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should 

be designed so that a single failure will not result 

in the loss of auxiliary feedwater system function. 

Testability of the initiating signals and circuits 

should be a feature of the design. 

The initiating signals and circuits should be powered 

from the emergency buses. 

Manual capability to initiate the auxi1 iary feedwater 

system from the control room should be retained and 

should be implemented so that a single failure in the 

manual circuits will not result in the loss of system 

function. 
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The alternating current motor-driven pumps and valves 

in the auxiliary feedwater system should be included 

in the automatic actuation (simultaneous and/or 

sequential) of the loads to the emergency buses. 

The automatic initiation signals and circuits should 

be designed so that their failure will not result in 

the loss of manual capability to initiate the AFW 

system from the control room. 

Additional Short-Term Recommendations 

The following additional short-term recommendations. resulted from the 

staff's Lesson Learned Task Force review· and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed 

operating plants subsequent to our review of the AFW system designs 

at ~- and C-E-designed operating plants. They have not been examined 

for specific applicability to this facility. 

1. Recommendation - The licensee should provide redundant level 

indications and low level alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow.at least 

20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 
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2. Recommendation - The lf censee should perform a 72-hour ·endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Following 

the 72-hour pump run, the pumps should be shut down and cooled 

down and then restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 

within design limits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qualifi

cation 1 imits for safety-related equipment in the room. 

3. Recommendation - The licensee should implement the following 

requir~ments as specified by Item 2.1. 7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indicatinn of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feeciwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system se~·forth ~n Auxiliary Systems Branch 

Technical Position 10-1 of the Standard Review Plan, 

Section. 10.4.9." 
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4. Rtcommtndation • Lictnl!ll with plant• which require 1oca.1 

manual rta1ignmtnt of valve• to conduct ptriodic test• on on• 

AFW 1y1tem train, !!!S thtre 11 only one remaining AFW train 

avai1ab1! for optration should propo11 Technical Sp<tclflcetlons 

to provide that 1 dedicattd individual who Is In communication 

with the control room be statlontd at the manual valves. Upon 

ln1tructlon from the control room, th11 operator would r1111gn 

th1 valves In th1 AFW 1ystem train from the t11t mode to Its 

optratlona1 a1 lgnmtnt. 

Lonp·Term Recommendations 

Long•term recommendations for Improving th1 system are as follows: 

1. Recommendation • GL·l • Llcens11s with plants having a manual 

starting AFW system, should Install a system to automatically 

Initiate the AFW system flow .. Th.11 system and auoclated 

automatic Initiation signals should ba deslgnad and Installed to 

m11t llfaty·grada raqulramants. Manual AFW system start and 

control capability should ba ratalned with manual start serving 

as backup to automatic AFW system Initiation .. 

2. Recommendation • Gl·3 • At least one AFW system pump and Its 

associated flow path and essential Instrumentation should 

automatically Initiate AFW system flow and be capable of being 

~perated Independently of any alternating current power source 

for at least 2 hours. Conversion of direct currant power to 

alternating current Is acceptable. 
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3. Recommendation • The pre11nt method of eupp1ying water from the 

alternate water sourcu to the CST for the AFWS raquiru con1ict• 

arable dparator action and 11 utimatad to take approximately 

1:hnll hour! to &ae~C~~;~lilh. The Hcanua ehou1d modify the duign 

to provide m11n1 to eupp1y water to the AFWS from the alternate 

1ource1 within ona•half hour or 1111. 

4. Recommendation • The St. Lucie plant nud1 one ful 1 capacity 

train of AFW flow (2 motor-driven or 1 turbine-driven AFW pump) 

for safe plant shutdown. Th11 AFWS de1!gn doe• not m11t the 

high energy line br11k criteria In SRP 10.4.9 and Branch 

Technical Po1ltlon 10•1; namely that the AFWS should ·maintain 

the capability to 1upply the required AFW flow to the 1t11m 

genarator(l) auumlng 1 pipe break anywhere In the AFW pump 

dllcharge 11nel plu1 1 single active failure. The 11cenue 

lhould (1) complete an evaluation auuming such an event and 

determine any AFW 1ystem modification• or procedur11 neceuary 

to maintain the required AFW flow to the steam generator( I), or 

(2) d11crlbe how the plant can be brought to 1 11fe shutdown 

condition by use of other available systems following such a 

postulated event. 
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-Maximum RCS pressure (Par·: or safety valve actuation) 

- Fuel temperature .or dama~e .limits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shr·inkage 

- ~1inimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered in l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient··or .. a.oc:ident. 

b. Time delay from initiating event to reactor trip. 

c. Plant P.arameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is released from steam generator(s) 

and against l'lhich the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postula~d steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW. pump flow capacity allowance to accommodate 

the time delay and maintain m'inimum steam generator water level. 

Also identify credit taken fo~ primary system heat removal 

due to b lowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator{s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating. event. 

m. Primary and secondary system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant i/111 supply the necessary 

flow to the steam generator(s) as,detennined by items 1 and 2 

above considering a single failure. Identify the margin in sizlnp 

the pump f.low to alto·. for pump recirculation flow, seal leakage 

and pump wear. 
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NUCLEAR REGULATORY COMMISSION 
WAIHINGTON, D. C,-

...... 
Docket No,: 50·334 · 

Mr. c. N, Dunn, Vice-President 
Operations Dl vision 
Duquesne Light Ccmpany 
435 51 xth Avenue 
Pittsburgh, Pennsylvania 

Dear Mr. Dunn: 

ocroatR t 1 1178 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT BEAVER VALLEY UNIT 1 

The purpose of tMi letter Is to advise you of our requirements for the 
auxiliary feedWJter systems at the subject facility. These requirements 
were Identified during the course of the NRR Bulletins and Orders Task 
Force re11lew of operating reactors In light of the accident at Three Milt 
Island, Unit 2. 

Enclosure 1 to this letter Identifies each of the requirements ap~licablt 
'to the subject flclllty,· These requirements are of two types, (1 generic 
requirements applicable to most Westinghouse-designed operating ll ants, and 
(2) plant-spaclfic requirements applicable only to the subject facility, 
Enclosure 2 contains a ganeric request for additional information regarding 
auxiliary feadwater system flow requirements. 

The designs and procedures of the subject 'fac111ty should be evaluated against 
the applicable requirements specified Ia Enclosure 1 to determine the degrtt 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and comnitment for Implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should Indicate 
your date for submittal of 1nforrnat1on such as design chang11, procedure changes 
or Technical Specification changes to be frov1ded for staff review. You may aha 
provide your response to the Items In Enc osure 2 at that time. 

In addition to the regu1rements Identified In this letter, other requirements 
which may be appl1cable to the subject facility are expected to be generated 
by the Bulletins and Orders Tuk Force. Such requirements are thou resulting 
from our review of the lou-of·feedwater event and the small break lou•of·coollnt 
accident 11 described In the Westinghouse report WCAP-8500, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns inc! ude 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

1Si ncerely, 
\ \' 

--!\rt {()t/ ):V-~ ,Jl~.-r 
Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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·Karin Carter, Esquire 
Special Assistant Attorney General 
Bureau of Administrative Enforcement 
5th Fl oar, Execut 1 ve House 
Harrisburg, Pennsylvania 17120 

Mr. Roger Tapan 
Stone and Webster Engineering 

Corporation 
P. 0. Box 2325 
Boston, Massachusetts 02107 

Mr. J. o. Woodward 
R & 0 Center 
Westinghouse Electric Corporation 
Building 7-303 
Pittsburgh, Pennsylvania 15230 

B. F. Jones Memorial Library 
663 Franklin Avenue 
Aliquippa, Pennsylvania 15001 

Mr. Jack Carey 
Technical Assistant 
Duquesne Light Company 
P. 0. Box 4 
Shippingport, Pennsylvania 15077 

Mr. R. E. Martin 
Duquesne Light Company 
435 Sixth Avenue 
Pittsburgh, Pennsylvania 15219 

Marvin Fein 
Utility Counsel 
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Pittsburgh, Pennsylvania 15219 
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ENCLOSURE 1 

BEAVER VALLEY UNIT 1 

AUXILIARY FEEDWATER SYSTEM 

System Descr-iption 

Configuration, Overall De&iqn 

A simplified flow diagr11111 of the Beaver Valley Plant, Unit No. 1, 

Auxfliary Feedwater Syst111 (AFWS) is shown in Figure 1. The AFWS 

consists of one turbine driven PUIIP (700 gpia I 2696 ft head), and two 

110tor driven PUIIPS (350 p I 2696 ft head). The pump discharge 

headers are connected to pel"llit auxiliary faadwatar delivery to any 

one or all three ste11111 generators by any AFW pump. The licensee 

states that for noi'IIIBl and transient plant operation, including loss 

of main feedwater flow, only one PUIIP is required to cool the plant 

down to the condition where the RHR system can be put into operation 

to continue safe plant shutdown. However, in the avant of an 

unisolable ••in steu or ••fn feed line break, either one 

turbine-driven AFW pump or both .otor-driven pumps era required to 

prevent dryout of the ste .. generators. 

The priury water supply of the AFWS 1s maintained in a 140,000 gallon 

sefl•ic Category 1. pri~~ary plant dHineralized water storage tank 

(DWST). The tank is reserved strictly for the AFWS puiiJI usage. The 

reserved water inventory fs sufficient to ufntafn the plant at hot 

standby condition for 8 hours following a reactor trip. Low water 
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level in the DWST will alarm and annunciate in the Min control roa.. 

The secondary water supply b. the se1nic Category I river water 

system with an additional backup source from the fire protection 

system. 

Components • Design. Clusffication 

All pu.ps, valves, piping, instru.entation and controls associated 

with the auxiliary feedwater systa• are designed to seisldc 

Category I requi~nts. 

The primary water source (DIIIIIineralized Water Storage Tank) and the 

secondary water source (River Water Syste~~) are also designed to 

seismic Category I raquireMnts. The eddftfo.nal backup water source 

from the fire protection syst111 is not designed to saiuic Category I 

requirements. 

Power Sources 

The turbine driven pump is supplied with ste .. fl'llll each sta .. 

generator outlet header upstre .. of the uin sta .. isolation valve 

(MSIV) and exhausts to the atiiOsphere. The 110tor dri van PIIIIPI 

receive power fi'OIII the 4160 V AC vital buses. In the event of a lou 

of offsite power, the pu.ps are powered by the Division A and B 

emergency diesel generators, respectively. 
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Instrumentation and Controls 

Controls 

The control of auxiliary feedwater flow and steam generator water 

level is accomplished from the main control room by manually operated 

control valves. These valves can also be manually operated from the 

local shutdown control panel ff the control room is not accessible. 

All 111nually operated valves in the 111in flow path of the AFWS are 

either "lock-opened" or "lock·clo .. d" in their no!'lll41 position. The 

110tor ope~ated v.alves fa11 in their "a• is" position. 

Information Available to Operator 

The i11portant infol'llltfon avaflable to the operation includll AFW 

dflcharge header pre11ure, AFW flow to each ate111 generator, DWST 

water level, 1te111 generator weter level, 1te111 pre11ure to turbine 

driven AFW PiliP and control valve poaition indicetora. Additional' 

infol'llation availabla 11 in the following inatrUIIent list: 

SPECIFIC INSTRUMENTATION AND CONTROL 

.E!e! 
Auxiliary feed flow to lA (B, C) Steam Generator 

FI·FW-100A CB. Cl 

Readout location: Verticel Board - Section C 
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FI·FW·lOOAl {8. C) 

Readout location: Elllergency Shutdown Panel 

AUX STEAM GEN FEED PUMP AUTO START-STOP 

PRI PLNT DEMIN WTR STRGE TNK LVL H•L CH 1 

PRI PLNT DEMIN WTR STRGE TNK LVL H·L CH 2 

1/3 STM GEN lA HI-HI LEVEL 

1/3 STM GEN lA LOW LOW WATER LEVEL 

STM GEN 1A LDW WTR LEVEL CH 1 

STM GEN lA LOW WTR LEVEL CH 2 

1/3 STM GEN 18 HI·HI LEVEL 

1/3 STEAM GEN 18 LOW LDW WATER LEVEL 

STM GEN 1 B LDW WTR LEVEL CH 1 

STM GEN 1B LDW WTR LEVEL CH 2 

1/3 STM GEN lC HI•HI LEVEL 

1/3 STM GEN 1C LOW LDW WTR LEVEL 

STM GEN 1C LDW WATER LEVEL CH 1 

STM GEN 1C LDW WATER LEVEL CH 2 

AUX STM GEN FEED PUMP 3A START-STOP 
' . 

AUK STM GEN FEED PUMP 3B START•STOP 

AUK STM GEN FD PP 3A MTR IN8D 8RG TEMP 

AUK STM GEN FD PP 38 MTR IN8D 8RG TEMP 

AUK STM GEN FD PP 3A MTR OUT8D 8RG TEMP 

AUK STM GEN FD PP 38 MTR OUT8D 8RG TEMP 
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Initiatina Sianall for Automatic Operation 

Tht AFWS fl automatically initiated. It can allo bt started manually 

from the main control room. In addition, the pumps can bt manually 

started from tht local shutdown control panel. Tht automatic 

initiating ·signall art as follows. 

1) Turbi nt Dri vtn Pump 

t) 1/3 Steam Generator Lo·Lo Level (1 out of 3 channel logic) 

b) Under Voltage 

2) Motor Ori ven Pumps 

a) 2/3 Steam Generator Lo·Lo Level 

b) Both Main Fttd Pumps Trip 

c) Safety Injection Signal 

d) Turbine Driven AFW pump low dflchargt prtuurt consflttnt 

with 1 start signal on turbine driven pump. 

1) Lou of offsitt power 

Testing 

The systems art tested periodically in accordance with tachnical 

specification requirtmant.s. Tht frequency of periodic testing fs 

31 days. In addition, the particular system is tested in accordance 

with the technical specification after performing system maintenance. 

Tht systams art tuttd using the recirculating lints, with various 

plant parameters noted (suction and discharga preuur11, etc). The 
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instr-ntation systu fl checked periodically, in accordance with 

the technical spacifications,. on 1 per shift, monthly or refueling 

time frame basil. 

Technical Specifications 

A review of the technical sptci fi cations i ndi cattd that. thtll 

specifications cover limiting condition• of operation (LCD) and 

periodic surveillance testing consfltent with current standard 

Ttchni cal Sptcf.fi cations. 

Raliability Evaluation 

Dominant Failure Modes 

Tht following failure IIOdts wtra found to dominate the dllllnd 

unavailability of the Beaver Valley Unft 1 AFWS. 

Lou of Fetdwattr CLOFW) with Offsitt AC Available 

The domintnt failure mode (~9~) for thfl transient event wa~ 

aueued to bt those pouiblt coupled human errors in testing, i.e., 

leaving two or 110.rt of the Mnual block valves closed in tht 

dflcharge side of the pumps while ptrfol'llling the type of pump flow 

testing required by the Technical Specifications. 

The licensee has recognized thfl pouiblt comon 11odt arror and is 

planning to chain lock all a11nual valvas into thair corract a11gnmant 

state. Further, tha 11ctnsta will, in tha futura, stagger hfl pwnp 
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ttl\ progru 1uc11 tilt\ no •ort tlltn ont of tilt tllret PIIIIIJII wt 1 1 bt 

\11\td tn aey ont 1111ft. Conl1dtr1ng 1mp1tlltntat1on of tlltlt pro• 

ctdurtl 1 tilt ovtra11 1Yt11ab111W of tilt ltiYir Vl11t.Y AFWS dta1gn 

111ould bt 1mprovtd by roughly t factor of tllr11. 

LQFW w1tb pnhr Pne!tt AC Ava11ablt 

Alltla .. nt of tilt AFWS,g1vtn \1111 \rtna1tnt tvtn\1 1nd1cated that 

tlltro would bt no a1gn1f1ctnt clltngt 1n tilt prtd1ctld unavt11tb111W 

of tilt lttvtr Vt11e,v AFWS. H ... n error conctrntng 1111poait1ontd 

bloek YllYII 1n tilt AFWS d11CIItrgt rtlll1ntd tilt d0111ntnt fl11urt 

Mdt. 

_ LQI'W wttb onlx pc Ayatlablt 

In \1111 tran111nt tYtnt,tllt ltavtr Va11e,v Unit 1 AFWS would bt 

txptcttd to tutollat1ca1 1.11 actutte and tilt IIUIIan could ltrvt 11 backup 

to open aey of tilt vt1v1ng tlltt fa11td to t1tctr1ca11y rtapond. 

Tilt d011tnant contrtbutor1 to AFWS untva11tb111ty 1n tll11 tvtnt wort: 

allowed teat and 1111nttnanct ouugt 

llarclwart fault• (pr1nc1pa11y tilt fa11urt of·lttu turbtn1 pump), 

Pr1nc1pa1 Dtptndtnc1tl Idtnt1f1td 

Tilt prtnctpal dtptndtncy tdtnttfttd w11 tilt human error (c0111111on modt) 

vuntrabt 11W IIIOC11ttd with 111nu11 ClOIUrt of tilt AFWS d11CIIIrgt 

bloc;k valvtl and fa11urt to reopen \111111. 
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Rtppwndattpna tpr tb!1 plant 

Tilt 111ort•ttrm rtclllllltndat1ont (both gtnertc, denoted by GS and plant 

IPIC1f1c) 1dtnt1f1tl'i. 1n th11 11Ct1on I'IPNitnt 1Ct10nl to 111PrDYI AFW 

1.111tt11 rt11ab111W that 111ould bt 111!11Htnttd by olanuaey 11 111D, or 

11 1oon tlltroaftlr 11 11 practicable. In general, tlle,v involve 

upgrading of Ttclln1ca1 Sptc1ficationl or tltlll11eh1ng proctdurtl to 

IY01d or m1t1gttt pottnt111 I.YitH Or optrltor fi11UNI, Tilt 

long-tar~ I'ICOIIIIndlttonl (both gtntrtc, dtnotld by GL and plant 

lptc1f1c) 1dtnt1f1td tn tllta aectton tnvolvt 1.111t111 cltatgn tvalua• 

tto111 and/or 10d1f1cat1onl to 111PrDYI AFW I)'IUII ro11tb111W tnd 

reprtatnt tcttona tlltt allould bt 1111!11 ... nud 11.11 oltnuaey 11 1H1 or 11 

1oon tlltrtlf'tlr 11 11 prtcttctblt. 

s11on Ttrm 

1. Rtc•ndatton 85·3 • Tilt 11ctniH 1111 1t1ud that tt throttltl AFW 

1.111ttm flow to avoid water bammtr. Tilt lictnltt lhould I'Hxamtnt 

tilt practtct of throttling AFW 1.111ttm flow to avoid water hammer. 

Tilt 1tcan1tt 111ould vtr1f.Y that tilt AFW I.Yittm . .wt11 1upply on d1111nd 

1Ufftc1tnt tntt111 flow to tilt, ntC:IIIIr)' IUIII gtntrltOrl to IIIUI'I 

tdtquatt decay heat r~oval fo11owtng 1011 of matn fttdwattr flow 

and • I'IIC:tor trtp from 1001 power, In c:1111 whtl'l thtl I'IIVI1Uit1on 

ra1ult1 tn an1tnc:rtlll tn tntttal AFW 1.111t111 flow, the ltctniH 

111ould provide IUfftc:tant tn1'ormat1on to damon1trat1 t~at·tha r~qutrtd 

tntttal AFW 1.111ttm flow w111 not l'llult in pltnt d•IIP due to water 

hlllllllr. 
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2. Recotnendatfon 65-4 - E'mergency procedu.res for transferr1ng to alternate 

sources of AFW supply should be availabl~ to th~ plant operators~ These 

procedures should tnc1ude criteria to inform the operator 

when, ,and in what order, the t'l'lnsfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 

e The case fn which the primar,y water supply is not initially 

available. The procedures for this case should include any 

·operator actions required to protect the AFW system JIIIIIPS 

against self-damage before water flow is initiated; and, 

1 The case in which the prfmar,y water supply fs llefng depleted. 

The procedure for thfs case should.provfde for transfer to 

the alternate water sources prior to draining of the priur,y 

water supply. 

3. Recon~~~endation GS-6 - The licensee should confirm flow path 

availabflity of an AFW system flow train that has been out of 

service to perfonn periodic testing or •aintenance as follows: 
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e Procedures should be implemented to requfre an oparator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 

1 The lfcensee should propose Technical Specifications to 

assure that prior to plant startup following en extended 

cold shutdown, a flow test would be performed to verffy 

the nonaal flow path from the pri111ry AFW 'I.YStea water 

source to the steam generators. The flow test shou~d be 

conducted with AFW systea valves fn thefr nol'llll alignment. 

__ 4. Reco.aendation GS-7 - The lfcensee should verify that the 

automatic start AFW syatee signals and aisociated circuitry are 

safety grade. If thfs cannot be verified, the AFW systee 

auto.atfc inftfatfon syste. should be .odffied in the short-ten. 

to Met the functional requiruents lfsted below. For the 

longer term, the auto .. tic initiation signels and circuits 

should be upgraded to ... t safety grade require.ents as 

indicated in Reco•endatton GL-5. 

The design should provide for the automatic initiation of 

the auxilfary feedwater systee flow. 
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The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

be a feature of the design. 

The initiation signals and circuits should be powered from 

the -rgency buses. 

Manual capability to initiate the auxiliary feedwatlr 

system fro11 the control roo• should be retained and should 

be fllpl-nted so that a single .failure in tho unual 

circuits wfl.l not result in the loss of systllll function. 

The a 1 tarnat i ng current motor-driven pumps and va 1 vas in 

the auxiliary faedwater system should be included in the 

automatic actuation (simultaneous and/or sequential) of the 

loads to the emergency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manua 1 capability to initiate the AFW system from the 

control roo111. 
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5. Raco-ndation - The noi'IIIBlly closed unually operated suction 

valves from the river water systu to the AFWS should be 

periodically tested and the position verified. The 1 icensee should 

propose appropriate iechnical Specifications to incorporate these 

provisions. 

6. Rec011111endation - The strengthened administrative procedures 

described in Section X.l.2.1 above should be implemented; namely, 

the locking of manual valves in the correct position and staggered 

testing of the AFW system pumps. The licensee has advi~ed us that 

it plans to implement such strengthened procedures before Beaver 

Valley Unit 1 (currently shut down for reasons unrelated to this 

AFW system review) returns to power. 

7. Reconnandation - As shown in Figure 1, the locked block valves 

in each AFW pump discharge line are aligned so that the cOIIIbined 

flow fro11 one motor-driven pump plus one turbine-driven PUIIP is 

supp 1 i ad to the steu generators vi a one AFW header whfl e flow 

fro. the remaining motor-driven pump is supplied to the steam 

genel'.ators vie the redundant AFW header. As indicated in 

Section 1.1.1, the 11censee states that,in the event of an 

unisolable main ste111 or 111in feed line break, the flow fr011 

both 110tor·drivan pumps or fr011 the turbine-driven PUIIP is 

required to prevent dryout of the steam generators. The 

licensee should review the present alignment of tha AFW PUlP 

diachlrge block valves and modify as necaasary to providl the 

AFW required for norul, tranaient, and accidlnt conditiona. 
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Acldtttonal Short-Term Rec9!!!n!ndat1ons 

The fo11owtng add1ttona1 short-term rec011111endattons resulted from the 

staff's L11sona Learned Task Force revtew and the Bullettna and Orders 

Taak Force revtew of AFW ayat11111:at Babcock a. W11coK•dll1gned operattn; 

plants subsequent to our review of the AFW 1.11•tem desi;ns at.!!· and C·E· 

designed operatin; plants. They have not been uamined for specific 

epp11cab111ty to th1a fac111ty. 

1. Recpl!tndttipn • The 11cen111 ahould provide redundant level 

tndi9etiona end low leve; alarms tn the control ro011 for tht 

AFW ayatem pri11r,y water aupply to allow the operttor to anttciptt! 

the n11d to 1111ke up wattr or tnnafer to tn alttrnatt wtttr 

aupply and prtvtnt 1 low pump auction prtuure candttton fra111 

accurrtng. The low 1tve1 alarm aetpotnt ahauld allow at 1111t 

20 111tnute1 for optratar acttan, auumtng that. the larg11t capactt.v 

AFW pump 11 optrat 1 ng. 

2. Rtcgm•nctattgn • The 11cen111 ahould perform 1 72•hour endurance 

tilt. on all AFW ayatem pumpa, tf auch 1 tilt or cant.tnuaua 

pert ad of operation hll not b11n accomp11ahed t.a d1t.1. Fol 1aw1ng 

t.h1 72•hour pump run, t.h! pumpa ahauld bt ahut down and coaled 

down and than rtatarted and run far on! hour. Tilt accept.anc• 

crtt.erta ahou1d include dtmanat.rat.tng that. the PIIIIIPI remain 

wtt.htn d11tgn 11mit.a wtt.h r11p1ct. to bearing o11 t.emptraturea 

and vtbrat.ton and that. pump raa111 ubtent. conct1t1ana (t.emptrat.un, 

humtdtty) do not eiCCIId tnvtranmtntal qua11f1cat.1on 11111t.1 for 

aafety•rtlat.ect tqu1pmtnt tn the raDII. 
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3. , JCDnllltndatton • The 1tc1n111 should tmpl11111nt the following 

requir1111ents 11 apecifted by ltllll 2.1.7.b on page A·32 of 

NUREG·0578: 

"Safe~·grade 1nd1cat1on of aux111ary feedwater flow to 

each ate1111 ;enerator shall be provided in the control room. 

The au111liary flldwater flow tnatr11111nt channels ah.l11 be 

powered from the 11111rgency baaef;conaiatent with satisfying 

the 11111rgency power diversity requiNI!Inta for thl aud11ary 

faclwater 111t• set forth 1n Aux111ary Systlllla lrlllch TIChn• 

nical Poaitton 10·1 of the Standard Rtview Plan, Section 

10.4.1." 

4. Recntnctattpn • Ltctnll!l wtth p1anta whtch requtre local 

manual rta11gn•nt of va1v11 to conduct ptrtadtc t11t.1 an one 

AFW ayat.tm t.rttn ~ whtch h1v1 only ant r111tntng AFW train 

avt11ab1t far optrtt1on, should propo11 Ttchntcal Sptciftcat.tqna 

to prov1dt that. 1 dedicated tndtvtdua1 who il tn ca11111untcattorl 

wtt.h t.h1 control room be stet.toned at. th! unua1 va1vta. 'Upon 

tnat.ruct.ton from t.h! control room, t.hta operttor would r11l1gn 

t.h! VllVII tn the AFW IYit.!ll t.ratn from t.h! tilt. IIOde t.a ttl 

optrat. t anal a11gnmtnt. 
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Lona·Term 

Long·term recoMendetfons for 1~~~prov1ng the system are as fo11ows: 

1. Reco111111endatfon GL·5 • The 11censea should upgrade the AFW system 

auto11atfc fnftiatfon signals and circuits to meet safety·grade 

requf reMnts. 

2. Reco-ndatfon • AI fndfcated fn Section X,,,,,1, the plant 

rtquf res flow fro• two 110tor•drfven PUIIIPS or one ~urbi ne·drf ven 

pump for accident conditions. Thfl deafgn doll not meet the 

high energy 11 ne break crf terf a in SRP 10. 4. 9 and Branch 

Technical Posftfon 10·1; namely, that the AFWS should •intafn 

tha capabf11ty to suppl,v the requfrtd AFW flow to the 1t11111 

generatOI'(I) IISUIIfng I pfpe break ln,YWhlre fn the AFW PUIIP 

dflcherge tines concurrent wfth a sfngle actfve failure. The 

11censee should co111plete an evaluation auu11fng such an event 

and (1) detlrmf ne 1ny AFW s,vstltll 11odf ff cat f ons or procedures 

neceuar,v to 11afntafn the required AFW flow to the steam 

generator(s) or (2) dascrfbe how the plant can be brought to a 

1af1 shutdown condftfon by usa of other available systems 

following such 1 postulated event. 
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Enclosure 2 

Sasis for Auxiliary Feeclr~ate1· 
)ystem Flo1·1 Requirements 

A~ a result of recent steff revieo::s o~ operating pient Auxiliary Feed

~/ater Systems (AFWS), the staff concludes that the design bases and 

~1teria provided by 11 censees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are no't well defined or documented. 

We require that you provide the following AFWS flow design basts infor

mation as applicable to the design basts transients and accident con· 

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

tn establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. ~scribe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi· 

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or safety valve actuation) 

,· Fuel temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) · 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator laval to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and comsponding technical 

justification used with plant condition consfdared fn l.a. above 

including: 

a. Maximum reactor powar (including instrument error allowance) 

at the time of the initiating transiant~r•.aocfden~. 

b. Time delay from tnttiating event to reactor tr.tp. 

c. Plant parametar(s) which intttatas AFWS flow and tf111 delay 

between initiating avant and introduction of AFWS flow into 

steam generator(s), 

d. Mfnfmum steam generator water level when tnttiating event 

occurs. 

e. Initial steam generator water inventory aiia·depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum p~essure at which steam is released from steam generator(s) 

and against which the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 'I out of 2?, 2 out of 4? 

h. RC flow condition • continued operation of RC pumps or natural 

circulation. 

1·. Maxi1111111 AFW inlet telllperature. 

j. Following a postuh!=ed steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator{s). AFW pump flow capacity allowance to accommodate 

the tfme delay ana 1111intain niinfmum steam generator water level. 

Also identify credft taken for pr1mar,y system heat removal 

due to blowdown. 

k. Volume and 111ximum temperature of water tn matn feed 11nes 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condftfon of steam generator nonnal blowdown following 

tnfttattng event. 

•· Prfmar,y and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sfztng. 

n. Ttme at hot standby and ttme to cooldown RCS tQ RHR syst1111 cut 

fn temperature to stze AFW water source inventory. 

·' 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generetor(s) as, determined by ttems 1 and 2 

above considering a single failure. ldentify the margin tn sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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i' \ UNITED STATES 
f )~_;:_1f' g NUCLEAR REGULATORY COMMISSION 
: ~:: I' WASHINGTON, D. C. 20555 

\~· ·.'-.;.J'/'/ October 30, 1979 
~ •••iltl~ket Nos.: 50-315 

50-316 

Mr. John Dolan, Vice-President . 
Indiana and Michigan Electric Company 
Indiana and Michigan Power Company 
P. 0. Box 18 
Bowling Green Station 
New York, New York 10004 

Dear Mr. Dolan: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT DONALD C. 
COOK NUCLEAR PLANT, UNITS 1 AND 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the Donald c. Cook Nuclear Plant, Units 1 
and 2 (Cook 1 & 2). These requirements were identified during the course 
of the NRR Bulletins and Orders Task Force review of operating reactors in 
light of the ·accident at Three Mile Island, Unit 2. 

Based on our review of the auxiliary feedwater.systems at Cook 1 & 2, we 
have identified requirements which are applicable to the current auxiliary 
feedwater system design. Enclosure 1 contains these requirements. These 
requirements are of two types, (1) gen~ric requirements applicable to most 
Westinghouse-designed operating plants, and (2) plant-specific requirements 
.applicable only to Cook 1 & 2. Enclosure 2 contains a generic request 
for additional information regarding auxiliary feedwater system flow require
ments. 

Your letter of August 9, 1979 to Mr. Harold R. Denton, Director of Nuclear 
Reactor Regulation, submitted Amendment No. 84 to th.e Cook 1 & 2 Final Safety 
Analysis Report. This amendment, which contains a number of proposed modi
fications to the auxiliary feedwater systems, is currently under staff review. 
The requirements contained in Enclosure 1 are based on our review of the 
as-built auxiliary feedwater system design at Cook 1 & 2. We recognize that 
you have proposed .modifications to the as-built design. However, to expedite 
matters, we request that you evaluate the Cook 1 & 2 design and procedures 
against the applicable requirements specified in Enclosure 1 to determine the 
aegree to which your facility currently conforms to these requirements. You 
should also indicate how this degree of conformance will be affected by the 
proposed design modifications contained in Amendment No. B4. 

E-98 

Mr. John Dolan - 2 - October 30, 1979 

The results of this evaluation and an associated schedule and commitment 
for implementation of required changes or actions should be provided for 
NRC staff review within thirty days of receipt of this letter. Also, this 
schedule shoul"d indicate your date for submittal of information such as 
design changes, procedure changes or Technical Specification changes to be 

.provided for staff review. You may also pro.vide your response to'the items 
in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the Cook 1 & 2 facility are expected to be generated 
by the Bulletins and Orders Task. Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of
coolant accident as described in the Westinghouse report WCAP~9600, "Report 
on Smal 1 Break Accidents for Westinghouse NSSS System." Our speci.fic con
cerns include systems reliability (other than the auxiliary feedwater system), 
analyses, guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
'from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

• cc: See attached 1 1 sts 

Sincerely, -' --

I .. . . . .. . . I t::: 
-~~~T-~i E1i~~;lJ€ff.n· Director 

Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. John Dol an 
Indiana and Michigan Electric Company 
Indiana and ~\i chi g<ln Power Company - 3 -

cc: Mr. Robert W. Jurgensen 
Chief Nuclear Engineer 
A~erican Electric Power 

Service Corporation 
2 Broadway 
New York, New York 10004 

Gerald Charnoff, Esquire 
Shaw, Pittman, Potts and .Trowbridge 
18oo·M Street, N.W. 
Washington, D. C. 20036 

Citizens for a Better Environment 
59 East Van Buren Street 
Chicago, Illinois 60605 

Maude Preston Palenske Me~orial 
Library 

500 Market Street 
St. Joseph, Michigan 49085 

Mr. D. Shaller, Plant Manager 
Donald C. Cook Nuclear Plant 
P. 0. Box 458 
Bridg~an, Michigan 49106 

Mr. Robert Masse 
Donald C. Cook Nuclear rlant 
P. 0. Box 458 
Bridgman, Michigan 49106 

October 30, 197!! 
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ENCLOSURE 1 

UUNALD C. COOK UNITS 1 and 2 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to 

the steam generators for reactor coolant system sensible and decay 

heat removal when the main feedwater system is not available. The 

AFWS for Cook 1 & 2 is utilized in the event of either a malfunction 

such as loss of offsite power, or an accident, and during certain 

periods of normal startup and shutdown. The AFWS is automatically 

actuated under certain transient and accident conditions. 

The AFWS is shown in simplified form on Figure 1 attached. The AFWS, 

consists of a steam turbine. driven pump for each unit which supplies 

AFW flow to 4 steam generators of its associated unit and two cross

connected motor driven pumps each of which supplies flow to 4 steam 

generators, two in each unit. 

The motor driven and turbine driven auxiliary feed pumps of each unit 

normally take suction from the condensate storage tank associated 

with that each unit. A cross-tie line connects the condensate storage 

tanks and auxiliary feed pump suctions of the two units. An air

operated valve which can be controlled from the control room is 
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provided in the cross-tie line. This valve is normally closed and 

will fail in the closed position. This valve can also be manually 

operated at ~ local valve station. 

Each condensate. stor·age tank has a capacity of 500,000 gallons of 

which 17~000 gallons are reserved by Technical Specification for AFW 

system use. The licensee estimates that this reserve capacity is 

sufficient for approximately 12 hours of operation and is adequate to 

bring the unit to RHR operation capability. Each condensate storage 

tank is located outdoors and is non-seismic Category 1 design. 

However, the tanks have been analyzed to show that they can withstand 

the operating ba~is earthquake (OBE). If neither condensate storage 

tank is available, the AFW pumps can take suction from the Essential 

Service Water System (ESWS) through a normally closed motor operated 

valve and a normally closed manual isolation valve at each auxiliary 

feed pump suction. The ESWS piping and valves are designed in accordance 

with B3l.l. However, the e.ntire ESWS system is analyzed to withstand 

the safe shutdown earthquake (SSE). 

All manual valves located between the condensate storage tank and the 

AFW pumps suctions are locked in the open position. 

A manual duplex strainer is installed in each auxiliary feed pump 

suction to prevent pump damage from debris and/or scale in the water. 

Also automatic backwash duplex trainers are installed in the ES~IS 

pump discharge lines. 
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The motor driven AFW pumps supply two steam generators in each unit 

(i.e., the Unit 1 motor driven pump supplies steam generators No. 2 

and No. 3 of Unit 1 and steam generators No. 1 and No. 4 of Unit 2 

and the Unit 2 motor driven pump supplies steam generators No. 2 and 

No. 3 of Unit 2 and steam generators No. land No. 4 of Unit 1.) 

Each of the motor driven pump supply lines to the steam generators 

has a normally closed motor-operated valve for flow control and 

isolation. On loss of power these valves fail AS-IS. 

The motor driven AFW pumps are sized to prevent actuation of the 

pressurizer safety or relief valves in the event of loss of all main 

feedwater supply in conjunction with loss of power to the reactor 

coolant pump buses. Each motor driven AFW pump has a capacity of 450 

gpm with a TDH of 2714 feet. These pumps are powered from separate 

emergency electrical buses. The capacity of the two pumps (900 gpm) 

is sufficient to maintain the level in 4 steam generators above the 

loWer limit of the wide range level indicator.· 

The turbine driven AFW pumps meet the same criteria as the motor 

driven AFW pumps except their capacity is 900 gpm with a TDH of 2714 

feet. 

Steam to each of the turbine driven AFW pumps is supplied from its 

associated Units' No. 2 and No. 3 steam generators taken upstream of 

the main steam isolation valves. Each of the turbine driven AFW 

supply 1 ines to the steam generators has a normally open motor-operated 

valve for flow control and isolation. 
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The discharge pipe header and individual supply lines to each steam 

generator for the motor driven and turbine driven auxiliary feedwater 

pumps are designed to seismic Category 1 requirements, AEPSC quality 

level 4 which is equivalent to ASHE Class II. 

Each AFW pump fs provided with an emergency leakoff line and a test 

line. The emergency leakoff line ensures that· e minimum flow through 

the pump is maintained to prevent pump overheating and possible 

damage. 

Upon automatic startup of the motor driven auxiliary feed pumps, the 

steam generator blowdown valves and pump test line close. The motor 

driven valves in the pump discharge lines to the unaffected.unit 

remain closed while the valves to the affected unit open automatically. 

A high flow rate through the motor driven or turbine driven pump 

causes the associated pump's motor-operated isolation valves to the 

steam generators to automatically close to an intermediate position. 

The valves may then be operated as necessary from the control room. 

Component Design Classification 

1. The condensate storage tanks are non-seismic but have been 

analyzed to withstand the 08E. 

2. The suction piping and valves from the condensate storage tanks 

to the AFW pumps are designed to 831.1 with quality control to 
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the requirement of 831. 7. The suction piping fs analyzed to 

withstand the SSE. 

3. The ESWS (alternate AFW supply) piping, valves and components 

are designed to 831.1 requirements. However, the ESWS h analyzed 

to withstand the SSE. 

4. The turbine driven pumps .ilnd motor driven pumps are designed to 

seismic Category I requirements. 

5. The turbine driven pump discharge header and steam generator 

supply lines and motor driven pump discharge header and supply 

lines associated with each Unit are designed to seismic Category 

1, AEPSC quality level 4 which is equivalent to ASHE Class II. 

6. Each motor driven and turbine driven AFW pump is located in a 

separate seismic Categ~ry I enclosure and protected from tornado 

missiles. 

'7. Motors, cables and other electrical components required for the 

AFW system operation are Class 1E. 

Power Sources 

Each Unit has two class lE power system trains A and B. Each power 

train contains a 250 V DC Station battery, 4 KV diesel generator and 

power distribution system. 
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Each unit's turbine driven AFW pump and associated valves are powered 

from power train B of its own unit. 

Each motor driven AFW pump and associated support system is powered 

from the A power train of its associated unit. 

The motor driven AFW pump discharge valves are powered from the A 

power train of the unit served. i.e., Unit 1 motor driven AFW pump 

supply valves to Unit 1 steam qenerators are powered from train A 

Unit 1; Unit 1 motor driven AFW pump supply valves to Unit ~ steam 

generators are powered from train A Unit 2; Unit 2 motor driven AFW 

pump supply valves to Unit 2 steam generators are powered from train 

A Unit 2; Unit 2 motor driven AFW pump supply valves to Unit 1 steam 

generators are powered from train A Unit 2. 

The AFW system as presently installed meets redundancy requirements, 

however, it is dependent on both AC and DC power for automatic operation. 

Intended modifications (currently in progress) to the turbine driven 

AFW pumps will remove the turbine driven AFW pumps AC power dependence 

for automatic system initiation. 

Instrumentation and Controls 

The instrumentation and control power is supplied form the 120 V AC 

vital bus system. There are four vital buses, each supplied by an 

inverter receiving power either from the 600 V Ac Class 1E auxiliary 
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buses or the 250 V DC power system. The motor driven pump breaker 

controls are powered from the Class 1E 250 V DC power system. The 

Class 1E station batteries are maintained at full charge by battery 

chargers supplied from the Class 1E auxiliary buses. 

Controls 

Controls for the AFW pumps and their associated valves are located in 

the control room of the unit with which the pump is associated, and 

are duplicated at the hot shutdown panel and other unit control 

panels. 

a) FMD-211, -221, 231, and -241 (Unit 1) or (Unit 2) are the Steam 

generator &upply valves from the turbine driven auxiliary feed 

pump (TDAFP). These 4-inch motor operated (Globe type) valves 

are normally open, but each may be closed by the control room 

operator in the event of a feedwater or steu lf ne break at the 

steam generator with w~ich it is associated. They also may be 

throttled to regulate steam generator level. In the event of a 

steam line brea~ and rapid depressurization of a steam generator, 

or upon detection of a high flow at the TDAFP, these va 1 ves are 

automatically driven to an intermediate position to prevent pump 

runout. On loss of power, the above valves fail AS-IS. 

b) FM0-212, -222, -232 and -242 (Unit 1) or (Unit 2) are the steam 

generator supply valves from the motor-driven auxiliary feed 

pumps (MDAFP). These 4-inch motor operated (Globe type) valves 
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are normally closed and are opened and/or throttled as described 

in (a) above. These valves open automatically, as a result of 

any of the signals which require HDAFP start for that unit. The 

steam generator supply valves in the other unit will get· a 

signal to close. Dn loss of power, these valves fail AS-IS. 

c) WM0-753, and -754 art!! the essential service water (EWS) supply 

valves to the turbin'!! driven and motor-driven auxiliary feed 

pumps. These 4-inch.motor operated (Butterfly type) valves are 

normally closed, and except for testing under closely controlled 

conditions, are opened by the control room operator only if 

water is unavailable from the condensate storage tanks. In 

addition to the above normally closed HOVs, the ESW supply to 

the AFW pumps contains normally closed, manually operated, 

butterfly valves ESW-109, -115, -145 and -240. These valves 

must be locally opened in the event ESW is required. Operation 

of these valves can be achieved in less than 10 minutes. On 

'loss of power, the motor operated valves fail AS-IS. 

d) HCH-221 and -231 are the steam supply isolation valves to auxiliary 

feed pump turbines. These 4-inch motor operated gate valves are 

normally open, allowing steam pressure to be available up to the 

trip and throttle (T&T) valve at each turbine. The motor operated 

steam isolation valves HCM-221 and -231 can be opened or closed 

from the control room and on loss of power they fail AS-IS. The 

T&T valve opens automatically when the turbine driven AFW pump 

receives a start signal; however, it is AC-powered and fails AS-IS. 
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e) FRV-257 and -~58 are the emergency leakoff valves for motl!r-drivan 

and turbine driven auxiliary feed pumps. The valves art~ 1-incl!, 

air operated diaphragm, glebe type, normally open and spring 

actuated to fail open on loss of air pressure. The valves are 

automatically modulated (open or closed) when feedwater flow 

rate to the steam generators or through the test line is below 

or above the required minimum puiDp leakoff flow rate setpoint. 

f) CRV-51 is the condensate storage tank cross-tie valva. This 

8-inch, air operated. diaphragm, globe type, valve is nortnally 

closed and is sprin!l actuated to fail closacl on loss of air 

pressure. The velva connects Unit 1 and U11it 2 Con(lenutll 

storage tanks. This valve is opened bY energizing a solenoid 

valve in the air supply line. Controls for remota operation of 

this valve are located in the control room. Power to energize 

the solenoid valve is supplied from the normal station AC power 

supply. 

Opening this valve and manually realigning others in the AFW syste11s 

pump suctions permits the AFW systems of both Units to draw conden

sate from one tank in the event the other tank is not available. 

Intormation Available to the Operator 

The following is .information available to the operator on the Main 

Contra 1 Board or on the Hot Shutdown Pane 1: 
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1. Flow, gpm to each steam generator 

2. Steam generator levels 

3. Breaker position (motor driven pump) 

4. Motor current and voltage (motor driven pump) 

5. Motor operated valva status lights from lfmft switches 

6. Steam pressure to auxiliary feed turbine (as steam generator 

pressure) 

7. Pump discharge pressure 

8. Condensate storage tank level 

9. Turbfne driven auxiliary feed pump speed control 

10. Operational alarms and annunciations shown on the attached Table 

A and B 

Initiation Signals for Automatic Operation 

The ·turbine driven and motor driven auxiliary feedwater pump start 

signals are listed below. 

A. Turbine Driven 

The foilowlng signals In one unit will start that unit's turbine 

driven auxiJfary feed pump: 

(l) Low-Low level In any 2 of 4 steam generators (possible loss 

feedwater or steam line break) 

(2} Reactor coolant pumps bus undervoltage (anticipation of loss 

of offsfte power} 
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(3) Manually 

B. Motor Driven 

The following signals in either unit will start both motor 

driven auxiliary feedwater pumps: 

(1) Low-Low level in any steam generator (possible loss of 

feedwater or main steam line break) 

(2) Trip of main teed pumps in either unil 

(3) A~ safety injection signal derived fra~ Reactor Protection 

System and/or containment pres iura •·. lif gh at 1. 2 p1i. 

(4) Loss of offsite power* (Pump is sequenced ON when emergency 

diesel generator is energizing aafeguards bus) 

(5) Manually 

'"Note 

There Is a delay of <60 seconds in starting the motor 

driven pump. The reason for this delay ii to limit the 

loads during emergency diesel generator loading. 

,_? 
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Testing 

The AFW system and components are tested in accordance with Technical 

Specification requirements. The frequency of periodic testing of the 

pumps is 31 days. In addition, the particular system is tested in 

accordance with the Technical Specification after performing system 

maintenance. The systems are also tested using the pump recirculation 

lines test lines with various plant parameters noted (as called out 

by ASME Section XI). The instrumentation systems are checked in 

accordance with the technical specifications, on a per shift, monthly 

or refueling time frame basis. 

FRV-255 and -256 are test valves for the motor and turbine-driven 

auxiliary feed pumps. These normally closed, 3-inch, air-operated, 

globe type valves are capable of passing approximately the design 

floW rates for each pump and are used to performance test the pumps 

on a periodic basis. The valves are diaphragm, spring close type and 

on loss of air pressure they fail closed. Operating air to eac~ test 

valve is controlled by a solenoid valve installed in the air supply 

line. Should test valves FRV-255 and -256 be left in the open posi

tion, an automatic start of the auxiliary feed pumps will automatically 

close the valves. 

Technical Specifications 

A review of the technical specifica~ions indicated that these specifica

tions cover limitng conditions of operation (LCO) and periodic surveil

lance testing consistent with current standard technical specifications. 
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Reliability Ev.aluation 

Dominant Failure Modes 

The D. C. Cook auxiliary feedwater system was analyzed to determine 

the dominant failure modes under three transient conditions: 

(a) LDFW with offsitlil power available 

(b) LOFW with onsite power ava11ab1a 

(c) LOFW with only DC power available 

Results of the analysis are summarized below. 

LOFW. with Offsite Power Avai.lable 

No significant failure modes were identified in the analysfl. No 

significant single or double failures were noted. The most dominant 

failure modes appear to be triple failures involving .. intanance in 

one of the pumps trains and independent failures in the other. 

LOFW with Onsite Power Available 

The system was analyzed to determine if the dominant failure modes 

would be significantly different·given loss of offsite power. As in 

the previous case, the dominant failure modes would appear to involve 

three independent failures. The most dominant mode would involve 

maintenance of one pump train and hardware failures in another, and 

failure of the dfesal powering the third. 
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LOFW with Only DC Power Available 

Assuming loss of all AC power, the turbine-driven train must be 

manually actuated by locally opening the turbine-driven AFW pump trip 

and throttle valve. Assuming that this action is performed, the 

system should operate successfully, unless failures were to occur in 

this train or maintenance was being performed at the time of loss of power. 

The dominant failure modes for this case appear, to be: 

(a) operator fails to manually open the steam admission valve; 

(b) turbine train unavailable due to maintenance. 

It should be noted that the licensee is installing the capability to 

open the steam admission valves by use of a DC source. 

Dependencies 

No locational or environmental dependencies were identified which 

could cause common-mode failures of the system. The four pumps for 

the station are located in separate rooms equipped with adequate 

drains and protected against pipe whip and missiles. In addition, no 

common dependencies on AC or DC power were identified. 

Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant-specific; 

identified in this section represent actions to improve AFW system 

realiability that should be impiemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading 

of Technical Specifications or establishing procedures to avoid or mitigate 
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potential system or operator failures. The long-tenn recommendations 

(both generic, denoted by GL, and plant-specific) identified in this 

section involve system design evaluations and/or modifications to 

improve AFW system reliability and represent actions that should be 

implemented by January 1, 1981, or as soon thereafter as is practicable. 

Short Term 

1. Recommendation GS-2 - The licensee should lock open single 

valves or multiple valves in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

inspections should be performed to verify that these valves art 

locked and in the open position. These inspections should be 

proposed for incorporation into the surveillance requirements of 

the plant Technical Specifications. See Recommendation GL-2 for 

the longer-term resolution of this concern. 

2. Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures should include criteria to infona 

the operators when, and in what order, the transfer to alternate 

water sources should take place.. The following cases should be 

covered by the procedures: 

The case in which the primary water supply is not initially 

available. The procedures for this case should include any 

operator actions required to protect the AFW system pumps 

against self-damage before water flow is initiated; and, 
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The case in which the primary water supply is being depleted. 

The procedure for this case should provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 

Recommendation GS-5 - Modifications currently are being imple

mented to make the turbine driven trains independent of any 

alternating current power source. The following recommendation 

should be met in the interim. The as-built plant should be 

capable of providing the required AFW flow for at least two 

hours from one AFW pump train independent of any alternating 

current power source. If manual AFW system initiation or flow 

control is required following a complete loss of alternating 

current power, emergency procedures should be established for 

-manually initiating and controlling the system under these 

conditions. Since the water for cooling of the lube oil for the 

turbine-driven pump be~rings may be dependent on alternating 

'current power, design or procedural changes shall be made to 

eliminate this dependency as soon as practicable. Until this is 

done, the emergency procedures should provide· for an individual 

to be stationed at the turbine-driven pump in the event of the 

loss of all alternating current power to monitor pump bearing 

and/or lube oil temperatures. If necessary, this operate would 

operate the turbine-driven pump in an on-off mode until alternating 

current power is restored. Adequate lighting powered by direct 

current power sources and communications at local stations 
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should also be provided if manual initiation and control of the 

AFW system is needed. (See Recommendation GL-3 for the longer

term reso'lution of this concern.) 

4. Recommendation GS-6 - The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 

5. 

Procedure should be implemented to require an operator to 

determine that the AFW system valves are properly aligned 

and a second operator to independently verify that the 

valves are properly aligned. 

The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify the 

normal flow path from the primary AFW system water source 

to the steam generators. The flow test should be conducted 

with AFW system valves in their normal alignment. 

Recommendation GS-7 - The licensee should verify that the automatic 

start AFW signals and associated circuitry are safety grade. If 

this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic 

initiation signals and circuits should be upgraded to me~t 

safety grade requirements as indicated in Recommendation GL-5. 
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The design should provide for the automatic initiation of 

the auxiliary feedwater s~stem flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuit• sh~ll be 

1 faature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary faedwater 

syste11 fro11 the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

The alternating current motor-driven pumps and valves in 

the auxiliary feedwater system should be included in the 

automatic actuation (simultaneous and/or sequential) of the 

loads to the emerpency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual capability to initiate the AFW system from iha 

contro 1 room. 

Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force and the Bulletins and Orders Task 

Force review of AFW systems at Babcock & Wilcox-designed operating 
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plants subsequent to our review of the AFW system designs .at ~ and 

C-E·designed operatinG plants. They have not been examined for 

specific ~pplicability to this facility. 

1. Recommendation • The licensee should provide redundant level 

indications and a low level alarm in the control room for the 

AfW system primary water supply to allow the operator anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition.froe 

occurring. The low level alarm setpoint should allow at least 

20 11inutes for operator action, assuming that the largest capacity 

AFW pump is operating. 

2. Recommendation • The licensee should perform a 72·hour endurance 

test on all AFW system pumps, if such a test or continuo~• 

period of operation has not b~en accomplished to,date. Following 

the 72-hour pump run, ~he pumps should be shut down and cooled 

down and than restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 

within design limits with respect to bearing/bearing oil 

temperatures and vibration an!! that pump room ambient conditions 

(temperatura, humidity) do not exceed environmental qua11f1catfon 

limits for safety related equipment in the room. 

3. Recommendation - The licensee should implement the following 

requirements which are identical to Item 2.1.7.b of NUREG-0578: 
\ 
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Safety-grade indication of AFW flow to each steam generator 

should be provided in the control room. 

The auxiliary feedwater flow instrument channels should be 

powered from the emergency buses consistent with satisfying the 

emergency power diversity requirements for the auxiliary feedwater 

system set forth in Auxiliary Systems Branch Technical Position 

. 10-1 of the Standard Review Plan, Section 10.4.9. 

Recommendation - Licensees with plants require local manual 

realignment of valves to conduct periodic tests on one AFW 

system train, and there is only one remaining AFW train available 

for operation, should propose Technical Specifications to provide 

that a dedicated individual who is in communication with the 

control room be stationed at the manual valves. Upon instruction 

from the control room, this operator would realign the valves in 

the AFW system train f;om the test mode to its operational 

alignment. 

19.!!11.. 1 erm 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL- 3 - The licensee is currently performing 

modHications to make the turbine driven train .independent of 

A-C power sources. The following recommendation should be met 

when these modifications are complete. At least one AFW system 

purnp and its associated flow path and essential instrumentation 

2. 

3. 
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should automatically initiate AFW system flow and be capable of 

being operated independently of any alternating current power 

source for at least two hours. Conversion of direct current 

power to alternating current is acceptable. 

Recommendation - GL-4 - Licensees having plants with unprotected 

normal AFW system water supplies should evaluate the design of 

their AFW systems to determine if automatic protection of the 

pumps is necessary following a seismic event or a tornado. The 

time available before pump damage, the alarms and indications 

available to the control room operator, and the time necessary 

for assessing the problem and taking action should be considered 

in determining whether operator action can be relied on to 

prevent pump damage. Consideration should be given to providing 

pump protection by means such as automatic switchover of the 

pump suctions to the alternate safety-grade source of water, 

autom~tic pump trips on low suction pressure or upgrading the 

normal source of water to meet seismic Category I and tornado 

protection requirements. 

Recommendation - GL·5 - The licensee should upgrade the AFW 

system automatic initiation signals and circuits to meet safety· 

grade requirements. 

) 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
~ystem Flo1·: Reoui rements 

As a result of recent staff reviews of operating plant A~xiliary Feed

water Systems (AFWS), the staff concludes tt1at the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nqt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 

E-lll 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage limits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive ~oolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initfating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f, N!ximum pressure at which steam is released from steam generator(s) 

and a;ainst 11hich the AFW pump must develop sufficient head. 

g. f1inimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow cendition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j, Fo,lowing a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to ·intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken foT primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondary system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Tfme at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your pl•nt Will supply the necessaty 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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"'·· ~,: ~~ • , -....,.~· •o-t' ., ......... 
Docket No, : 50-348 

Mr. Alan R. Barton 
Senior Vice-PresiGient 
Alabama Power Company 
P. o. Box 2o41 . 
Birmingham, Alabana 35291 

Dear Mr. Barton: 

WASHINGTON, 0. C. 20511 

OCTDII!R J 3 1871 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEOWATER SYSTEMS AT JOSEPH M, FARLEY 
NUCLEAR PLANT, UNIT 1 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requir-nts 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. · 

·Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (I) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure Z contains a generic request for additional information .regarding 
auxiliary feed water system flow requirements. 

The designs and procedures of the subj"t facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to whi.ch the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt oft/lis letter. Also, this schedule should indicate 
you" date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items .in· Enclosure 2 at that time. 

In addition to the requirements identified ·in,th1s letter, other requir-nts 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the oest i nghouse report WCAP-9600, "Report on Sma 11 
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preak Accidents for Westinghouse NSSS System.• Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, fn separate correspondence, the requfr1111ents resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

Sf ncerely, 

;h.;:~ * 'f:::c.:-\..1. ~~- !y.., 
Darrell G. Eisenhut, Acting ~ r~tor 
D1v1 s 1 on of Operat 1 ng Reactors 
Office of Nuclear Reactor Regulation 
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Mr. Alan R. Barton 
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cc: Ruble A. Thomas, Vice President 
Southern Services, Inc, 
Post Office Box 2525 
Binningham, Alab1111 35202 

George F. Trlllllbrfdge, Esquire 
Shaw, Pittllln, Potts and Trowbridge 
1800 M Street, N.W. 
Washington, D. c. 2003& 

John B1nghlla, Esquire 
Balch, B1nghul, Baker. Hawthorne, 

W1111• and Ward 
&00 North 18th Street 
Birminghul, Al ab11111 35202 

Edward H. Kefler, Esquire 
Keiler and Buckley 
9047 Jeffel'lon Highway 
River Ridge, Louisiana 70123 

George s. Houston llenrorfa1 Lfbl'lry 
212 w. Burdeshaw Street 
Dothan, A 1 ab11111 36303 

..~~ r~Jsta .. :1 1171 



ENCLOSURE 

X. 3 (W) FARLEY 1 

AUXILIARY FEEOWATER SYSTEM 

x,3. 1 System Oescri pt ion 

X. 3. 1.1 Configuration, Overall Design 

The auxiliary feedwater (AFW) system as shown in the attached simplified 

diagram consists of three pumps (2 motor driven,. 1 turbine driven) each of 

which is normally lined up to feed all three steam generators. The motor 

driven pump discharges are cross connected through manually operated, locked

open valves upstream of the motor operated isolation valves to each steam 

generator. The turbine driven pump supplies each steam generator down-

stream of the motor operated steam generator isolation valves and the 

auxiliary feedwater control valves. Check valves are provided downstrum 

of the feedwater control valves that will prevent reverse flow through the 

control valves. 

The primary water supply source for the AFW system Is a 500,000 gallon 

capacity condensate storage tank (CST). 150;000 gallons are reserved for 

decay heat remova 1 In the event of an ace! dent. The licensee states that 

this reserve capacity is sufficient to maintain the plant at hot standby 

for two hours and cooldown to conditions that the RHR system can be oper-

ated. The CST is normally lined up to supply water to the AFW pumps, 

through redundant 1 I nes (one to the motor driven pumps and one to the 

turbine driven pump) through locked-open,manually operated Isolation 

valves. 
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A backup long term source of water supply fs provided by redundant service 

water trains. Two normally closed motor operated valves in series isolate 

the service water trains from the auxiliary feedwater systltll. These 

valves can be op~~~ted from the control room (key locked) to initiate 

service water flow to the AFW system. One SWS train fs normally 11ned up 

to supply a motor driven pump and a turbine driven pump; the redundant SWS 

train normally supplies the other motor driven pump. With manual valve 

operation outside the control room, each SWS train can supply all three AFW 

pump suctions. 

X. 3. 1 . 2 Components 

All components of the aux!l iary feedwater system are designed to Quality 

Group C, seismic Category I requirements including 110tor, pumps, piping, 

valves, and valve operators. The auxiliary feedwater control valves, 

which art the only normally closed valves in the system flow path, are air 

operated and DC power controlled. The air system is non-safety grade and 

the.control valves will fall open on lou of air or DC control power. 

X. 3. 1. 3 Power Sources 

The motor driven pumps are powered from independent Class 1 E emergency buses 

supplied by the diesel generators. All valves in the motor driven trains 

are A-C motor operated or manual valves with the exception of the auxiliary 

feedwater control valv•which are air operated and controlled by DC power. 

One air compressor can be powered by the dieul-generators to supply air, buc 

ic is not safety-grade. The control valves will fail open for 11aximum 

AFW flow on lou of air or DC power. 
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The turbine driven train can be operated and controlled from the control 

room, independently of AC power. The steam inlet valves are air operated, 

fail closed, with a one-hour air accumulator available for valve operation 

upon loss of air. The accumulator will open the valve and keep it open 

upon loss of instrument air supply. DC control power is used to actuate 

valve operation. 

The backup service water system supply series Isolation valves are powered 

from the same Class 1£ bus that powers the service water system train and 

110tor driven AFW pump train. Therefore a single failure of one bus will 

not disable both backup service water supplies. 

There are two motor operated series Isolation valves in the flow paths to 

each steam generator from the motor driven pumps that are powered from 

sepuate Class lE buses such that a single failure of a bus will not 

prevent isolation of an affected steam generator following a main steam or 

ftedwater 11 ne break. 

The circuit breakers for the motor driven pumps require DC control power 

to operate and energize the AFW motors. These breakers can be manually 

closed locally without DC power. 

X.3.1.4 Instrumentation and Controls 

X.3.1.4.1 ~ 

Steam generator level 1s controlled manually from the control room. Flow 

to the steam generators from the motor driven pumps is controlled by 

E-117 

- 4 -

,dulating three flow control valves, one to each steam generetor. These 

valves open for full flow t.o the steam generators following AFW system 

initiation. This flow cannot be varied if the system was automatically 

started by a nfety injection signal, until the injection signal has -been 

roset which is 60 seconds after the receipt of the signal. 

The flow to each steam generator from the turbine driven pump will normally 

be controlled from the control room by verying turbine speed. The flow 

control valves.to each steam generator from the turbine driven pump will 

normally be kept full open. 

Each pump and all motor opereted and air operated valves can be operated 

from the control room and are powered from enential Clau 1£ buses. 

X.3.1.4.2 Information Available to Operator 

The control room operator has the following indications and alal'llls avail• 

able in the control room. 

1. Motor driven Aux Feedwater Pumps 

a. Aaneter 

b. Breaker Status 

c. Monitor Light (Pump Running) 

d. 

e. 

Fault Trip Alarm (overcurrent) 

Pump in Local Control Alarm 

f. Breaker Fails to Close Alar~~ (Loss of Offsite Power & SIAS) 

indication and alarm 
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2. St A Adlllfufon Valves Turbfne Drfven AFW PUIIP 

a. Valve Status fndfc4tfon 

b. Monftor L fght 

c. Valve fn Local Control Alarm 

d. Turbfne Drfven PUIIp • Feult Alarm • (Overspeed Trfp, Steu 

Valves Closed wfth D .. end Sfgnel) 

3. General 

a. Valve Positfon Indication for all 110tor and air operated valves 

b. Turbf ne Speed 

c. Turbine Steu Pressure 

d. Flow to each Steu Generator 

e. P1111p Discharge Pressure 

f. PUIIp Suctfon Pressure 

g. Condensne Storage Tank Level 

h. Steu Generator Level 

i. Low Suction Pressure Alal'll to each PUIIJI 

j. Lou of Ventilation Cooler for each motor driven PIIIIP ro011 

1. Hi/Lo Suction flow alal'll 

~.3.1.4.3 Initiating Signals for Automatic Operatfon 

Motor Driven PU!!!!!s 

1. Lo·Lo S/G level 2 out of 3 detectors to any one ste111 generat.or 
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2. Both Main r. ad PUIJPS Trip (senses stop v11lve to turbine driven Min 

feed pumps) 

3. Loss of off~ite power or two out of three undervoltage condition on 

respective ESF buses, 

4. Safety Injection Signal 

·Turbine Drfven Pump 

1. Lo·Lo Steu Generator Level 2 out of 3 detectors to any 2 Steu 

Generators 

2. Undervoltage to any two of three reactor coolant putnp buses. 

X.3.1.5 Testing 

1. The motor driven pumps and the turb4rie .driven pump are tested ;for 

operabfltty by recirculation back to the condensate storage tank 

monthly. Each valve fn the auxiliary feedwater system flow path or 

bypass flow path t~at fs not locked, sealed or otherwise secured fn 

posftfon fs verfffed to be fn fts correct posftfon at least once per 

month. Motor operated stop check .valves fn AFW discharge to each steam 

generator are verified to be open wfth the breaker to the valve. 

operators· locked open at least once a month. 

2. At least o.,.ce per 18 11onths during shutdown: 

a. Vert fy that the 11otor driven pumps wfll start upon receipt of 

the following signals: 
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(1) Lon of Nln feeciWater PUIIIPS 

(2) safety Injection signal 

(3) steam generator Wl!lter level low-low fro11 one steam generator 

(4) lou of offslte power 

b. Verify that the steu turbine driven p.ap starts aut.OIIatlcally 

upon receipt of the following: 

(1) .Blackout Signal (undervoltage to RCP buses ) 

(2) Steu generator low-low water fi'OII two steam generetors 

Valve operability tests are perfol"lllld quarterly on motor and air 

operated valves. Stroke tests for these velves are perfo!'lllld 

quarterly. 

X.3. 1.& Technical Specifications 

With any one auxiliary feeciWater p1111p inoperable, restore three auxiliary 

fHciWater p1111ps (2 1110tor, 1 steu) to operable status within 72 hours or 

be in Hot Shutdown w1 thin next 12 hours. Thi 1 is in accordance with 

li11iting conditions for operation of Standard Technica,. Specifications. 
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X.3.2 Reliability Evaluation 

X. 3. 2. 1 Dominant Fai 1 ure Modes 

The domi"ant failure 110d11 are expressed for three transient situations. 

Success criterion is the operation of at least one of the three pump trains. 

LDFW with Dfftite Power Available 

The unavailability of the AFWS during this t.YP• of transient 11 dOIIInetld 

by several cOIIblnatlona of three failure ele111nts. These Include teat and 

11aintenance autages and hardWare failures In various cDIIblnatlona and a 

cOIIblnatlon of failures In source lines fro• the conclansate atorage tank 

along with failure of the service water syst• backup. 

Test and maintenance outages of turbine driven pump train and motor . 

driven p~p trains are based on monthly pump tests as well ·~ 72 hour 

allowable maintenance periods for each train. The hardware faflures of 

for the motor driven pump trains Include pilmp failure, 1n-1fne valve 

failures and control signal failure to the pumps. 

The hardWare failures for the turbine driven PUIIIP train Include PUIIIP 

failure, in-line valve failures a!'d valve failures In tile stu• supply 

lines, including control of steu inlet valves. While the deter~~~ination 

of dominant failure contributors 11 based on systems of this type In 

general, specific faflure data for. Farley In Its early life sl!ows .a series 

of failure on d'mand due to t~lp throttle valve action at the steu Inlet 

to the turblna driven pump. Failur• of the supply line valves In the, 

closed position are considered Independent human errors. 
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LOFW with loss of Offsite Power but with Onsite AC Availabl 

The conditional unavailability of the AFWS during this type of transient 

is dominated by the same failure contributors as in the LOFW with Offsite 

Power Available transient with the addition that failure of one of the two 

motor driven pump trains can come from potential one train failure of 

onsite power . 

LOFW with loss of all AC, DC Available 

Only the steu· turbine driven pump train can be operable in this type of 

situation and failure contributors include test and maintenance and hardware 

single failure elements. Also included is a failure to 111nua1ly reset 

steam inlet valves which are operated by AC derived comprened air. 

>.3.2.2 Interdependencies 

X.3 

The principal noted dependency is the AC derived compressed air which 

operates the steam turbine steam inlet valves. loss of AC and compressed 

air supply result in eventual bleed-off and fail-closed of the steam 

inlet valves. 

Recor.mendations for this Plant 

The short-term reconrnendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AF'W 

system reliability that should be implemented by January l, l980, or as 

soon thereafter as is practicable. In genera 1, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (both generic, 
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denoted by GL, and plant-specific) reconrnendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or as soon thereafter as is practicable. 

X: •. 3. 3. 1 Short-Term 

1. Reconrnendation GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be ava11.abll! to thl! plant operators• These 

procedures should include criteria to inform the operator 

2. 

when, and· in what order, the transfer to alternate water sources should 

take place •. The following cases should be covered by the procedures: 

• The case in which the primary water sup~ly is not initially 

available. The procedures for this case should include any 

operator actions required to protect the AFW system PUIIIJII 

against self-damage before water flow is initiated; and, 

• The case in which the primary water supply is being depleted. 

The procedure ~or this case should provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 

Reconrnendation GS-5- The as-built plant should be capable of pro

viding the required AFW flow for at least two hours from one AFW pump 

train independent of any alternating current power source. If manual 

AFW system initiation or flow control is required following a complete 

loss of alternating current power, emergency procedures should be 

established for manually initiating and controlling the system 

under these conditions. Since the water for cooling of the lube 
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oil for the turbine-driven pump bearings may be dependent on alter

nating current power, design or procedural changes shall be made to 

eliminate this dependency as soon as practicable. Un.til this is done, 

the emergency procedures should provide for an indhidual to be 

stationed at the turbine-driven pump. in the event of the less of 

all alternating current power to monitor pump bearing and/or lube 

oil temperatures. If necessary, this operator would O?erate the 

turbine-driyen pump in an on-off mode until alternating current 

power is restored. Adequate lighting powered by direct current 

power sources and communications at local stations should also be 

provided if manual initiation and control of the AFI.: system is 

needed. (See Recommendation GL-3 for the longer-term resolution of 

this concern.) 

3• Recommendation GS-6 - The licensee should confirm flow path avail

ability of an AFW system flow train that has been out of service to 

perform periodic testing or maintenance as follows: 

Procedures should be implemented to require an opt~rator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves 'are properly aligned. 

• The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be perforr.:ed to verify 

the normal flow path from the prirr.ary io.FW syste::t water 

so~rce to the steam generators. ihe flow test should be 

~onducted with AFW system valves in their normal alignment. 

4. 
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Recommendation GS-7 - The licensee should verify that the automatic 

start AFW system signals and associated circuitry are safety·grada. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic initia· 

tion signals and circuits should be upgraded to meet safety-grade 

requirements as indicated in Recommendation GL-S. 

The design should provide for the automatic initiation of the auxiliary 

feedwater system flow. 

The automatic initiation signals and circuits should be designed so 

that a single failure will not result· in the loss of auxiliary feedwater 

system function. 

T~stability of the initiation signals and circuits shall be a feature 

of the design. 

The initiation signals and circuits should be powered from the emer

gency bu$es. 

Manual capability to initiate the auxiliary feedwater system from the 

control room should be retained and should be implemented so that a 

single failure in the manual circuits will·not result in the loss of 

system function. 
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The. alternating current motor·drfven pumps and valves fn the auxflfary 

feedwater system should be Included fn the automatic actuation (sfmul· 

taneous and/or sequential) of the loads to the emergency buses. 

The automatic fnftfatfon signals and cfrcufts shall be designed so 

that thefr failure will not result fn tbe loss of manual capability 

to fnftfate the AFW system from the'control room. 

X. 3. 3. 2 . Addition a 1 Short-Term Recommendations 

The following additional short-term recommendations re.sulted from the 
I 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems·at.Babcock & Wilcox-designep operating 

plants subsequent to our review of tht AFW system designs at ~- and C-E· 

designed operatinq plants. They have not been exam~.ned for specific 

applicability to this facility. 

1. Recommendation· The licensee should provide redundant level indica· 

tiona and low level alarms in tl':e control room for the .AFW system 

primary watar supply to allow the operator to anticipate the need to 

make up water or transfar to an alternate ~ater supply and prevent a 

low pump suction pressure condition from occurring. The low level 
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alarm setpofnt should el low at least 20 r· .utel for operator action, 

au11111fng that the larg11t capecfty AFW PUIIIII 11 operating. 

2. Raco11111endatfon • The lfcen111 should perfol'll a 72•hour endurance tttt 

on all AFW tystem PUIWPI, if tuch a tttt or contfnuout period of 

operation has not bttn acc0111111f1htd to date. Following thl 72•hour 

PUIIP run, the pu.ps should be shut down and .coo ltd down and then 

r••.tal'tld and run for one hour. Test acceptance criteria thould 

includll dllllonstrating that the Plallll I'Hain within det·ign lfaftt with 

respect to beerfng/bearing ofl teaperatures and vibration and thlt 

PUIIIP 1'0011 llllbient conditions (teaperature, huaidity) do not exceed 

envfron~~~nta1 qualffication !faits for safety•l'lllted equfJIIIInt in 

thl roCIIII. 

3. Recommendation • Tht lictnsea should impll!lllnt tht foll-owing 

requirements as specified by ltem·2~1.7.b on page A·32 of 

NUREG-0578: 

"Safety-grade indication of auxf11ary ftedwattr flow to 

tach steam generator shall be provided in thl control .room. 

The aul:11iary ftedwater flow instrument channels shall be 

powered from the emergency buses consistent with utisf,yfng 

the emergency power diversity requirements for the auxi11ar,y 

fetdwater system set forth in Auxiliary Systems Branch Ttchn• 

nfcal.Position 10·1 of the Standard Review Plan, Section 

10.4.9." 
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4. Rtcom"'endation ·Licensees with plants which require local •1nual 

realignment of valves to conduct periodic tests on one AFi system 

train~ which have only one remaining AFW train available for 

o~eration, should propose Technical Specifications to providi that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon inst•uction from the control 

room, thi·s operator would re-align ·the valvu in the AFW system train 

from the test mode to its operational alignment. 

Lonq·lerm 

L~ng•term r!tcommendations for il!proving the syste11 art 11 follows: 

1. Recommendation GL-3 - At least one AFW syitem pu~p and its 

associated flow path and essential instrumentation should auto

matically initiate AFW system flow and be capable of being operated 

independently of any alternating current power source for at least 

two hours. Conversion of direct current ~ower to alternating current 

is acceptable. 

2. Recolllllltndation GL·5 • The licensee should upgrade the AFW systu 

automatic initiation signals and circuits to me"t safety-grade 

rtqui rtmtnts. 
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ENCLOSURE 2 

Sasis for Auxiliary Feeci~1ater 
~ystem Flo1·1 Requirements 

As a result of recent staff revieo:IS o'f operatin; piant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AF'.·IS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

d~cay heat are no.t well defined or documented. 

We require that you provide the following AFWS flo1·:. design basis infor

mation as applicable to the design basis transients and accident con

ditions for your ~Jlant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (IJ.IFW) 

2) LMFW w/loss of offsite AC power 

3) LRFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

S) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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• Mar.imum RCS pressure (PORV or safety valve actuation) 

• Fu!l temperature or damage limits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- t·linimum steam generator hvel to assure sufficient steam 

genera~or heat transfer surface to ren)Vt decay heat and/or 

coo 1 down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power {including instrument error allowance) 

at the time of the initiating transient"''r .. aoc1deilt. 

b. Time delay from initiating· event to reactor trip. 

c. Plant paramater(s) which initiates AFW$ flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

uccurs. 

e. Initial steam generator water inventor,y and depletion rata before 

and after AFWS flow commences - identifY reactor decay heat 

rate used. 
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f. ~la>:imum pressure at which steam is released fran steam generator(s) 

and against ~~h1ch the AFW pump must develop sufficient he!d. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition- continued.operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed' to isolate break and direct AFW flow to intact steam 

generator{s). AFW pump flow capacity allowance to acconmodate 

the time delay and maintain minimum steam generator water level. 

Also i dentffy cred1 t taken fa., ~· unary system heat removal 

due to b 1 ow down. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondary system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. nme at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to t.he steam ~enerator(s) as,determfned by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump f~ow to allow for pump recirculation flow, seal leakage 

and pump wear •. 
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NUCLEAR REGULATORY COMMISSION 
WAIHINGTON, 0. C.-

.... ,.. "'"" .c:-l'l····· 
Docket No.: S0-244 

Mr. Leon D. White, Jr., VIce-President 
Electric & Steam Production 
Rochester Gas and Electric Corporation 
89 East A~enue 
Rochester, New York 14649 

Dear Mr. White: 

October 22, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT ROBERT E. GINNA · 
NUCLEAR POWER PLANT, UN IT 1 

The purpose of this letter 1s to advise you of our requirenents for the 
auxiliary feedwater systens at the subject. facility. These requirenents 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of .the accident at Three Mile 
Island, Unit 2 • 

. Enclosure 1 to this letter identifies each of the requtrenents appl !cable 
to the subject facility. These requir-nts are of two types, (1) generic 
requirenents applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxi 1 i ary feedwater system flow requirements. 

The designs and procedures of the subject fac11ity should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requ1renents. The results 
of this evaluation and an associated schedule .and comn1tment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should Indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the ttens In Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report C!n Small 
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Break Accidents for Westinghouse NSSS System.• Our specific concerns include 
systens reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to Identify, 1n separate correspondence, the requ1renents resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As sta1ied 

Sincerely, 

._,;)ot~"i.(~ ·f Y~.£·. • G-/fv 
Darrell G. Eisenhut, Acting 61'rector 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. Leon D. White, Jr. 

cc w/enclosures: 
Lex K, Lersu ., , Esqu1 re 
LeBoeuf, Lamb, Leiby I MacRae 
1757 N Street, N. w. 
Wnh1ngton, D. c. 20036 

Mr. Michael Slade 
12 Tre1lwood Circle 
Rochester, New York 111618 

Rochester Co~1ttee for 
Sc1ent1fic Information 

Robert E. Lee, Ph.D. 
P. o. Box 5236 River Campus 

Statton 
Rochester, New York 14627 

Jeffrey Cohen 
New York State ·Energy Office 
Swan Street Building 
Core 1 , Second Floor 
Emp1 re State Plaza 
Albany, New York 12223 

• 3 • 

Director, Technical Development Programs 
State of New York Energy Off1 ce 
Agency Bu~lding 2 
Emp1 re State Plaza 
Alban,)', New York 12223 

Herbert Grossman, Esq., Chairmen 
Atomic Safety and L 1censing Board 
u. s. Nuclear Regulatory Comm1ss1on 
Washington, ~· c. 20555 

Dr. Richard F. Colt 
Atomic Safety and L 1cens1ng Board 
U. S. Nuclear Regulatory COr:lm1ss1on 
Wesh1ngton, D. c. 20555 

Dr. E~eth A. Luebke 
Atomic Safety and L 1cens1ng Board 
u. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 

Rochester Public L 1brary 
115 South Avenue 
Rochester, New York 14604 

OctOber 22, 1979 
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X.4 

X.4.1 

X.4.1.1 

IIINNA 

AUXILIARY F.EIIWATER SYSTEM 

Sv•t.n P••srtnton 

Conttguratton •Pyerall Dt•tpn 

A 1i11111tfiecl flow diegr• of the lliMI euxtlflf'1 fiiCIWiter 111t. 

(AFWS) fl pretentecl in figurel. The AFW5 CDIIIiatl Of I Mfn (") 

AFWS end I ltenclb1 (51) AFWS. The (51) 'AFWS WU fnlte11ecl lullleqlllflt 

to the (M) AFWS' end 1111 recent.1)' lleen plead fn nrvfce. The (M) 

AFWS contfltl of I PIIIIPI (Z •to~~rfven PIIIIPI,MCII ZOO ... end 1 

t.urbine-driven 400 p). NDru11)', uc:h .ato1'"4rfven PIIIIP 1upp1tu 

one ate• generator (58) ll~wft.h operetor ect.fon either •tor-dl'fven 

-piiiiP can provfcte feectweter to ll.ot.h ate• generetol'l (58). The 

t.urbine-cll'iven PIIIIP noru11)' pi'OYfclll fiiCIWiter to llot.h 111. Onl)' 

the flow frw one •tor-driven NIW PIIIIP to one sa fl neiCIICI to cool 

the p lent. clown to the ~l'lt.ure wllere the RIIR qat. CM Ill UIICI to 

bring the plant. to tafe 1hut.clown. The tte• generetor wuld llotl clf'1 

fn epproxiMtel)' 10 •inute• wft.hout. all)' fiiCIWiter flow and 1 I'IICtor 

t.rip. 

All t.hree' of t.he (M) AFWS ere located in the •- ro• end could Ill 

rendered inoperlllle aa 1 retult. of 1 hfgh -rgy line break. The 

(58) AFWS wea eclcled to provide independent. AFWS cepllltlft.)' following 

1uch en event.. · 
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The (58) AFW5 is in a separate plant area from the (M) AFW5. The 

(58) AFW5 consists of 2 motor-ariven pumps. Each motor pump has a 

capacity of 200 gpm. The pumps are in the same room• but JGparated by 

a partial wall. Thus the (58) AFW5 functions independent Of the (M) 

AFW5. 

The primary source&of water for the (M) AFW5 are two 30,000 gallon 

condensate storage t<lnks (CST). The tanks are non-seismic Category I and are 

cross-connected through locked-open manual operated valves. The (M) 

AFW5 pwnps can draw from either tank. The two condensate tanks are 

connected to the condenser hotwe 11 and can be connected to a 100, ODD 

.gallon non-seblllic Category I coDdansate atorage tank. The pump that 

would trenafar watar fr0111 either the coDdenaer hotwall or the 100,000 

gallon tank to the 30,000 salllln tanka ia powered fron a non-aafaty 

srade supply. There ia an amargancy procedure for connecting to theaa 

water sources. Connection to either of these watar sources requires 

operator action, which takes approximately 15 minutes. The (M) AFWS 

also baa a secoDdary seielllic Category t water aource; namely, the 

·service water system (SWS). The primary watar source for the (SB) 

AFWS ia the SWS. The SWS draws water fr0111 Lake Ontario. It ia eati-

mated to take approximately S minutes to connect the (M) AFWS to 

the SWS. There ia an emergency procedure for coDilecting the (M) AFWS 

to the SWS. 
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Co11ponents - Design Classification 

The (M) AFW5, the (58) AFWS, and the SW5 have a Clan I seismic 

qualification. The priHry source (two 30,000 gallon condensau 

storage tanks) and associated supply 1f nel to the (M) AFWS pwnpl 

suction are non-Claas I seismic. 

Power Sources 

The main and standby auxiliary feedwatar systus are powered fr011 the 

-rgency buses. The two 110tor-driven pu.ps, &IIQCiated valves and 

.lube oil cooling systH for the turbine driven PUIIP in the Hin 

auxiliary feedwater systH receive 110tfve ~r fi'OII two redundant 

and i ndependent AC -rgency. buses. The steam edlliss ion and water 

discharge valves and lube ofl cooling systems auaciatad with the 

steam turbine-driven PiliP in the Hin auxiliary feedwater syst. 

receive power fl'OII the electrical d1vis1ons fnd1cated fn Figura 1. 

The two motor-driven pu.ps and valves fn the standby. auxflfary feed

water systa~~ are supp 1 1 ad fi'OII redundant and f ndapendant. AC -rgancy 

buses. The (S8) AFWS 11 interlocked w1th the (M) AFWS sa that bath 

are not simultaneously loaded onto the vital AC buses to prevent 

overloading the vital buses on lou of offsite power. 

·Instrumentation and Controls 

~ 

Upon loss of the Hin feeclwater systall, the (M) 1\FWS fl autoHtfcally 

initiated to supply water to the ste111 generators. Thereafter, the 

level fn the steam generator is Hnually controlled fi'OII the control 
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room by adjusting valve positions. The (SB) AFWS is manually initi

ated and manually controlled from the control roo11 by adjusting valve 

positions. 

Information Available to Operator 

Syst811 information available to the operator in the control ro011 to 

assess the perfor~~ance of the auxiliary feadwater syst811 is as 

follows: 

. Indicating red (open) and gree.n (close) lights associated with 

each electrical and pneUII&tic operated valve. 

. Steu generator 1 evel 

• Steam generator pressure 

.Auxiliary feedwater flow indication in each of the two water 

paths to the steu generators as related to the (M) AFWS. 

.Auxiliary feedwater flow indication in each of the two water 

paths to the steam generator •• .-elated to the (SB) AFWS. 

Th~ \M) AFW pumps are not aul:'lllatically tripped as a result of low 

pump suction pressure conditions. This was a potential concern 

because the non-seismic condensate storage tank supply lines could be 

severed by a seiSmic avant causing the loss of suction to the (M/ 

AFWS pumps. There is also no alarm or fndication.in the control room 

to alert the operator of low suc:,tion pressure conditions at AFWS 

pumps. However the operator does have CST level and pu.p discharge 

pressure and flow indication. Further, however, in the event of 
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sefs•ic dauge to the (M) AFWS priory water source, the (58) AFWS 

would be available since itswater souce (SWS) is seiuic Category I. 

Initfatina Signals for Automatic operation 

The steu tu!"llfne-drfven and 1111torci:d- pueps and corresponding 

valves in the (M) AFWS are 11utoutically initiated by the following 

signals: 

"Motor-Driven Auxiliary Feedwater Pu.p A 

""2/3 lo-lo lever in either SG 

··aoth eafn feedwater pueps trip 

··Safety injection initiation 

Motor-Driven Auxiliary Feedwater Puep B 

• • 2/3 lo-lo level in either SG 

··Both utn feedwater pu.ps trfp 

• .Safety injection initiation 

·ste~ Adeission Valve to the Turbine-Driven Auxiliar,y 

Feedwater Puep 

""2/3 lo-lo level in both steu generators 

··Lon of voltage on both 4 KV buses (non-safety buses) 

.Motor and Turbine Driven Pueps Discharge Valves 

· • "puep start 
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The (SB) AFWS 1s 11111nua1ly initfatad. 

Both the •ein and standby auxiliary feeclwater systa.s flow paths to 

' the steu generators ere not isolated autaatically as a result of 'a 

sta11111 or faaclwatar (uin or auxiliary) line break. The bolation 11 

acc01111lhhed •anually. 

Testing and Technical Specifications 

Subsequent to this raviw, the 11censaa proposed a Technical 

Specification revision which provi·das 11•1ting conditfonl of 

operation and periodic tasting for botl) the (M) and (SB) AFWS. These 

proposed revisions have .:been. rav-d by the staff (Systallatic 

Evaluation Progru) and found acceptable. The Technical Specific· 

ation revisions ware approved in Man•nt 29 to the Ginna operatiq 

license (DPR·l8) dated August 24, 1979. 

Reliability Evaluation 

Dainant Failure Modes 

LDFW with offsite p-r available 

Failure of operator to throttle pu.ps ~ failure of operator to 

switch to service water supply and failure of operator to actuate the 

(58) AFWS. 

The condensate storage tanks have·lS,ODO gallons dedicated to tha (M) 

AFWS. When tha syste. starts, all 3 pu.ps have the possibili~ of 

starting. Their total capaci~ 11 800 p. However, only too p 
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flow to one SG .fs necessary. To ac:hfeve the 200 111111 flow rata, the 

operator .ust efther throttle or shut off s- ~s. If thfs ac:tfon 

11 not taken, the CSTs could -~ fn 20 •fnutes. The ehort tfM 

interval -.y not allow the operator tfM anougll to valva fn the 

backup water source fro. tha hotw111 IIICI 100,000 plloa tank; A 

p~edu-. fs IIVililable; however, ft raoufrae opentor ac:tioD 
.. - -··-· 
outlide the coarol -· 'l'be - eltenoative b to 

.. - _____ .,_ . -- ... - . --~ 

open a service water syste. valve whfch fs outafde the control ,__ 

A procedure ex11te IIICI the lfceneaa eetfMtes & •1nutH to take thfe 

· ac:tfon. The ffnal alternative fa to valve fn fro. behfncl the 

control panel the (58) AFWS for whfc:h procedure• exfet. If .the 

.operator throttles the pu.ps. correctly fnftfally, there ahould • . . 

-adequate tf• and supply to prevent a probl•. The l~c:eneaa eet1-

.Mtes the stau generator bofl dry tfM to be epproxfMtely 

30 .tnutee whfch ehould allow sufffcfent tfM to valve ·fn the eervfca 

water. 

LDFW with onsfte power available 

SaM as for LDFW wfth offsfte powr available. For thfe event the 

c:ondenser hotwa 11 and 100,000 ge 11 on backup condensate storage tank 

an not available sfnc:e the transfer pu.ps are p-red fro. non-vftel 

AC. bus. 
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LOFW with only DC avaflable 

Faflura of the turbine p.-p train. 

This fs the short te ... failura. For thfs condition, the turbine 

could eventually fail since the AC powered service water p~s are 

not operating. Thua, there fs no.water flow to cool the turbine PiliP 

lube ofl. The CST (esa&Bing 15,000 gal level) could go dry in 40 

•inutaa and also cauae failure. The backup aources fro~~ tha aervice 

water and a) AFWS are ell AC dependant and would not be available. 

Sae Rec-ndationa. 

Princieal De!!!ndencies 

1. All (M) AFWS PUIIPI are in tha •- roo. with high energy piping 

over-head. However, a poatulated high anergy line break in thil 

room i1 •itigated by the inatellation of the (58) AFWS 

in a aeparate plant area. 

2. The DC controlled turbine lube oil pu.p forces oil through a 

heat exchanger which depends on the lie powe~d service water 

syst .. to cool the ofl.. In a total losa of AC, the turbine 

could fail. See Reco-ndations. 

Reconrnendat Ions for this Plant 

The short-tenn re.cOIIIIMindatfons (both generic, denoted by &S, and plant

specific) identified in this section represent .actions to improve AFW 

system reliability that should be impl-ntecl by .January 1, 1gso, or as 

X.4.3.1 
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soon thereafter as is practicable. Jn IJIIItral, tlle,y inwlvt upgrading of 

Technical Spec1f1cationi"or establishing procedures to aVOid or •1t1gate 

potential syst• or operator failures. The long-taN (both g~~~~rtc, 

denoted by &L, and plant-spac1f1c) raconandattons 1dent1f1ecl in tilts ..C
t1on involve system design evaluations and/or IIDCI1ftcat1ons to 111Pro¥e A1W 

system re111b111ty and r~~~resent actions that should be 111Pl•ntld by 

.January 1. 1981. or as soon tlltreafter as 1s practicable. 

Short•Te!'!l 

1. Ree-ncl!tfon GS•3 • Tile lfcens• hU stated thiit ft · 

throttles fiiiW ayste. flow to avoid water "-r. Tile 

ltcens• should reexa.fne the practice of throttltng fiiiW 

syate. flow to avofd water "-r. 

The licensee ahould verff'.y that the AFW syste. wfll supply 

on d-nd sufffcfent fnftfal flow to the necesnry steaa 

generaton to anura adequate dec!Q' heat -al fo11DW1ng 

loss of •in feedwater flow 'and a reactor trip fro. l.CICII 

power. In cases where thfs r.valuation results fn an 

increase fn fnftfal AFW syste. flow. the licensee should 

provfda aufffcfent 1nfo .... t1on to ~nstrete that the 

reaquired fnftfal AFW ayste. flow wfll not reault fn plant 

duage due to water h-r. 

2. Rec-nclation - Tile plant hu AC dependent aervfce wate.

cooltng of the lube on for the turbf!IO drfvan PiliP· , Tile 

·-· 
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turbine driven feedwater pump has an AC lube oil pump and a 

OC lube ofl pump. These pumps direct the ofl through a 

heat exchanger which depends M the AC powered service 

water system pumps to cool the oil. In the evant of a 

total loss of AC power, lube ofl cooli~g capability for the 

turbine-driven pump will be lost due to the loss of AC 

power to the service water pumps. The turbine-driven pump 

could cease to function due to the loss of lube oil cooling. 

The as-built plant should be capable of providing the 

required AFW flow for at least two hours from one AFW pump 

train independent of any alternating current power source. 

Subsequent to this review, the licensee conducted a test to 

demonstrate that the turbine-driven pump could operate for 

two hours without lube oil cooling water flow. The test 

wos run for one hour and 45 minutes with the fi na 1 one hour 

and 15 minutes of the test with the pump at rated speed,but 

at 50% of required plant flow. Preliminary test results 

indicate the pump and turbine bearing temperatures remained 

within allowable limits. The staff is evaluating these 

test results to determine if the test data will support a 

conclusion that the required AFW flow can be provided 

independent of any AC power source. Until this evaluation 

is complete, interim emergency procedures should be 

establis~ed which pr<:»vide for an individual to be stationed 

at the turbine-driven pump in the event of the loss of all 

3. 
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alternating current power to monitor pump/turbine bearng 

and/or lube oil teiiJ)eratures. If necessary, this operator 

would operate the turbine-dri•ten PUIIP in an on-off 110de 

until alternating current power is restored. Adequate 

lighting powered by df rect currant power sources and 

c011111unications at local •tat1ons should also be provided ff 

manual initiation and control fo the AFW systH is needed. 

(See Rec011111endation GL-3 for the longer tel'll resolution of 

this concern). 

Recommendation GS-6 The licensee should confil'll flow path 

availability of an AFW system flow train that has been out 

of service to perf.ol'll periodic testing or Nintenance as 

follows: 

Procedures should be illlpl-nted to require an 

operator to detel'lline that the AFW syst• valves are 

properly aligned and a second operator to independetly 

verify that the valves are properly aligned. 

The licensee should propose Technical Specifications 

to assure that prior to plant startup following an 

axtendeCI cold shutdown, a flow test would be performed 

to verify the normal flow path fi"OII the pri•ary AFW 

system water source to the sta ... generators. The flow 

test should be conducted with AFW systH val vas in 

their normal alfgrwent. 
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Recommendation GS-7 - The licensee should verify that the 

automatic start (M) AFW system sig~als and associat!d circuitry are 

safety-grade. If this cannot be verified, the (M) AFW system 

automatic initiation system should be modified in the short-term 

to meet the functional requirements liste:i below. For the 

longer tar'lll, the automatic initiation signals and circuitS should 

be upgraded to meet safety-grade requirements as indicated in 

Recommendation GL-5. 

The design should provide for the automatic initiation of 

the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the'control room should be retained and should 

'be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

X.4.3.2 
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The alternating current 110tor-driven pu.p1 and valve• in 

the auxiliary heCIWater 1y1t• ahoul d be included in the 

auto11111tic actuation (lhlllltaneous and/or 11quential) of the 

loads to the -rgency buses. 

The automatic initiation signals and circuits shall be 

designed so that tl)eir failure will not r81ult in the lou 

of .. nual capabi 1 ity to initiate the AFW •Ystall fro• the 

control ro011. 

Additional Short-Term Reco-ndations 

The following additional short-ten~ rac-ndations re1ulted fra the 

staff's Lasson• Learned Talk Force review and the Bulletin• and 

Orders Task Force review of AFW systalls at Babcock & Wflcox-d81igned 

ope~ating plants subsequent to our review of the AFW systalls designs 

at lt" and C-E-d!tsigned operating plants. They have not been axuinad 

for specific applfcability to this facilfty. 

l. Reco-ndation - The lfcensee should provide redundant level 

indications and low level alarms in the control ro1111 for the AFW 

system priury water supply to allow the operator to anticipate 

the need to .. ke up water or transfer to an alternate water 

supply and prevent a low. pu.p suction preuure condition fra 

occurring. The low level alar~~ setpoint lhould allow at least 

20 •inutes for operator action, aasu.fng that the large1t 

capacity AFW pu.p is operating. 
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2. Rac-ndation Tha 11cansaa should parfo ... a 72-hour anduranca 

tast on all AFW system pUmps, if such a tast or continuous 

period of operation has not baan accOIIIP11shad to data. 

Following tha 72-hour pump run, tha PIIIIPs should ba shut down 

and cooled down and than rastartad and run for one hour. Tast 

acceptance criteria should include d-nstrating that the PUIIPs 

r-in within design H•its wth respect to bearin~/bearing oil 

tuperatures and vibration and that' pump roo• ambient conditions 

(tuperature, hu.idity) do not exceed environ.antal quelifi· 

cation H•its for safety·ralatad equipment in the ro011. 

3. Rec011111endation - The licensee should implement the following 

requirements as specified by Item 2.1.7 .b on page A-32 of 

NUREG-G578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered frDIII the emergency buies: :consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Rec011111endation -Licensees with plants which require l'ocal manual 

realigment of valves ~ conduct periodic tests on one AF1I system 

train .!.m!, which have only one remaining AFW train available for 
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operation, should propose Technical Specifications to provide that 

a dedicated individual who is in comunication with the control room 

b;, stationed at the 1111nual valves. Upon instruction frDIII the control 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operat tonal alignment. 

X.4. 3. 3 Lonq·Term 

Long Te ... rac-ndations for i~roving the systa. are as fo11-: 

i. Raco..J!det1on • GL•3. At lust one AFW systa. PIIIIP arid its 

associated flow path and essent1al·instru.antation sho!lld 

eut-t1ce11y initiate AFW systa. flow and be capable pf baing 

operated independently of any alternating currant power source for at 

least 2 hours. Conversion of diract currant power to ia_ltarnating 

currant fa acceptable. 

2. Rec-ndation - The licensee should evaluate the water source 

capabilities rAe powered service water PUIIPI. conclansata transfer 

PUIIPS and the_ lia&ited iD_!ID_t_ory of . condensate storage tank water 

gravity feed to tha turbine PUIIP suction to usura • that there fa a 

water source sufficient to supply tha raquirad AFW flow for 2 hours 

i ndepandent of any AC power source.· 

3. Reca..andation - GL-5. The licensee should upgrade the AFW systa. 

automatic initiation signals and circuits to Met safety-grade 

requfraents. 
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ENCLOSURE 2 .. 
Basis· for Auxiliary Feedwater 

~ystem Flo~1 Reaui rements 

As a result of recent staff reviews of operating plant A~xilfary Feed

water Systems (AFWS), the staff con~ludes that the design bases and 

criteria·provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nQt we11 defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as ~pplicable to the design basis transients and accident can

di tions for your plant. 

1. a. Identify the plant transient and accident conditions ·considered 

in establishing AFWS flow requirements, including the fallowing 

events: 

1) Loss of Mail! Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6l Main steam isolation valve cJosure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical.bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

Hmits such as: 



• Maximum RCS pressure (PORV or safety valve actuetion) 

- Fuel temperature or damage limits ([ius, PCT, maxir.:um fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient ste~ 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered in l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter{s) which initiates AFWS flow and time delay 

between initiating event and introduction of AAO~ flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

o.ccurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences • identify reactor decay heat 

rate used. 
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f. Hal:imum pressure at which steam is released i'rcr.l steam generator(s) 

and against ~lhich the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that'must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify cre.dit taken foT primary sys~em'"heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lfnu 

between steam generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam geneTator normal blowdown following. 

initiating event. 

m. Primary and secondary system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldow~ RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 end 2 
I 

above considering a single failure. Identify t~e margin in sizin9 

the pump flow to allow for pump re~irculation flow, seal leakage 

and pump wear. 
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UNITED STATES 
1:: .. ·. /\) 'l~· f, . 0 
• ·~·y 'r . ~· '•· :· ~·~ 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, 0, C. 20111 

~ ..... :''\ ·, ... ~ ~ ·' 
'J ..... . 

Docket No.: 50-261 

Hr. J. A. Jones 
Senior Vice-President 
Carolina Power and Light Company 
336 Fayetteville Street 
Raleigh, North Carolina .27602 

Dear Mr, Jones: 

September 21, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT H, B. ROBINSON 
STEAM ELECTRIC PLANT, UNIT 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility, These requirements 
were ide~tified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requir;rnents ap~licable 
to the subject facility. These requirements are of two types, (1) generic 
requirements appl !cable to most Westinghouse-designed operating' plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements, 

The designs and procedures of the subject facility should be evaluated against 
·the applicable requirements specified in Enclosure 1 to determine the degree 

to which the facility currently conforms to these requirements, The results 
of this evaluation and an associated schedule and commitment for implementation 
of require<l changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter, Also, this schedule should indicate 
your llate for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure Z at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be appl !cable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the 1 oss-of- feed water event and the small break 1 oss-of-cool ant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System.• Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bu·lletins and Orders Task Force review. 

Enclosures: 
As stated 

cc: w/enclosures 
See next page 
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l~r. J. A. Jones 
Carolina Power and Light Company 

cc: G. F. Trowbridge, Esquire 
Shaw, Pittman; Potts and Trowbridge 
1800 M Street, N.W. 
Washington, D. c. 2D036 

Hartsville Memorial Library 
Home and Fifth Avenues 
Hartsville, South Carolina 2g550 

Michael .C. Farrar, Chairman 
Atomic Safety and Licensing 

Appeal Board Panel 
U. S. Nuclear Regulatory Commission 
Washington, D. c. 20555 

Richard S. Salzman 
Atomic Safety and Licensing 

Appeal Board Panel 
U. S. Nuclear Regulatory Commission 
Washington, D. c. 20555 

Dr •. W. Reed Johnson 
Atomic Safety and Licensing 

Appeal Board Panel 
u. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 
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X 6.1 

X 6.1.1 

ENCLOSURE 1 

H. B. ROBINSON 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration Overall Design 

A simplified drawing of the H. B. Robinson auxiliary feedwater system 

(AFWS) is shown in Figure 1. Basically the system consists of two 

motor driven pumps located in the auxiliary building, each with a 

capacity of 300 gpm at 1300 psi. and a turbine driven pump located in 

the seismic portion of the turbine building with a capacity of 600 

gpm at 1300 psi. The turbine-driven pump is not tornado missile 

protected. All three pumps take their primary suction from the 

seismic Category I condensate storage tank. The system is automatic

ally started by signals identified in Section 6.1.4.3. The two motor 

driven pumps take suction from a common header and feed all three 

steam generators through lines which are cross-connected in the. pump 

room as shown in Figure 1. There is a normally closed motor operated 

valve in each line to the steam generators. The AFWS discharge 

lines from the motor driven pumps connect to the main feed lines 

inside containment. 

The turbine driven pump takes its source of water from the CST common 

header and feeds into the main feed system through three normally 

closed motor-operated valves. The auxiliary feedwater lines 
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from the turbine driven pump train connect to the feedwater regulating 

valve bypass lines for each individual steam generator outside 

containment. 

The system was evaluated for high energy line breaks in the main 

steam, main feed lines and the AFWS itself. For the main feed and 

steam line breaks, at least one train of the AFWS will be able to 

feed at least one steam generator which is sufficient to safely shut 

down the plant. Remote manual action would be required to isolate 

the affected steam generator and AFWS line feeding that generator. 

For the high energy line break in the Auxiliary Feedwater System, the 

worst break is in the motor driven pump trains' ~ross connection 
• line. In this case, since the pumps and associated motor operated 

valves are in the same room, these trains could be shorted out if the 

cross connection line is not isolated in time. The steam driven 

train is, however, still available to shut down the plant, provided 

tne pump does not fail. If the pump fails, auxiliary feedwater flow 

w~uld be lost, but main feedwater could still be used to supply water 

to the steam generators. 

Sources of Water 

There are three sources of water for the auxiliary feedwater system. 

The primary source is from a 200,000 gallon seismic Category I 

condensate storage tank (CST), of which 35,000 gallons are dedicated to 
I 

the auxiliary feedwater system. This will last a minimum of two 

·· ... ~ 
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hours. The CST is not protected against tornado missiles. All 

valves from the tank to the AFWS are normally open, and are local 

manually operated valves. 

The secondary source of water as well as long term cooling is the 

seismic Category I service water system and the ultimate heat sink. 

The piping for this system is buried or in the auxiliary building so 

it is protected against tornado missiles, however, the pumphouse 

which contains the service water pumps is not protected against tornado 

missiles. The valves connecting this system to the AFWS are locked 

closed manual valves. Thus, it would take time to open these valves. 

There is, however, sufficient time to open these valves before the . 
condensate storage tank is depleted or the steam generators boil dry. 

The back-up source of water is the non-seismic deep well system which 

has a capacity of 600 gpm. The valves that connect this system with 

the AFWS are manually locked closed valves. 

X.6.1.2 

X.6.l.3 
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Components - Design and Classification 

Component 

Motor Driven Pump 

Turbine Driven Pump 

Piping 

Valves/Actuators 

Environmental 

Qualification 

Ambient 

Control & Actuation System 

Indication 

Condensate Storage 

Service Water System 

Deep Well System 

Main Steam Lines to 
Turbine Driven Pump 
(connects upstream MSIV) 

Main Feed Lines from Main 
Feed Block Valves to 
Steam Generators 

Power Sources 

Design 

Classification 

ASME VIII 

ASME VIII 

Bjl.l 

831.1 

Seismic 

Category 

N. S. 

N.S. 

N.S - Non Seismic Category I 

Each motor driven pump is supplied power from its respective emer

gency bus which receives power from normal station transformers or 

separate diesel generators (DG). The three motor operated discharge 

valves (MOV) in the motor driven pump trains are powered from the 

emergency buses. The valve for steam generator A is powered from 

emergency bus El or E2. The valve for steam generator (SG) B is 
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powered from bus E2 and the valve for SG C.is from bus El. The MOV's 

are normally closed and fail-as-is. The instrumentation for these 

trains is taken off the stAtion batteries. 

The turbine driven pump is supplied steam from all three steam generators. 

·rhe steam is taken off upstream of the MSIV and passes through a 

motor operated valve, a check valve and goes into a common header 

which feeds the turbine. The motor operated valves take their power 

from the emergency buses. The valves from SG B&C are connected to 

bus El, and the valve from SG A is connected to bus E2. The motor 

operated valves in the turbine pump discharge lines to the steam 

generator also take their power from the emergenc~ buses with 

valves for SG A&C from bus E2 and SG B from bus El. The above MOV's 

are normally closed and fail-as-is. 

The system does not meet NRC's current power source diversity position 

with respect to the turbine driven pump train valves although manual 

actipn can be taken at the valves. (See recommendation GS-5) 

In addition, cooling to the lube oil coolers to the turbine driven 

pump is from the service water system, which takes its power from the 

emergency busses. Upon station blackout (loss of all AC),cooling is 

lost to the turbine which could result in a possible shaft s·eizure or 

wiped bearings in the turbine within a short time (approximately 10 

to 20 minutes), thus resulting in the loss of all f:..F'n flo1~. However, 

the lube oil cooling water piping and valves are arranged so that 

X.6.1.4 

X.6.1.4.l 

X.6.1.4.2 
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the lube oil cooler ~~.n_be cooled by AFW p~mp flow; but the valve align

ment must be changed 1See Reconmendation GS-5). 

Instrumentation and Controls 

~ 

The following AFWS manual controls are available in the control roo11:. 

1. Motor Driven Pump Start-Stop 

2. Steam Inlet Line to Turbine • Motor Operated Valves Open-Close 

3. AFW Discharge Line Motor Operated Valves - Open-Close 

All other valves as well as the above can be contrplled at the local 

stations. Steam generator level is controlled manually at the motor 
• 

operated discharge valves locally or in the control room by starting 

and stopping the pumps. 

Information available to Operator 

The following information is available to the operator in the control 

room: 

1. Motor Driven Pumps Start•Stop 

2. Motor Operated Valves (All) Opened-Closed 

3. Motor and Turbine Driven Pumps Discharge Pressure 

4. Steam Generator Level 

5. Steam Generator and Steam Header Pressure 
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This information is also available at the local control stations. 

The following alarms are located in the control room: 

1. Condensate Storage Tank Low.Level 

2. ~quipment on Local Control 

3. Steam Generator(s) Low Low Level Alarms 

4. Steam Generator High Level Alarm 

5. Low ~FW Pump Discharge Pressure Alarm and Trip 

6. Loss of Lube Oil 

Initiation Signals for Automatic. Operation 

The following signals initiate automatic operation of the AFWS: 

1. Low-Low Level on Steam Generator 

a. 2 out of 3 on one steam generator initiates the 

motor driven pump trains. 

b. 2 out of 3 on two steam generators initiates the t~rbine 

pump train. 

2. Loss of Both Main Feed Water Pumps starts Motor Driven 

Pump Trains. 

3. Loss of Offsite Power starts motor driven pump trains. 

X.6.1.5 
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4. Safety Injection Signal starts motor driven pump trains.· 

5. Loss of Voltage ( <7~) on buses 1 and 4 starts the steam driven 

pump t;ain. Steam inlet valves (MOV) are operated from buses E1 

and E2 and therefore will open. 

Testing· 

The system is tested on a .. 111onthly bases with some exceptions. The 

pumps are run in recirculating mode monthly and the motor operated 

discharge valves are stroked monthly with the pumps off. All other 

valves in the system including the AFW pump turbine steam inlet 

valves are tested quarterly; however one steam inlet valve is operated . 
monthly in conjunction with the monthly tests of the turbine driven 

pump. All valves are checked at the end of the tests for correct 

positioning both in the control room and locally. The piping in the 

system is hydrostatically tested eve~ 1D years. The system is 

tested as a whole during refueling cycle as part of the ECCS actuation 

test. The only pieces of equipment not tested on a periodic bases are 

the locked closed valves to the service water and deep well systems. 

The periodic test requirements are as follows: 
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AUXILIARY FEEOWATER SYSTEM 

Applicability 

Applies to periodic testing requirements of the turbine-driven and 

motor-driven auxiliary feedwater pumps. 

Objective 

To verify the operability of the auxiliary feedwater system and its 

ability to respond properly when required. 

Specification 

4.8.1 

4.8.2 

Each motor driven auxiliary feedwater pump will be started 

at intervals not to exceed one month, run for 15 minutes, 

and determined that it is operable. 

The steam turbine driven auxiliary feedwater pump by using 

motor operated steam admission valves will be started at 

intervals not to exceed one month, run for 15 minutes, and 

determined that it is operable when the reactor coolant 

system is above the cold shutdown condition. When periods 

of reactor cold shutdown extend this interval beyond one 

month, the test shall be performed immediately following 

reactor heatup. 

X.6.1.5 
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The auxiliary feedwater pump discharge valves will be 

tested by operator action at intervals not greater than one 

month. 

These tests shall be considered satisfactory if control 

board indication and subsequent visu;.i observation of the 

equipment demonstrate that all compunents have operated 

properly. 

Technical Specifications 

The following technical specifications apply to H. B. Robinson. The 

salient features are that one pump could be.out of service for an 

indefinite period of time with no limiting condi~ion for operation on 

the plant, that the instrumentation·for the system could be out for 

all trains without limiting condition for operation. 

SECONDARY STEAM AND POWER CONVERSION SYSTEM 

App 1 icabil ity 

Applies to the operating status of turbine cycle. 
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Objective 

To define conditions of the turbine cycle steam-relieving capacity. 

Auxiliary Feedwater System and Service Water System operation is 

necessary to ensure the capability to remove decay heat from the 

core. 

Specificati'on 

3.4.1 The reactor coolant shall not be heated above 350°F unless 

the following conditions are met: 

a. A minimum turbine cycle steam relieving capability of 

twelve (12) main steam safety valves operable. 

b. Two of the three auxiliary feedwater pumps must be 

operable. 

c. A minimum of 35,000 gallons of water in the condensate 

storage tank and an unlimited water supply from the 

lake via either leg of the plant Service Water System. 

d. Essential features including system.piping and valves 

directly associate~ with the above components are 

operable. 

X 6.2 

X 6.2.1 
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e. The main steam stop valves are operable and capable of 

closing in five seconds or less. 

The specific activity of the secondary coolant system shall 

be ~ 0.10 ~Ci/gram DOSE EQUIVALENT I-131 under all modes of 

operation from cold shutdown throug~ power operation. When 

the specific activity of the secon.;ary coolant system is 

>0.10 ~Ci/gram DOSE EQUIVALENT I-131, be in at least HOT 

SHUTDOWN within 6 hours and in COLD SHUTDOWN within the 

following 30 hours. 

The specific activity of the secondary c~olant system shall 

be determined to. be within the limit by performance of the 

sampling and analysis program of Table 4. 1·2. 

If, during power operations, any of the specifications in 

3.4.1 above cannot be met within 24 hours, the operator 

Jhall initiate procedures to put the plant in the hot 

shutdown condition. If any of these specifications cannot 

be met within 48 hours, the operator shall.cool the reactor 

below 350°F using normal procedures. 

Reliability Evaluation 

Dominant Failure Modes 

The system was analyzed for three cases: 

(a) loss of feedwater with offsite power available; 
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(b) loss of feedwater with onsite AC power available; 

(c) loss of feedwater with only DC power available. 

The dominant failure modes for each case are summarized below. 

LOFW with Offsite Power available 

The dominant failure modes are as follows: 

(1) loss of condensate storage tank supply due to failure of valves 

in the supply line plus failure to manually actuate backup 

service water supply by locally opening closed valves. 

(2) one train out indefinitely for maintenance p~us hardware and 

maintenance outages in other two trains. 

LOFW with Onsite AC power available 

The system was an~yzed assuming loss of offsite power, considering 

the possible loss of one of the diesel generators. The dominant 

failure modes for this case are similar to those discussed in the 

previous case. 

LOFW with Only DC Power Available 

The system will fail in the long-term due to reliance of turbine lube 

oil cooling on AC power without operator action to realign cooling water 

valves (See Section 6.1.3). In the short-term (!:;45 minutes·), unavail

ability is dominated by maintenance and hardware failures of the turbine 

driven pump train and failure to manually open the steam and water MOVs 

which do not open without AC power. 

~ 6.2.1.1 
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(b) loss of feedwater with onsite AC power available; 

(c) loss of feedwater with only DC power available. 

The dominant failure modes for each case are rJmmarized below. 

LOFW with Offsite P·ower available 

The dominant failure modes are as follows: 

(1) .loss of condensate storage tank supply due to failure of valves 

in the supply line plus failure to manually actuate backup 

service water supply by locally openjng closed valves. 

(2) one train out indefinitely for maintenance plus hardware and 

maintenance outages in other two trains. 

LOFW with Onsite AC power available 

The system was an~yzed assuming loss of offsite power, considering 

the possible loss of one of the diesel generators. The dominant 

failure modes for this case are similar to those discussed in the 

previous case. 

LOFW with Only DC Power Available 

The system will fail in the long-term due to reliance of turbine lube 

oil cooling on AC power without operator action to realign cooling water 

valves (See Section 6.1.3). In the short-term (!:;45 minutes), unavail

ability is dominated by maintenance and hardware failures of the turbine 

driven pump train and failure to manually open the steam and water MOVs 

which do not open,without AC power. 
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Short-Ter'Tl 

·1. Recommendation GS-1 -The licensee should propose modifications to 

the Technical Specifications to limit the time that one AFW system 

pump an9 its associated flow train and essential instrumention can be 

inoperable. The outage time limit and subsequent action time 

should be as required in current Standard r,chnical Specifications; 

i.e., 72 hours and 12 hours, respectively. 

2. Recommendation GS-2 - The licensee should lock open single valves cr 

multiple valves in series in the AFW system pump suction piping and 

lock· open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

to verify that these valves are locked and in the open position. 

These inspections should be proposed for incorporation into the 

survei.llance requirements of the plant Technical Specifications. See 

Recommendation GL-2 for th£ longer-term resolution of this concern. 

3. Recommendation GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be available to the plant operators. These 

procedures should includ~ criteria +.o inform the operator 

when, and in what order, the t~arsfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 

E-147 
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• The case in which the primary water supply is not initially 

available. The procedures for this case should include any 

·operator actions required to protect the AFW system pumps 

against self-damage before water flow is initiated; and, 

t fhe case in which the primary wate~ supply ts being depleted. 

The procedure for this case shou1J provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 

4. Recommendation GS-5 - The as-built plant should be capable of pro

viding the required AFW flow for at least two hours from one AFW pump 

train independent of any alternating current power source.·' If manual . 
AFW system initiation or flow control is required following a complete 

loss of alternating current power, emergency procedures should be 

established for manually initiating and controlling the system 

under these conditions. Since the water for cooling of the lube 

oil for the turbine-driven pump bearings may be dependent on alter

nating current power, design or procedural changes shall be made to 

eliminate this dependency as soon as practicable. Until this is done, 

the emergency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all alternating current power ·to monitor pump bearing and/or lube 

oil temperatures. If necessary, this operator would r;.erate the 

turbine-driven pump in an on-off mode untn alternating current 
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power is restored. Adequate lighting powered by direct current 

power sources and communications at local stations should also be 

provided if manual initiation and control of the AFW system is 

needed., (See Recommendation GL-3 for the longer-term resolution of 

this con.cern. ) 

S. Recommendation GS-6 ·The licensee shoul·J confirm flow path avail· 

ability of an AFW system flow train that has been out of service to 

perform periodic testing or maintenance as follows: 

• Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 

1 The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW~ystem water 

source to the steam generators. The flow test should be 

conducted with AFW system valves in their normal alignment. 

6. Recommendation GS-7 -The licensee Should verify that the automatic 

start AFW system signals and associated circuitry are safety.grade •. If 

this cannot be verifif·:, the AFW system automatic initiation system shoul 

be modified in the snort-term to meet the functional requirements listed 

below. For the longer term, the automatic initiation signals and circui 

should be upgraded to meet safety-grade requirements as indicated in 

E-148 
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Recommendation GL-5. 

, The design should provide for the automatic initiation of the 

auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the loss 

of auxiliary feedwater system furction. 

Testability of the initiation s:gnals and circuits shall be 

be a feature of the design. 

The initiation signals and circuits should be powered from the 

emergency buses. 

Manual capability to initiate the auxiliary feedwater system 

from the control room should be retained.and should be 

implemented so that a single failure in the manual circuits 

will not result in the loss of system function. 

The alternating current motor-driven pumps and valves in the 

auxiliary feedwater system should be included in the automatic 

actuation (simultaneous andfor sequential) of the loads to the 

emergency buses. 

The automatic initiation signals and circuits shall be designed 

so that their failure will not result in the loss of manual 

capability to fntfate the AFW system from the control room. 
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The licensee should propose modifications to the Technical 

Specifications to provide for periodic testing of the normally 

locked closed service water and deep well manual valves. 

8. The licensee should propaee modifications to the Technical 

Specifications to provide for monthly testing of all steam 
' 

admission valves to the turbine pump. 

Additional Short-Term Recommendations 

The following additional short-term reconmendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems:at Babcock' Wilcox-designed operating 

plants S\~sequent to our review of the AFW system designs at.~- and C-E

designed operating plants. They have not been examined for specific 

applicability to this facility. 

1. Recommendation - The licensee should provide redundant level in" 

d1cat1~ns and. low levei alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition f~ occurring. 

The low level alarm setpoint should allow at least 20 minutes 

for operator action, assuming that the largest capacity AFW pump 

is operating. 
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Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps if such a test or continuous period 

of operation has not been accomplished to date. Following the 

72-hour pump run, the pumps should be shut down and cooled down 

and ·•nen restarted and run for l hour. Test acceptance criteria 

should include demonstrating that the pumps remain within design 

limits with respect to bearing/bearing oil temperatu~es and 

vibration and that pump room ambient conditions (temperature, 

humidity) do not exceed environmental qualification limits for 

safety related equipment in the room. 

3. Recommendation- The licensee should implement,the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generate: shall be provided in the control room. 

The auxiliary teedwater flow instrument channels shall be 

powered from the emergency buses .consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation - L.icensees with phnts which require local manual 

realignment of valves to conduct periodic tests on one AFi system 

train !ni which have only one remaining AFW train available for 
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operation, should propose Technical Specifications to provide that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon instruction from the control 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation GL-2- Licensees with plants in which all (primary 

and alterna'.e) water supplies to the AFW systems pass through 

valves in a single flow path should install redundant parallel 

flow paths (piping and valves). 

Licensees with plants in which the primary AFW system water supply 

passes through valves in a single flow path, but the alternate 

AFW system water supplies connect to the AFW system pump suction 

piping downstream of the above valve(s), should install redundant 

valves parallel to the above valve(s) or provide automatic opening 

of the valve(s) from the alternate water supply upon low pump suction 

pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 
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2. Recommendation .GL-3 - At least one AFW system pump and its 

associated flow path and essential instrumentation should auto

matically initiate AFW system flow and be capable of being operated 

independently of any alternating current power source for at least 

two hours. Conversion of direct current power to alternating current 

is acceptable. 

3. Recommendation GL-5- The l'icensee should.upgrade the AFW system 

automatic initiation signals and circuits to meet safety grade 

requirements. 

4. None of the AFW water sources are protected against tornado 

missiles. The licensee should complete an evaluation con

sidering a postulated tornado plus a single active failure to. 

determine any AFW systtm modifications or procedures necessary 

to assure a sufficient AFW water supply or assure that th~ plant 

can be brought to a safe shutdown condition in such an evant. 
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Sas is for Au11i 1i ary Feeci~1eter 
~ystem Fl or1 Requirements 

1-.s a result of recent steff revii!':IS of operatin; pient Auxiliary Feed

~tater Systems (AF\o:S), the staff concludes that ~he design bases and 

criteria provided by ·licensees for estab11.shing AFWS requirements for 

f1ow to the steam generator{s) to assure adequate removal of reactor 

d~cay heat are not well defined or documented. 

We req·uire that you provide the following AFWS flo•: design basis infor

mation as applicable to the design basis tr•nsients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1 ) Loss of Main Feed (LJ.IFW) 

2) LMFW w/loss of offsite AC power 

3) LAFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

B) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 



- r·:t>:imur.~ RCS pressure (PORV or safety valve actuation) 

- Fu~l temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- fHnimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and cor~·esponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient"''r .. accident. 

b. Time delay from initiating event to reactor tri~. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water 1 evel when initiating event 

occurs. 

e. Initial steam generator water inventory ancf depletion rate before 

and after AfWS flow commences - identify reactor decay heat 

rate used. 
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f. f•la>:imum pressure at which steam is released freT.~ steam generator(s) 

and against ~lhjch the AFW pump must develop sufficient hud. 

g. f1inimum number of steam generators that·must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition- continued. operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postula~d steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify cred~t taken fo~ primary system•heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lfnes 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 



3. Verify that t:1e AF\o/ pumps in your pl~nt 1~ill supply the necessary 

flo1·1 to the steam ~enerator(s) as, determined by ite:::s 1 and 2 

above considering a single failure. ldentify the m~rgin in sizing 

the pu:::p f'.ow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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NUCLEAR REGULATORY COMMISSION 
WAIHINGTON, D. C. 20111 
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Docket No.: 50-213 

Mr. D. c. Switzer, President 
Connecticut Yankee Atomic Power Company 
P. Q, Box 270 
Hartford, Connecticut 06101 

Dear Mr. Switzer: 

October 11, 1 !17!1 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT HADDAM NECK 
NUCLEAR POWER PLANT 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility, These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
lsiand, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility, 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified i.n Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementati.on 
of required chaf\9eS or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submitta 1 of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the i terns in Enclosure 2 at that t i.me. 

In addition to the requirements identified in this letter, other requirements 
which niay be applicable to the subject fac11 ity are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of·feedwater event and the small break loss-of-coolant 
ace i dent as described in the westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

\51 ncerely, 

\ ~ ~'D-« •tfJ ~,{ ' ( 
Darrell G. E senhut ~tit::ector 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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cc w/enclosures: 
Day, Berry & Howard 
Counselors at Law 
One Constitution Plaza 
Hartford, Connecticut 06103 

Superintendent 
Haddam Neck Plant 
RFD ill 
Post Office Box 127E 
East Hamptun, Connecticut 06424 

Mr. James R. Himmelwright 
Northeast Utilities Service Company 
P. 0. Box 270 
Hartford, Connecticut 06101 

Russell Library 
119 Broad Street 
Middletown, Connecticut 06457 
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ENCLOSURE 1 

HADDAM NECK 

AUXILIARY FEED~-'t1TER SYSTEM 

System Description 

Configuration Overa 11 Design 

Figure 1 is a siiiiPlified flow diagram of the Haddam Neck auxiliary 

feedwater system (AFWS). The AFWS consists of two stea. turbine 

driven PUIIPS* which take water through a c0111110n underground header 

fr011 the demineralized water storage tank and inject it into four 

steu generators via main feedwater piping. The pumps discharge to a 

co11111on header which supplies water via either of two possible parallel 

flow paths. One path feeds to the bypass line around the main feed 

regulating valves in the turbine building. By using the bypass line, 

the main feedwater bypass control valve can be used to regulate flow 

to the steam generators i ndi vi dua 11y. The other flow path supplies 

wa~er from the discharge header through a motor operated va 1 va to the 

main feedwater piping downstream of the feedwater check valve inside 

containment. 

Steam to the turbine driven pumps is taken from a 11 four steam generators 

upstream of the main steam isolation valves from a co11111on header. 

*The licensee indicated that it plans addition of a motor driven AFWS pump. 
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The header is nol'lllllly split in such a Nnner that two ste11111 generators 

supply one turbine PUIIIP while the other two steam generators supply 

the remaining turbine pump. 

The system has no autoutfc initiation capability and relies or\ 

Manual initiation fr011 the control room for all conditions. Howlver, 

on loss of control afr1 for whatever reason, the turbine driven pu.ps 

wouid start due to the ·fa11-open feature of steam inlet valVes and deliver 

AFW through the Min f•dwater bypass control valves which also fail 

open on loss of air. 

No electrical power 1s necessary to operate these valves because the 

controls at the panel ~~echanically initiate or 1'81111ve control air. 

(Control air passes through panel via copper tubing.) 

The primary source of water 1 s from the deli neralf zed water storage 

tank (Minimum capacity 50,000 gallons by Technical Specifications) 

which is alWIIYS lined up to the pump suction header via locked open 

manually operated valves. The secondary source of water is the 

primary water storage tank (MinimUI volume of 80,000 gallons by 

Tec;:hnical Specifications) wh.ich must be transferred to the damin· 

eralized water storagi tank before use. As a backup to these sources, 

the recycle water storage tank (100,000 gallons) fs nol'lla11y alWIIYS 

available and also must be tran&ferred to the d .. ineralized weter 

storage tank before use. Long ta!'ll sources of Mkeup weter f ncl ude 
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the water treatment system using a well pump, the well pump without 

use of the water treatment system and a diesel driven fire protection 

system pump. All water sources must eventually come via the demin· 

eralized water storage tank. 

Components Design Classification 

The seismic design and safety classification of components for the 

Haddam Neck plant are being reviewed as part of the Systematic 

Evaluatfol) Progru. The safety classification and seismic design 

requi re.ents for the p 1 ant as compared to today' s requi re111ents are 

too detailed and complex to provide a meaningful explanation in this 

report. Refer to the details available as part of SEP for this 

infoi'IHtion. The overall design of the auxiliary feedwater system, 

including the demineralized water storage tank and primary water 

storage tank,are considered to be seismic Category I based on the 

Licensee's standards. The adequacy of these seismic criteria are 

also being evaluated as part of SEP. 

Power Sources 

No electric power sources are directly used for valve operation or 

turbine pump startup to use the main feedwater bypass control valve 

flow path. To use the alternate flow path directly to the feedwater 

inlet piping at the steu generators, a single motor operated valve, 

powered from a vital bus is used. 
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Conapressed air is used to ope_rate the 1t11111 inlet valves and the Min 

feedwater bypass 1 ine control valves. These valves are opened or 

c 1 osed at the contro 1 pane 1 by contro 1 s that are essentIally contro 1 

valves that control the air pressure fro11 the COIIPressed air header. 

to the valve operators. All valves fail in the open position upon 

loss of air pressure. The conapressed air systu includes three air 

compressors and three air receivers for control air. All of the 

compressors can be powered by the diesel generators. 

The AFW pumps have a self-contained lube oil pumping system (shaft 

driven) but require service water to cool the. lube ofl. The service 

water ~s supplied on a contt'nuous basis to the lube ofl coolers (one 

service water train to each pump). However, the p11111ps will start and 

operate for an unspecified ti• without cooling water. Subsequent to 

this review, the licensee indicated it is presently in the process of 

modifying the AFW system to eliminate the need for service water for 

the AFW turbine driven PUIIP lube oil coolers. The 110difi·cation will 

provide a self-contained bearing oil cooling syste11 for each AFW 

pump. Water will be drawn fr011 thi PIIIIP first stage discharge and 

will circulate through all necessary pump and turbine pump and turbine 

bearings and will return to the AFW pump suet ion. 



X.5.1.4 

X.5.1.4.1 

X.5.1.4.2 

Instrumentations and Controls (In Control Room) 

~ 
Steam generator level is controlled manually from the control room by 

varying turbine speed or throttling the feedwater bypass control 

valve or a combination of both. When the alternate path to the steam 

generators is used through the motor operated valve directly to the 

feedwater piping inside containment, level is controlled by turbine 

speed control. 

Controls for the valves to initiate the auxiliary feedwater system 

through either of the two flow paths are located in the control room. 

The controls for the normal flow path through the feedwater bypass 

--line are independent of electrical power. 

Information Available to the Operator 

I. Alarms 

1. Demineralized water storage tank low level 

2. Control air system low pressure alarm 

3. Discharge header high temperature alarm (indicates backflow 

from main feedwater system to discharge header via leaky 

check valve) 

4. Hi/Lo steam generator level alarms 
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II. Indication 

1. Electrical position indication for motor operated isolation 

valve i r, an alternate flow path 

2. Output pressure of controllers to bypass flow control 

valves and turbine inlet valves (indirect indication of 

valve position and turbine speed) 

3. Ste111 pressure at :inlet to turbines 

4. Discharge pressure fr011 pumps 

5. .Steam generator level 

6. De11ineralized water storage tank level and t11111erature 

Initiating Signals for Automatic Control 

Not applicable - 111nual AFWS initiation 

Testing 

The auxiliary feedwater PUIIPS, ste111 inlet valves, and controls are 

tested monthly by isolating PIIIIP discharge and starting PUIIP fr011 the 

control roo• and checking discharge pressure. This Sllll test fs 

performed following return of system to Dperation after 111intenance. 

A flow test of the auxiliary feedwater puiiiJls is perf.or~~ed annually. 

Valve position is veri.fied monthly and the active valves are cycled 

quarterly. All valvaaactive and •anual ,are cycled annually and the 

stroke times of the active valves verified. 
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The controls for all valves are used during valve testing for control 

operability check. 

Technical Specifications 

The reactor shall not be critical (except for determination of "just 

critical" rod position and low power tests at or below 10 percent of 

full power) unless the following conditions are met: 

1. One steam driven auxiliary feedwater pump available 

2. A minimum of SO,OOO gallons in the demineralizer water storage 

tank and an additional 80,000 gallons in the primary water 

storage tank. 

3. System piping and valves directly associated with the above 

components operable. 

Licensee is planning to convert to standard Technical Specifications 

and communications with NRC have been started in this regard. In a 

letter dated June 1, 1979 "in response to Bulletin 79·06A, the licensee 

submitted a license amendment request proposing more comprehen~ive 

technical specifications to further assure the availability of the 

AFW system. The proposed changes include a requirement that both AFW 

pumps be operable when the reactor is critical and a provision that 

limits the time that one AFW pump train can be inoperable, Tha proposed 

change is currently under staff review. 
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Re~iability Analysis 

Dominant Failure Modes 
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LOFW with Offsita Power Available 

The principal dominant failure 1111des include two single failures 

associated with human .failure. One fa a hllllln failure to restore to 

open, following a 11aintenance action, the suction 11ne valve fro• the 

demineralized storage water tank. The second fa the human failure to 

initiate the AFWS upon evidence of need. The latter contributor is 

reduced t9 10111 extent due to recent NRC Bulletin 79-0&A tor operator 

personnel specifically dedicated for AFWS initiation. 

Other dominant failure 110des include failure to reopen valves in both 

of two syste•s, and long tel'll allowable 11111intenance in one pump 

system combined with hardware or h1111an failure associated with thP 

other pump system. 

LOFW with Loss of Offsite·Power 

Same' as above. 

LOFW with Loss of Offsite and Onsite AC 

The dominant failure is loss of both pumps due to lack of lube oil cooliaa 

fr~ loss of all AC. 
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Interdependencies 

The principal interdependenci'es noted are the common valve in the 

storage tank line and the AC dependence for cooling of the steam 

driven pumps. 

Recommendations for this Plant 

The ~hort-term recommendations (bcith generic, denoted by 65, and plant· 

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (both generic, 

denoted by GL, and plant-specific) recommendations identifi.ed in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or as soon thereafter as 1s practicable. 

Short Term 

1. Recommendation GS·l ·The licensee should propose* modifications 

to the Technical Specifications to limit the time period that 

one AFW system pump and its associated flciw ·train and essential 

instrumentation can be inoperable. The outage time limit and 

subsequent action time should be as required in current Standard 

Technical Specifications; i.e., 72 hours and 12 hours, respectively. 

"As discussed in Section 5.15 the licensee has proposed Technical Specification 
modifications for AFW system which are currently under review by the staff. 
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2. Reco-ndatfon GS·2 • The licensee should lock open single 

valves or multiple valves in series in the AFW syst .. pump 

suction piping end lock open other .single valves or IIUltfple 

valves in series that could interrUP,} all AFW flow. Monthly 

inspections should be perfonaed to verify that these valves ere 

locked and in the open position. These inspections should be 

incorporated into the surveillance requi re•nts of the p lent 

Technical Specifications. See Reca.endatfon GL·2 for the 

longer terM resolution of this concern. 

3. Recommendation GS·4 • Ellllrgency procedures for transferring to 

alternate sources of AFW supply should be 

available to the plant operators. These procedures should 

include criteria to infol'lll the operators when, and in what 

order, the transfer to alternate water sources should take 

place. The following cases should be covered by the procedures: 

0 

0 

The case in which the primary water supply is not initially 

available. The procedures for this case should include. any 

operator actions required to protect the AFW systeM pumps 

against self-damage before water flow is initiated; and, 

The case in which the primary water supply is being depleted. 

.. The procedure for this case should provide for transfer to 

the alternate water sources prior to drainina of the priury 

water .supply. 
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4. Recommendation GS·S • The as-built plant should be capable 

of providing the required AFW flow for at least two hours 

from one AFW pump train independent of any alternating 

currant power source. If manual AFW system initiation or 

flow control is required following a complete loss of 

alternating current power, emergency procedures should be 

established for manually initiating and controlling the 

systu under these conditions. Since the water for cooling 

of the lube oil for the turbine-driven pwnp bearings lilY be 

dependent on alternating current power, design or procedural 

changes shall be made to eliminate this dependency as soon 

11 practicable.* Untfl thfs is dona, the amargency procedures 

should provide for an individual to be stationed at the 

turbi ne·dri ven pump in the event of the 1 oss of all alternating 

currant power to monitor pump baari ng and/or 1 uba oil 

temperatures. If necessary, this operator would operate 

the turbine-driven pump in an on·off mode untfl alternating 

currant power fs restored. Adequate lighting powered by 

direct current power sources and c011111uni catf ons at 1 ocal 

stations should also be provided if manual initiation and 

control of the AFW system is needed. 

>r As noted in Section 5.1.3, the licensee fs proceeding with AFW system IDOdifications 
to provide cooling of the turbine driven AFW pump lube oil which is indepandant of 
a 1 ternat i ng current power. 
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5. Recommendation GS-6 - The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or 111intenance as follows: 

0 

0 

Procedure should be implHintad to require an operator to 

detarm,na that the AFW syst111 valvas ara properly a11gnad 

and a second operator to indepandantly verify that tha 

valves are properly aligned. 

The licensee should propose Technical Specifications to 

·assure that prior to plant startup following·an utendad 

cold shutdown, a flow test would be performed. to verify the 

normal flow path fro11 the priury A~:W systlll water source 

to the staH genaritors. The flow test should be conducted 

with AFW syste• valves in their norul alignMent. 

6. Reco11111endation GS·S • The licensee should install a systlll to 

automatically initiate AFW systu flow. This system need not be 

safety-grade; however, in the short-term, it should 111et the 

criteria listed below, which are ailllila:r to Ito 2.1. 7a of 

NUREG-0578. For the longer tann, the automatic initiation 

signals and circuits should be upgraded to •et safety-grade 

requirements as indicated in Rec01111endation GL·s. 

0 

0 

The design snould provide for the autoutic initiation of 

the auxiliary feedwater system flow. 

The autoutic initiation signals and circuits should be 

dasignad so that a singla failure wfll not result in the 

loss of auxiliary feedwater systlll function. 
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J.3 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

0 The initiatir.•ol signals and circuits should be powered from 

the emergency buses. 

0 Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

0 

0 

Any alternating currant motor-driven p1111ps and val vas in 

the auxiliary faadwatar system should be included in the 

automatic actuation (simultaneous and/or sequential) of the 

1 oads to the emergency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual capability to initiate the AFW system from the 

contra 1 room. 

7. Recommendation -

•• According to Haddam Neck surveillance procedure No. 5.1-13, 

the monthly operational check of the auxiliary feedwater 

pumps is currently performed by closing a manual valve in 

the common discharge header of both pumps, i so let i ng the 

normal flow path of the auxiliary fee~ater system. A 

parallel flow path fl available by manual operation from 

the control room through 110tor operated valve MDV-35. The 

X.5.3.2 
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monthly pump test should be perfol'llld by isolating the 

pumps individually such that one PIIIIP is always available 

for normal AFW system operation. When the systa11 is con

verted to automatic operation, then the existing procedure 

will heve to be changed to individual pu.p isolation tests 

to allow automatic inftfatfon. 

b. According to Haddu Neck surveillance procedure No. 5.1-14, 

the annual flow capaci~ test of the AFW puaps is currently 

perforaed either at power or in hot standby. During the 

test temporary piping is connected to a valved flange in 

the eDMOn discharge header to divert flow away fi'OII the 

no!'llll flow paths and direct it to the yard sewers via the 

temporary piping. This diverts flow fr01 both AFW puaps 

while the isolation valve in the flange connection fl open. 

Thfl test should not be conducted when the plant is at 

power since both AFW PUIIIPS' avaflabilf~ is affected. 

Additional Short-Term Rec011111endatfons 

The following additional short-term recOtllllendations ~sulted fi'OII the 

staff's Lessons Learned Task Force reviaw end the Bulletins and Orders 

Task Force reviaw of AFW syste•s at Babcock & Wilcox-designed operating 

plants subsequent to our reviaw of the AFW system designs at ~ and 

C·E-designed operating plants. They have not been exuined for specific 

applfcabilf~ to this fac111~. 



15 

1. Recommendation - The licensee should provide /edundant level 

indications and low level alarms, in the control ro~m for the 

AFW system primary water supply to allow the· operator to anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow at least 

2D minutes for operator action, assuming that the largest· 

capacity AFW pump is operating. 

2. Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Following 

the 72-hour pump run, the pumps should be $hut down and cooled 

down and then restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 

within design limits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qualification 

limits for safety related equipment in the room. 

3. Recommendation - The licensee should implement the fdllowing 

requirements which are specified b.v Item 2.1.7.b on page A-32 of 

NUREG·D578: 

"Safety-grade indication of auxiliary feedwater flow to each 

steam generator shall be provided in the control room. 

" 0 
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The auxiliary feedwater flow instr111ent channels shall be 

powered from the eniergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systas Branch 

Technical Position lD-1 of the Standard Review Plan, 

Section 1D. 4. 9." 

4. Reca.aandation - Licensees with plants which require a local 

unutl realigraent of valves to conduct periodic tests on one 

AFW system train !!!!! which have only one reuining AFW train 

available for operation, should propose Technical Spacifica· 

tions to provide that a dedicated individual who is in co•unica· 

tion with the control room ha stationed at the manual nlvea. Upon 

instruction fro11 the control room, this operator 'would re-align 

the valves in the AFW system train fr011 the test 110de to its 

operational align'"'nt. 

Long Tel'lll 

Long-tel'lll reco~~~~endatio.ns for i1111roving the systu are as follows: 

1. Rec0111111ndation - GL-2 • Licensees with plants in wh1ch all 

(primary and alternate) water supplies to the AFW systems pass 

through valves iri a single flaw path should install redundant 

parallel flow paths (piping and valves). 
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Licensees with plants in which the primary AFW system water 

supply passes through valves in a single flowpath, but the 

alternate AFW system water supplies connect to the AFW system 

pump suction piping downstream of the above valve(s), should 

install redundant valves parallel to the above valve(s) or 

provide autoliatic opening of the valve(s) from the alternate 

water supply upon low pump suction pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspa.ctions to verify the valve positions. 

2. Recommendation- GL-5 - The licensee should upgrade the AFW 

system automatic initiation signals and circuits to meet safety

grade requirements. 

3. Recommendation - There is a common crossconnect line with no 

isolatio·n valves between the two parallel flow paths on the 

5/G' s. A break in this section cannot be isolated in the present 

design and the total system would be unavailable. It is 

recommended that some modific;ations be made (such as isolation 

valves) to provide isolation when necessary and assure a means 

of supplying AFW flow following isolation of such a break. The 

licensee has begun design plans to add a motor driven pump to 

the system. The licensee should introduce the flow from this 

third pump in such a manner that a break in this crossconnect 
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line will not result in the loss of all pumps. Also the licensee 

should 1) install the third pump with appropriate valves in the 

pump discharge line connections to ••t the high energy line break 

cdt.ria in Sill' 10 •. 4.9 alld Branch technical Polition ASB 1D-1; 

n-ly, to Mintafn the capability to supply the required AFW 

flow to the steam generators with a postulated pipe break aoywhere 

in the AFW PIIIIP discharge lines plus a single active failure, or 

2) describe how the plant can be brought to a safe shutdown 

condition by use of other available syst .. s following such a 

postulated event. 

4. The AFW system itself is not designed to withstand a passive 

failure at all points within the syst... A pipe break in a 

normally pressurized portion of the AFW syst• can be isolated 

by operation of manual valves outside the control room. An 

alternate flow path to all four S/G's would be available fol

lowing such isolation. The .ator driven main faedwater pUlps 

niay also be available in this event since no transient should 

result to cause a loss of non-vital power. For the •- reason~ 

the main feed pumps may also be available following a break in 

any portion of the AFW system that is not normally pressurized 

evan though the AFW systelll could be di sab 1 ld. Further review • 

including the •ain feedwater system and tiM available for 

operator action~hould be conducted to dater.ine if thi' design 

has protection equivalent to today's requirements (pipe break 
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and single active failure). This review is being conducted as a 

part of Systematic Evalu.ation Program (SEP). 

5. The Systematic Evaluation Program (SEP) will re-evaluate the 

plant with regard to 

a. internally and externally generated missiles, pipe whip and 

jet impingement quality and seismic design requirements 

earthquakes, tornadoes, floods and failure of nonessential 

systems 

b. the possible need for automatic termination of feedwater 

flow to a depressurized steam generator and providing flow 

to the intact steam generator(s). This is accomplished by 

the contro 1 room operator. 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
~ystem Flo1·1 Recui rements 

As a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate r~~oval of reactor 

decay heat are nqt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in_ establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cool down 

5) Turbine trip with and without bypass 

6l Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

1 0) Other transient or accident conditions not listed above 
that require AFW for mitigation 

b. Describe the plant protection. acceptance criteria and corres

ponding technical.bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (POR\' or safety valve actuation) 

-Fuel temperature or damage limits (DNB, PCT, maxi~um fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool dQwn the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered in l.a. abovl 

including: 

a. Maximum reactor power {including instrument error·allowance) 

at the time of the initiating transient or accident, 

b. Time delay from initiating event to retctor trip. 
• 

c. Plant parameter(s) which initiates AFW$ flow and time delay 

between initiating event and introduction of AAO~ flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event· 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat. 

rate used. 
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f. ~la>:imum pressure at which steam is released from steam generator(s) 

and a·gainst 1·1hich the AFW pump must develop sufficient head. 

g. 11inimum number of steam generators that must receive AFII' flow; 

e.g. 1 out of 2?, 2 aut of 4? 

~. RC flow condition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AF\o/ inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact ~team 

generator{s). AFW pump flow capacity allowance to acc011111odate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken for primary system•heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between steam generator{s) and AF\o/S connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondary system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the.steam generator(s) as determined by items 1 and 2 

above considering a single failure. ldentffy the margin in sfzin9 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20&1!15 
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"'l!K«et No. 50-247 

Mr. William J, Cahill, Jr. 
Vice-President 
Consolidated Edison Company 

of New York, Inc. 
4 Irving Place 
New York, New York 10003 

Dear Mr. cahill: 

November 7, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEOWATER SYSTEMS 1-.T INDIAN POINT 
NO. 2 NUCLEAR POWER PLANT 

The purpose of this letter is to advise you of our recuirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins anc Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements ar'e of two types, ( 1) generic 
requirements applicable to most· Westinghouse-designed operatin_g plants, and 
(2) plant-specific requirements applicable only to the subjec facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule an·d conrnitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task For:ce. Such requir~en-:.s are those resulting 
from our review of the loss-of-feedwater event and ':.he small break loss-of-coolant 
accident as described in the Westinghouse report wc;.?-9600, "Report on Small 
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Mr. William J •. Cahill - 2 - November 7, .1979 

Break Accidents for Westinghouse NSSS System.• Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enc 1 os ures : 
As stated 

'incerely, 

\ \ ' ( y--
'+a .. vs tf !t rLt!)Jtl)) __ 

Darrell G. d~ennut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. W111iam J. Cahill, Jr. 
Conso11dated Edison Company of New York, Inc. • 3 • November 7, 1979 

cc: Whitt Plains Public Library 
100 Martine Avenue 
White Plains, New York 10601 

Joseph D. Block, Esquire 
Executive Vice President 

Administrative · 
Consolidated.Edison Company 

of New York, Inc. 
4 Irving P1 ace 
New York, New York 10003 

Richard Remshaw 
Nuclear Licensing Engineer 
Consolidated Edison Company 

of New York, Inc. 
4 Irving Place 
New York, New York 10003 

Anthony z. Reisman 
Natural Resources Defense Council 
917 15th Street, N.W. 
Washihgton, D. c. 20005 

Dr. Lawrence R, Quar1 es 
Apartment 51 
Kendal at Longwood 
Kennett Square, Pennsylvania 19348 

Theodore A. Rebe1owski 
u. s. Nuclear Regulatory Conmission 
P. 0. Box 38 
Buchanan, New York 10511 

John D. O'Toole 
Assistant Vice President 
Consolidated Edison Company 

of New York, Inc. 
4 Irving Place 
New York, New York 10003 
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ENCLOSURE 1 

INDIAN POINT 2 & 3 

AUXILIARY FEEDWATER SYSTEM (AFWS) 

System Description 

Configuration • Overall Design 

A simplified drawing of the AFW systems for Units 2 and 3 are shown in 

Figures 1 and Z respectively. The system is basically the same for 

both units, although there are differences in the actuation system 

and diesel generators. The system consists of one turbjne-driven 

pump (capacity 800 gpm at 1350 psia) and two motor-driven p1111ps, each 

with a capacity of 400 gpm at 1350 psia. A flow of 200 gpm to each 

of two out of four steam generators (SG) ·fs required for safe 

shutdown. Indian Point Unit Z and 3 steam generators would boil dry 

in approximately 35 minutes and 24 minutes respectively without any 

feedwater flow, assuming a reactor trip. 

The AFW water supply consists of a primary source, a secondary source, 

and a long-range source. The primary source is one seismic Category I 

condensate storage tank with a total capacity of 600,000 gallons. Of 

this total volume, 360,000 gal. is dedicated for AFWS use. When the 

water level in the condensate storage tank reaches the 360,000 gal. 

low value, a valve automatically closes isolating the condensate 

storage tank outlet from all other systems. The secondary water 

source is a 1.5 million gal. city water storage tank which 

is shared between Units 2 & 3. This backup water supply can be 
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manually initiated from the control room. The long range water source 

is the city water supply. Each motor-driven AFW pump supplies water 

to two steam generators. The turbine-driven pump is headered to 

supply all four steam generators. Motive steam to the turbine-driven pump 

is from two steam generators; the piping configuration is such that 

either one or both of these steam generators can provide steam to the 

turbine-driven pump. The AFW system is automatically actuated, but the 

operator has to control flow rate to the steam generators remote-manually. 

Components - Design Classification 

The components of the AFWS for IP-2 and IP-3 are classified seismic 

Class I. The motor-driven pumps and AFW system instrumentation 

and controls are supplied from Class lE power sources, except for 

IP-2 flow control valves (see Section 7.1.4.1 below). 

Power Sources 

In IP-2 and IP-3, the motor-driven pumps receive power from indepen

dent AC emergency buses. Pneumatic-operated · alves in the steam inlet 

1 ine to the turbine-driven pump and the AFW flow paths receive 

power as noted in Figures 1 and 2 and as discussed below. 

Instrumentation and Controls 

Controls 

The AFWS is automatically initiated. Flow control to the four steam 

generators is through eight 1-ir-operated valves located on the dis

charge side of the pumps, which are normally 351 opeP. After actuation 
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of the =w pumps, level in the SGs 11 ufntained nanually fr011 the 

control room by positioning the flow control valves. Each valve can 

be positioned from the control room via electric/air converters. 

Each motor-driven auxiliary FW pump has discharge flow paths to two 

steam generators, each provided with a valve position controller. The 

turbine-dirven pump has discharge flow paths, each provided with a valve 

position controller. Air to these valves is from a c0111110n header which 1s 

supp 1 i ed by independent air coiiiJ)ressors powered from seoarate emergency 

diesel generators. The air SUJ1ply to the valves is backed up by an 

emergency high pressure nitrogen (bottle) system. 

In IP-3, the valve position controllers associated with one motor-

driven pump (31) and the turbine-driven pump receive power from 

independent safety grade instrument buses with backup battery inverters. 

T~e controllers associated with the remaining motor-driven pump currently 

receive power from a safety grade instrument bus. However, the licensee 

has indicated that a design modification is in progress to supply 

this bus with a battery inverter system. 

In IP-2, all the valve position controllers receive power from the 

same non-safety grade bus, but fail open on loss of power. (See short 

term recommendation #7.) 

In addition to remote control from ~he control room, all of the AFW 

pumps and regulating valves can be operated locally in the auxiliary 

feedwater building. All regulating valves are equipped with manual 

operators and equalizing valves for the control air to take the 



X.7.1.4.2 

X.7.l.4.3 

- 4 -

pnuemat ic operators out of service. lith the local steam generator 

level indication noted in X.7.1.4.2. the level _.111 each of the steam 

generators can be maintained and controlled from the aux11 i ary feedwater 

building without any assistance from the control room. 

Information Available to Operator 

System information available to the operator in the control room to 

assess the performance of the auxiliary feedwater system is as follows: 

Pump on-off-auto trip 1 ights 

Aux feedwater flow path centro 1 va 1 ves position i ndi cation 

Primary source water level indication and alarm 

IP-2 and 3 secondary source high and low water level alarm (alarms 

located only in IP-2 control room.} 

Aux FW flow indication to each steam senerator 

Steam genera tor 1 eve 1 s 

Initiating Signals for Automatic Operation 

IP-3 

The auxiliary feedwater pumps are automatically started on receipt of 

any of the following signals: 

Steam Driven Feedwater Pump 

l) 2/3 low-low water level in any 2/4 SGs 

2) Loss of offsite power concurrent with a main turbine-generator 

trip 
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Motor-Driven Feedwater Pumps 

l) 2/3 Low-Low Water Level in any one ste11111 generator 

2) 

3) 

Loss of either main feed pump 

Safety injection trip signal 

4) Loss of offsite power concurrent with a main turbine-generator 

trip 

IP-2 

Steam Driven Feedwater Pump 

l) 

2) 

2/3 Low-Low Water Level in any 2/4 SGs 

Loss of offsite power concurrent with a main turbine•generator 

trip. 

Motor-Driven Feedwater Pumps 

l) 2/3 Low-Low Water Level in any one steam generator 

2) Loss of either main feed pump 

3) 

4) 

Safety injection trip signal 

Loss of offsite power concurrent with a main turbine-generator 

trip 

Main steam or main feedwater line bruk isolation is accomplished 

automatically in IP-2 and IP-3. 

The design of the AFWS does not have the capab11 i ty to automatically 

terminate feedwater flow to a depressurized steam generator and 

provide flow to the intact steam generator. This h accomplished by 

the opera tor. 
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Testing 

The AFWS is tested periodically in accordance with the following 

Technical Specification requirements: 

Indian Point 2 Specification - Testing Requirements 

l. a Each motor-driven au•ili ary feedwater pump will be started at 

intervals not greater than every month with full flow established 

to the steam generators once every refueling. 

2. 

b The steam turbine driven auxiliary feedwater pump will be started 

at intervals not greater than six months with full flow established 

to the steam generators once every refueling. 

The au• i1 i ary feedwater pumps discharge va 1 ves will be tested by 

operator action at intervals not greater than s;. months. 

These tests shall be considered satisfactory if control board 

indication and subsequent visual observation of the equipment 
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Technical Specification 

The limiting conditions of operation for Indian Point 2 and 3 AFWS 

are contained in the following Technical Specifications: 

Indian Point 2 - Specification 

A. The reactor shall not be heated above 350°F unless the following 

condi.tion are met: 

(1) A minimum ASME code approved steam-relieving capability of 

twenty (20) main steam valves shall be operable (except fOr 

testing). 

(2) Two of the three au•i 11ary feedwater pumps must be operabl,, 

(3) A minimum of 360,000 gallons of water in the condensate 

storage tanks and a backup $Upply from the city water 

supply. 

(4) System piping and valves directly associated with the above 

demonstrate that all components have operated properly. components operable. 

Indian Point 3 - Specification - Testing Requirements 

l. a Each au•i 1 i ary feedwater pump wi 11 be started manually from the 

control room at monthly intervals with full flow established to 

the steam generators once every refuel i n·g. 

b The au•il iary feedwater pumps discharge valves will be tested by 

operator action at intervals not greater than six months. 

Backup supply valves from the city water system will be tested 

once every refue 1 i ng. 

2. .. Acceptance levels of performance shall be that the pumps start, 

reach their required developed head on recirculation flow, and 

operate for at least fifteen minutes. 
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B. 

(5) The main steam stop valves are operable and capable of 

closing in five seconds or less. 

(6) The total iodine activity of I-131 and I-133 on the second•ry 

side of the steam generator shall be 1 ess than or equal to 

0.15 ~Ci/cc. 

If during power operations any of the conditions of 3.4.A above 

can not be met within 48 hours the operator shall start to 

shutdown and cool the reactor below 350°F using normal operatinq 

procedures. 
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Indian Point 3 - Specification 

A. 

B. 

The reactor shall not be heated above 350"F unlus the following 

condition are met: 

(1) A minimum ASME code approved steam-relieving capability of 

twenty (20) main steam valves shall be operable (except for 

testing). 

(2) Two of the three auxiliary feedwater pumps must be operable. 

(3) A minimum of 360,000 gallons of water in the condensate 

storage tank. 

(4) System piping and valves directly associated with the above 

components operable. 

(5) The main steam stop valves are operable and capable of 

closing in five seconds or less. 

(6) Two steam generators capable of performing their heat 

trans fer function. 

(7) City water system piping and valves directly associated 

with providing backup supply to the auxiliary feedwater 

pumps are operable. 

If during power operations any of the conditions of 3.4.A above 

can not be met within 48 hours the operator shal. start to 

shutdown and cool the reactor below 3SO"F using normal operating 

procedures. 

Reliability Evaluation 

Dominant Failure Modes 
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"''ss of MFW with offsite power available 

The dominant failure mode for this t'ransient is the failure to provide 

sufficient water to the suction of the AFWS pumps. There are two 

manual valves in the supply line from the condensate storage tank; 

the inadvertent closure of either of these valves cuts off this water 

supply. In the event of an AFWS demand, operator action would be 

required to either open the closed valve (locally) or to manuallv 

open the valves in the supplv line from the alternate water sources 

(city water) before pump damage occurs. Thus the dominant 1'a1lul'fl mnd11 h the 

human error of inadvertently closing 1 valve in the CST supply line, 

coupled with the failure of the operator to manually reopen the 

closed valve or open the va]ves from the backup water supply. 

A second important failure mode was also noted in this evaluation. 

The Indian Point Technical Specifications and LCOs require only that 

two of the three AFWS be operable, thus allowing the possibility that 

one train could be out of service indefinitely. This, in effect, 

reduces a three train system to a two train system, and thus reduces 

the predicted AFWS reliability to some degree. Revision of the 

Technical Specifications/LCOs to the present requirements (in the 

standard Technical Specifications) would make this failure mode much 

lus significant. 

Loss of MFW with only onsite AC power available 

Because the dominant failure modes discussed above are not dependent 

on the source of AC power (onsite or offsite), these modes are also 

dominant for this transient event. 
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Loss of MFW with only DC power _;~vailable 

In this transient, loss of both offsite and onsite AC power is postulated 

to occur, so that the AFWS is reduced to only the steam-driven 

pump train. Thus failures in this train alone would be sufficient to 

fail AFWS, for this transient. The dominant failure mode for this 

case is that the train is out of service for maintenance, for the 

reason that current Technical Specifications and LCOs specify no time 

limit that the train could be out of service. Thus the revision of 

the Technical Specifications and LCOs mentioned for the above cases 

also would be of significant benefit for this case, 

Principal Dependencies 

The principal dependency found in this analysis 1s.-as discussed 

above, the manual valves located in the feedwater supply line corrmon 

to all AFWS pumps and the possible unlimited outage of one pump. 

Recommendations for this Plant* 

The short-term recorm1endations (both generic, denoted by GS, and plant-specific) 

identified in this section represent actions to improve AFW system 

realiability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading 

of Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term recorrmendations 

(both generic, denoted by GL, acd plant-specific) identified in this 

section involve system design evaluations and/or modifications to 

improve AFW system reliability and represent actions that should be 

implemented by January 1, 1981, or as soon thereafter as is practicable. 

* Recorrmendations apply to IP-2 and 3 unless otherwise stated. 
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Short-Term 

1. Recommendation GS-1 - The 1 i censee should propose modi fi cations 

to the Technical Specifications to 1 imit the time that one AFW 

system pump and its associated flow train and usentill instrumen-

tation can be inoperable. The outage time lfmit and subsequent 

action time should be as required in current Standard Technical 

Specifications; f. e., 72 hours and 12 hours, respectively. 

2. Recommendation GS-2- The licensee should lock open single 

valvu or multiple valves in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

inspections should be performed to verify that these valves are 

locked and in the open position. These inspections should be 

proposed for incorporation into the surveillance requirements of 

the plant Technical Specifications. See Recommendation GL-2 for 

tho longer term resolution of this concern. 

3. Recommendation GS-3 - The licensee has stated that it throttles 

AFW system flow to avoid water hammer. The li~ensee should 

reexamine the practice of throttling AFW system flow to avoid 

water hammer. 

The licensee should verify that the AFW system will supply on 

demand sufficient initial flow to the necessary steam generators 

to ossure adequate decay heat removal following loss of main 
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feedwater flow and a reactor trip from 100% power. In cases 

where this reevaluation results in an increase in initial AFW 

system flow, the licensee should provide sufficient information 

to demonstrate that the required initial AFW system flow will 

not resu 1 t in p 1 ant damage due to water hammer. 

Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures shouls include criteria to inform 

the operator when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures; 

The case in which the primary water supply is not 

initially available. The procedures for this case 

should include any operator act·ions required to 

protect the AFW system pumps against self-damage 

before water flow is initiated; and, 

The case in which the primary water supply is being 

depleted. The procedure for this case should provide 

for transfer to the alternate water sources prior to 

draining of the primary water supply. 

Recommendation GS-6- The licensee should confirm flow path 

available ability of ·an AFW system flow train that has been out 

of service to perform periodic testing or maintenance as follows: 

6. 
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Pracedures should be inoplemented to require an operator 

to determine that the AFW system valves are properly 

a 1 i gned and a second operator to independently verify 

that the valves are properly aligned. 

The licensee should propose Technical Specifications 

to assure that prior to plant startup following an 

extended co 1 d shutdown, a f1 ow test would be performed 

to verify the norma 1 flow path from the primary AFW 

system water source to the steam generators. The flow 

test should be conducted with AFW system valves in 

their normal alignment. 

Recommendation GS-7 - The 1 i censee should veri fl( that the automatic 

start AFW system signals ans associated circuitry are safety-grade. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic 

initiation sginals and circuits should be upgraded to meet 

safety-grade requirements as indicated in Recommendation GL-5. 

The design should provide for the automatic initiation 

of the auxiliary fe11dwater system flow. 

The automatic initiation signals and circuits should 

be designed so that a single failure will not result 

in the loss of auxiliary feedwater system function. 

Testability of the initiation signals and c1rcuits 

shall be a feature of the design. 
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The initiation signals and circ~ts sl>ould be powered 

from the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and 

should be implemented so that a single failure in the 

manual circuits will not result in the loss of system 

function. 

The alternating current motor-driven pumps and valves 

in the auxiliary feedwater system should be included 

in the automatic actuation (simultaneous and/or sequen

t i a 1) of the 1 oads to the emergenci buses. 

The automatic initiati'on signals and curcuits shall be 

designed so that their failure will not result in the 

loss of manual capability to initiate.the AFW system 

from the control room. 

Indian Poi nt 2 

7. Recommendation - The pneumatic-operated valves in the steam 

supply line to the turbine-driven AFW pump, and all of the oneumatic

operated AFW flow con.trol valves derive their power fr,om the same 

non-safety grade bus. Although these valves· are designed to fail 

open upon the loss of air or power, ther~~y assuring auxiliary 

feedwater flow to the steam generators ·llpon suc·h 1 osses, it 

cannot be concluded that all failures will result in opening the 

va 1 ves. The consequences o'f voltage degradation should be 

analyzed as well as other failures (e.g., restricted air. flow) 
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to assure that such events would not fncapacftate the auxflfary 

feedwater system the lfcensee should establfsh suftable -raPncv 

procedures to assure AFWS functinn fnr o111:h events. 

Additional Short-Term Recommendations 

The following additional short-term reconnendaticms resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and 

Orders Task Force review of AFW systems at Babcock & Wilcox-designed 

operating plants subsequent to our review of the AFW system designs 

at !!· and C-E-designed operating plants. They have not been exemfned 

for specific applicability to this facility. 

1. 

2. 

Recommendation - The licensee should provide redundant level 

indications and low level alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an altern•te water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow at least 

20 minutes for operator action, assuming that the largest capa· 

city AFW pump is operating. 

Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous period 

of operat!on has not been accompolished to date. Following the 

72-hour pump run, the pumps should be shut down and cooled down 

and then restarted and run for one hour. Test acceptance criteria 
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should include demonstrating that the pumps amain within design 

limits with respect to bearing/bearing oil temperatures and 

vibration and that pump room ambient conditions (temperature, 

humidity) do not exceed environmental qualification limits for 

safety-related equipment in the room. 

3. Recommendation- The licensee should implement the foTTowing 

4. 

requirements as specified by Item 2.1. 7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The aux11iary feedwater flow instrument channels shaTT be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Aux11iary Systems Branch 

Technical Position 10-1 of the Standard Review Plan, Section 

10.4.9 ... 

Recommendation - Licensees with plants which require local 

realignment of valves to conduct periodic tests on one AFW 

system train, !!!2 there Is only one remaining AFW train 

available for operatin should propose Technical Specification to 

provide that a dedicated individual who is in communication with 

the control room be stationed at the manual valves. Upon i nstruc-

tion from the control room, this operator would realign the valves 

in the !fFW system train from the test mode to its operational 

alignment. 

X. 7. 3. 3 
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Lona-Term 

Long-term recommendations for improving the system are as follows: 

1. 

2. 

3. 

Recommendation GL-2 - Licensees with plants in which all (primary• 

and alternate) water supplies to the AFW systems pass through 

valves in a single flow path should instaTT redundant parallel 

flow paths (piping and valves). 

Licensees with plants in which the primary AFW system water 

supply passes through valves in a single flow path, but· the 

alternate AFW system water supplies connect to the AFII system 

pump suction piping downstream of the ab.ove valve(s) should 

instaTT redundant valv~s parallel to the above va.Tve(s) or 

provide automatic opening of the valva(s) from the alternate 

water supply upon Tow pump suction pressure. 

The 1 icensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

Recommendation GL-5 - The licensee should upgrade the AFW system 

automatic initiation signals and circuits to meet safety-grade 

requirements. 

Recommendation - The two motor-driven pumps and the turbine 

driven pump are 1 ocated in the same room. The 11 censee shouT d 

evaluate the capability of the design to withstand a) environ

mental conditions (steam, flooding, pipe whip and jet impingement) 

resulting from a pipe break, b) internally generated missiles .. 
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The licensee should evaluate the postulated pipe breaks stated 

above and ( 1) determine any AFW system design changes or proce-

dures necessary to detect and isolate the break and direct the 

required feedwater flow to the steam generator(s) before they 

boi ld dry or (2) describe how the plant can be brought to a safe 

shutdown condition by use of other systems which would be available 

toll owing such postulated events. 

Indian Point 2 

4. Recommendation - Thi< is thP s•me cnncern a< that ~ddressed i~ 

short term recommendation number 7. 

The ·licensee should complete the modification described in Section 

7. 1. 4.1 above that will supply power to these centro 11 ers from 

separate safety grade buses. 
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ENCLOSURE 2 

Basis for Au xi 1 i ary Feedwater 
~ystem Flo1·1 Reoui rements 

As a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

de~ay heat are nqt well defined or documented. 

We require that yo~ provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 
events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

B) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not lfsted above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or safety valve actuation) 

- Fuel temperature or damage limits (DNB, PCT, maxir::um fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

coo 1 auw11 the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered in l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 

E-179 

- 3 -

f. Maximum pressure at which steam is released irom ste~m generator(s) 

and against ~lhich the AFW pump must develop sufficient hud. 

g. l~inimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow cendition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed' line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken foor primary system heat-removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between steam generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Ttme at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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Docket No.: 50-286 

Mr. George T. Berry 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 2011&1 

November 7, 1979 

General Manager and Chief Engineer 
Power Authority of the State of New York 
10 Columbus Circle 
New York, New York 10019 

Dear Mr. Berry: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT INDIAN POINT ~0. 3 
NUCLEAR POWER PLANT 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the c.ourse of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operatir· .. plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional ·information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Em;losure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff r.eview within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the 1 oss...'of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items_from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

'\incerely, , 

--Al.LLSi{ )~[~ikr 
Darrell G, Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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Mr. George T. Berry 
Power Authority of the State of New Y_ork • 3 • November 7, 1979 

cc: White Plains Public Library 
100 Martine Avenue 
White Plains, New York 10601 

Mr. Vito J, Cassan 
Assistant General Counsel 
Power Authoi1 ty of the 

State of New York 
10 Columbus Circle 
New York, New York 10019. 

Anthony z. Ro1sman 
Natural Resources Defense Council 
917 • 15th Street, N.w. 
Washington, D. C. 20005 

Dr. Lawrence D. Quarles 
Apartment 51 
Kendal at Longwood 
Kennett Square, Pennsylvania 19348 

Mr. George M, Wilverding 
Licensing Supervisor 
Power Authority of the 

State of New York 
10 Columbus Circle 
New York, New York 10019 

Mr. P. W. Lyon 
Manager· Nuclear Operations 
Power Authority of the 

State of New York 
10 Columbus Circle 
New York, New Y9rk 10019 

Mr. J, P. Bayne, Resident Manager 
Indian Point 3 Nuclear Power Plant 
P. Q, Box 215 
Buchanan, New York 10511 

Mr, J, W, Blake, Ph.D., Director 
Environmental Programs 
Power Authority of the 

State of New York 
10 Columbus Circle 
New York, New York 10019 

Theodore A. Rebel owski 
u. s. Nuclear Regulatory Commission 
P. o. Box 38 
Buchanan, New York 10511 
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ENCLOSURE 1 

INDIAN POINT 2 & 3 

AUXILIARY FEEDWATER SYSTEM (AFWSl 

System Description 

Configuration -Overall Design 

A simplified drawing of the AFW systems for Units 2 and 3 are shown in 

Figures 1 and 2 respectively. The system is basically the same for 

both units, although there are differences in the actuation system 

and diesel generators. The system consists of one turbine-driven 

pump (capacity 800 gpm at 1350 psia) and two motor-driven pumps, each 

with a capacity of 400 gpm at 1350 psia. A flow of 200 gpm to each 

of two out of four steam generators (SG) is required for safe 

shutdown. Indian Point Unit 2 and 3 steam generators would boil dry 

in approximately 35 minutes and 24 minutes respectively without any 

feedwater flow, assuming a reactor trip. 

The AFW water supply consists of a primary source, a secondary source, 

and a long-range source. The primary source is one seismic Category I 

condensate storage tank with a total capacity of 600,000 gallons. Of 

this total volume, 360,000 gal. is dedicated for AFWS use. When the 

water level in the condensate storage tank reaches the 360,000 gal. 

low value, a valve automatically closes isolattng the condensate 

storage tank outlet from all other systems. The secondary water 

source is a 1.5 million gal. city water storage tank which 

is shared between Units 2 & 3. This backup water supply can be 
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manually initiated from the control room. The long range water source 

is the city water supply. Each motor-driven AFW pump supplies water 

to two steam generators. The turbine-driven pump is headered to 

supply all four steam generators. Motive steam to the turbine-driven pump 

is from two steam generators; the piping configuration is such that 

either one or both of these steam generators can provide steam to the 
turbine-driven pump. The AFW system is automatically actuated, but the 

operator has to control flow rate to the steam generators remote~anually. 

Components - Design Classification 

The components of the AFWS for IP-2 and IP-3 are classified seismic 

Class I. The motor-driven pumps and AFW system instrumentation 

and controls are supplied from Class lE power sources, except for 

IP-2 flow control valves (see Section 7.1.4.1 below). 

Power Sources 

In IP-2 and IP-3, the motor-driven pumps receive power from indepen

dent AC emergency buses. Pneumatic-operated · alves in the steam inlet 

line to the turbine-driven pump and the AFW flow paths receive 

power as noted in Figures 1 and 2 and as discussed below. 

Instrumentation and Controls 

Controls 

The AFWS is automatically initiated. Flow control to the four steam 

generators is through eight air-operated valves located on the dis

charge side of the pumps, which are normally 35S open. After 'actuation 
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of the 'W pumps, level in the SGs 11 maintained nanually from the 

control room by positioning the flow control valves. Each valve can 

be positioned from the control room via electric/air converters. 

Each motor-driven au~iliary FW pump has discharge flow paths to two 

steam generators, each provided with a valve position controller. The 

turbine-dirven pump has discharge flow paths, each provided with a valve 

position contr.oller. Air to these valves is from a CORIIIOn header which is 

supplied by independent air compressors powered from seoarate emergency 

diesel generators. The air supply to the valves is backed up by an 

emergency high pressure nitrogen (bottle) system. 

In IP-3, the valve position controllers associated with one motor-

driven pump (31) and the turbine-driven pump receive power from 

independent safety grade instrument buses with backup battery inverters. 

The controllers associated with the remaining motor-driven pump currently 

receive power from a safety grade instrument bus. However, the licensee 

has indicated that a design modification is in progress to supply 

this bus with a battery inverter system. 

In IP-2, all the valve position controllers receive power from the 

same non-safety Qrade bus, but fail open on loss of power. (See short 

term recommendation #7.) 

In addition to remote control from the control room, all of the AfW 

pumps and regulating v&lves can be opera~ed locally in the au~iliary 

feedwater building. All regulating valves are equipped with manual 

operators and equalizing valves for the control air to take the 
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pnuematic operators out of a.rvice. ··lith the local steM generator 

level indication noted in X.7.1.4.2, the level 1n each of the steam 

generators can be maintained and controlled ~rom the auxiliary feedwater 

building without any assistance from the control room. 

Information Available to Operator 

System information available to the operator in the control room to 

assess the performance of the auxiliary feedwater system is as follows: 

Pump on-off-auto trip lights 

Au~ feedwater flow path control valves position indication 

Primary source water level indication and alarm 

IP-2 and 3 secondary source high and low water level alarm (alarms 

located only in IP-2 ~ontrol room.) 

Aux FW flow indication to each steam senerator 

Steam generator levels 

Initiating Signals for Automatic Operation 

IP-3 

The au~iliary feedwater pumps are automatically started on receipt of 

any of the following signals: 

Steam Driven Feedwater Pump 

1) 2/3 low-low water level i·n any 2/4 SGs 

2) Loss of offsite power concurrent with a main turbine-generator 

trip 
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Motor-Driven Feedwater Pumps 

1) 2/3 Low-Low Water Level in any one steam generator 

2) 

3) 

Loss of either main feed pump 

Safety injection trip signal 

4) Loss of offsite power concurrent with a main turbine-generator 

trip 

IP-2 

Steam Driven Feedwater Pump 

1) 2/3 Low-Low Water Level in any 2/4 SGs 

2) Loss of offsite power concurrent with a main turbine-generator 

trip. 

Motor-Driven Feedwater Pumps 

1) 2/3 Low-Low'Water Level in any one steam generator 

2) Loss of either main feed pump 

3) 

4) 

Safety injection trip signal 

Loss of offsite power concurrent with a main turbine-generator 

trip 

Main steam or main feedwater line break isolation is accomplished 

automatically in IP-2 and IP-3. 

The design of the AFWS does not have the capability to automatically 

terminate feedwater flow to a depressurized steam generator and 

provide flow to the intact steam generator. This is accomplished by 

the operator. 

X.7.1.5 

E-1811 

- 6 -

Testing 

The AFWS is tested periodically in accordance with the following 

Technical Specification requirements: 

Indian Point 2 Specification - Testing Reguire .. nts 

1.a Each motor-driven auxiliary feedwater pump will be started at 

intervals not greater than every month with full flow established 

to the steam generators once every refueling. 

2. 

b The steam turbine driven auxiliary feedwater pump will be started 

at intervals not greater than six months with full flow established 

to the steam generators once every refueling. 

c The auxiliary feedwater pumps discharge valves will be tested by 

operator action at intervals not greater than six months. 

These tests shall be considered satisfactory if control board 

indication and subsequent visual observa~ion of the equipment 

demonstrate that all components have operated properly. 

Indian Point 3 - Specification - Testing Requirements 

l.a Each auxiliary feedwater pump will be started manual.ly from the 

control room at monthly intervals with full flow established to 

the steam generators once every refueling. 

2. 

b The auxiliary feedwater pumps discharge valves will be tested by 

operator action at intervals not greater than six months. 

c Backup supply valves from the city water system will be tested 

once every refueling. 

Acceptance levels of performance shall be that the pumps start, 

reach their required developed head on recirculation flow, and' 

operate for at least fifteen •inutes. 
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Technical Specification 

The limiting conditions of operation for Indian Point 2 and 3 AFWS 

are contained in the following Technical Specifications: 

Indian Point 2 - Specification 

A. 

B. 

The reactor shall not be heated above 350°F unless the following 

condition are met: 

(1) A minimum ASME code approved steam-relieving capability of 

twenty (20) main steam valves shall be operable (except for 

testing). 

(2) Tw? of the three auxiliary feedwater pumps must be operable. 

(3) A minimum of 360,000 gallons of water in the condensate 

storage tanks and a backup supply from the city water 

supply. 

(4) System piping and valves directly associated with the above 

component5 operable. 

(5) The main steam stop valves are operable and capable of 

closing in five seconds or less. 

(6) The total iodine activity of 1-131 and 1-133 on the secondary 

side of the steam generator shall be less than or equal to 

0.15 ~Ci/cc. 

If during power operations any of the conditions of 3.4.A above 

can not be met within 48 hours the operator shall start to 

shutdown and cool the reactor below 350°F using normal operating 

procedures. 
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Indian Point 3 - Specification 

A. 

B. 

The reactor shall not be heated above 350°F unless the followi.ng 

condition are met: 

(1) A 'minimum ASME code approved steam-relieving capability of 

twenty (20) main steam valves shall be operable (except for 

testing). 

(2) Two of the three auxiliary feedwater pumps must be operable. 

(3) A minimum of 360,000 gallons of water in the condensate 

storage tank. 

(4) System piping and valves directly associated with the above 

components operable. 

(5) The main steam stop valves are operable and capable of 

closing in five seconds or less. 

(6) Two steam generators capable of performing their heat 

transfer function. 

(.7) City water system piping and valves directly associated 

with providing backup supply to the auxiliary feedwater 

pumps are operable. 

If during power operations any of the'conditions of 3.4.A above 

can not be met within 48 hours the operator shall start to 

shutdown and cool the reactor below 350°F using .normal operating 

procedures. 

Reliability Evaluation 

Dominant Failure Modes 
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Loss of MFW with offsite power available 

The dominant failure mode for this transient is the failure to provide. 

sufficient water to the suction of the AFWS pumps. There are two 

manual valves in the supply line from the condensate storage tank; 

the inadvertent closur,e of either of these valves cuts off thfs water 

supply. In the event of an AFWS demand, operator action would be 

required to either open the closed valve (locally) or to manuallv 

open the valves in the supply line from the alternate water sources 

(city water) before pump damage occurs. Thus the dominant faflurP. mndP. h the 

human error of inadvertently closing a valve in the CST supply line, 

coupled with the failure of the operator to manually reopen the 

closed valve or open the valves from th~ backup water supply. 

A second important failure mode was also noted in this evaluation. 

The Indian Point Technical Specifications and LCOs require only that 

two of the t,hree AFWS be operab 1 e, thus a 11 owing the pass i bil i ty that 

one train could be out of service indefinitely. This, in effect, 

reduces a three train system to a two train system, and thus reduces 

the predicted AFWS reliability to some degree. Revision of the 

Technical Specifications/LCOs to the present requirements (in the 

standard Technical Specifications) would make this failure mode much 

less significant. 

Loss of MFW with only onsite AC power available 

Because the dominant failure modes discussed above are not dependent 

on the source of AC power (onsite or offsite), these modes are also 

dominant for this transient event. 
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Loss of MFW with only.OC power available 

In this transient, loss of both offsite and onsite·AC power is postulated 

to occur, so that the AFWS is reduced to only the steam-driven 

pump train. Thus failures in this train alone would be sufficient to 

fail AFWS, for this transient. The dominant failure mode for this 

case is that the train is out of service for maintenance, for the 

reason that current Technical Specifications and LCOs specify no time 

limit that the train could be out of service. Thus the revision of 

the Technical Specifications and LCOs mentioned for the above cases 

also would be of significant benefit for this case. 

Principal Dependencies 

The principal dependency found in this analysis is, as discussed 

above, the manual valves located in the feedwater supply ·line common 

to all AFWS pumps and the possible unlimited outage of one pump. 

Recommendations for this Plant* 

The short-term recommendations (both generic, denoted by GS, and plant-specific) 

identified in this section represent actions to improve AFW system 

realiability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading 

of Technical Specifications or estabJishing procedures to avoid or mitigate 

potential system or operator failures. The long-term recommendations 

(both generic, denoted by GL, and plant-specific) identified in this 

section involve system design evaluations andVor modifitat1ons to 

improve AFW system reliability and represent actions that should be 

implemented by January 1, 1981, or as soon thereafter as is practicable. 

* Recommendations applf( tq IP.-2 and 3 unless otherwise stated. 
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Short-Term 

1. 

2. 

3. 

Recommendation GS-1 - The licensee .should propose modifications 

to the Te~hni~al Specifications to limit the time that one AFW 

system pump and its associated flow train and essential instrumen

tation can be inoperable. The outage time limit and subsequent 

action time should be as ·required in current Standard Technical 

Specifications; i.e., 72 hours and 12 hours, respectively. 

Recommendation GS-2 - The licensee should lock open single 

valves or multiple valves in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

inspections should be performed to verify that these valves are 

locked and in the open position. These inspections should be 

proposed for incorporation into the survei 11 ance requirements of 

the plant Technical Specifications. See Recommendation GL-2 for 

the longer term resolution of this concern. 

Recommendation GS-3 - The licensee has stated that it throttles 

AFW system flow to avoid water hammer. f.he, licensee should 

reexamine the practice· of throttling AFW system flow to avoid 

water hammer. 

The licensee should verify that the AFW system will supply on 

demand sufficient initial flow to the necessary steam generators 

to assure adequate decay heat removal following loss of main 

4. 

!i. 
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feedwater flow and a reactor trip from 1001 power. In cases 

where this reevaluation results in an increase in initial AFW 

sy~tem flow, the licensee shou.ld provide sufficient infonnation 

to demonstrate that the required initial AFW system flow will 

not result in plant damage due to water hammer. 

Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures shouls include criteria to inform 

the operator when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

The case in which the primary water supply is not 

initially available. The procedures for this case 

should include any operator actions required to 

protect the AFW system pumps against self-damage 

before water flow is initiated; and, 

The case in which the primary water supply is being 

depleted. The procedure for this case should provide 

for transfer to the alternate water sources prior to 

draining of the primary water supply. 

Recommendation GS-6 - The licensee should confirm flow path 

available ability of an AFW system flow train that has been 04t 

of service to perform periodic testing or maintenance as follows: 
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Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and 1 second operator to independently verify 

that the valves are properly aligned. 

The licensee should propose Technical Specifications 

to assure that prior to plant startup following an 

~xtended cold shutdown, a flow test would be performed 

to verify the normal flow path from the primary AFW 

system water source to the steam generators. The flow 

test should be conducted with AFW system valves in 

their normal alignment. 

Recommendation GS-7 - The licensee should verify that the automatic 

start AFW system signals ans associated circuitry are safety-grade. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic 

initiation sginals and circuits should be upgraded to meet 

safety-grade requirements as indicated in Recommendation.GL-5. 

The design should provide for the automatic initiation 

of the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should 

be designed so that a single failure will not result 

in the loss of auxiliary feedwater system function. 

Testability of the initiatio~ signals and circuits 

shall be a feature of the design. 
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The initiation signals and circuita should be powered 

from the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room ahould ba retained and 

should be implemented so that 1 single failure in the 

manual circuits will not result in the loss of system 

function. 

The alternating current motor-driven pumps and valve• 

in the auxiliary feedwater system should be included 

in the automatic actuation (simultaneous and/or sequen· 

tial) of the loads to the emergency buses. 

The automatic initiation signa~s and curcuits shall be 

designed so thit.their failure will not result in the 

loss of manual capability to initiate the AFW system 

from the control room. 

Indian Point 2 

7. Recommendation - The pneumatic-operated valves in the steam 

supply line to the turbine-driven AFW pump, and all of the oneumat1c

operated AFW flow control valves derive their power from the same 

non-safety grade bus. Although these valves are designed to fa11 

open upon the loss of air or power, thereby assuring auxiliary 

feedwater flow to the steam generators upon such losaes, 'it 

cannot be concluded that all failures will result in opening the 

valves. The consequences of v~ltage degradation should be 

analyzed as well 11 other failures (e.g., reatricted air flow) 

~ 



X.7.3.2 

- 15 -

to assure tha' such events would not incapacitate the auxiliary 

feedwater system the licensee should establish suitable emeraPncv 

procedures to assure AFWS function fnr •w:h events. 

Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and 

Orders Task Force review of AFW systems at Babcock & Wilcox-designed 

operating plants subsequent to our review of the AFW system designs 

at ~- and C-E-designed operating plants. They have not been examined 

for specific applicability to this facility. 

1. 

2. 

Recommendation - The licensee should provide redundant level 

indications and low level alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow at least 

20 minutes for operator action, assuming that the largest capa

city AFW pump is operating. 

Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous period 

of operation hes not been accompolisheQ to date. Following the 

72-hour pump run, the pumps ~hould be shut down and cooled down 

and then restarted and run for one hour. Test acceptance criteria 

3. 

4. 
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should include demonstrating that the.pumps remain within design 

limits with respect to bearing/bearing oil temperatures and 

vibration and that pump room ambient conditions (temperature, 

humidity) do not exceed environmental qualification limits for 

safety-related equipment in the room. 

Recommendation- The licensee should implement the following 

requirements as specified by Item 2.1. 7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch 

Technical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

Recommendation -•Licensees with plants which require local 

realignment of valves to conduct periodic tests on one AFW 

system train, ~ there is only one remaining AFW train 

available for operatin should propose Technical Specification to 

provide that a dedicated individual who is in communication with 

the control room be stationed at the manual valves. Upon instruc

tion from the control room, this operator would realign the valves 

in the AFW system train from the test mode to its operational 

alignment. 
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Long-Term 

Long-term recommendations for improving the system are as follows: 

l. ~ecommendation GL-2 - Licensees with plants in which all (primary 

and alternate) water supplies to the AFW systems pass through 

valves in a single flow path should install redundant parallel 

flow paths (piping and valves). 

Licensees with plants in which the primary AFW system water 

supply passes through valves in a single flow path, but the 

alternate AFW system water supplies connect to. ~he AF\1 system 

pump suction piping downstream of the above valve(s) should 

install redundant valves parallel to the above valve(s) or 

provide automatic opening of the valve(s) from the alternate 

water supply upon low pump suction pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

2. Recommendation GL-5 - The licensee should upgrade the AFW system 

automatic initiation signals and circuits to meet safety-gra~e 

requirements. 

3. Recommendation - The two motor-driven pumps and the t~rbine 

driven pump are located in the same room. The licensee should 

evaluate the capability of the design to withstand a) environ

mental conditions (steam, flooding, pipe whip and jet impingement) 

resulting from a pipe break, b) internally generated missiles. 
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The licensee should evaluate the postulated pipe breaks stated 

above and (1) determine any AFW'system design changes or proce

dures necessary to detect and isolate the break and direct the 

required feedwater flow to the steam generator(s) before they 

boild dry or (2) describe how the plant can be brought to 1 safe 

shutdown condition by use of other systems which would be available 

following such postulated events. 

Indian Point 2 

4. Recommendation - Thi~ is thP. s~me cnncern a~ that ~ddressed in 

short term recommendation number 7. 

The licensee should complete the modification described in Section 

7.1.4.1 above that will supply power to these controllers from 

separate safety grade buses. 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
!oystem Flow Reaui rements 

A~ a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requ1rements for 

flow to the steam generatar(s) to assure adequate removal of reactor 

decay heat are nQt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage limits (ONB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool do~n the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient. or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify ·reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is released from steam generator(s) 

and against which the AFW pump must develop sufficient he~d. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition • continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ pri~ary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal. sensible heat 

used for cooldown and AFW flow sizing. 

n. Tfme at hot standby and time to cooldown RCS to RHR system cut 

fn temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. Identify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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~:_ -~0,. UNITED STATES 

f •. ,., S NUCLEAR REGULATORY COMMISSION 
~ '·· .. . .• :: ~ W-'SHINGTON. D. C. 201551 

~· ~""'~ I "'~ ,.,..,,.. .. ~ September 21 , 1979 

Docket No.: 5Q-305 

Mr. Eugene R. Mathews, Vice-President 
Power Supply and Engineering 
Wisconsin Pub! ic Service Corp!)ration 
P. o. Box 1200 
Green Bay, Wisconsin 54305 

Dear Mr. Mathew$: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT KEWAUNEE PLANT 

The purpose of this letter is to advise you of our requirements for the 
auxi1iary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders· Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements app11cable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information· such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bullet-ins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System.• Our specific concerns include 
systems re11a~il ity (other than the auxilfary feedwater system)', analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, fn separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review, 

Enc 1 os ures : 
As stated 

~incerely, 

~rw1M Ct_ c;;~,J.o .. I:-
Darrell G. E1~nhut, Acting Director 
Division of Qperating Reactors 
Office of Nuclear Reactor Regulation 



Mr. Eugene R. Mathews 
Wisconsin Public Service Corporation 

cc: Steven E. Keane, Esquire 
Foley and Lardner 
777 East Wisconsin Avenue 
Milwaukee, Wisconsin 53202 

Kewaunee Public Library 
822 Juneau Street 
Kewaunee, Wisconsin 54216 

Stanley LaCrosse, Chairman 
Town of Carl ton 
Route 1 
Kewaunee, Wisconsin 54216 

- 3 - SeRtember 21, 1979 
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ENCLOSURE 1 

x.a (W) KEWAUNEE 

AUXILIARY FEEDWATER SYSTEM 

X.S. 1 System Description 

X.8.1.1 . Configuration, Overall Design 

Figure 1 is a simplified flow diagram of the Kewaunee auxiliary feedwater 

system (AFWS). The Kewaunee AFWS design includes three auxiliary feed

water pumps, two motor driven and one turbine driven,which supply feed

water to two steam gener~tors. All three pumps are normally lined up to 

take suction from the non-safety grade condensate st~rage tan~~ through a 

common header. A redundant sef~mio Category I source of water is ava11-

able to the pump suction from the service water system. Each train of the 

service water system will supply one motor driven pump, and both service 

water trains can supply the turbine driven pump. A failure in the common 

pump suction header will not affect this supply since the service water is 

connected directly to the individual pump suctions. All operations to 

connect the service water system are done from the control room via safety 

grade equipment. 

The motor driven pump discharge lines are cross connected downstream of 

the AFW control valves. There are two normally open motor operated valves 

(DC powered) in the·crossconnect line with the turbine driven P4MP dis

charge connected between the two valves. Manual operation from the control 
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room is available to separate the headers or direct the turbine driven 

pump discharge to a specific steam generator. This is accomplished by 

closing one or both of the cross connect isolation valves. 

Each motor driven pump (240 gpm) has its own air operated flow control 

valve located at the pump discharge. These valves are normally open and 

fail open on loss of air. Each of the three pumrs has an individual 

normally open manual isolation valve at the pump discharge. There is no 

flow control valve for the turbine driven pump which operates at full flow 

capacity continuously on demand (240 gpm). 

There are no other valves in the flowpath between the pumps and the steam 

generators other than a check valve at each pump discharge and a check 

valve in each of the two discharge lines at the main feedwater system 

connection. 

There are two condensate storage tanks (capacity 75,000 gallons each). Technical 

specifications require at least 75,000 gallons ~otal be available when the 

reactor is above 350°F or the plant must be cooled down below 350° within 

48 hours. One condensate tank is normaily lined up to the AFW system 

suction, with the other tank is used for normal secondary system demands. 

Each motor pump uses a startup lube oil pump, powered from the same 

electrical train as that of the pump. The turbine driv~n start-up 
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lube oil pump is d-e powered such that the turbine driven train is 

independent of A-C power. Electrical interlocks are provided such that a 

pump will not start unless its respective lube oil startup pump develops 

sufficient lube oil pressure. Once up to speed, lube oil can be supplied 

by. shaft driven lube oil pumps independent of the startup system: While 

running, a loss of lube oil pressure will result in a pump trip. 

X.S. 1.2 Components, Design Classification 

The condensate storage tank is classified non-safety grade and· non-seismic 

Category I. The AFW piping, valves and pumps are classified safety Class I 

and seismic Category I. All safety systems at Kewaunee, including the 

reactor coolant system, are classified safety C·lass l and have the same quality 

assurance requirements. Steam generator level indication, valve 

position indication and all control equipment are safety grade. The rest 

of the system instrumentation is non-safety grade. 

X.S. 1.3 Power Sources 

The valves which initiate steam flow to the turbine driven pump are 

operated by a safety grade d-e power supply. These are the normally open 

motor operated isolation valves from the steam lines and a normally closed 

motor operated valve at the turbine inlet. Each motor driven pump receives 

power from separate emergency A-C buses capable of being supplied by the 

diesel generators. 
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The normally open flow control valves from each motor driven pump are air 

operated and fail open on loss of air. Control power is from the same 

emergency bus as its respective pump. The cross connect isolation valves 

are D-C powered motor operated valves supplied by safety related D-C buses. 

All instrumentation and controls associated with t::e auxiliary feedwater 

systems are powered from onsite electrical syste~s. 

X.S. 1.4 Instrumentation and Controls 

X.8.1.4.1 ~ 

The Kewaunee AFW design has a minimum number of control features because 

of the small number of valves associated with the system. These control 

are: 

1) Motor Driven Pump Start/Stop Switches 

2) Turbine driven Pump Steam inlet valve open/close for start and 

stop operations 

3) Modulation Control of AFW flow control valves for motor driven 

pumps from full open to full closed 

4) Open/Close control of discharge header cross connect isolation 

valves (each isolation valves will also isolate turbine pump 

discharge from individual steam generators). 

5) Open/Close control of turbine steam isolation valves which 

isolate turbine from main steam lines. 

6) Open/Close control of servic: water system isolation valves to 

AFW pump suctions. 
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All controls are located in the control room. Steam generator level will 

normally be controlled by mOdulating the flow control valves on the discharge 

of the motor driven pumps. The turbine driven pump will deliver full flow 

when operating and will be secured manually from the control room if flow 

to generators is more than necessary. 

X.S~ 1.4.2 Information :Available to Operator 

The following alarms and indications are available to the operator in the 

contro 1 room: 

I. Indication 

1) System Actuation Light - Actuates when motor is energized with 

· sufficient pump discharge pressure. (Both signals necessary) 

2) Discharge Pressure for each pump 

3) Flow rate to each steam generator 

4) Condensate storage tanks level indication 

5) Steam Generator Level 

6) Valve position indication for steam valves to turbine, feedwater 

control valves, crossconnect isolation valves and service water 

system supply to AFW isolation valves. 

II. Alarms (Turbine Pump) 

1) Steam inlet valve open to turbine coin~ident with low lube oil 

pressure to turbine driven pump 

2) Steam inlet valve open coincident with low discharge pressure at 

turbine driven pump 
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3) Steam isolation valve (either of two) from main steam system to 

turbine header not open 

4) Turbine thrott 1 e valve • not open 

5) Discharge valve not open • either of two crossconnect isolation 

valves 

6) Valve Control Power • In pullout position (cannot actuate valve 

at steam inlet) 

III. Alarms (Motor Driven pumps) 

1) Breaker closed coincident with low lube oil pressure 

Z) Breaker closed Low Discharge Pressure 

3) Breaker in pull out • Pump cannot be started 

4) ·Breaker open coincident·with auxiliary feeclwater control valve 

closed. 

X.S. 1.4.3 Initiating Signals for Automatic Operation 

I. Motor Driven Pumps 

1) Safety Injection Signal 

Z) Loss of Bus Voltage (Loss of Dffsfte Power - LOOP) 

3) Low·Low Level in either steam generator-two out of three detectors 

4) Tripping of Both Main feeclweter pumps. (Motor Driven Main Feed 

Pumps • Signal taken from contact on circuit breaker) 
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II. Turbine Driven Pump 

1) Low-Low level in both steam generators-2 out of 3 detectors 

2) Loss of Voltage on both 4·KV busses (Reactor Coolant PUIIP and" 

Mafn F.eeclwater Pump supply bus) 

All pumps can be manually started from the control room and will auto· 

matfcally supply full flow to steam generators when 'started. 

The main feeclwater PUIIIJI trip au.tomatic start of the 1110tor driven auxiliary 

feeclwater pumps is bypassed during startup by breaker "pull out" switch in 

contro 1 room. 

X.8.1.5 Testing 

Pump operability is tested once per month, by closing the auxiliary feeclwater· 

control valves and manual isolation valve at pump discharge and verifying 

discharge pressure whfl e reef rcul at i ng to the condensate storage tank. 

This same test also verifies valve operability. The service water syst111 

isolation valves to the auxiliary feedwater pumps are cycled quarterly to 

yerify operability. 

X.8.1.6 . Technical Specifications 

Limiting conditions for Operation with regard to the auxiliary feedwater 

system are: 
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1) The reactor shall not be above 350°F unless the following conditions 

are met. 

a) Two of three AFW pumps are operable 

b) System piping·and valves for 2 pump trains·are available 

c) Minimum of 75,000 gallons of water_ is available in the 

condensate storage tanks and the service water system is capable 

of delivering an unlimited supply from Lake Michigan. 

2) If, when the reactor is above 350°F, any of the above conditions ar~ 

not met within 48 hours, the reactor shall be shutdown and cooled to 

below 350° using normal operating procedures. 

X.8.2 Reliability Evaluation 

X.8.2.1 Dominant Failure Modes 

The dominant failure modes are expressed for three transient situations. 

Success· criterion is the ~peration of at. least one of the three pump 'trains. 
• ..:.....! 

LOFW with Offsite Power ANailable 

The unreliability of the AFWS during this type of transient is dominated --------
by two types of failure ~ombinations. The first involves initiation of the' 

=-=-- . ··-------- -

AFW pumps with inadverterit closure, and delayed discovery of the manual 

valves in the CST supply•line combined with human failure to switch to the 

service water source. 
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The second failure combination type is based on maintenance outages 

combined with hardware failure. The Kewaunee technical specification 

permits unlimited-outage of one of the three subsystems and permits outage 

or test of a second system for up to 48 hours prior to a required 

shutdown. 

LOFW With Loss of Offsite Power but With Onsite AC Power Available 

The conditional unreliability of the AFWS during this type of transient is 

dominated by the same failure mode as in the previous section with a more 

significant contribution from the triple hardware failure. In this situation 

failure of one of the two electrical loops can come from partial (one 

train) failure of onsite power. 

LOFW with Loss of All AC, DC Available 

The conditional unreliability of the AFWS during this type of transient is 

dominated by the test and maintenance contribution by the turbine driven 

pump train. Since only the turbine driven pump train is useable under 

these conditions, unlimited possible outage of that train makes a -high 

probability for AFWS outage possible. 

X.8.2.2 Interdependencies 

None noted. 

X.8.3 Recommendations for.this Plant 

The short-term recommendations (both generic, denote~ by GS, and plant

specific) identified in this section represent actions to improve AFW 
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system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (both generic, 

denoted by GL, and p·lant-specific) recommendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or· as soon thereafter as is practicable. 

X.8.3. 1 Short-Term 

1. Recommendation GS-l - The licensee should propose modifir .• tions to 

the Technical Specifications· to limit the time that one AFW system 

pump and its associated flow· train and essential instrumention can be 

fnoperable. The outage time limit and subsequent action time 

should be as required in current Standard Technical Specifications; 

i.e., 72 hours and 12 hours, respectively. 

2. Recommendation GS-2 -The licensee should lock open single valves or 

multiple valves in series in the AFW system pump suction piping and 

lock open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

to verify that these valves are locked and in the open position. 

These inspections should be proposed for incorporation into the 

surveillance requirements of the plant Technical Specifications. See 

Recommendation GL-2 for the longer-term resolution of this concern. 
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. 
· 3. Recommendation GS-4 - Emergency procedures for transferring to alternate 

4. 

sources of AFW supply should be availabl~ to th~ plant operators; These 

procedures shoyld include criteria to inform the operator 

when, and in what order, the t~ansfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 

e The case in which the primary water sul)ply fs not fn1tfl11y 

available. The procedures for this case should include any 

·operator actions requf red to protect the AFW system PIIIIPI 

against self-damage before water flow fs initiated~ .and, 

e ·The case in. which the primar,y water supply fs being depleted. 

The procedure for thfs case should. Rrovide for transfer to 

the alternate wate~sources prior to draining of the pri .. r,y 

water supply. 

Recommendation GS-6 • The licensee should confirm flow path avail

ability of an AFW &ystem flow train that has been out of service to 

perform periodic testing or maintenance as follows: 

e Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 
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• The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW~ystem water 

source to the steam generators. The flow test shou·ld be 

conducted with AFW system valves in t.heir normal alignment. 

5. Recommendation GS-7 - The Hcensee should verify that the automatic 

start AFW system signals and associated circuitry are safety-grade. If 

th.is cannot be verified, the AFW system automatic initiation system ihould 

be modified in the short-term to meet the functional requirements listed 

below •. For the 1·onger term; the automatic initiation signals and circuits 

should be upgraded to meet safety-grade requirements as indicated. in 

Recommendation GL-5. 

, The des1gn should provide for the automatic initiation of the 

auxiliary feedwater system flow. 

'The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the loss 

of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

be a feature of the design. 

The initiation signals and circuits should be. powered from the 

emergency buses. 
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Minual capability to initiate the auxiliary feedwater system 

from the control .room should be retained and should be 

implemented so that a single failure in the manual circuits 

will not result in the loss of system fUnction. 

The alternating current motor-driven pumps and valves in .the 

auxiliary feedwatar system should be included in the automatic 

actuation (simultaneous andtor saquentia1) of the loads to th• 

emergency buses. 

• The automatic initiation signals and circuits shall be designed 

so that their failure w111 n.ot result in the loss ~f manual 

capability to 1nt1ate the AFW system from the control roam. 

X.8.3.2 Additional Shsrt Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems:at Babcock • Wilcox-designed operating 

plants subsequent t' our review of the AFW syJtem designs at !- and C-E

designed operating plants. They have not been examined for specific 

applicability to this facility. 
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Recommendation -The licensee should provide redundant level in~ 

d1~ati'Ont and_ low level alarms in the control room for the AFW . 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition from occurring. 

The low level alarm setpoint should allow at least 20 minutes 

for operator action, assuming that the largest capacity AFW pump 

is operating. 

2. Recommendation - The licensee should perform a 72-hour endurance test 

on all AFW system pumps, if such a test or continuous period of 

operation has not been accomplished to date. Following the 72-hour 

pump run, the pumps should be shut down and. cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain within design limits with 

respect to bearing/bearing oil temperatures and vibration and that 

pump room ambient conditons (temperature, humidity) do not exceed 

environmental qualification limits for safety-related equipment in 

the room. 

3. Recommendation -The licensee should implement the following 

requirements as specifi~d by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be ~rovided in the control room. 
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The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses :consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation - Licensees with plants which l"equire local manual 

realignment of valves to conduct periodic tests on one AFi system 

train !!!.!! which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon instruction from the control 

room,· this operator would re-align the valves in the AFW system trai~ 

from the test mode to its operational alignment. 

X.B.3.3 Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation GL-2- Licensees with plants in which all (primary 

and alternate) water supplies to the AFW systems pass through 

valves in a single flow path should install redundant parallel 

flow paths (piping and valves). 
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Licensees with pl~ts in which the primary AFW system water supply 

passes through valves in a single flow path, but the alternate 

AFW system water supplies connect to the AFW system pump suction 

piping downstream of the above valve(s), should install redundant 

valves parallel to the above valve(s) or provide automatic opening 

of the valve(s) from the alternate water supply upon low pump suction 

pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

2. Reconmendation - GL-4 - Licensees having plants with unprotected normal 

AFW system water supplies should evaluate the design of their AFW systems 

to determine if automatic protection of the pumps is necessary following· 

a seismic event or a tornado. The time available before pump damage, 

the alarms and indications availabie to the control room operator, and the 

t1me necessary for assessing the problem and tak.ing acUon should be considerec 

tn determining whether operator acti-on can be relied on to prevent 

pump damage. Consideration should be given to providing pump protection 

by means such as automatic swttchover of the pump suctions to the altern~te 

safety-grade source of water, automati.c pump tri.ps on low suction. 

pressure or upgr8,d1ng the normal source of water to meet ~ei.smic 

Category I and tornado protection requirements. 
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3. Recommendation • GL-5 - The licensee ~h_ould .~pgrade the AFW 

system automatic initiation signals and circuits to meet 

safety-grade requirements. 



ENCLOSURE 2 

Basis for Auxi 1 i ary Feed~tater 
~ystem Flow Requirements 

As a result of recent staff revi l!'::s o'f operating pi ant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFI~S requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are not well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1} Loss of Main Feed (IJ.IFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

g) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should ·address plant 

limits such as:. 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn 1.1. above 

including: 

a. Maximum reactor power (fncludfng instrument error allowance) 

at the tfme of the initiating transfent"'r;.aoc:fden~. 

b. Time del~ from initiating event to reactor trip. 

c. Plant pa~ameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory ani!"_ depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. ~la>:imum pressure at which steam is released from steam generator(s) 

and against whjch the AFII pump must develop sufficient head. 

g. 11inimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition- continued_operation of RC pumps or natural 

circulation. 

f. Maximum AFW inlet temperature. 

j. Following a postula~d steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain m"inimum steam generator water level. 

Also identify credit taken foT primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to t.he steam ~enerator(s) as,determined by iterns 1 and 2 

above considering a single failure. Identify the margin in sizing 

the pump f~ow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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Docket No.: 50-338 

Mr. w. L. Proffitt 
Senior Vice-President - Power . 
Virginia Electric and Power Company 
P. o. Box 26666 
Richmond, Virginia 23261 

Dear Mr. Proffitt: 

September 28, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT NORTH ANNA 
POWER STATION, UNIT 1 

The purpose of this l~tter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were. identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and . 
(2) plant-specific requirements applicable only to the subject facility, 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation·and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirtl days df receipt of t~is letter. Also, this schedule should indicate 
your ijate for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time • 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns 
include systems reliability (other than the auxiliary feedwater system), 
analyses, guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As Stated 

'\ 

S,incerely,, (- . • 

, I J -"'>· . . '. I J I I 1 .• ..----- ff(l 1 I''·\ 11· i[.t 
D; Eisenhut, Acting ·o?recthr 
Division of Operating Reactors 
Office of Nuclear.Reactor Regulation 
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Mr. W. L. Proffitt 
Virginia Electric and Power Company - 2-

cc: Mr. Anthony Gambardella 
Office of the Attorney General 
11 South 12th Street- Room 308 
Richmond, Virg-inia 23219 

Richard M. Foster, Esquire 
·1230 A Pearl Street 
Denver, Colorado 80203 

Michael W. Maupin, Esquire 
Hunton, Williams, Gay and Gibson 
P. 0. BoX 1535 
Richmond, Virginia 23212 

Mrs. June A 11 en 
412 Owens Drive 
Huntsville, Alabama 35801 

~1r. James Torson 
501 Leroy 
Socorro, New Mexico 87801 

t1rs. Margaret Dietrich 
Route 2, Box 568 
Gordonsville, Virginia 22042 

Ellyn R. Weiss, Esquire 
Sheldon, Harmon, Roisman and Weiss 
1725 I Street, N.W., Suite 506 
Washington, D. c. 20006 

Mr. James C. Dunstan 
State Corporation Commission 
Commonwealth of Virginia 
Blandon Building 
Richmond, Virginia 23209 

t~r. A. D. Johnson, Chairman 
Board of Supervisors of Louisa County 
Trevillians, Virginia 23170 

September 28, 1979 

Mr. Hichael s. K,dd i 
U. s·. Nuclear Regulatory Cl)r:lmiss1on 
P. 0. Box 128 ' 
Spotsylvania, Virginia 22S53 

Director, Technical Assessment Divisic 
Office of Radiation Programs (AW-459) 
u. s. Environmental Proteqtion Agency 
Crystal '·lall 112 ; 
Arlingt"n, Virginia 2046~ 

U. s. Environmental Prote¢tion Agency 
Region Ill Office 
ATTN: EIS COORDINATOR 
Curtis Building 
6th and Walnut Streets 
Philadelphia, Pennsylvani!a 19106 

Alderman Library 
Manuscripts Department 
University of Virginia 
Charlottesville, Virginia 22go1 

Mr. Edward Kube 
Board of Supervisors 
Louisa County Courthouse 
P. 0. Box 27 
Louisa, Virginia 23093 

Mr. J. B. Jackson, Jr. 
Commonwealth of Virginia 
Council on the Environment 
903 Ninth Street Office Building 
Richmond, Virginia 2~129 

Mr. Paul W. Purdom 
Environmental Studies Institute 
Drexel University 
32nd and Chestnut Streets 
Philadelphia, Pennsylvania 19104 
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cc: Alan s. Rosenthal, Esquire 
Atomic Safety and Licensing Appeal Board 
u. s. Nuclear Regulatory Commission 
Washington, 0. c. 20555 

Michael c. Farrar, Esquire 
Atomic Safety and Licensing Appeal Board 
u. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 

Dr. John H,' Buck 
Atonic Safety and Licensing Appeal Board 
U. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 

.Atomic Safety and Licensing Board Panel 
U. s. Nuclear Regulatory Commission 
Washington, D. c. 20555 
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ENCLOSURE 1 

NORTH ANNA UNIT 1 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to 

the steam generators (SG) for reactor coolant system sensible and 

decay heat removal when the normal feedwater system is not available .. 

The AFWS can be utilized during certain periods of normal startup and 

shutdowns, in the event of malfunctions such as loss of main feed· 

water flow, loss of offsite power and also. in the event of an accident. 

The AFW system is automatically initiated upon receipt of the following 

signals: low steam generator level, safety injection, loss of offsite 

power, and main feed pump trip. 

The AFWS is shown in simplified form in Figure 1 attached. The 

system consists of two motor driven pumps (3A, 3B), and one steam 

driven turbine pump (2). Each motor driven pump has a design flow of 

350 gpm, the turbine driven pump has a design flow of 700 gpm but is 

orfice limited to 350 gpm when pumping in the normal lineup to SG·A. 

Taps from each main steam line at a point upstream of the main steam 

isolation valves provide the source of steam to the turbine. The 

motor driven pumps are connected to separate emergency power buses 
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(Class lE). Normally the pumps take suction from the 110,000 gallon 

emergency condensate storage tank. This provides 8 hours of operation 

for decay heat removal. The emergency condensate storage tank is 

desJgned to seismic Category I requirements and is protected from 

tornado missiles. An additional supply of 300,000 gallons is 

available from a non-seismic condensate·make-up storage tank. In 

addition to the 300,000 gallon supply, an unlimited supply of water 

is available from the seismic Category I service water and fire 

protection systems which are supplied from Lake Anna and the spray 

cooling pond, which is seismic Category I designed. 

Referring to Figure 1, each pump is lined up normally to a specific 

steam generator; pump 38 to SG B, 3A to SG C and 2 to SG A. The 

pumps can be aligned to other steam generators in the event of line 

breaks, pump failures, etc., by positioning the manual control valves 

to suit. AFW flow to steam generator C is normally remote manually 

controlled by an air operated valve. AFW flow to steam generators A 

and B is similarly manually controlled by an AC motor operated valve 

in each Sf!pply line. In the_ event of loss ot' offsite and onsite AC 

power, re~lignment of manual valves is necessary to supply AFW flow 

to all steam generators from the turbine-driven pump. The instrument 

air supply system, for the air operated AFW flow control valves, 

includes a 16.7 cu. ft. accumulator tank charged to 100 psig. This 

capacity is sufficient to operate the air operated valve(s) from 

30 minute~ "to 8 hours depending on frequency of valve adjustment. 

X.9.1.2 

X.9. 1.3 

X.9.1.4 
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Component Design Classification 

The turbine pump train and motor pump trains (110,000 gallon tank, 

pumps, valves, motors, piping, service water and fire protection 

systems) are seismic Category 1 and tornado missile protected, 

designed to Quality Group C. (Class lE for electrical equipment). 

The 300,000 gallon condensate make up tank is non-seismic. 

Power Sources 

The motor driven pumps and motor operated valves are supplied from 

the Class lE A-C emergency buses which may be powered by the diesel 

generators, 3A from Emergency Bus lH, 38 from emergency -bus lJ. The 

steam admission valves for the turbine pump are air-operated using 

DC solenoids and are energized from the emergency battery buses. 

Instrumentation and Controls 

The instrumentation and Control power supplies are from the 120 VAC 

vital bus system. There are 4 vital buses, each supplied by an 

inverter from the 125 VDC power system. The motor driven·pump 

breaker controls are powered .from the 125 VDC power system provided 

from the Class lE emergency DC buses. 

Controls 

Steam generator level is controlled remote manually from either the 

Main Control Room (MCR) or the Auxiliary Shutdown Panel (ASP) with 

safety grade instrumentation provided (level and flow indications). 
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The valves in the water flow lines to the steam generators consist of 

three motor operated valves from one header and three air operated 

valves from the other header. Any pump can supply either header by 

operating manual valves in the pum~s discharge. (For normal alignment 

refer to Section X.9. 1. 1.) The air operated valves are n~rmally open 

and fail open on loss of power, the MOVt He norma"lly open and fail 

as-is on loss of power. The MOVs or air operatPd val~es are positioned 

by the operator to maintain proper level in the steam generators. 

The steam admission valves to the turbine are air operated, normally 

closed and fail open. These valves can. be controlled from the MCR or 

ASP. 

Information Available to the Op!~ 

The following indications ar~ dvailable at both operating stations 

except. as noted. 

1. 

2. 

3. 

4. 

Position indication of the MOVs and air operated valves 

Flow, gpm to each steam generator (Main Control Board (MCB)) 

only 

Pump Current and Voltage (MCB only) 

Steam Pressure to Aux feed pump turbine (MCB Only} 

5. 5team Generator Levels 

6. 

7. 

Pump Discharge and suction pressures (MCB only) 

Breaker (motor driven pumps) position 

B. Condensate storage tank level tmergency 
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Initiating Signals for Automatic Operations 

The following s_ignals start the pump moto•• and open the steam con

trol valves to the turbine: 

1. 

2. 

3. 

Steam generator water level, low-low in any steam generator (2 

out of 3 signals) 

Safety Injection signal* (Delay of 35-60 seconds on Motor driven 

pumps) 

Loss of offsite power 

4. Main Feed pump trip (loss of all Main feed pumps) 

5. Manual 

Testing 

The systems are tested periodically in accordance wit.h tech spec 

requirements. The frequency of periodic testing is 31 days. In 

addition, the particular system is tested in accordance with the 

technical specifications after performing system maintenance. The 

systems are tested using the recirculating lines, with various plant 

parameters noted. (Suction and discharge pressure, etc.) The 

instrumentation systems are _checked periodicaily, fn accordance with 

the technical specifications, on a per shift, m.onthly or refueling 

time frame basis. 

~rce-,s no delay of the S.I. signal to the turbine driven pump control. 
The reason for the delay in the motor driven pump control circuit is to 
limit the loads during emergency diesel generator loading. 
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Technical Specifications 

A review of the technical specifications i~dicated that these 

specifications cover limiting conditions of operation (LCD) and 

periodic surveillance testing consistent with standard Technical 
' 

specifications. 

Reliability E_valuation 

Domin~nt Failure Modes 

Successful delivery of feedwater is considered to be the flow of at 

least 350 gpm to one (or more) of the three steam generators for the 

transients considered here. 

Failure modes of the AFWS were assessed for three types of initiating 

transients. The dominant failure modes for each transient type are 

discussed below. 

Loss··of MFW with Offsite Power Available 

The reliability analysis of the North Anna AFWS based on this ini

tiating transient did not identify any single failures or double 

failures which would fail the entire AFWS. This assessment indicates 

the dominant AFWS failure mode to be a combination of the failure of 

both actuation trains to actuate t.hei r respective components, coup 1 ed 

with failure of the operator to detect the non-actuation of the 

system and to manually actuate it. 

E-211 
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Loss of MFW with Only Onsite AC Power Available 

This transient is somewhat different in character than in tht ca•e 

above, in that reliance for AC power is now on the station diesel 

generators ~ather than offsite power. In essence, this adds failure 

modes such as diesel-generator failure to start to the overall list 

of failure modes of trains of the AFWS. 

The dominant failure modes for the AFWS discus~ed for the above case 

are not dependent on the actual source of AC power (i.e., offsite vs. 

onsite). Thus the probability of the failure mode discussed above 

should not change. Further, the addition of the diesel-gene.rator 

failure mode to other train failure modes is not sufficiently 

important to make the probability of such a combination of modes 

significant. For these reasons,the AFWS failure probability for thi& 

case is still dominated by the coincident loss of both actuation 

trains, coupled with the failure of the operator to subsequently 

manually actuate the AFWS. 

Loss of MFW with Only DC Power Available 

In this case, no AC power (offsite or onsite) is available; the AFWS 

is thus reduced to the one steam-driven train for feedwater delivery. 

·A number of single failures within this train can fail the AFWS 

(e.g., hardware failure in the pump and valves, control syJte~ 

failures, etc.). The dominant failure mode for this train is that 

the train is out of service for maintenance when the transient occurs. 
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Principal Dependencies 

The potential for location dependencies was noted during this 

reliability evaluation, in that some portions of the AFWS were 

located in common rooms. However, because no location dependencies 

were found which could potentially affect all trains of the AFWS, 

these dependencies do not appear to be ~ significant concern. 

Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The loc.g-t:rr. ,both generic, 

denoted by GL, and plant-specific) recommendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or as soon thereafter as is practicable. 

Short Term 

1. Recommendation GS-4 -Emergency procedures for transferring to alternate 

sources of AFW supply should be available to the plant operators. These 

procedures should include criteria to inform the operator 

when, and in what order, the t~ansfer to alternate wat•.r sources should 

take place. The following cases should be covered by the procedures: 

• The case in which the primary water supply is not initially 

2. 

3. 
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available. The procedures for t~is case should include any 

operator actions required to protect the AFW system pumps 

against self-damage before water flow is initiated; and, 

• The ease in which the primary water supply is being depleted. 

The procedure for this ease should provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 

Recommendation GS-6 - The licensee should confirm flow path avail

ability of an AFW system flow train that has been out of service to 

perform periodic testing or-maintenance as follows: 

• Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 

• The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW •system water 

source to the steam generators. · The flow test should be 

conducted with AFW system valves in their normal alignment. 

Recommendation GS-7- The licensee should verify that the 

automatic start AFW signals and associated circuitry are safety 
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grade. If this cannot be verified, the AFW system automatic 

initiation system should be modified in the short-term to meet 

the functional requirements listed below. For the longer term, 

the autnmatic initiation signals and circuits should be upgraded 

to meet safety grade requirements as indicated in Recommendation 

GL-5. 

The design should provide for the automatic initiation of 

the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

The alternating current motor-driven pumps and valves in 

the auxiliary feedwater system should be included in the 

automatic actuation (simultaneous and/or sequential) of 

the loads to the emergency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual capability to initiate the AFW system from the 

control room. 

X.9.3.2 
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Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems:at Babcock & Wilcox-designed operating 

plants subsequent to our revie1. of the AFW system designs at ]i- and C-E

designed operating plants. They have not been examined for specific 

applicability to this facility. 

, . 

2, 

Recommendation - The 11censee should provide redundant leve1 1n~ 

d1eations and low level alarms in the control room for the AFW . 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition frorr occurring. 

The low level alarm setpoint should allow at least 20 minutes 

for operator action, assuming that the largest capacity AFW pump 

1s operating. 

Recommendation - The licensee should perform a 72-hour endurance test c 

all AFW system pumps, 1f such a test or continuous period of operation 

has not been accomplished to date. Following the 72-ho~r pump run, 

the pumps should be shut down end cooled dawn end th~n restarted end 

run for one hour. Test acceptance cri.terie should include demonstretin: 

that the pumps remain within design ltmits with respect to bearing/ 

bearing oil temperatures and vibration and· that pump room ambient cond' 

tions ( temperature, humidity) do not exceed environmental qua1ificatic 

limits Tor safety-related equipment 1n the roor:. 
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3. Recommendation -The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each ste,,n generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AF9 system 

train~ which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon instruction from the control 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

Long Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation- GL-5- The licensee should upgrade the AFW 

system automatic initiation signals and circuits to meet 

safety-grade requirements. 
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Basis for Auxiliary Feedwater 
!>ystem Fl 01·1 Reoui rements 

As a result of recent staff reviews o'f operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flo11 to the steam generator(s) to assure adequate removal of reactor 

decay heat are nqt 1~e1l defined or documented. 

We require that you provide the following A~S flew design basis infor

mation as applicable to the design basis transie,1ts and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite At power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

g) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 

E-215 

- Maximum RCS pressure (POR\' or safety valve actuation) 

- Fuel temperature or damage 1imits. (DUB, PCT, maxir.:um fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

-Minimum steam generator. level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition cons:dered in l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at ~he time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

betwe~n initiating event and introduction of AFh~ flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and,depletfon rate before 

and after AFWS flow commences- identify reactor.decay heat 

rate used. 
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f. 1·\a>:imum pressure at which steam is released fro":' steam generator(s) 

and against 11hich the AFW pump must develop sufficient hetd. 

g. 11i nimum number of steam gene raturs that· must receive AFii flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition - continued operation of RC pu~?S or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to acco~odate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken for primary system heat remcval 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between steam generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondaey system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 

- 4 - .. 

3. Verify that the AFW pum?s in your plant will supply the necessary 

flo1~ to the steam generator(s) as determined by items 1 end 2 

above considering a single failure. ldentify the margin in sizing 

the pump flow to allow for pump re~irculation flow, seal leakage 

and pump wear. 

E-216 
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tcr. Sol Burstein 
Executive Vice-President 
Iii scons in Electric Power Company 
231 West Michigan Street 
~\ilwaukee, Wisconsin 53201 

Dear Mr. Burstein: 

September 21 , 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT POINT BEACH 
NUCLEAR PLANT, UNITS 1 AND 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified-during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 conta.ins a generic request for additional information regarding 
auxiliary feedwater system flow requirements. · 

The designs and procedures of the subject fac11 ity should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and conmitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the aux11iary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

cc: w/enclosure 
See next page 

1 ncerely, 

/ 
~~E\eehlft~lt'Tng -of rector 

Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. Sol Burstein 
Wisconsin Electric Power Company 

cc: Mr. Bruce Churchill, Esquire 
Shaw, Pittman, Potts and Tr~bridge 
1800 M Street, N,W. 
washington, D. c. 20036 

Document Department 
University of Wisconsin 
Stevens Point Library 
Stevens Point, Wisconsin 54481 

Mr. Glen Reed, Manager 
Nuclear Power Division 
Point Beach Nuclear Plant 
Wisconsin Electric Power Company 
231 West Michigan Street 
Milwaukee, Wisconsin 43201 
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ENCLOSURE 1 

POINT BEACH 1 AND 2 

AUXILIARY FEEDWATER SYSTEM (AFWS) 

System Description 

Configuration, Overall Design 

A simplified flow diagram of Point Beach 1 a;·.d 2 AFWS is shown in 

Figure 1. The automatically initiated auxiliary feedwater (AFW) 

system for each Point Beach Unit is partially shared between units 

and 2 to supply AFW to both steam generators of each unit. Each AFW 

system· uses a turbine drive pump and a motor driven pump. The turbine 

driven pump of one unit feeds both steam generators of that unit 

only. The motor driven pump of each unit feeds one stllam generator 

in each unit and therefore is shared between units. The turbine 

driven pumps supply AFW to the main feedwater piping inside contai111111nt 

through a motor operated valve for each steam generator of their 

respective units. The motor operated valves (MDV lA and 2A for 

Unit 1, MDV lB and 2B for Unit 2 on Figure 1) are normally opened to 

a throttled position to supply design flow to each steam generator. 

On loss of power these valves fail as-is. 

Each of the two motor driven pumps supplies AFW to one steu generator 

of each unit through individual motor operated isolation valves which 

are normally open and fail as-is on loss of power. (MDV 3A and 3B 

from one .pump and MOV 4A and 4B from the other pump). A pressure 

control valve (PCV-1 for Unit 1, PCV-2 for Unit 2) at the discharge 
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of each .Pump controls flow to two steam generators ( one 

generator per unit) by maintaining a constant pressure at the pump 

discharge. The set point of this controlled pressure determines flow 

to the steam generators and can be varied by the control room operator. 

The PCV' s are air operated and fail open upon loss of air. 

All four AFW pumps normally take suction from two non-seismic 

Category I condensate storage tanks (45,000 g1llons capacity each} 

through manually operated locked open isolation valves. The 

condensate storage tanks are normally lined up in parallel to the 

common suction header of the AFW pumps. 

The minimum total capacity of the condensate storaq,e tanks (by Technical 

Specifications) is 10,000 gallons per operating unit. The total 

capacity (20,000 gallons) will allow at least 25 minutes of supply 

with both'turbine drive AFw pumps running (400 gpm per turbine-driven 

pump) or 50 minutes supply with both motor-driven pumps running 1200 gpm 

per motor driven pump). The service water system serves as the 

seismic Category I source of water to the AFWS and is capable of 

unlimited supply. The service water system (SWS) connects directly 

to the suction of each AFW pump down-stream of the suction check 

valves and is therefore unaffected by malfunctions in the condensate 

tank supply portion of the AFW system. SWS supply is initiated in 

the control room by opening a motor operated valve in the SWS to each 

AFW pump suction. The system is arranged such that a failure of 

either of tl:le two diesel generators on site will not prevent water 

from being supplied to the AFW system for either unit. 

11.1.2 
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Since all valves in the flow p1th to the steam generators are normally 

open and fail as·is (with exception of PCV•l and 2 which fail open) a 

loss of A·C or D·C. power does not require valve manipulation. The 

motor opera~ed steam valves at the inlet to the turbines (MS·lA and 

2A for Unit 1, MS-18 and 28 for Unit 2) are D·C motor operated valves 

and will automatically open in the event of a loss of all A·C power. 

In the event of an unisolable main steam or feedwater line break 

coincident with a worst case single active failure, operator action 

within the control room will isolate AFW flow to the affected steam 

generator and assure flow to the unaffected steam generator. The 

licensee estimates >30 minutes to boil dry. 

A break anywhere in the auxiliary feedwater system discharge piping 

would not prevent automatic AFW flow to at least one steam generator 

on demand. A single active failure coincident with a break could dis· 

able automatic AFW to both steam generators, depending on break location. 

In either case, breaks could be isolated by operator action within 

the control room. 

Component Design Classification 

All pumps.-val~es, piping, instrumentation and controls associated 

with the auxiliary feedwater system (except Condensate Storage Tanks) 

are designed safety Class I which includes seismic Category I 

requirements. 
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The condensate storage tank and associated instrumentation are not 

designed to safety grade requirements. The piping from the tank to 

the auxiliary feedwater system is classified as safety class I which 

inc 1 udes seismic Category 1 requirements. 

Power Sources 

Power sources for all instrumentation and c<>ntrols are taken from the 

emergency buses which are supplied by the safety related diesel 

generators or safety re 1 a ted station batteries.. Steam generator 

water level control and the automatic initiation system are designed 

as a safety related system, including seismic Category I. 

Each motor driven pump and associ a ted instrumentation and contra 1 s 

are powered by a separate diesel-generator, such that a failure of one 

diesel generator will only disable one motor driven train. 

The turbine driven pump for each unit receives steam from both steam 

generators of its respective unit through parallel d-e motor operated 

isolation valves. The parallel valves are powered from separate D-C 

buses such that a loss of one d-e system will not prevent operation 

of either turbine driven pump. 

Instrumentation and Controls 

Controls 

All contra 1 s for the active components of the auxi 1 i ary feedwater 

system can be operated from the control room. Normally steam generator 

X.ll.1.4.2 
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level is controlled in the control room by adjusting the pressure set 

point of the pressure control valves at the discharge of each motor 

driven pump. If it is necessary to control turbine pump flow for 

1 eve 1 contrp 1 , the motor operated va 1 ves in the discharge 1 i nes from 

the turbine driven pump each steam generator can be throttled from 

the contra 1 room. 

Each control. actuator in the control room is located in a basic 

system layout (MIMIC Bus) to help identify the control switch function 

in addition to the identifying name plate. 

Information Available to the Operator 

I. Alarms 

a) Hi/Lo Steam Generator Level 

b) Low Level - Condensate Storage Tank 

c) Service Water System Header Pressure Low 

II: Indication 

a) Steam Generator Leve 1 

b) Condensate Storage Tank Level 

c) AFW pump discharge pressure 

d) Service Water Header pressure 

e) Valve Position Indication - All Active Valves 

f) Pump Running Lights - Motor Drive 

g) Pump Breaker Trouble Light - (Did Not Close on Demand) 

h) Pressure Set Point - Pressure Control Valve 



X.ll.1.4.3 

X.ll.l.5 

6 

All valve position indicators are located with their respective 

controls on the "MIMIC Board" such that the valves are readily 

7 

5) Automatic .nitiation of the AFW system is verified during each 

identified. refueling. 

AFW Initiating Signals 

I. Turbine Pumps 

a) Lo-Lo Level in both S/G's of its r:·,spective unit- automatic 

b) Loss of both 4 KV busses (Supply reactor coolant Pumps) -

automatic 

c) Manual - From Control Room 

II. Motor Driven Pumps 

a) Lo-Lo Level in any one 5/G of either unit - automatic 

b) Trip of both Main Feed Pump - either unit - automatic 

c) Safety Injection Signal - either unit - automatic 

d) Manual - from Control Room 

Testing 

1) Valve position is verified monthly 

2) Service Water System supply valves are cycled monthly 

3) Operational tests of AFW pumps are performed monthly by verifying 

pump suction and discharge pressure (Tests are staggered) 

4) Flow verification tests from condensate tanks to S/G's 

are performed at each refueling or whenever in_ cold shutdown 

(Not more frequently than qu~rterly) 

X.ll.l.6 

E-221 

6) Control and initiating circuits are tested with each pump and 

valve test 

7) Following maintenance on the system,an operational test is 

performed to bring the system back in ser·•ice. 

Technical Specifications 

A. When the reactor coo 1 ant is heated above 350°F the reactor shall 

not be taken critical unless the following conditions are met: 

la: Two Unit Operation- Three of the four auxiliary feedwater 

pumps are operable. 

lb. Single Unit Operation - Either the turbine driven pump 

associated with that unit together with one of the two 

motor driven pumps or both motor driven pumps must be 

operable. 

2. 

3. 

A minimum of 10,000 gallons of water per operating unit in 

the condensate storage tanks and an unlimited water supply 

from the lake via either leg of the plant servi"ce water 

system. 

System piping and valves required to function during 

accf dent conditions directly associ a ted with the above 

components must be operable. 

B. During power operation, the requirements are modified to allow 

the fo 11 owing components to be i noperab 1 e for a specified time. 
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If the system is not restored to meet the above requirements 

within the time period specified the appropriate reactor(s) 

shall be placed in the ·hot shutdown condition. If they are not 

satisfied within an additiunol 48 hours, the appropriate 

' reactor·( s) sha 11 be coo I ed down to 1 ess than 350°F. 

1. Two Unit Operation- One of the thre<· operabl~ aux11iary 

feedwatP.r pu1np> may be out-of-servi :P provided a pump is 

restored ~o ope1·able status within 24 hours. 

2. Single Unit Operation- One of the two operable auxiliary 

feedwater pumps may be out-of-service provided a pump is 

restor~d to operable status within 24 hours. 

Reliability Evah(ation 

Dominant Failure llodes 

The domioant failure mode~ are expressed for three transient 

situations and two operational configurations, single unit operation 

and double unit operation. 

Limiting conditions for single unit operation are a single motor-driven 

pump and associated turbine driven pump operable or both motor driven 

pumps operable. Any one can be out of service for 24 hours. 

Limiting conditions for double unit operation are three of four 

aux 11 i ary fcedwater pumps operab 1 e. Any one can be out of service 

for 24 hours. 

X.l1.2.2 
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LOFW with Only DC Power A,vailable 

.ll!!sl• Unit Operation 

The do,.inant failure contributor is loss of both motor-driven pumps 

and subsequent fai 1 ure of the turbine driven pump due to 1 oss of 

service wat~r (AC} cooling to steam turbine pump bearing oil. 

Double Unit Operatic'! 

Same failure as sIngle unit operation. 

Inter~ependencies 

Th~ principal noted dependency is the design for AC cooling of the 

turbine driven pumps. 

Recommendations for this Plant 

The short-term recorrmendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to Improve AFW 

system reliability that should be implemented by January l, 1980, or as 

soon thereafter as is practicable. ln general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

·potential system or operator failures. The long-term (both generic, 

denoted by GL, and plant-specific) reconmendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January l, l98l, or as soon thereafter as is practicable. 
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Short· Term 

1. Recommendation GS-1 -The licensee should propose modifications to 

the Technical Specifications to limit the time that one AFW system 

pump a~d its associ ilted flow tr·a in and essent i a 1 1 nstrument ion can be 

inoperable. The outage time limit and ~ubsequent action time 

should be as required in current StandorJ Technical Specifications; 

i.e.," 72 hou1·s and 12 hours, respective-ly. 

2. Recommendation GS-2 • The licensee should lock open single valves or 

multiple valves in series in the AFII system pump suction piping and 

lock open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

tc ver,fy that these valves are locked ani i'n the open position. 

These inspections should be proposed for incorporatio11 into the 

surveillance requirements of the plant Technical Specifications. See 

Reconmendation GL-2 for the longer-term resolution of this concern. 

4. '!!.!~..!~ • Emergency procedures for· transferring to alternate 

sources of AFW supply should be available to th~ plant operators. These 

procedures shou 1 d inc 1 ude cri t.erh t.o inform the operator 

when, and in what order, the tran$fer to alternate water sources should 

take place. 'rhe following ca~es should be covered by the procedures: 
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• The case in which the primary water supply is not initially 

available. The procedures for :his case should include any 

operator actions required to J:.rotect the AFW system pumps 

against se"lf-damage before water now is ini~iated; and, 

• The case in which the primary water supply fs being depleted. 

The procedure for this case shoul'l provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 

Recommendation GS-5 • The as-built plant should be capable of pro

viding the required AFW flow for at least two hours from one AFW pump 

train independent of any alternating current power source. If manual 

AFW system initiation or flow control 1s required following a complete 

loss of alternating current power, emergency procedures should be 

estalil ished for manually initiating and control ling the system 

under these conditions~ Since the water for cooling of the lube 

oi 1 for the turbine-driven pump bearings may be dependent on alter.

nating current power, design or procedural changes shall be made to 

eliminate this dependency as soon u practicable. Until this is done, 

t.he emergency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all Alternating current power to.moriitor pump bearing and/or lube 

oi 1 temperatures. If necessary, this operator would operate the 
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turbine-driven pump in an on-off mode unti 1 alternating current 

power is res tared. Adequate 1 i ght i ng powered by direct current 

power sources and communications at lo,:.l stations should also be 

provided if manual initiation and con~rol of the AFW system is 

needed. (See Recommendation GL -3 for the 1 anger-term reso 1 uti on of 

this concern. ) 

·Recommendation GS-6 - The licensee should confirm flow path avail

ability of an AFW system flow train that has been out of service to 

perform periodic testing .or maintenance as follows: 

1 Procedures shou 1 d be imp 1 emented to require an operator 

to determine that the AFW system valves are properly 

a 1 i gned and a second operator to independently verify that 

the valves are properly aligned. 

o The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW system water 

source to the steam generators. The flow test should be 

conducted with AFW system valves in their normal alignment. 

6. Recommendation GS-7 -The licensee should verify that the automatic 

start AFW system signals and associated circuitry are safety-grade. If 

this cannot be verified, the AFW system automatic initiation system she. 

be modified in the $hart-term to meet the functional requirements listec 

.11.3.2 
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Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems:at Babcock & Wilcox-designed operat~ng 

plants subsequent to our review of the AFW system designs at ~- and C-E

designed operating.plants. They have not been e.,amined for specific 

applicability to this facility. 

1. Recommendation - The licensee should provide redundant level 

indications and low level alarms in the control room for the 

AFW system primary water supply to allow the operator to anticipate 
. . 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurr.ing. The low level alarm setpoint should allow at least 

20 minutes for operator actions, assuming that the largest 

capacity AFW pump is operating. 

2. Recommendatien - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Following 

the 72-hour pump run, the pumps should be shut down and cooled 

down and then restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 

~<i thin design 1 imits with respect to bearing/bearing oil tempera

tures and vibration and that pump room ambient conditions 
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(temperature, humidity) do not exceed environmental qualification 

1 imits for safety-related equipment in the room. 

Recommendation - The 1 icensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxi l·:ary feedwater flow to 

each steam generator shall be provided in the control room, 

The auxi li4ry feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity reqc 1rements for the auxiliary 

feedwater system set forth in Auxilia~ Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AFli system 

train and which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in COI'IIllunication with the control rooin 

be stationed at the manual valves. Upon instruction from the controi 

room, this operator would re-align the valves in the AFW system,trair 

from the test mode to its operational alignment. 

X.ll.3.3 
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Long-Term 

Long-term reco11111endations for improving the system are as follows: 

l. Recommendation GL-3 - At least one AFW system pump and its 

associ~ted flow path and essential instrumentation should auto

matically initiate AFW system flow and be capable of being operated 

independently of any alternating current ;;ower source for at least 

two hours. Conversio~ of direct curren;. power to alternating current 

is acceptable. 

2. Recommendation - GL -4 - L1 censees having p 1 ants with unprotected 

normal AFW system water supplies should evaluata the design of 

their AFW systems to determine if automatic protection of the 

pumps is necessary following a seismic event or a tornado. The 

time available before pump damage, the alarms and indications 

available to the contro'l room operator, and the time necessary 

for assessing the problem and taking action should be considered 

in determining whether operator action can be relied on to 

prevent pump damage. Consideration should be given to providing 

pump protection by Mans such as automatic switchover of the 

pump suctions to the alternate safety-grade source of water, 

automatic pump trips on 1 ow suet ion pressure o.r upgrading the 

normal source of water to meet seismic Category I and tornado 

protection requirements. 

3. Recommendation·GL·S - The licensee should upgrade the AFW systa• 

automatic initiation signals and circuits to Het safety-grade 

requirements. 
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Basis for Auxiliary Fet~water 
~ystem Flo1·1 Requirements 

Al a l"esult of recent staff revii':IS o•r'operatin; plant Auxiliary Feed· 

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow" to the steam generator(s) to assure adequate removal of reactor 

dtcay heat are not well defined or documented, 

We re,uire that you provide the following AFWS f1r ~ design basis infor

mation as applicable to the design basis transie' ts and accident con

ditior.s for your· plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant coo1down. 

S) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

B) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe .the plant protection acceptance criteria and corres• 

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 



f. l·:axi1:1um ~ressure at which steam is released irom steam generator(s) 

and agavnst 11hjch the AFW pump must develop sufficient hec.:. 

g. l'oinimufn number of steam generat~·rs that must receive AFW flow; 

e.g.~ out of 2?, 2 out of 4? 

h. R~ flow condition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postula~d steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW. pump flow capacity allowance to accommodate 

the time delay and maintain m'inimum steam generator water level. 

Also identify cred~t taken fo~ primary system ~eat removal 

due to b lowdown. 

k. Volume and maximum temperature of water in main feed lfnes 

between s.team generator(s) and AFWS connection to main feed lfne. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and seconda~ system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to t·h~ steam ~enerator(s) as, determined by ite:ns 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump f".ow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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NUCLEAR REGULATORY COMMISSION 
VfASHINGTON, D. C. 20555 

'•'Cbt:~;t Nos.: 50-282 
50-306 

~{r. L. 0. Mayer, Manager 
Nuclear Support Services 
Northern States Power Company 
414 Nicollet Mall -8th Floo~ 
Minneapolis, Minnesota 55401 

Dear Mr. Mayer~·· 

OCTOBER J 8 :979 

SUBJECT: NRC REQUIREMENTS FO~ AUXILIARY FEEDWATER SYSTEMS AT PRAIRIE ISLAND 
NUCLEAR GENERATING PLANT, UNITS 1 AND 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, ( 1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
•the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days· of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design' changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Eoclosure 2 at that time. 

I~ add~tion to the require~ents icentified in this letter, other require~ents 
which may be applicable to the subject facility are ex~~cted to be generated 
~Y tne Bulletins and Orders Task Fcrce. Such requirements are those resulting 
'r~r ocr review of the loss-of-feed1·1ater event and the sr::all break loss-of-coolant 
acc':ent as descril:ed i~ tr.e i·:es.toc;house report v.c,;F-:oGO, "Report on Small 
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Break Accidents for Westinghouse NSS:. System." OU'r speci.fic concerns include 
syste"s reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

~e plan to identify, in separate correspondence, the requirements resulting 
frorJJ the additional items fro'" the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

Sincerely, 

) . -....j_ ,_C:J~r /. 
_,....:.. t-'-£-c ~ ~ ~ ~4-."<.-.k.-.; f..,.... 
Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



1-:r. L. 0. t~ayer 
Northern States Power Company - j -

cc: Gerald Charnoff, Esquire 
Shaw, Pitt~an, Potts and Trowbridge 
1800 M Street, N.W. 
Washington, 0. C. 20036 

1·\s. Terry Hoffr:1an 
Executive Director 
Minnesota Pollution Control Agency 
1935 W. County Read B2 
Roseville, Minnesota 55113 

The Environmental Conservation Library 
Minneapolis Public Lfbrary 
300 Nicollet Mall 
Minneapolis, Minnesota 55401 

Mr. F. P. Tierney, Plant Manager 
Prairie Island Nuclear Generating Plant 
Northern States Power Company 
Route 2 
Welch, Minnesota 55089 

Joclyn F. Olson, Esquire 
Special Assistant Attorney General 
Minnesota Pollution Control Agency 
1g35 W. County Road B2 
Roseville, Minnesota 55113 

Robert L. Nybo, Jr., Chairman 
Minnesota-Wisconsin Boundary Area 

Commission 
619 Second Street 
Hud~_on, Wisconsin 54016 

Clarence D. Fierabend 
U. S. Nuclear Regulatory Commission 
P. 0. Box 374 
Red ~ing, Minnesota 55066 

OCTC2oil 1 ; ;379 
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ENCLOSURE 1 

PRAIRIE ISLAND 1 & 2 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to 

the steam generators for reactor coolant s,vstem decay heat removal 

when the normal feedwater system is not available. It Is also used 

for plant startups and shutdown (below the point where main feed 

system flow capacity is not required). 

The AFWS _is shown in simp! ifil!d form on Figure 1. The system con

sists of two steam turbine-driven pumps 11 and 22, (220 gpm rated 

flow with 20 gpm recirculation flow each), one for each unit, capable 

of delivering feedwater to either or both steam generators of the 

same urii.t. There is no Interconnect I on between the discharge 1i ne of 

the two turbine-driven pumps of either unit. In addition, there are 

two motor-driven pumps 12 and 21 (220 gpm rated flow with 20 gpm 

recirculation flow each), one for each unft, capable of delivering 

feedwater to either or both steam generators of the same unit. 

Referring to Figure 1 pumps 11 and 12 are normally lined up to feed 

the steam generators of Unit #1, pumps 21 and 22 are normally lined 

up to feed the steam generators of Unit #2. The two motor-driven 

pump discha_rge headers are interconnected by two normallv closed 
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valves •. By opening these valves the Unit #1 pump #lZ can supply 

wabr to· Unit IJZ steam gel\l!rat~rs or the Unit IJZ pump #21 can supply 

wate~\o U~ft 1¥1. ste~m gen:rators. 

Normal fee~water supp)y to. the auxiliiary feedwater pumps consists of 

150,000 gallon condensate .storage tanks, one for Unit 1, two for 

Unit 2 with a common (isolable) header. A backup water's~?PlY to the 

pumps ,i·s provided by the cooling water system. The cooling water 

system consists of five pumps,, 2000 gpm capacity each - three motor 

driven, two diesel driven. Normally two-motl!r driven pumps· are 

operating. Actuation of the thirel motor driven pump is automatic C?R 

low cooling water header pressure. .f l,ow discharge pressure 

persists ("'75 psi) and/or AC. power 15 lost, the ·diesel driven pumps 

are automatically started.· In addi);ion, 260 gpm Qf water can be 

supplied;via the non-seismic demineralized water •reatment system to 

the condensate storage tank(s). 

The AFW system is automatically actiuated. The licensee s~a.tes that the 

stea.m generaLurs would l~~:t!\etr acnq·ty to trant1'er 1\eat 1n approximately 

40 minutes. The valves in·tne AFWS lines 'to the steam generators are 

motor operated and are normally op$n. The steam admission valve in 

the ~te·am supply line to the steam ;turbine is motor operated and is 

normally closed. Two steam supply valves, one fr.om each steam. 

generator, are motor operated and are normally open. 
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Component Oesiqn Classification 

1~ turbine pump trains and motor pump trafns.Cpumpt, val~es, motort, 

ptptng) are satsmtc Category I, tornado missile protected and designed 

to Quality Group I. Electrical equipment Is designed as Class IE. 

The sources of water and associated ptptng are classified as followt: 

1. Condensate storage tank (Unit 1) 
Type 3 (Non-seismic) 

Condensate storage tanks (Unit 2) 

2. Cooling Water System- Seismic CatagQry I, Tornado Missile· 

Protected 

3. Suction Piping 

from condensate storage tanks - Class 2B (non-seismic) 

from coolfng wat.er. system (setsmtc • Categpry 1) 

4. Demf~eralt:ad water treatment system (non-seismic) 

Power Sources 

The motor driven pumps are supplied· from the Class IE emergency 

buses, (Bus #16 - Train B .for #12 pump, Bus 26 - Train A for #21 pump) 

Motor operated va1vi (MOV) power Is from the emergency buses on a 

train basts. The emergency buses are capable of being powered from 

the dfe~el generators. Steam for the turbine driven pumps is 

supplied from each steam generator of the respective reactor unit 

The instrumentat.ion and contr~1 power supplies are from t~e 120 VAC 

vital bus system. There are four vit.al buses/upit, each supplied by 

an inverter .connected to the 480 VAC emeraency bus anH the 125 VOC 
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power syste11. The motor driven pump breaker controls are powered 

from the 125 VOC control batteries which are charged by battery 

chargers connected to the 480 VAC emergency buses. 

Instrumentation and Control 

ill1!:ill. 
Any of the MOV's can be controlled from either the Main Control Room 

X. 10.1.4.2 
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Initiating Signals for Automatic Operation 

The following signals start the pu.P •otors and open the: ste .. 

admission control valve to the turbine of the affected unit: 

1. Low-low water level in either steam generator 

2. Trip of both main feedwater pumps 

3. Safety injection 

4. Undervoltage of both 4.16 kv normal buses (turbine driven pump 

only) 
or the Hot Shutdown Panel (local station). 5. Manual 

Steam generator level is controlled by positioning the MOV's in the 

flow discharge lines. Level and flow indication is provided for 

operator information. 

The valv~s are motor operated and fail as-is on loss of power. 

AFW System Information Available to the Operator (At both r'emote and local 

stations except as noted) 

1. MOV Position 

2. S/G Level and pressure indication (alarm~c~ntrol room only) 

3. S.I. ReadY Panel-abnormal valve position and AFW pump operability 

status-(control room only) 

4. Discharge Pressure 

5. Discharge Flow 

6. CST Level Indication (low level alarm-control room only) 
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Testing 

Auxiliary feed syste• surveillance tests are required on· a •onthly 

and refueling interval in accordance with tech spec requirements. 

The monthly tests involve (a) stroking MOV's and observing st .. 

travel and {b) pump curve point check. The test is performed ~ 

shutting the appropriate pump discharge valves and recirculating back 

tt r.he CST. After the test, the valves are positioned to normal 

lin~up and all valve positions are verified. 

Technical Specifications 

:rne present limiting condition of operation (LCO) permits one unit 
r 

ope•·at1on with one motor-driven pump operablt' and either one turbine 

or one motor driven pump operable and if failure occurs and 1s not 

fixed in 48 hoars - go to cold shutdown. Two unit operation is 

permitted with all four AFW pumps operable. If a failure occurs and 

repair is hot completed within 7 diYI so that the four pu11p 

requirement is met, one unit must be taken to cold shutdown. 
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Reliability Evaluation Results 

Dominant Failure Modes 

Failure modes of the ·AFWS were ass..sssed for three types of ini

tiating transients. The dominant fai1ure modes for each transient 

type a.re discussed below. 

It should be noted that the failure modes discussed below as dominant 

presume LCOs of 48 hours on all AFWS trains. Currently, the LCD 

allows both the turbine-driven trains to lle unavailable indefinitely 

when only one of the two units is operating. Sea Recommendation GS-1. 

Loss of MFW with Offsite Power Available 

A dominant failure mode of the AFWS for this transient is assessed to 

be the b1ockage of flow to the two steam generators due to inad

vertent closure of two manual valves in the pump discharge lines 

inside containment. These valves could possibly be closed prior to 

the AFWS demand because of, for example, a personnel error in failing 

to reopen them after maintenance on the AFWS. Because these valves 

do not have remote position indication and are located inside the 

containment, there could be a considerable delay in gaining access to 

and reopening of the valves after an AFWS demand. However, the 

licensee states that any inadvertent closure of these valves would be 

detected prior to reactor startup or at least before the reactor 

exceeds 2% power since (a) plant startup procedures require a valve 

alignment check to verify the AFWS flow path and (b) the AFWS is used 

during normal plant startup to maintain steam generator water level 
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before initiating o~eration of the main feedwatar system after 

reaching 2% reactor power; thus inoperability of the AFWS would have 

bean detected before proceeding further. See Recommendations GS·z· 

and GS-6. 

Loss of MFW with Only Onsite AC Power Available 

This transient is very similar to the transient discussed above. 

Additional failure modes related to the onsite AC power system were 

considered; however, these did not have a-Significant impact. As 

such, a dominant failure mode for the case described above (closure 

of two man4~l valves in the AFWS discharge lioes inside containment) 

is also considered to be domfnant for this traniient. 

Loss of MFW with Only DC Power Available 

In this transient no AC power (onsita or offsite) is available, so 

:hat the AFWS 1s reduced to one steam-driven pump train. The 

dominant failure mode of this train in such a transient is assessed 

to be failure of the operator to open the normally closed 

steam-admission valve before the steam generator water level decreases 

to the point where it loses its ability to transfer heat. This valve 

is motor-operated and is normally powered from either offsite AC 

power or from the diesel-generators. Since neither of these p'ower 

sources is available in this transient, local, manual opening of the 

valve would be required. 
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Principal Dependencies 

The orfncfpal dependency found fn this evaluation is the common-cause 

failure of all trains due to closure of the manual valves in the two 

AFWS discharge lines. 

The second significant dependency found is the.dependence on AC power 

to run the turbine-driven pump train of the AFWS. 

Because of physical separation of the AFWS pumps, location depen

dencies do not appear to be significant Tn this plant. 

The AFWS pumps require cooling from the plant cooling water system. 

However, since this system can be run from offsite or onsite AC power 

supplies, and also has separate diesel-driven pumps, this potential 

common cause failure does not appear to be of significance. 

Recommendations for this Plant 

The short-term recommendations.(both generic, denoted by GS, and 

plant specific) identified in this section represent actions to 

improve AFW systems reliability that should be implemented by 

January 1, 1980, or as soon there&fter as is practicable. In 

genoral, they involve upgrading of Technical Specifications or 

establishing procedures to avoid or mitigate potential system or 

operator failures. The long-term recommendations (both generic, 

denoted by GL, and plant specific) identified in this section involve 

system design evaluations and/or modifications to Improve AFW system 

X.10. 3.1 
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reliability and represent actions that should be Implemented by 

January 1, 1981, or as soon thereafter as is practicable. 

Short Term 

1. Recommendation GS-1 - The Technical Specification LCO for one 

unit operation allows the turbine-driven pump train of that unit 

to be unavailable indefinitely. Consequently, the plant could 

not provide AFW flow in the event of loss of offsite and onsite 

AC power. The licensee should propo~e modifications to the 

Technical Specifications to limit the time that a turbine-driven 

pump train can be Inoperable during single unit operation. The 

licensee should update the Technical Specification LCO for both 

one and two unit operation to conform with current standard 

Tec~nical Specifications.; namely 72 hours and 12 hours for the 

outage time limit and action time. 

2. Recommendation GS-2 - The licensee should lock open single 

val_ves or multiple valves in sarles in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW·flow, including 

the manual valves V12 and V25 fnsfda containment. Monthly 

inspections should be performed to verify that these valves are 

locked and in the open position. Thes- inspections should be 

proposed for incorporation into .the s~rvetllance reqljfrements of 

the plant Technical Specifications. See Recommendation GL-2 . 
for the longer-term resolution of this concern. 
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3. Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures should include crfterfa to inform 

the operators when, and fn what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

The case in which the primary water supply fs not fnftfally 

available. The procedures for thfs case should include any 

operator actions required to pr~tect the AFW system pumps 

against self-damage before water flow is fnftfated; and, 

The case fn which the prfma.ry water supply fs being depleted. 

The procedure for thfs case should provide for transfer to 

the alternate water sources prior to drafnfng of the 

• primary water supply. 

4. Recommendation GS-5 - The as-built plant should be capable of 

providing the required AFW flow for at least two hours from one 

AFW pump train independent of any alternating current power 

source. If manual AFW system fnftfatfon or flow control fs 

required following a complete loss of alternating current power, 

emergency procedures should be established for manually 

fnftfating and controlling the sy~tem under these conditions. 

Since the water for cooling of the lube ofl for the turbine

driven pump bearing may be dependent on alternating current 

power, design or proced~r~1 changes shall be made to eliminate 

this dependency as soon as practicable. Until thfs is done, the 

.....; 
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-rgency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all alternating current power to monitor pu.p bearing and/or 

lube ofl temperatures. If necessary, this operator would 

operate the turbfne-drfven pump fn an on-off mode until 

alternating current power is restored. Adequate lighting 

powered by df ract current power sources and co•unf catf ons at 

local stations 'should also be provided if manual fnitfatfon and 

control of the AFW system is needed._ (See Recommendation GL-3 

for the longer-term resolution of this concern.) 

5. Recommendation GS-6 - The licensee should confirm flow path 

avaflabflfty of an AFW system flow train that has been out of 

service to perform periodic testing or mafntenanci 11 follows: 

Procedures should be implemented tO riquire- an operatOr to 
determine that the AFW system valves are properly aligned 

and a second operator to independently verify that the 

valves are properly alfgned. 

The licensee should propose Technical Specifications to 

assure-that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify the 

normal·flow path from the primary AFW system water source 

to the steam generators. The flow test should be conducted 

with AFW system valves in their normal alignment. 

6. Recommendation GS-7 - The licensee should verify that the auto

matte start AFW signals and associated cfrcuftry are safety . 
grade. If thfs cannot be verfffed, the AFW system automatic 

fnftfatfon system should be modfffed in the short-term to meet 
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the functional requirements listed below. For the longer term, 

the automatic initiation signals and circuits should be upgraded 

to meat safety grade requirements as indicated in Recommendation 

GL-5. 

The design should provide for the automatic initiation of 

the auxiliary feedWater system flow. 

The automatic initiation signals and circuits should be 

designed ~o that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

The initiation signals and circuits should be powered from. 

the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system functio~. 

The alternating current motor-driven pumps and valves in 

the auxiliary feedwater system should be included in ·;he 

automatic actuation (simultaneous and/or sequential) of ;ne 

loads to the emergency buses. 
r 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the lo~s 

of manual capability to initiate the AFW system from the 

control room. 
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Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's lessons Learned Task Force review and the Sulletfn and Orders Task 

Force review of AFW systems at Babcock~ Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at ~- and 

C-E·designed operating plants. They have not been examined for 

speci'.ic applicability to this facility. 

1. Recommendation • The licensee should provide redundant level 

indications and a low level alarm in~he·control room for the 

AFW system primary water supply to allow the operator. to anttc1pate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition fro• 

occurring. The low level alarm setpoint should all~ at least 

20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 

2. Recommendation- The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. 

Following the 72-hour pump run, the pum~s should be shut down 

and cooled down and then restarted and ru~ for one hour. Test 

acceptance criteria sh.ould include demonstrating that the pumps 

remain within design limits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qaalifica· 

tion limits for safety related equipment in the room. 
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Reconrnendatfon - The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG -05 78: 

Safety-grade indication of auxiliary feedwater flow to each 

steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch 

Technical Position 10-1 of the St~ndard Review Plan, 

Section 10.4.9." 

4. Recommendation -Licensees with plants which. require local manual 

realignment of valves to conduct periodic tests on one AFW 

system train, and there is only one remaining AFW train 

·available for operation, should propose Technical Specifications 

to provide that a dedicated individual who is in communication 

with the control room be stationed at the manual valves. Upon 

instruction from the control room, this operator would realign 

the valves in the AFW system train from the test mode to its 

operational alignment. 

Long Term 

Long-term recommendations for improving th.e system are as follows: 

1. Recommendation - GL-3 - At least one AFW system pump and its 

associated flow path and essential instrumentation sh_ould auto

matically initiate AFW system flow and be capable of being 
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operated independently of any alternating current power source 

for at least two hours. Conversion of direct current power to 

alternating current is acceptable. 

2. Recommendation - GL-4 - Licensees having plants with unprotected 

3. 

normal AFW system water supplies should evaluate the design of 

their AFW systems to determine if automatic protection of the 

pump is necessary following a seismic event or a tornado. The 

time available before pump damage, the alarms and indications 

available for the control room operator, and the time necessa~ 

for assessing the problem and taking action should be considered 

in determining whether operator action can be relied on to 

prevent pump damage. Consideration should be given to providing 

pump protection by means such as automatic switchover of the 

pump. suctions to the alternate safety-grade source of water, 

automatic pump trip on low suction pressure or upgrading the 

norma 1 source of water to meet seismic Category I tornado pro-

tection requirements. 

Recommendation - GL-5 - The licensee should upgrade the AFW 

system automatic initiation signals and circuits to meet safety

grade requirements. 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
~ystem Flo~: Reoui rements 

As a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nqt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

g in establishing AFWS flow requirements, including the following 
~ 
~ events: 

H-
~: ~ .. 
r~~ 
""'·~ ~ >-
_ .. 
~· 
·~ 
= < 
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1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) -Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

1 0) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each Initiating event identi

fied above. The acceptance criteria should address plant 

1 imi ts such as.: 
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- Maximum RCS pressure (POR\' or safety valve actul!tion) 

-Fuel temperature or damage limits (ONB, PCT, maxi~um fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is released from steam generator(s) 

and against ~lhich the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow cendition - continued operation of RC pumps or n~tural 

circulation. 

i. Maximum AFW inlet ,temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ primary system heat.removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Tfme at hot standby and time to cooldown RCS to RHR system cut 

fn temperature to size AFW water source inventory. 



3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) u determined by items 1 and 2 

above considering a single failure. Identify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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""'"" ... "'lit.,"" _.. . ... ~ UNITED STATES 
NUCLEAR REGULATORY COMMISSION. ::' ·.t£-.:1 s 

\_~~Q.l 
WASHINGTON, 0, C. ZOISS . 

"'101····· 
Docket No.: 50-272 

Mr. F. P. Librizzi, General Manager 
E1 ectric Production · 
Public Service Efectric·and Gas Company 
80 Park Place, Room 7221 
Newark,· New Jersey 07101. 

Dear Mr. Librizzi: 

September 21, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILiARY FEEDWATER SYSTEMS AT SALEM UNIT 1 

The purpose of this Jetter fs to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility, These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requiremenis applicable 
to the subject facility. These requirements are of two types, (ll generic 
requirements applicable to most Westinghouse-designed operating plants, and: 
(2) plant-specific requirements applicable only to the subject facility, 
Enclosure 2 contains a generic request for additional information regarding, 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation·and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review with-in 
thirty days of·receipt of this Jetter. Also, this schedule should indicate: 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to b·e provided for staff review. You mey also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requireme~ts 
which may -be applicable to the subjec~ faci1 ity are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the 1oss-of-feedwater event and the small break Joss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for llestinghouse NSSS System." Our specific concerns inc:l ude 
syitems reliability (other than the auxiliary feedwater system), analysei, 
guidelines and procedures for operators, and operator training. 

We' plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

cc: w/enclosures 
See next page 

~ .~;, ... ~ """'"'"'"' Division of Operating Reactors 
Office of Nuclear Reactor Regulation 
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Mr. F. P. Librizzi 
Public: Service Electric: and Gas Company 

cc:: Mark J. Wetterhahn, Esquire 
Conner, Moore and Corber 
Suite 1050 
1747 Pennsylvania Avenue, NW 
Washington, D. c. 20006 

Richard Fryling, Jr., Esquire 
Assistant General Solicitor 
Public: Service Electric and Gas Company 
80 Park Place 
Newark, New Jersey 07101 

Gene Fisher, Bureau of Chief 
Bureau of Radiation Protection 
380 Scotch Road 
Trenton, New Jersey 08628 

Mr. Hank Midura, Manager 
Salem Nuclear Generating Station 
Public Service Electric: and Gas Company 
80 Park Place 
Newark, New Jersey 07101 

Mr. R. L. Mittl, ~eneral Manager 
Licensing and Environment 
Public: Service Electric and Gas Company 
80 Park Place 
Newark, New Jersey 07101 

Salem Free Library 
112 West Broadway 
Salem, New Jersey 08079 

Leif J. Norrholm 
u. s. Nuclear Regulatory C011111ission 
Drawer I 
Hancocks Bridge, New Jersey 08038 
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ENCLOSURE 1 

SALEM 1 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration, Overall Design 

A simplified flow diagram of the Salem 1 Auxiliary Feedwater System 

(AFWS) is shown in Figure 1. The AFWS consists of one steam turbine 

driven pump (880 gpm@ 1550 psi) and two motor driven pumps (440 gpm 

@ 1300 psi). The turbine driven pump is connected such that it can 

supply feedwater to all four steam generators. Each of the motor 

driven pumps is connected to supply feedwater to two different pairs 

of the four steam generators (SG). The licensee states that each of 

the three pumps is capable of cooling the plant down to the condition 

where the RHR system can be used to continue the safe plant shutd~wn 

process. 

The primary water supply for the AFWS is maintained in the 2~0,000 gallon 

seismic Category 1 Auxiliary Feedwater Storage Tank (AFWST). The 

water inventory is sufficient for 8 hours decay heat removal and to 

maintain the water inventory of the .steam generators at or above the 

minimum allowable water level. Low water level or low water temperature 

in the AFWST will alarm and annunciate in the main control room. The 

secondary water supply is taken from the non-seismic Demineralized 

Water Storage Tanks ( 500,000 gallons each). In addition, two other backup 

X.l2.1.2 
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water sources are available from the fire protection and domestic 

water storage tank and the seismic Category I service water system. 

A spool piece fs required for connecti_on between the AFWS and either 

of these two other backup water systems. The licensee estimates that 

approximate 1 y 1 /2 hour will be needed for manu a 1 connection of the 

spoo 1 piece. (see recommendation GS-4) 

Components - Design, Classification 

The AFWS including the primary water supply is classified as an 

engineered safety-related system and designed according to seismic 

Category 1 and Quality Group C requirements. 

Power Sources 

The steam turbine driven pump uses steam from two of the four main 

steam lines taken from a point. upstream of the main steam isolation 

valves (MSIV) and exhausts directly to the atmosphere. Separate 

isolation valves are provided for the steam supply connections to the 

AFWS tu~bine pump. The motor driven pumps receive power from the 

4 KV vitil buses. The steam supply valve to the turbine driven pump 

is DC operated (Channel C). The turbine driven pump discharge valves 

are also"oc operated (Channel C). The motor driven pump discharge 

valves are AC operated (either A or B vital bus). 
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In~trull'entation and Co.ntrols 

Controls 

The instrumentation and controls within the AFWS have been designed 

as seismic Category I and IEEE 279 componerts. The SG level is 

remote manually controlled in the main control room. When t.he level 

·in any SG is :: 10% on the narrow range instrul!'entation, the feedwat~r 

flow to th~ SG is limited to~ 1.2 in/min. All oower op~rated valves 

can be manually controlled from th~ control room; however, on loss of 

AC or DC power, these valves can be operated locally. 

Information Available to Operator 

The information available to the operator includes pump operability 

(suet ion ores sure, discharge pressure and discharge flow), AFWST 

discharge pressure, AFWST leve1 and temperature, steam generator 

steam flow, steam generator water lovel and control valve position 

indication. The system instrument designation on Figure 1 and the 

associated function are listed below. 

Instruments 

PD-1043 Auxiliary Feed Stora:;a Tank Discharge Pressure. 

PA-1676 Auxiliary Feed St;;rage Tank Discharge Pressure. 

PL-1675 Auxi 1 i ary Feed Storage Tank Discharge Pressure. 

PA-1039 No. ll Auxiliary Feedpump suction pressure. 

PL -3448 No. 11 Auxiliary Feedpump suction pressure. 

?T-1677 No. 11 Auxiliary Feedpump suction pressure. 

4 

PA-1040 No. 12 Auxiliar~ Feedpump suction pressure. 

PL-3447 No. 12 Auxiliary Feedpump suction pressure. 

PT-1683 No. 12 Auxiliary Feedpump suction pressure. 

PA-1041 No. 13 Auxiliary Feedpumo suction pressure. 

PL-3446 N~. 13. Auxiliary Feedpump suction pressure. 

PT-1685 No. 13 Auxiliary Feedpump suction pressure. 

0 A-3450 No. 11 Auxiliary Feed:~~omp discharge pressu~e. 

PA-1081 No. 11 Auxiliary Feedpumo discharge pressu~e. 

PL-1678 No. 11 Auxliary Feedpump discharge pressure. 

PA-3449 No. 12 Auxiliary Feedpump discharge pressure. 

PA-1082 No; 12 Auxiliary Feedpump discharge pressure. 

PL-1684 No. 12 Auxiliary Feedpump discharge pressure. 

PA-1083 No. 13 Auxiliary Feadpump discharge pressure. 

PL-1686 No. 13 Auxiliary Feedpump discharge pressure'. 

FA-1037 No. 11 Auxfliary Feedpump discharge flow. 

FA-1038 No. 12 Auxi 1 iary Feedpump discharge flow. 

FA-1087 No. 11 Steam Generator steam flow. 

FA-1091 No. 12 Steam Generator steam flow. 

FA-1095 No. 13 Steam Generator steam flow. 

FA-1097 No. 14 Steam Generator steam flow. 

TD-3608 Auxiliary Feedwater Storage Tank temperature. 

LD-2955 Auxiliary Feedwater Storage Tank level. 

LD-3601 Auxiliary Feedwater Storage Tank level. 

LL-3443 Auxiliary Feedwater Storage Tank level. 

LA-1688 Auxiliary Feedwater Storage Tank level. 
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Initiating Signdls for Automatic Operation 

The motor driven pumps wi 11 start automatically on any of the fo 11 owing 

conditions: loss of offsite power, loss of main feedwater flow, 

safeguards sequenco. signal, or low· low level signal from any one of 

the four steam generators. When either of these pumps is started, a 

start indication is shown on the status panel in the control room, as 

we11 as the remote control station and local indication at its local 

AFW control panel. The turbine driven pump is started by any one of 

the following conditions: loss of offsite power, low-low level in 

two of the f~ur steam generators or undervoltage signal in the RCP 

group buses. 

Testing and Technical Specifications 

The licensee indicated that after each AFW train maintenance outage, 

the train would be flow tested to the SG to ensure system flow path 

alignment. Technical Specifications, Auxiliary Feedwater Systems, 

Survei 11 ance Requirements 4. 7. 1. 2 provide for certain testing at 

least once per 31 days in accordance with Station Procedure 

SP(O) 4.7. 1.2(a). Testing the 13 steam driven feed pump does not 

prevent the two motor driven feed pumps or their associated flow 

paths from per~orming their intended function. Technical Specifica

tions Sect'on 4.0.5, in-service testing of pumps, requires periodic 

testing of each motor driven feed pump in accordance with Station 

Procedure SP(O) 4.0.5-P. Testing of either motor driven (11 or 

12 ) feed pump does not prevent the remaining motor driven feed 
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pump or the steam driven feed pump from performing its individual 

safety function. 

Surveillance Procedure SPO(O) .4. 0. 5-P Precautions 3. 0 states "Do Not 

Test More Than One Pump At A Time," and Technical Specifications 

Action Statement 3. 7.12 does not permit 110ri than 1 pump to be out of 

service for more than 72 hours, otherwise be in Hot Shutdown within 

the next 12 hours. 

Reliability Evaluation Results 

Dominant Failure Modes Identified 

Normally, any one of three subsystems supplying their pump capacity 

to at least 2 of the 4 steam generators can provide for adequate 

decay heat removal (given those three transient events considered). 

Presently, however, the flow from the AFWS is throttled back to 

reduce the potential for occurrence of water hammer due to rapid 

condensation of steam in the steam generator associated with feedwater 

addition when the SG water level has dropped below the feed ring. 

Because of this initially throttled operation of the AFWS (! 1.2 in/min), 

the operator must take steps shortly after AFWS actuation to increase 

pump f1 ow and the rate of fil 1 of the SGs unt i1 the desired water 

level is reestablished in the SGs. 
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This throttle back procedure 1) serves to reduce the installed AFWS 

capacity; 2) it reduces the initial flow capacity that can be claimed 

to exist for the AFWS designs; 3) it interposesthe operator initially 

into the operation of the AFWS; 4) it creates a risk of delayed 

refill or the SGs thereby increasing the chance of operation (and 

sticking open) of the PORVs on the pressurizer; and 5) it affects the 

overall availability that might otherwise be estimated to exist for 

the Salem Unit 1 AFWS design. For those reasons, we conclude that 

the need to maintain such AFWS throttle-back procedures should be 

reassessed by the licensee. 

The fo 11 owing fai 1 ure modes were found to dominate the demand 

unavailability of the Salem Unit 1 AFWS. 

Loss of Feedwater (LOFW) with Offsite AC Available 

The single manual valve (IAFI) in the suction line from the primary 

water storage tank was assessed to be the dominant fault contribution 

(~ 70%) for the Salem 1 AFWS. Presently this manual value is not 

locked open and if inadvertently closed would result in delay or 

possibly failure of the AFWS on demand. The pumps could be damaged 

unless prompt operator action was taken to shut the pumps off and 

take subsequent actions to reestablish a water supply to the AFWS. 

The independent failure of both the steam turbine pump subsystem and 

either of the motor driven pumps subsystems comprised ~ 30% of the 
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next level of dominant fault contributors. These fault contributions 

would diminish somewhat (such as a factor of two) if the throttle· 

back procedures were removed. 

LOFW with Onsite AC Available 

The dominant failure modes for this transient are essentially the 

same as those described above. 

LOFW with Only DC Power Available 

For this transient event, the electric AFWS pumps would be unavailable 

but feedwater to the SG would be automatically provided by the single 

steam turbine-driven pump. (No AC dependenci·es were identified for 

the steam driven portion of the AFWS.) The dominant fault contri· 

butions would be those associated with failure of the turbine-driven 

pumps or the unavailability of this subsystem due to maintenance 

outage. 

Principal Oependenci es !dent i fied 

The principal dependencies identified were those associated with the 

single manual valve (IAFI) in the AFWS suction line to the principal 

water supply tank and the throttle-back practice currently being 

used. Both of these dependencies give rise to potential human errors 

that disable the availability of the AFWS. 
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Recommend at ions for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January l, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (both generic, 

denoted by GL, and plant-specific) recommendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system re 1 i ab i 1 i ty and represent act ions that shou 1 d be imp 1 emented by 

January 1, 1981, or as soon thereafter as is practicable. 

Short Term 

1. Recommendation GS-2 -The licensee should lock open single valves cr 

multiple valves in series in the AFW system pump suction ~iping and 

lock open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

to verify that these valves are locked and in the open po~ition. 

These inspectiqns should be proposed for incorporation into the 

surveillance requirements of the plant Technical Specifications. See 

Recommendation GL-2 for thE longer-term resolution of this concern. 

2. Recommendation GS-3 - The 1 icensee has stated that it throttles AH! 

system flow to avoid water hammer. The licensee should reexamine 

the practice of throttling AFW system flow to avoid water hammer. 
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The licensee should verify that the AF~ system will supply on demand 

sufficient initial flow to the necessary steam generators to assure 

adequate decay heat removal following loss of main feedwater flow 

and a reactor trip from 100% power. In cases where this reevaluation 

results in an·increase in initial AFW system flow, the licensee 

should provide sufficient information to demonstrate that the required 

i nit i a 1 Al'\j system f1ow wi 11 not resu 1 t in p 1 ant damage due to water 

hammer. 

3. Recommendation GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be available to the plant operators. These 

procedures should include criteria to inform the operator 

when, and in what order, the transfer. to alternate water sources should 

take place. The following cases should be covered by the procedures: 

• The case in which the primary water supply is not initially 

available. The procedures for '.his case should include any 

operator actions required to ~rotect the AFW system pumps 

against self-damage before water flow is initiated; and, 

• The case in which the primary water supply is being depleted. 

The procedure for this case should provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 
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·Recorrmendation GS-6 -The licensee should confirm flow path avail

ability of an AF~ system flow train that has been out of service to 

perform periodic testing or maintenance as follows: 

1 Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 

1 The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from .the primary AFW system water 

source to the steam generators. The flow test should be 

conducted with AFW system valves in their normal alignment. 

5. Recommendation GS-7 - The 1 i censee should verify that the automatic 

start AFW system signals and associated circuitry are safety

grade. If this cannot be verified, the AFW system automatic 

initiation system should be modified in the short-term to meet 

the functional requirements listed below. For the longer term, 

the automatic initiation signals and circuits should be upgraded 

to meet safety-grade requirements as indicated in Recommendation 

GL-5. 
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The design snould provide for the automatic initiation of 

the auxi 1 i ary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals ·and circuits shall be 

be a feature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary· feedwater 

system from the control room should be retained and should 

be implemented so that a single failure in the manual 

circuits will not result in the loss of system function. 

The alternating current motor-driven pumps and valves in 

the auxiliary feedwater system should be included in the 

automatic actuation (simultaneous and/or sequential) of the 

1 oads to the emergency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual capability to initiate the AFW system from the 

contro 1 room. 
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Adoitional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems.at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at !:!,- and C-E

designed operating plants. They have not been examined for specific 

appl icabi 1 ity to this facility. 

1. 

2. 

Recommendation - The licensee should provide redundant level 

indications and low level alarms in che control room for the 

AFW system primary water supply to allow the operator to 

anticipate the need to make up water or transfer to an alternate 

water supply and prevent a low pump suction press~re condition 

from occurring. The low level alarm setpoint should allow at 

least 20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 

Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Following 

the 72-hour pump run, the pumps should be·shut down and cooled 

down and then restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 

within design limits with respect to bearing oil temperatures 

and vibration and that pump room ambient conditions (temperature, 

humidity) do not exceed environmental qualification limits for 

safety-related equipment in the room. 

X. 12.3.3 
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3. Recommendation - The 1 i cense.e should imp 1 ement the fo 11 owing 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

~ach steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity reqllrements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch T~chn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.g 0" 

4. Recommendation -Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AF8 system 

train~ which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon instruction from the control 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

Long-Term 

Long-term recommendations for improving the syst~m are as follows: 
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· ENCLOSURE 2 

6as1s for Auxiliary Fttetir~ater 
~ystem Flo\': Recui rements 

As a result of recent staff revie-::s of operatin" piant Auxiliary Feed

~rater Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFf/S requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are not well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (Lf.IFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Ma>;imum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered in l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient"''r,.aocidetit. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory ana· depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is released from steam generator(s) 

and against wh1ch the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition- continued.operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postula~d steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain m"inimum steam generator water level. 

Also identify cred~t taken fo~ primary system heat removal 

due to b 1 owdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

fn temperature to size AFW water source inventory. 

E-250 

- 4 -

3. Verify that the AFW pumps in your pl'ant will supply the necessary 

flow to the steam generator(s) as, determined by items 1 and 2 

above considering a single failure. ldentify the margin· in sizing 

the pump f~ow to allow for pump rer.frculation flow, seal leakage 

and pump wear. 



Enclosure· 2 

Basis for Auxiliary Fee<i•1ater 
~ystem Flo1·1 Reaui rements 

As a result of recent staff revie:·:s o'f operatin; piant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by 1 i censees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are not well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LI-IFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 

E-251 

- 2 -

~ Maximum RCS pressure (PORV or safety valve actuation) 

- Fuel temperature or damage Jimits (DNB,. PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient stellll 

generator heat transfer surface to remove decay hHt and/or 

cool down the primary system. 

2. Describe the analyses and ass1111ptions and corr'esponcling technical 

justification used with plant condition consfdered fn l.a. above 

including: 

a. Maxi1111m reactor power (including instr~~~~ent error allowance) 

at the time of the initiating transient~r•.aoefden~. 

b. Time delll)' from initiating event to r.eactor tr'ip. 

c~ Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and i11troduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory ana· depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 



- 3' -

f. Maximum pressure at which steam is released from steam generator(s) 

and against which the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?,·2 out of 4? 

h. RC flow condition - continued. operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postula~d steam or fe~ line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to acc0111110date 

the time delay and maintain 11inimum steam generator water level. 

Also identify credit taken fo~ prfmar,y system heat removal 

due to blowdown. 

k. Volume and IDiximum temperature of water fn main feed lfnes 

between s.team generator(s) and AFWS connection to main feed 1 ine. 

1. Operating condition of steam generator normal blowdown following 

fnftfatfng event. 

11. Prfmar,y and secondary system water and metal sensible heat 

used for cooldown and AFW flow sfzfng. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

fn temperature to sfze AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as. determined by items 1 and 2 

above considering a single failure. Identify the margin in sizfng 

the pump f.low to allow for pump recirculation flow, seal leakage 

and pump wear. 
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~$ UNITED STATES 

\~f:L .. 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

50-2QE 

t·:r. James H. Drake, Vice-President 
Sou:hern California Edison Company 
2244 Walnut Grove Avenue 
P. 0. Box 800 
Rosemead, California 91770 

Dear ~lr. Drake: 

November 15, 1979 

SUBJECT: NRC REQUIRH1ENTS FOR AUXILIARY FEEDIJATER SYSTE:.:s AT SAN ONOFRE 
NUCLEAR GENERATING STATION, UNIT 1 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject fdcility, These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contain:; a generic request for additional i~formation regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review, You may also 
provide your response to the items in Enclosure 2 at that time. 

!n addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the 1 oss- of- feed water event and the s:1all break 1 css- of- cool ant 
accident as desc~ibed in the Westinghouse report WCAP-900, "Report on Small 
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Break ,;ccidencs for Westinghouse NSSS System." Ou• spec" : co•.cerns include 
syster:~s reliability (other than the auxiliary feedt;.::er s;,s •~), analyses, 
guidelines and proceduresfor operators, and operatcr tra~~ "3· 

We plan to identify, in separate correspondence, the requi~erents resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

\"""''·~ 
~ Ei ser h~;:, Acting Director 

Oivi sion of Ope~at'ng <eactors 
Office of Nucle.:r :.eac:or Regulation 
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cc w/enclosures: 
Cha1·1 es R. Kocher, A~;si stant 

General Counsel 
Southern California Edison Company 
Post Office 9ox 800 
Rosemead, Califor11h 91770 

David R. Pigott 
Samuel B. Casey 
Chickering & Greg,,ry 
Three E~barcadero Center 
Twenty-Third Floor 
San Franr.i>co, California 94111 

Jack E. Thomas 
Harry B. Stoehr 
5an Diego Gas & Electric Company 
P. 0. Box 1831 
San Diego, Califor~ia 92112 

U. S. Nuclear Regula tory Commi 5Si on 
ATTN: Robert ,1. Pate 
P. 0. Box 4167 
San Clemente, Cal:fornia 92672 

r~ission Viejo Braner L'brary 
24851 Chrisanta Drive 
l>li ssi on Viejo. Cali ·~(>rni a 92676 
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X. 13 (W) 

ENCLOSURE 1 

SAN ONOFRE 1 

AUXILIARY FEEDWATER SYSTEM 

X. 13.1 System Description 

X. 13. 1.1 Configuration, Overall Design 

A simplified diagram of the San Onofre Unit 1 Auxiliary Feedwater System 

(AFWS) is shown in Figure 1. Basically, the Auxiliary Feedwater System 

(AFWS) is a manually operated system which consists of two auxiliary 

feedwater pumps (AFP), one motor-driven pump whose capacity is 235 gpm at 

1035 psi and one steam driven pump whose capacity is 300 gpm at 1110 psi. 

Both pumps have common suction and discharge piping and valves. 

Flow from the AFW pump can be directed to the three steam generators via 

two paths. The normal path is from the pumps to the main feed header 

through connections upstream and downstream of high pressure feed heater. 

The second path is the emergency feedwater line which is a four-inch line 

which can be supplied by either AFP. This line branches into three three

inch lines which join· the main feed lines for each of the three steam 

generators between the main feedwater regulating valves (FRVs) and the 

main feed line containment penetrations. Normally closed isolation valves 

in the three-inch 1 ines must be manually opened locally to supply feedwater 

through the emergency 1 i nes. Contro 1 of AFW flow through the norma 1 path 

is by means of air-operated auxiliary feedwater regulating valvea(AFRVa) 
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which bypass the main FRVs. Another bypass 'line exists around each of the 

FRVs. This 1 ine has a two-inch manual valve wh1ch may be opened to allow 

feedwater to bypas.c a failed-closed FRV. The FRVs and AFRVs an air-operated 

and controlled from the control room. On loss of air, the FRVs fail open 

whioe the MRVs hii clrJsed. Portions of the main feedwater system are 

also llsed for safety injgction; the main feed pumps are electric motor-driven 

and are safety-related and aro. powered from the emergency buses. 

!so1~tion of failed portions of the AFW flo~o~ patt1s can be accomplished by 

manu a 1 V·l 1 ves. 

If the motor-driven AFP fails due to electric~l or mechanical problems, 

the lurb;ne-driven AFP is avai1able to provide the necessary steam generator 

make•Jp during a shutdown. The flow from the turbine-driven AFP 

000 gpm) is sufficient to control and raise steam generator level about 

four minutes after a scram. The motor-driven auxiliary feedwater pump 

flow (235 g•Jm) is Hlfficient to control and raise steam generator level 

aporQ)imately seven to eight minutes ~fter a reactor scram. 

Both 4FW pumps receive water vi~. a four-inch 1 i ne from the condenser make 

up and reject line, which is connected to the condensate storage tank 

(CST), with the CST being the primary source of water. 

Sources uf Wa t.er 

There !··~ t:,r·~e sources of water for AFW System. The primary sourc~ i • 

the CondPnsate Storage Tank (CST). This tank holds 240,000 gallons of 
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which 15,000 gallons fs dedicated to the AFW System. This will last for 

approximately three hours. All valves to the AFWS art in the normally 

open position and are manually operated. This tank is not tornado missilt 

protected. 

The secondary source of water is the Primary Plant Make·up Tank (PPMT). 

This tank holds 150,0.00 gallons of which a maximum of 105,000 gallons is 

reserved for the AFWS. The Technical Specifications require a total of 

105,000 gallons be available either from this tank or the service water 

reservoir. The PPMT is not tornado missile protected. The licensee 

estimates that the 105,000 gallons will last approximately 39 hours. The 

licensee estimates that conservatively 30 minutes may be required to line 

up the system, since one manual valve must be opened and a primary plant 

make-up pump (one is normally operating at all times), ia used to put water 

into the CST. 

The back· up source and long term cooling is from the Service Water Reservoir 

through the service water and fire protection systems. This reservoir has 

a capacity of 3 million gallons of which 105,000 gallons is dedicated as 

stated above. Portions of these systems, at least the pumps and some of 

the piping, are not tornado missile protected and would take about 30 

minutes to line·up, since manual valves must be opened and a fire hose 

must be connected to the CST. Comp 1 ete 1 ass of water sources to the 

auxiliary feedwater system such as by extensive tornado damage to the CST 

would disable the AFWS; whereas, torn~.do damage to the service piping from 

the service water reservoir affects the availability of the long term 

supply of water for the AFW system. 
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Com11onents - Design and Classification 

Environmental 
Component Qualification 

Motor-Driven Pump Ambient" 

Steam-Driven Pump Ambient" 

AFWS Piping -
Main Feed Piping -After main feed pumps 

AFWS Valves Ambient 

MFWS Va 1 ves - After Ambient 
MFW Pumps 

Condensate Storage Tank Ambient 

Primary Plant Make-Up Ambient 
Tank 

Primary Plant Make-Up Ambient 
Tank Piping System 

Service Water Reservior Ambient 

Service Water· System Ambient 
at Pumps 

Main Steam Piping -

" 40-104°F 100% Humidity 

Seismic Catetory 

A = Designed for SSE 

B = Designed for OBE 

C = Non seismic 

Design Seismic 
Class i fica~ ion Category 

Safety ReI a ted 8 

Safety Related B 

Safety Re 1 a ted B 

Safety Related 

Safety Re 1 a ted B 

Safety Related 

Safety Re 1 a ted A 

Non-Safety Related 8 

Non-Safety Related B 

Safety Related A 

Safety Re 1 a ted 

Safety Related A 
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The system has been reviewed based on documents which are now available to 

the Staff for postulated breaks in high energy lines including the .Main 

Steam, Main Feed and Auxiliary reedwater Systems. As a result of the review, 

we conclude that for a break in the AFW System discharge piping with or without 

a single active failure, water can be 1upplied to the steam generator 

via the main feed pumps and the main feed 1yatem assuming these pumps are 

available and that there is no safety injection signal. A break in the 

main feed or main steamline outside containment may result in environmental 

conditions for which components in the main feed and AFWS have not been 

demonstrated to be operable. A break in the steam line to the turbine

driven AFW pump at the pump may also result in local environmental condi

tions for which main feed and AFWS components have not been demonstrated 

to be operable. In this latter case, one train of. the main feedwater 

system would not be affected and would, therefore, remain available to 

pro vi de feedwater to the steam generators provided there is no safety 

injection signal. Based on the above, postulated breaks in the main steam 

and main feed lines may result in local environmental conditiQns which may 

disable conventional means to feed the steu generators and result in 

steam generators boiling dry. 

In conjuncti,on with high energy pipe breaks, the licensee states that in 

accordance with the criteria established by the NRC and previously. approved 

by the NRC for San Onofre Unit 1, the licensee's analysis of pipe breaks 

outside containment did not postulate breaks in the annulus between the 

containment and the turbine building. However, in order to protect against 

the affects of cracks along pipes in this area, thl main steam and main 
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feedwater lines were enclosed in metal sleeves. The licensee stated that 

they consider that steam released from pipe cracks would, for the most 

part, condense on the sleeves and drip out the ends and any steam which 

did go out the ends would tend to rise to the open atmosphere. In view of 

these considerations. The 1 icensee does not consider credible that the 

environment at the manual audliary feedwater valves located approximately 

.14 feet below the high energy lines would be such as to prevent an operator 

from opening the valves. 

In the feedwater mezzanine area, in order to preclude breaks in the main 

steam and feedwater lines, an augmented ISI Program has been established. 

However, breaks were postulated in smaller piping. In addition, cracks 

were postulated in all piping. To protect cable trays located below the 

high energy 1 i ne from jet impingement from the breaks or cracks, th* floor 

grating was replaced with a plate barrier. Although the cable trays 

penetrate the turbine building wall about 5 feet above the manual auxiliary 

feedwater valves, the licensee believes that steam is inhibited from 

passing through these pentrations by the plate barrier. Although steam 

could pass through penetraions at the elevation of the main steam and 

feedwater lines, the licensee considers that this ateam would tend to rise 

to the open atmosphere. In the area of ·the manual auxiliary feedwater 

valves (about 14 feet below these lines) the licensee believes that the 

environment would not be so adverse as to prevent an operator from opening 

the valves. See Section 13.3.3, Long Term Recommendations, and Section 

13.3.4, Systematic Evaluation Program Considerations for recommendations 

relating to high energy pipe breaks. 
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X.l3.1.3 Power Sources 

The steam supply for the turbine-driven AFW pump is provided from the main 

steam header from a connection upstream of the main steam stop valves. 

The turbine-driven AFW pump is started by local manual startup of the 

turbine. An air operated valve supplies steam to the turbine and takes 

power from D.C. Bus 1. On loss of air pressure this valve would fail 

closed. However, it can be open"d manually to control the turbine locally. 

The motor-driven pump can be started from the control room, the 

auxiliary control panel, or with the local operation of its breaker 

in the 480V switchgear room. The motor receives power from 480V 

switchgear bus #3. This bus can receive electrical power from both 

offsite and onsite sources. During a loss of offsite power, emergency 

diesel generator #1 supplies. power ID switchgear bus #3 via 4160V bus 

lC after the electrical systl!lll has been realigned. 

The main feedwater regulator motor-operated block valves take their 

power- .from the A-C buses and fail in the as-is position on loss of 

power. These valves can be manually operated locally. 

Upon loss of Ill A-C power, the turbine PU!IP will provide water to 

the steam generators via 1111nually operated valves. The pump bearings 

will be cooled by gravity feed from the service water reservior. 
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X. 13. 1. 4 Instrumentation and Controls 

X.l3. 1.4.1Control5 

All contr•JlS for the system are local, manual controls except for the 

motor driven pump on-off control, the main feedwater regulating valves 

control and the auxiliary feedwater regulating valve control. These 

controls are located locally as well as at the remote shutdown panel and 

the control room. The motor-operated block valves are controlled only 

locally or in the control room. 

X. 13. 1.4.2Information Available to the Operator 

The following information is avai 1 ab 1 e to the operator in the contra 1 

room. 

1. CST, PPMT, and SWR water 1 eve 1 a 1 arms 

2. CST and PPMT tank level indication 

3. Steam Generator Level 

4. Steam Generator Low Level Alarms 

5. Flow at feed flow control valves 

6. Main steam pressure 

7. Main Feed Line Pressure 

8. Main Feed Flow Control Valve Position Indication 

9. Electric AFW pump operation and ammeter 
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The following information is available at the remote shutdown panel. 

1. Steam ~dnerator level indication. 

2. Electric AFW pump operation 

All other information needed by the operator can be found at the local 

stations. 

X.l3.1.5 Initiating Signals for Automatic Operation 

Since the system is a manually initiated system this section is not appli

cab"le, but manual initation is started on loss of main feed pumps and low 

steam generator level. Subsequent to the staff review of the San Onofre 1 

AFW system, the licensee completely revised his emergency operating instruc

tions related to abnormal steam generator water level (including loss of 

main feed pumps) and steam generator high energy pipe break •. These revised 

procedures identify plant symptoms and provide specific immediate and 

subsequent action requirements for the control room operator and the 

dedicated operator stationed at the redundant AFW system manually operated 

control valves to initiate AFW system operation. 

X.l3.1.6 Testing 

Both Auxiliary Feedwater Pumps are requ 'red to be tested bi-weekly, but 

the 1 icensee states that they are presently being tested weekly in the 

recirculating mode of operation. The turbine-driven pump is tested every 

six months in an overspeed condition. 
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The feed control valves are used continuously for plant operation. All 

other normally closed valves are not tested except when in use. 

The two diesel generators are tested monthly on a staggered bases. 

X.l3.1. 7 Techni"cal Specifications 

The Technical Specifications for the plant that are applicable to the 

Auxiliary Feedwater System are as follows: 

TURBINE CYCLE 

Operating Status 

Applicability: Applies to the operating status of the turbine cycle. 

Objective: To define conditions of the turbine cycle necessary to 

ensure the capability to remove decay heat from the core. 

Specification: The reactor shall not be pressurized above 500 psig unless 

the following conditions are met: 

(1) A minimum turbine cycle steam-relieving capability of 

5,706,000 lb/hr (except for resting of the main steam 

safety valves). 

(2) Both auxiliary feedwater pumps operable, or the steam· 

driven auxiliary feedwater pump is continuous operation 

when the residual decay heat levels are greater than 

the natura 1 heat 1 osses from the reactor coo 1 ant 

system. 
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(3) A minimum of 15,000 gallons of water in the condensate 

storage tank, and an additional 105,000 gallons in the 

service-water .·eservoir and/or the primary plant 

makeup tank. 

(4) System piping and valves directly associated with the 

above components operable. 

After criticality is achieved, one auxiliary feedwater pump 

may be removed from service for maintenance for a period 

not to exceed 24 consecutive hours. 

Reliability Evaluation 

X. 13. 2.1 Dominant Failure Modes 

The San Onofre auxiliary feedwater system was analyzed to determine the 

dominant failure modes under three transient conditions: 

a. LOFW with offsite power available 

b. LOFW with onsite power available 

c. LOFW with only DC power available. 

Results of the Anaysis are SUIIIIIIIIrized below. 

LOFW with Offsite Power Available 

Unavailability of the auxiliary feedwater system is dominated by. the 

following: 
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a. Operet11r failure to actuate system upon demand; 

b. Failure of the single manual valve in the supply line from the conden

sate sto~age tank. 

The operator must recognize conditions requiring auxiliary feedwater, 

start the pumps (electric pump from the cont"rol room or turbine pump 

locally) and locally open the normally closed manual discharge valves. 

Despite having a dedicated man at the local station, his actions are 

dependent upon instruction from the control room operator. The 

·availability of the system is, thus, dependent upon the knowledge and 

actions of the control room operator. 

Despite several sources of water, all water is drawn from the condensate 

storage tank through a single manual valve. Should this valve fail closed, 

the system will be unavailable. 

LOFW with Onsite Power Available 

The unavailability of the system is dominated by the same factors as the 

case discussed above. Postulating loss of one of the two diesel generators 

does not effect the dominant failure modes. 

LOFW with Only DC Power Available 

Despite loss of all AC power, the turbine-driven pump train could continue 

to supply the necessary auxiliary feedwater. Sufficient cooling should be 

supplied by gravity feed to keep the pump bearings cool. 
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Sho~t term system unavailability (~30 minutes) is dominated by the potential 

for maintenance being performed on the turbine driven pump and by the 

possibility of the discharge block valve inadvertantly being left closed 

following maintenance on the pump. 

Long term unavailability c:3o minutes) is dependent upon assuring that 

the steam admission valve remains open. This air operated valve will fail 

closed upon subsequent loss of air which is dependent upon AC power. 

Manual action is required to open this valve or to provide an air supply 

after about 30 minutes when local air reservoirs could be depleted. 

X. 13.2.2 Dependencies 

X.13.3 

One potential dependency was identified in the ana.lysis. Both pumps of 

the auxiliary feedwater system are in a common location making them suscep

tible to any locally adverse conditions such as high energy breaks or 

fires. 

Recommendations for this Plant 

The short-term recommendations identified in this section represent actions 

to improve AFW system reliability that should be implemented by January 1, 

1980, or as soon thereafter as is practicable. In general, they involve 

upgrading of Technical Specifications or establishing procedures to avoid 

or mitigate potential system or operator failures. The long-tel'll recolll!lend

ations identified in this section involve system design evaluations and/or 

modifications to improve AFW system reliability and represent ac.tions that 
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should be implemented by January 1, 1981, or as soon thereafter as is 

practicable. 

X. 13. 3.1 Short-Term 

1. Recommendation GS-2 - The 1 icensee should lock open single valves or 

multiple valves in series in the AFW system pump suction piping and 

lock open other single valves or multiple valves in series that could 

interrupt all AFW flow. Monthly inspections should be performed to 

verify that these valves are locked and in the open position. These 

inspections should be proposed for incorporation into the surveillance 

requirements of the plant Technical Specifications. See Recommendations 

GL -2 for the 1 onger term reso 1 uti on of this concern. 

2. Recommendation GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be available to the plant operators. 

These procedures should include criteria to inform the operator when, 

and in what order, the transfer to alternate water sources should 

take place. The following cases should be covered up by the procedures: 

The case in which the primary water supply is not initially 

available. The procedures for this case should include any 

operator actions required to protect the AFW system pumps against 

self-damage before water flow is initiated; and, 
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The case in which the primary water supply is being depleted. 

The procedures for this case should provide for transfer to the 

alternate water sources prior to draining of the primary water 

supply. 

3. Recommendation GS-5 - The as-built plant should be capable of providing 

the required AFW flow for at l~ast two hours from one AFW pump train 

independent of any alternating current power source. If manual AFW 

system initiation or flow control is required following a complete 

loss of alternating current power, emergency procedures should be 

established for manually initiating and controlling the system under 

these conditions. Since the water for cooling of the lube oil for 

the turbine-driven pump bearings may be dependent on alternating 

current power, design or procedural changes should be made to eliminate 

this dependency as soon as practicable. Until this is done, the 

emergency procedures should provide for an individual to be stationed 

at the turbine-driven pump in the event of the loss of all alternating 

current power to monitor pump bearing and/or lube oil temperatures. 

If necessary, this operator would operate the turbine-driven pump in 

an on-off mode until alternating current power is restpred. Adequate 

1 i ght i ng powered by direct current power sources and communications 

at local stations should also be provided If manual initiation and 

control of the AFW system is needed. (See Reconmendation GL-3 for 

the longer-term resolution of this concern.) 
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4. Recommendation GS-6 - The 1 icensee should confirm flow path avail

ability of an AFW system flow train that ha~ been out of service to 

perform periodic testing or maintenance as follows: 

Procedures should be implemented to require an operator to 

determine that the AFW system valves are properly aligned and a 

second operator to independently verify that the valves are 

properly a 1 i gned. 

The licensee should propose Technical Specifications to assure 

that prior to plant startup following an extended cold shutdown, 

a flow test would be performed to verify the normal flow path 

from the primary AFW. system water source to the steam generators. 

The flow test should be conducted with AFW system vlaves in 

their normal alignment. 

5. Recommendation GS-8 - The licensee should install a system to auto

matically initiate AFW system flow. This. system need not be safety

grade; however in the short-term, it should meet the criteria listed 

below, which are similar to Item 2.1. 7a of NUREG-0578. For the 

longer term, the automatic initiation signals and circuits should be 

upgraded to meet safety-grade requirements as indicated in 

Recommendation GL-1. 
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The automatic initiation signals and circuits should be designed 

so that a single failure will not results in the loss of auxiliary 

feedwater system function. 

Testability of the initiating signals and circuits should be a 

feature of the design. 

The initiating signals and circuits should be powered from the 

emergency buses. 

Manual capability to initiate the auxiliary feedwater system 

from the control room should be retained and should be implemented 

so that a single failure in the manual circuits will not result 

in the loss of system function. 

The a 1 ternat i ng current motor-driven pumps and va 1 ves in the 

auxiliary feedwater systetn should be included in the automatic 

actuation (simultaneous and/or sequential) of the loads to the 

emergency buses. 

The automatic initiation signals and circuits should be designed 

so that their failure will not result in the loss of manual 

capability to initiate the AFW system from the control room. 

6. Recommendation - The licensee should propose modifications to Technical 

Specifications so that manual valves that are normally closed will be 

tested periodically. 

7. Recommendation - The licensee should install valve operators that can 

The design should prov-ide for the automatic initiation of the be controlled from the control room on all the normally closed 

auxiliary feedwater system flow. manual discharge valves. This will reduce the time delay inherent in 
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the present manual set-up as discussed in Section 13.2.1. The AFW 

system could then be operated from the control room until the 

system has been fully automated. (See Recommendation 5 above). 

8. Recommendation - To reduce dependence on a single flow path from the 

water sources and increase the quantity of water reserved and readily 

available for the AFW system, the licensee should connect temporary 

piping or a fire hose from the Service Water Reservoir/ fire protection 

system directly to the AFWS pump suction header. 

X.l3.3.2 Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at~- and 

C-E-designed operating plants. They have not been examined for specific 

applicability to this facility. 

1. Recommendation - The 1 icensee should provide redundant level indica

tions and low level alarms in the control room for the AFW system 

primary water supply to allow the operator to anticipate the need to 

make up water or trasnfer to an alternate water supply and prevent a 

low pump suction pressure condition from occurring. The low level 

alarm setpoint should allow at least 20 minutes for operator action, 

assuming that the largest capacity AFW pump is operating. 
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2. Recommendation- The licensee should perform a 72-hour endurance test 

on all AFW ~ystem pumps, if such a test or continuous period of 

operation has not been accompl ish"d to date. Following ,the 72-hour 

pump run, the pumps should be shutdown and cooled down and then 

restarted and run for one hour. Test acceptance criteria should 

include demonstrating that the pumps remain within design limits with 

respect to bearing/bearing oil temperatures and vibration and that 

pump room ambient conditions (temperature, humidity) do not exceed 

environmental qualification limits for safety-related equipment in 

the room. 

3. Recommendation - The licensee should implement the following requirements 

as specified by Item 2.1. 7.b on page A-32 of NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to each steam 

generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be powered 

from the emergency buses consistent with satisfying the emergency 

power diversity requirements for the auxi 1 i ary feedwater system set 

forth in the Auxiliary Systems Branch Technical Position 10-1 of the 

Standard Review Plan, Section 10.4.9." 

4. Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on the AFW ,system 
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train, and there is only one remaining AFW train available for opera

tion should propose Technical Specifications to provide that a dedicated 

individual who is in communication with the control room be stationed 

at the manual valves. Upon instruction from the control room, this 

operator would realign the valves in the AFW system train from the 

test mode to its operational alignment. 

X.l3.3.3 Long-Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL-1 - Licensees with plants having a manual starting 

AFW system, should install a system to automatically initiate the AFW 

system flow. This system and associated automatic initiation signals 

should be designed and installed to meet safety-grade requirements. 

Manual AFW system start and control capability should be retained 

with manual start serving as backup to automatic AFW system initiation. 

2. Recommendation GL-2 - Licensees with plants in which all (primary and 

alternate) water supplies to the AFW systems pass through valves in a 

single flow path should install redundant parallel flow paths (piping 

and valves). 

Licensees with plants in which the primary AFW system water supply 

passes throughvavles in a single flow path, but the alternate AFW 
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system water supplies connected to the AFW system pump suction piping 

downstream of the above valve(s) shoul.d install redundant valves 

parallel to the above valve(s} or provide automatic openir.g of the 

valve(s} from the alternate water supply upon low pump suction pressure. 

The 1 icensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

3. Recommendation - GL-3 - At least one AFW system pump and its associated 

flow path and essential instrumentation should automatically initiate 

AFW system flow and be capable of being operated independently ·of any 

alternating current power source for at least two hours. Conversion 

of direct current power to alternating current i.$ acceptable. 

4. Recommendation - GL-4 - Licensees having plants with unprotected 

normal AFW system water supplies should evaluate the design of their 

AFW systems to determine if automatic protection of the pumps is 

necessary following a seismic event or a tornado. The time available 

before pump damage, the alarms and indications available to the 

control room operator, and the time necessary for assessing the 

problem and taking action should be considered in determining whether 

operator action can be relied on to prevent pump damage. Consideration 

should be given to providing pump protect.ion by means such as automatic 

switchover of the pump suctions to the alternate safety-grade source 

of water, automatic pump trips on low suction pressure or upgrading 

the norma 1 source of water to meet seismic Category 1 and tornado 

protection requirements. 
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5. Recommendation - The licensee should evaluate the following concerns: 

a) A break in the main feed or main steamline outside containment 

or a break in the steamline to the turbine driven AFW pump may 

result in environmental conditions for which the main feed and 

AFW system components are not qua 1 i fi ed. 

b) The San Onofre Unit 1 AFW system design does not meet the high 

energy line break criteria in SRP 10.4.9 and Branch Technical 

Position 10-1; namely, that the AFW system should maintain the 

capability to supply the required AFW flow to the steam generator(s) 

assuming a pipe break anywhere in the AFW pump discharge lines 

concurrent with a single active failure. 

The licensee should evaluate the postulated pipe breaks stated 

above and (1) determine any AFW and main feedwater system design 

changes including environmental qualification, or procedures 

necessary to detect and isolate the break and direct the required 

feedwater flow to the steam generator(s) before they boil dry or 

(2) describe how the plant can be brought to a safe shutdown 

condition by use of other systems which would be available 

following such postulated events. 

Systematic Evaluation Program Considerations 

The following items are still under review by the Systematic Evaluation 

Program (SEP) and supplement the ~ove long term recommendations: 
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1. The San onofre Unit 1 plant, including the AFW System, will be reeval

uated during the SEP with regard to internally and externally generated 

missiles, pipe whip and jet impingement including main steam and main 

feed line breaks inside and outside containment, quality and seismic 

design requirements, and the effects of earthquakes, tornadoes and 

floods. 

2. The San Onofre Unit 1 AFW System is not automatically initiated and 

the design does not have capability to automatically terminate AFW 

flow to a depressurized steam generator and provide flow to the 

intact steam generator in the event of a main steam or main feed line 

break. The effect of this design will be assessed in the design 

basis event evaluations for San Onofre Unit 1. 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
~ystem Flo1·1 Reoui rements 

As a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nqt well defined or documented . 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant • 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

· 7) Main feed line break 

B) Main steam line break 

9) Small break LOCA 

.10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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• Maximum RCS pressure (PORV or safety valve actuation) 

• F'uel temperature or damage 11mits (OtiS, PCT, maxir.:um fuel 

central temperature) 

• RCS cooling rate limit to avoid excessive coolant shrinkage 

• Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumpti.ons and corresponding technical 

justification used with plant condition considered in l.a. above 

including: 

a. Maximum reactor power {including instrument error allowance) 

at the time of' the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and·depletion rate before 

and after AFWS flow commences • identify reactor decay heat 

rate used. 
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f. Na>:imum pressure at which steam is released from steam generator(s) 

and against which the AFW pump must develop sufficient head. 

g. Minimum number of steam. generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition • continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump f1ow capacf~ allowance to accommodate 

the,tfme delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between steam generator(s) and AFWS connection to main feed 11ne. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperatUre to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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UNITED STATES 

;~5~1i!.(i 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20!551 

., ....... 
Docket Nos.: 50-280 

50-281 

Mr. W. L. Proffitt 
Senior Vice-President - Power 
Virginia Electric and Power Company 
P. 0. Box 26666 
Richmond, Virginia 23261 

Dear Mr. Proffitt: 

September 25, 1979 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT SURRY POWER 
STATION, UNITS 1 AND 2 

Tne purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the.NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The desi-gns and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to detennine.the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter·. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide you~ response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject faci 1 ity are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the 1 oss-of-feedwater event and the small break 1 ass-of-coolant 
accident as described in the Westinghouse report WCAP-9500, "Report on Small 
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Break Accidents for Westinghouse ~SSS System." Our. specific concerns include 
systems reliability (other than tHe auxiliary feedwater system), analyses, 
guidelines and procedures for ope~ators, and operator training. 

We plan to identify, in separate l:orrespondence, the requirements resulting 
from the additional items from the Bulletins and Orders [ask Force review. 

Enclosures: 
As stated 

Sincerely, ,-_/ 

~-tc~>~ 2h-~~ r. · -Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 

• Office of Nuclear Reactor Regulation 
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i1r. W. L. Proffitt 
Virginia Electric and Power Company - 3 - September 25, 1979 

cc: i·1r. Mi chae 1 11. 11aupi n 
Hunton and Williams 
Post Office Box 1535 
Richmond, Virginia 23213 

Swem Library 
College of ~illiam and Mary 
Williamsburg, Virginia 23185 

Donald J. Burke 
u. S. Nuclear Regulatory Commission 
Region II 
Office of Inspection and Enforcement 
101 Marietta Street, Suite 3100 
Atlanta, Georgia 30303 



~:14.1 System Description 

ENCLOSURE 1 

SURRY 1 & 2 

AUXILIARY FEEDWATER SYSTEM 

X.14.1.1 Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to the 

steam generators for reactor coolant system sensible and decay heat removal 

when the normal feedwater system is not available. The AFWS can be utilized 

during other periods, such as during startup and shutdown, in the event of 

malfunctions such as loss of offsite power and also in the event of an 

accident. 

The AFWS is designed to seismic Category I requirements and is tornado 

missile proof. 

A simplified flow diagram is shown on Figure 1. The system consists of 

two motor driven pumps (3A and 38) and one steam driven pump (2). Each 

motor driven pump has a net capacity of 350 gpm; the turbine driven pump 

has a net capacity of 700 gpm. Taps from each main steam line at a point 

upstream of the main steam isolation valves provide the source of steam to 

the turbine through two parallel valves, one motor and one air operated. 

The motor driven pumps are connected to separate Class IE 480VAC emergency 

buses. 
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Normally, the pumps take suction from the emergency condensate storage 

tank, with a capacity of 110,000 gallons. This provides approximately five 

hours of operation at system design flow of one motor-driven pump. This tank 

is designed to seismic Category I requirements and is protected from 

tornado missiles. Additional supplies for the AFW system are as follows: 

1. 300,000 gallons from a non-seismic condensate storage tank. 

2. 110,000 ga 11 ons underground storage tank - seismic Category I and 

miss i1 e protected. 

3. 2·300,000 gallon Fire t~ain Supply Tanks (non-seismic Category I), Fire 

f•lain Supply Piping (seisn.ic Category I). 

4. A cross-connect to the other un1t's water supply,.consisting of the 

same supplies listed in 1, 2, and 3 above. 

Each of the three pumps discharge into two headers, aligned by manual 

valves. Thera are three lines from each header, and each 'line contains 1 

motor operated valva located inside containment. The lines join down1tream 

of the MOVs and form a common discharge line supplying each steam generator 

via the associated main feed line. In the event of failure of one header, 

the supplies from tha·pumps may ba isolated from tha failed header by 

manual operated valves to assure steam generator water flow from the other· 

header. The motor operated valves (MDV) in the system flow path are 

normally .open, and fail as-is. The air operated valve in the turbine 

steam supply system is normally closed, and fails open; the parallel MDV 

is normally closed and fails as-is. The AFWS discharge lines of both 

units are cross connected but are isolated by normally closed MDV valves. 

Operator action will permit the AFWS of one unit to supply water to the 

steam generators of the opposite unit. 
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X.l4.1.2 System Design Classification 

The turbi·ne pump train and motor pump trains (pumps, valves, motors, 

piping) are seismic Category I and tornado missile proof (Class lEfor 

electrical equipment). 

X.l4.1.3 Power Sources 

The motor driven pumps and valves are supplied from the Class lE A-C 

~mergency buses; 3A from Emergency bus lH, 38 from emergency bus lJ. The 

air operated turbine pump steam admission valv~ is D.C. solenoid operated and 

fails open. The parallel MOV is powered by Class lE A-C power and fails 

as is. 

X.l4.1.4 Instrumentation and Control 

The instrumentation and control power supplies are from the 120 VAC vital 

bus system. 'There are four vital buses, two supplied from inverters 

connected to the emergency DC power supplies and two regulated power 

supplies connected to the AC emergency buses. 

X.l4.1.4.1 .Controls 

Steam generator level is controlled manually from either the main control 

room or the auxiliary shutdown panel by operating the appropriate MOV in 

the AFW line. The valves are motor operated, are normally open and fail 

as-is on loss of power. Class lE instrumentation is provided (level and 

flow indications). 
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.Information Available to the Operator 

Except as noted, the following indications are available at both operating 

st4tion~: 

1. MOV position indication 

2. Air operateq valves position indication, turbine control system 

3. Auxiliary feedwater flow (Control Room only) 

4. SG level-wide range 

5. Auxiliary feed pump amperage (Control Room only) 

6. Breaker (motor driven pump) position 

7. Condensate (110,000 gal) tank level (Control Room only) 

Initiating signals for Automatic Operation 

l. The following signals start the motor driven pump motors: 

a. Low- Low 1 eve 1 from any steam generator 

b. Undervoltage on transfer buses D & F 

c. Safety injection 

d. Trip of both main feed pumps 

e. Manual 

2. The following signals open the steam control valves starting the 

steam turbine: 

a. Undervoltage on the Station Service bus (2 out of 3 logic) 

b. Low-Low steam generator level-2 out of 3 steam generators 

c. Manual 
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X.l4.1.5 Testing 

The systems are tested every 30 days in accordance with techni ca 1 speci fica

tion requirements. In addition to the periodic tests, operational tests 

are performed in, accordance with surveillance tests following maintenance 

on a particular system or component. The instrumentation systems are 

tested periodically, per shift, every 30 days and every 18 months in 

accordance with technical specification requirP•~nts. 

X.l4.1.6 Tech Specs 

X.l4.2 

The limiting condition of operation (LCO) permits plant operation if two 

of the three auxiliary feedwater pumps are operable. This could result in 

unrestricted plant operation if any of the three (including the steam 

driven pump train) remains inoperable. 

Reliability Evaluation Results 

X.l4.2.1 Dominant Failure Modes 

Successful delivery of feedwater is considered to be the flow of at least 

350 gpm to one (or more) of the three steam generators, for the transients 

considered here. 

Failure modes of the AFWS were assessed for three types of initiating 

transients. The dominant failure modes for each transient type are discussed 

below. 
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Loss of MFW with offsite power available 

The reliability analysis of the Surry AFWS based on this initiating transient 

did not identify any single failures or double failures which would fail 

the entire AFWS. Consideration was given to combinations of three failures . 
such as a combination of one pump out for maintenance, coupled with 

hardware failures in the other two lines. However, the dominant failure 

mode was assessed to be a common cause failure resulting from the failure 

to reopen all the manual pump discharge valves following test, coupled 

with the failure to either reopen at least one valve within appr!)ximately 

one-half hour after a demand on the AFWS, or to draw feedwater from. the 

other unit's AFWS through the unit intertie connections. 

Loss of MFW with only onsite AC power available 

The response of the Surry AFWS to this transient should not be significantly 

different from that for the case discussed above. As such, it is again 

concluded that the dominant failure mode is the human error of failing to 

reopen the manual pump discharge valves after test, coupled with the 

failure to reopen one valve or to realign the other unit's AFWS within 

30 minutes after an AFWS demand. 

Loss of MFW with only DC power available 

In this transient neither onsite or offsite AC power is available; thus 

the AFWS is reduced to the one steam-driven pump train. Failure of this 

train can occur in a number of ways. The results of this examination 

indicate that the dominant mode of failure is that the steam-driven train 
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is out of service due to maintenance. The current Surry Technical Specifica-

tions and LCOs permit the outage of one AFWS pump 'indefinitely, so that 

the possibility of the steam train being out of service in a station 

blackout incident could be high. Revision of the Surry Technical Specifica

tions and LCOs to normally require the operability of all three trains 

except for 1 imited maintenance outages (as in the standard Tech Specs) 

would improve the reliability of the AFWS substantially for this transient. 

X.l4.2.2 Potential Dependencies 

X.l4.3 

The potential for a common-cause failure of .the AFWS due to human error 

is, as discussed above, the most significant dependency found in this 

analysis. A second potential common-cause failure due to commonalities of 

equipment location was also noted; however, since the unit intertie system 

was installed specifically to alleviate this possible problem, this does 

not appear to be a significant concern. 

Recommendations for this Plant 

The short-term recorMlendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (b9th generic, 

denoted by GL, and plant-specific) recommendations identified in this sec

tion involve system design evaluations anc/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January 1, 1981, or as soon thereafter as is practicable. 
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X. 14. 3. 1 Short-Term 

1. Reconmendation GS-1 -The licensee should propose modifications to 

2. 

the Technical Specifications to limit the time that one AFW system 

pump and its associated flow train and essential instrumention can. be 

inoperable. The outage time limit and subsequent action time 

should be as required in current Standard Technical Specifications; 

i.e., 72 hours and 12 hours, respectively. 

Reconmendation GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be available to the plant operators. These 

procedures should include criteria to inform the operator 

when, and in what order, the tl'llnsfer to alternate water sources !.nould 

take place. The following cases should be covered by the procedures: 

• The case in which the primary water supply is not initially 

ava1lable. The procedures for this case should include any 

operator actions required to protect the AFW system pumps 

against self-damage before water flow is initiated; and, 

1 The case in which the primary water supply 1s being depleted. 

The procedure for this case should provide for transfer to 

the alternate water sources prior to draining of the primary 

water supply. 
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Recoi11Tiendation GS-5 - The as-built plant should be capable of pro

viding the required AFW flow for at least two hours from one AFW pump 

train independent of any alternating current power source. If manual 

AFW system ,initiation or flow control is required following a complete 

loss of alternating current power, emergency procedures should be 

established for manually initiating and controlling the system 

under these conditions. Since the water for cooling of the lube 

oil for the turbine-driven pump bearings may be dependent on alter

nating current power, design or procedural changes shall be made to 

eliminate this dependency as soon as practicable. Until this is done, 

the emergency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all alternating current power to monitor pump bearing and/or lube 

oil temperatures. If 11ecessary, thh operator would operate the 

turbine-driven pump in an on-off mode until alternating current 

power is restored. Adequate lighting powered by direct current 

power sources and co111!1unications at local !'tations should also be 

provided if manual initiation and control of the AFW system is 

needed. (See Recommendation GL-3 for the longer-term resolution of 

this concern. ) 

4. Recoi11Tiendation GS-6 - The 1 icensee should confirm flow path avail

abi 1 ity of an AFW system flow train that has been out of service to 

perform periodic testing or maintenance as follows: 

• Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

5. 
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the valves are properly aligned. 

• The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW osystem water 

source to the steam generators. The flow test should be 

conducted with AFW system valves in their normal alignment. 

Recommendation GS-7 - The licensee should verify that the automatic 

start AFW system signals and associated circuitry are safety-grade. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements listed below. For the longer term, the automatic initia

tion signa 1 s and circuits should be upgraded to meet safety-grade 

requirements as indicated in Recommendation GL-5. 

The design should provide for the automatic initiation of the 

auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be designed 

so that a single failure will not result in the loss of auxiliary 

feedwater system function. 

Testability of the initiation signals and circuits shall be a 

feature of the design. 
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The initiation signals and circuits should be powered from the 

emergency buses. 

Manual capability to initiate the auxiliary feedwater system 

from the control room should be retained and should be implemented 

so that a single failure in the manual circuits will not result 

in the loss of system function. 

The alternating current motor-driven pumps and valves in the 

auxiliary feedwater system should be included in the automatic 

actuation (simultaneous and/or sequential) of the loads to the 

emergency buses. 

The automatic initiation signals and circuits shall be designed 

so that their failure will not result in the loss of manual 

capability to initiate the AFW system from the control room. 

6. Recommendation - Procedures should be established to lock open and 

periodically verify open position of all manual AFWS valves inside 

containment. 

7. Recommendation-The licensee should require staggering of the periodic 

pump train tests (e.g., one train at North Anna is tested every lO 

days rather than all three trains tested at once on a monthly basis). 

This reduces the potential for inadvertently leaving closed the dis

charge valves of all :rains after test. 
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8. Recommendation - Emergency procedures should be available 

to the operators for operating the AFWS of one unit such that it is 

supplying water to the steam generator(s) of the opposite unit in the 

event that such an operating mode should be necessary. 

X.14.3.2 Additional Short-Term Reco11111endations 

The following additional short-term rec011111endations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at ~- and C-E

designed operating plants. They have not been examined for specific 

applicability to this facility. 

1 • 

2. 

Reco11111endation - The licensee should provide redundant level in~ 

d1cat11lns and low level alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition from occurring. 

The low level alann setpoint should allow at least 20 minutes 

for operator action, assuming that the largest capacity AFW pump 

is operating. 

Rec011111endation -The licensee should perfonn a 72-hour endurance test on 

all AFW system pumps, if such a test or continuous period of operation 

has not been accomplished to date. Following the 72~hour pump run, 

the pumps should be shut down and cooled down and th•n restarted and 
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run for one hour. Test acceptance cri.teri.a should include demonstrating 

that the pumps remain within design lfn!its with respect to bearing/ 

bearing oil temperatures and vibration and that pump room ambient condi

tions ( tem~erature, humidity) do not exceed environmental qualification 

l'hn1ts for safety-related equiJ~~~~ent 1n the roOM. 

3. Recommendation -The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Sranch·Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation -Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one Afi system 

train and which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in communication with the control room 
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be stationed at the manual valves. Upon instruction from the control 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

X-14.3.3 Long-Term 

Long-term recommendations for improving the syste~ are as follows: 

1. 

2. 

3. 

Recommendation .GL-3 - At least one AFW system pump and its 

associated flow path and essential instrumentation should auto

matical.ly initiate AFW system flow and be capable of being operated 

independently of any alternating current power source for at least 

two hours. Conversion of direct current power to alternating current 

is acceptable. 

Recommen'dation - GL-5 - The licensee should upgrade the AFW system 

automatic initiation signals and circuits to meet safety-grade 

requirements. 

Recommendation - The AFWS flow control valves for both the motor and 

turbine pump trains are AC powered, normally open, fail as-is motor 

operated valves which ar·e located inside containment. Also, manual, norm

ally open valves are located inside containment. The AFWS desian should 

be reevaluated, including the possibility of relocating the valves outside 

containment, assuming an accident inside containment which necessitates 

AFWS operation and which creates a containment environment (humidity, 

radiation) that precludes access to the valves. The reevaluation 

should consider the following: 
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ENCLOSURE 2 .. 
Basi~ for Auxiliary Feedwater 

~ystem Flow Reoui rements 

A~ a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator'(s) to assure adequate removal of reactor 

decay heat are n~:~t 1;ell defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/1oss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

S) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

'7) Main feed line break 

8) Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical.bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or safety valve actua~ion) 

- Fuel temperature or damage limits (OilS, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

-Minimum steam generator 1eve1 to assure sufficient steam 

generator heat tran.sfer surface to remove decay hut and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 
• 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of A~~ flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow eorrmences - identify reactor decay heat 

rate used. 
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f. Ha>:imum pressure at which steam is released fro"ll steam generator{s) 

and against 1·1hich the AFW pump must develop sufficient head. 

g. 11inimum number of steam generators that must receive AF\<1 flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow c~~ndition - continued operation of RC pu:nps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). Arw pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit ta~en foT primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator{s) as determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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Docket No.: 50-344 

Mr. Charles Goodwin 
Assistant Vice President 

OCT 3 1979 

Portland General Electric Company 
121 S. w. Salmon Street 
Portland, Oregon 97204 

Dear Mr. Goodwin: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT TROJAN NUCLEAR PLANT 

The purpose of this letter is to advise you of our requi~ements for the 
auxiliary feedwater systems at the subject facility. Th~se requirements 
were identifi~d during the course of the NRR Bulletins a~ Orders Task 
Force review of operating reactors in 1 ight of the accidimt at Three Mile 
Island, Unit 2. 

Enclosure 1 to this letter identifies each of the requirements ap~licable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwiter system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated.schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should i.ndicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator trai~ing. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

Sincerely,~· 
. I 

~E·s n ..,". t ng Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. Charles Goodwin, Jr. 
Portland General Electric Company 

cc: Mr. H. H. Phillips 
Portland General Electric Company 
121 s.w. Salmon Street 
Portland, Oregon 97204 

Warren Hastings, Esquire 
Counsel for Portland General 

Electric Company 
121 S.W. Salmon Street 
Portland, Oregon 97204 

Mr. Jack w. Lentsch, Manager 
Generation Licensing and Analysis 
Portland General Electric Company 
121 s.w. Salmon Street 
Portland, Oregon 97204 

Columbia County Courthouse 
Law Library, Circuit Court Room 
St. Helens, Oregon 97501 

Director, Oregon Department of Energy 
Labor and Industries Building, Room 111 
Salem, Oregon 97310 

Richard M. Sandvik, Esquire 
Counsel for Oregon Energy Facility 
Siting Counsel and Oregon Department 

of Energy 
500 Pacific Building 
520 s.w. Yamhill 
Portland, Oregon 97204 

Michael Malmrose 
U. s. Nuclear Regulatory Commission 
Trojan Nuclear Plant 
P. 0. Box 0 
Rainier, Oregon 97048 

Mr. Donald w. Godard, Supervisor 
Siting and Regulation 
Oregon Department of Energy 
Labor and Industries Building, Room 111 
Salem, Oregon 97310 

Robert M. Hunt, Chairman 
Board of County Commissioners 
Columbia County 
St. Helens, Oregon 97051 
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X. 15 (W) 

X. 15.1 

X. 15. l. 1 

ENCLOSURE 1 

TROJAN 

AUXILIARY FEEDWATER (AFW) SYSTEM 

System Description 

Configuration, Overall Design 

The Auxiliary Feedwater (AFW) system for Trojan uses two full 

capacity pumps (1 turbine driven, 1 diesel driven - 880 gpm per pump) 

to feed four steam generators. A simplified flow diagram of the Trojan 

AFW is shown in Figure 1. The licensee is currently planning 

installation of a third motor driven· pump {non-safety grade) for 

startup and shutdown. Each of the two installed pumps takes suction 

from a non-safety grade condensate storage tank through manually 

lock.d open valves via a common suction header. The seismic 

Category I classification of the AFW system stops at the check valve 

in each pump's suction line. A long term seismic Category I supply 

of water from the service water system (SWS) connects to the piping 

between the check valves and the pumps via normally closed motor 

operated isolation valves. These valves can be opened or closed from 

the control room. 

Each pump feeds all four steam generators through a discharge line 

which branches into four lines to supply the four steam generators. 

Each pump discharge line is provided with a check valve and an 

isolation valve to permit maintenance of the pump and the check 
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va·lve. The discharge line then branches into four lines to supply 

the four steam generators. Each of these four lines is provided with 

a motor-operated control valve, a check valve downstream, and manually

operated isolation valves upstream and downstream of the control 

valve. 

Each of these four auxiliary feedwater lines joins with a corresponding 

line from the second pump into a single line in which a flow indicator 

is provided for remote and local indication. Also, flow restrictors 

are located upstream of each motor-operated control valve in each of 

the two supply lines to each steam generator. In the event of a pipe 

break downstream of the MOV, a high-flow signal from a flow element 

at one of these restrictors- will automatically close the motor-operated 

valve associated with the orifice. The single auxiliary feed line 

then jo'ins with the steam generator main feedwater line in the Seismic 

Category I section between tbe feedwater line isolation check valve 

and the containment. 

The system is designed to automatically start both AFW pumps upon 

receipt of initiating signals. All valves in the system flowpath are 

normally open and fail as-is. The steam turbine driven pump (880 gpm 

to the 5/G's) is auto/manual started by opening motor operated isolation 

valves from the steam lines of all four steam generators and by 

opening the turbine trip throttle valve in the common header down

stream of the four inlet valves. Service water to cool the lube oil 

of the turbine driven pump is automatically initiated by opening of a 

X. 5.1.2 
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MDV from the service water system whenev•r the turbine pump gets a 

signal to start. The licensee is presentily revising this design such 

that the lube oil will be cooled by the discharge of the turbine 

driven pump. 

The diesel driven pump has its own startjng battery which auto

matically starts the diesel. The initia~ing signals also start a 

reduction gear lube oil priming pump, an~ open an MOV to supply 

service water for jacket cooling and lub' oil cooling. The diesel 

has a day tank with a 500 gallon capacit¥ good for 10 hours of diesel 

operation. Automatic transfer of oil to the day tank from the 

emergency diesel fuel oil transfer system is controlled by day tank 

level. 

Both the diesel and turbine driven pumps· use governors that control 

the speed to automatically maintain a set pressure differential 

between the pump discharge and the steam generators. This pressure 

differential can be selected by the con1rol room operator to help 

contro 1 steam generator 1 eve 1. 

Components, Design Classification 

The condensate storage tank and the piping from the condensate 

storage tank to the check valve in each pump's suction line are 

non-safety grade (non-seismic). The recirculation lines from the 

pump discharge to the condensate storare tank are also non-safety 
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grade. The pumps, piping, valves, and valve actuators for the rest 

of the AFW system are seismic Category I. 

The controls, instrumentation and power supplies for the operation of 

the auxiliary feedwater system are seismic Category I, Class IE. 

However, the actual indicators in the control room are not designed 

to meet seismic Category I requirements. 

The ventilation supply fans, diesel fuel oil and lube oil system, 

service water cooling supply and water source supply are designed to 

seismic Category I requirements. 

Power Sources 

The turbine driven pump (train A) is associated with the train A 

electrfcal buses,including the train A ESF channels for automatic 

operation. 

The diesel driven pump is supplied by train B in the same manner as 

the turbine driven pump. 

Neither train is independent of AC power. The steam inlet valves to 

the turbine driven pump are operated from the train A vital 480 volt 

AC bus. Manual operation of these valves is required to open these 

MOV's upon loss of the train A vital bus,since they fail as-is and 

are normally closed. These valves are normally closed to protect 
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against the effects of a steam line b~ak in the supply line 

downstream of these valves. 

The diesel driven pump may start and qperate without AC power but due 

to lack of cooling water to the jacket and lube oil, and due to lack 

of ventilation, operation of the diesel could not be sustained. The 

licensee estimates that this diesel will trip on over-temperature in 

5-10 minutes. 

The vital DC buses are used to supply control power to the speed 

governors for both pumps and for oper,tion of the turbine trip 

throttle valve to the turbine driven ~ump, 

Instrumentation and Controls 

Contrors 

All controls for normal operation for the AFW system are Class lE and 

operated from the control room. These include steam inlet valves, 

the trip throttle, the steam control valve in the steam line to the 

turbine, the AFW flow control valves K2 to each S/G), and pump start 

and stop. 

Steam Generator level is controlled flrom the control room by con· 

tro 11 i ng pump speed and openi ng/c 1 os ilng of the AFW flow centro 1 

valves to the steam generator. Steam generator level transmitters 
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and instrumentation circuits are safety grade but the level 

indicators on the control panel are not. 

Information Available to the Operator 

I. A 1 arms. 

l. 

2. 

3. 

4. 

5. 

Hi/Lo Steam Generator. Level 

Lo Condensate Storage Tank Level 

Low AFW Pump Suction Press-each pump 

Local-Control Override for each pump 

Hi Conductivity AFW 

II. Indication 

l. Steam Generator level 

2. Condensate Storage Tank Level 

3." Valve Position Indication for all MOV's, including SWS 

4. Steam Pressure at Turbine 

5. .Suction Press ea_ch pump 

6. 

7. 

8. 

9. 

Discharge Press each pump 

Auto/Man Light for Pump Control 

AFW Flow to each Generator (not for each pump) 

Differential Pressure - Pump discharge and steam generator 

Initiaticg Signals for Auto Operation 

Both Pumps l. Safety Injection Signal 

2. Lo-Lo Level in any steam generator (2 out of 

3 detectors) 

<.15.1.5 
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Loss of Both main Feed Pumps 

Loss of Offsite Power - Sensed on Vital Bus 

Testing 

Pumps and motor operated valves are tested monthly. All the MOV's, 

including the service water system supply isolation valves,are cycled 

during their monthly test. The pumps are tested by closing the flow 

control valve for the pump, starting the pump, and checking 

pressure and recirculation flow. All testing is done from the 

control room. 

Every 18 months, a flow verification .test from the condensate storage 

tank to the steam generators is performed. Also every 18 months, 

automatic start of the AFW pumps from the auto-start logic is tested. 

Every 18 months, a routine .instrumentation and controls calibration 

check is performed. 

Technical Specifications 

l. At least two independent steam generator auxiliary feedwater 

pumps and associated flow paths shall be operable with: 

a. 

b. 

One feedwater pump capable of being powered by an operable 

diesel with ~450 gallons of fuel in its day tank, and 

One feedwater pump capable of being powered from an 

operable steam supply. 
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With one AFW pump inoperable, restore the inoperable pump to 

operable status within 72 hours or be in hot shutdown within the 

next 12 hours. 

Reliability Evaluation 

Dominant Failure Modes 

LOFW with Offsite Power Available 

The dominant failure contributors include a combination of human 

errors associated with the two water sources (manual valve left 

closed and failure to take corrective actions). Other dominant 

contributors are combinations of hardware failures associated with 

each pump train, test and maintenance outages, and a human error 

res~lting in manual valves left closed in the pump discharge lines, 

undetected by control room indication or by pump test indications. 

LOFW with Loss of Offsite Power with Onsite AC Power Available 

The dominant failure contributors are the same as for the non-LOP 

transient with the addition of a single emergency AC train failure in 

combination with other failures in the other pump train. 

LOFW with Loss of All AC, DC Available 

Under present cesign, assuming completion of the modification to 

provide bearing cooling water from the AFW turbine pump line, the 

dominant failure contributors are single failures. They include the 

human failure to open a condensate storage tank manual valve, the 

hardware, test and maintenance and human error contributors associated 
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with the turbine train-human failure to open the AC steam inlet MOV's 

by hand and AC power dependence for cooling the diesel driven pump. 

Interdependencies 

The principal noted dependency is the design for AC cooling of the 

diesel driven pump and for operation of the turbine steam inlet 

valves. 

Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operatcr failures. The long-term (both generic, 

denoted by GL, and plant-specific) recommendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented·by 

January 1, 1981, or as soon thereafter as is practicable. 

Short Term 

l. Recommendation GS-2 -The licensee should lock open single valves or 

multiple valves in series in the AFW system pump suction piping and 

lock open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

to verify that these valves are locked and in the open position. 
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These inspections should be proposed for incorporation into the 

surveillance requirements of the plant Technical Specifications. See 

Recommendation GL-2 for the longer-term resolution of this concern. 

Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be available to the plant 

operators. These procedures should in:lude criteria to inform 

the operators when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

Tne case in which the primary water supply is not initially 

available. The procedures for this case should include any 

operator actions required to protect the AFW system pumps 

against self-damage before water flow is initiated; and, 

The case in wh·ich the primary water supply is being 

depleted. The procedure for this case should provide for 

transfer to the alternate water sources prior to draining 

of the primary water supply. 

Recommendation GS-5 - The as-built plant should be capable of 

providing the required AFW flow for at least two hours from one 

AFW pump train independent of any alternating current power 

source. If manual AFW system initiation or flow control is 

required followirg a complete loss of alternating current power, 

emergency procedures should be established fer manually 

initiating and controlling the system under these conditions. 
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Since the water for cooling of the lube oil for the turbine-driven 

pump bearing may be dependent on alternating current power, 

design or procedural changes shall be made to eliminate this 

dependency as soon as practicable. Until this is done, the 

emergency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all alternating current power to monitor pump bearing and/or 

lube oil temperatures and, if necessary, this operator would 

operate the turbine-driven pump in an on-off mode until 

alternating current power is restored. Adequate lighting 

powered by direct current power sources and communications at 

local stations should also be provided if manual initiation and 

control of the AFW system is needed. (See Recommendation GL-3 

for the longer term resolution of this concern.) 

Recommendation GS-6- The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 

Proceduresshould be implemented to require an operator to 

determine that the AFW system valves are properly aligned 

and a second operator to independently verify that the 

valves are properly aligned. 

The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify the 

normal flow path from the primary AFW system water source 

to the steam generators. The flow test should be conducted 

'"'ith AFW system valves in their normal alignment. 
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Recommendation GS-7 - The licensee should verify that the 

automatic start AFW signals and associated circuitry are safety 

grade. If this cannot be verified, the AFW system automatic 

initiation system should be modified in the short-term to meet 

the functional requirements listed below. For the longer term, 

the automatic initiation signals and circuits should be upgraded 

to meet safety grade requirements as indicated in Recommendation 

GL-5. 

The design should provide for the automatic initiation of 

the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should be 

designed so that a single failu~e will not result in the 

loss of auxiliary feedwater system function. 

Testability of the initiation signals and circuits shall be 

a feature of the design. 

The initiation signals and circuits should be powered from 

the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and should 

be implemented so that a single fai1ure in the manual 

circuits will not result in the loss of system function. 

The alternating current motor-driven pum?S and valves in 

the auxiliary feedwater system should be included in the 

automatic actuation (simultaneous and/or sequential) of the 

loads to the emergency buses. 

X.15.3.2 
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The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the loss 

of manual capability to initiate the AFW system from the 

control room. 

Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force and the Bulletins and Orders Task 

Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs at ~- and 

C-E-designed operating plants. They have not been examined for 

specific app 1 i cabi 1 i ty to this faci 1 i ty. 

1. 

2. 

Recommendation - The licensee should provide redundant level 

indications and low levei alarms in the control room for the 

AFW system primary water supply to allow the operator to antici

pate the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure condition from 

occurring. The low level alarm setpoint should allow at least 

20 minutes for operator action, assuming that the largest 

capacity AFW pump is operating. 

Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. 

Following the 72-hour pump run, the pumps should be shut down 

and cooled down and then restarted and run for one hour. Test 
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acceptance criteria should include demonstrating that the pumps 

remain within design limits with respect to bearing/bearing oil 

temperatures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qualification 

limits for safety related equipment in the room. 

3. Recommendation - The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG~0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation -Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AFi system 

train and which have only one remaining AFW train available for 

operation, should propose Technical Specifications to.provide that 

a dedicated individual who is in communication with the control room 

be stationed at the manual valves. Upon instruction from the contra·] 

room, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

/.10.3.3 
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Long Term 

Long-term recommendations for improving the system are as follows: 

1. Recommendation - GL-2 - Licensees with plants in which all 

(primary and alternate) water supplies to the AFW systems pass 

through valves in a single flow path should install redundant 

parallel flow paths (piping and valves). 

Licensees with plants in which the primary AFW system water 

supply passes through valves in a single flow path, but the 

alternate AFW system water supplies connect to the AFW system 

pump suction piping downstream of the above valve(s) should 

install redundant valves parallel to the above valve(s) or 

provide automatic opening of the valve(s) from the alternate 

water supply upon low pump suction pres.sure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

2. Recommendation - GL-3 - At least one AFW system pump and its 

associated flow path and essential instrumentation should auto

matically initiate AFW system flow and be capable of being 

operated independently of any alternating current power source 

for at least two hours. Conversion of direct current power to 

alternating current is acceptable. 

3. Recommendation - GL-4 - Licensees having plants with unprotected 

normal AFW system water supplies should evaluate the design of 
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their AFW systems to determine if automatic protection of the 

pump is necessary following a seismic event or a tornado. The 

time available before pump damage, the alarms and indications 

available for the control room operator, and the time necessary 

for assessing the problem and taking action should be considered 

in determining whether operator action can be relied on to 

prevent pump damage. Consideration should be given to providing 

pump protection by means such as automatic switchover of the 

pump suctions to the alternate safety-grade source of water, 

automatic pump trips on low suction pressure or upgrading the 

normal source of water to meet seismic Category I and tornado 

protection requirements. 

Recommendation - GL-5 - The licensee should upgrade the AFW 

system automatic initiation signals and circuits to meet 

safety-grade requirements. 

5. Recommendation - A motor driven pump is currently being 

installed or is planned to be installed by the licensee. 

Present plans are for a non-safety grade motor driven pump 

system. Based on past experience of the problems associated 

with the speed control (overspeed trips) of both the diesel and 

turbine driven pumps and other Licensee Event Reports on the 

Trojan AFW system, the licensee should fur:her rev'ew t~e 

proposed installation to determine if the ~ctor dr~ven pump 

should be safety grade and automatically actuated by the AFW 

automatic start logic. 

6. 
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Recommendation - A pipe break in certain locations of the turbine 

driven auxiliary feedwater pump discharge piping may affect both 

AFW trains,since portions of this piping pass through the diesel 

driven pump room. The motor driven pump to be installed should 

be located such that a break in the AFW system (not associated 

with the motor driven pump train) could not affect the motor 

drive pump. Also the licensee should 1) install the motor pump 

with appropriate valves in the pump discharge line connections 

to meet the high energy line break criteria in SRP 10.4.9 and 

Branch Technical Position 10-1; namely, the AFWS should maintain 

the capability to supply the required AFW flow to the steam 

generator(s) assuming a pipe break anywhere in the AFW pump 

discharge lines plus a single active failure or 2) describe how 

the plant can be brought to a safe shutdown condition by use of 

other available systemsfollowing such a postulated event. 



~ :. '=! ~ = 
>->o>..,>> 
~~~~~~~~ 
~i~~~~~~ 
~::a~Et;;~~ 
>i=~= =~ 
~::~d~ ~~ 
~i~~~ ~i _.,..o:o ... z 
~~~8~ 82 = ..... >..,> <2 
>~-:.,=:n >0 

~i8i~ :=i o Q-4_ m> = .... > = > :=. r-z .....,: """ > ...j i: ~ 
~~~z: o~ 
t;z&~:! ~~ 

> ~ ~ - i 

"' "' "' "' ?i ' ::> ?i Ci 
' ' .. "' " 

~ -
; < 

·':::> ::; 

:i 

~ 
:: 

~ ... 
~· 

~ 

c 

~ 

~"' z: 
;;:i 
"' = 

>< -y 
,-;; z.,.., J ... 

- .... Q I 
0 -::J-4"'ffi;:;4. 

I .. ~'-..1--1 1.-f::$.: - 5 -

N--~1 
~?. ~·~~ 

~s 

t~ .. 
i;..: t . 

"' >-<o n<: _.,_ 
i"M~ 
~g~ 

(~ ....._._c:,t!U;s;; 
•....._:..,~-,7 ~~ ~ 

::: '":": 

5 

~?. 

:?. 
::;21-
<::ciZ.., 

.,~rnn.-

~(B!~i 
TllO: r;; -1 z 
~~cnSo 
~nc"';; 
-=~==> >>o= 

c::zOC 
x~i:Z 

- + V'-
r. :- 4- .. :;.£. 

~-

" 
:;; 
i 

E-290 

LJU,.,L.U~Ut\L. 4. 

Basis for Auxiliary Feedwater 
~ystem Flo1·1 Recui rements 

As a result of recent staff reviews of operatir.g pl!r.t .:.~xiliar.;· Feed· 

water Systems (AFWS), the staff concludes that the desi;n bases and 

criteria provided by licensees fer establishing AF~S re~uirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nqt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW'w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

8) Main steam line break 

9) Sma 11 break LOCA 

10) Other transient or accident· conditions not listed a~ove 

b. Describe the plant protection acceptance crite~ia and corres

ponding technical bases used for each initiatir.g event identi

fied above. The acceptance criteria shoulc ac:ress plant 

1 imi ts such as: 



- ~\aY.~~~~. RCS pressure (POR\' or safety valve actuation) 

- F;.~el temperature or damage 1irr.its (OtiS, PCi, r.;axir::~m fuel 

c:r.~ral temperature) 
- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Jl',ir.imum steam generator level to assure sufficient steam 

ger.erator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 
a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient or accident. 

b. iime delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of A~~ flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

r1.:e used. 
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f. l·lal:i!:lum pressure at which steam is released frO':l steam ger.erator(s) 

and against 1·1hich the AFW pump must develop sufficient head. 

g. 11inimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow c~ndition - continued operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator nonnal blowclown following 

initiating event. 

m. 

n. 

Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

iime at hot standby and time to cooldown RCS to RHR system cut 

in te!7\perature ·to size AFW water source inve~tory. 
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Verify that the AF'• pumps in your plant vlill supply the necessary 

flo·..; to·the steam generetor(s) es determined by items 1 end 

a~ove considering a single failure. ldentify the ~ar~in in sizing 

the pu::-.~ flow to allow for pump recirculation flow, seal leakage 

anc pu~p wear. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, 0. C. 20555 

~ ... 1-~·\ ·-..... ... .:> .0./!f 

"'•*•"' 
Docket Nos.: 50-250 

50-251 

Dr. Robert E. Uhrig, Vice-President 
Advanced Systems and Technology 
F.l orida Power and Light Company 
P. 0. Box 529100 
Miami, Florida 33152 

Dear Qr. Uhrig: 

:~TCSER 1 0 19?9 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT TURKEY POINT PLANT, 
UNITS 3 AND 4 

The purpose of this letter is to advise you of our requirements for the 
avxil iary feedwater systems at the subject facility. These requirements 
were identified duriog the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accident at Three Mile 
Island, Unit 2. 

Encl.osure.l to this letter identifies each of the requir~ents applicable 
to the subject facility. These requirements are of two types, ( 1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow re~uirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of·required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
cy ~he Bulletins and Orders Task Force. Such requirements ere those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the f:estinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

E~closures: 
As stated 

51 ncerely, 

~2t \£~~~~-~ 4-
Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 

E-293 

Robert E. Uhrig 
Florida Power and Light Company - 3 -

cc: Mr. Robert Lowenstein, Esquire 
Lowenstein, Newman, Reis and Axelrad 
1025 Connecticut Avenue, N.W. 
Suite 1214 · 
~ashington, D. c. 20036 

Environmental and Urban Affairs Library 
Florida International University 
Miami, Florida 33199 

Mr. Norman A •. Coll, Esquire 
Steel, Hector and Davis 
1400 Southeast First National 

Bank Building 
fHami, Florida 33131 

Mr. Henry Yaeger, Plant Manager 
Turkey Point Pl'ant 
Florida Power and Light Company 
P. 0. Box 013100 
Miami, Florida 33101 

Mr. Jack Shreve 
Office of the Public Counsel 
Room 4, Holland Builaing 
Tallahassee, Florida 32304 

OCTC:~:: , : ~~ 
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ENCLOSURE 1 

TURKEY POINT UNITS 3 & 4 

AUXILIARY FEEDWATER SYSTEMS 

System Description 

Configuration-Overall Design 

The auxiliary feedwater system (AFWS) for the Turkey Point plant 

(Units 3 & 4),as shown in Figure ~consists of three steam turbine 

driven pumps, i.e., one pump normally aligned to each unit and the 

third pump is a shared standby for either unit. Each pump normally 

delivers 600 gpm (@ 2775 ft. head) feedwater to the three steam 

generators (SG) in each unit. Also, the control room operator can 

manually direct flow from any pump to all three steam generators of 

either unit. Under a design basis accident, only one pump would be 

required in order to cool the plant down to a condition where the RHR 

system can be put into operation to continue the safe p 1 ant shutdown 

process. 

Primary water supply for the AFWS comes from the seismic Category I 

condensate storage tanks (CST) of both units. Each CST has a capacity 

of 250,000 gallons with a minimum reserved storage capacity of 

185,000 gallons of demineralized water. With this quantity of water, 

the licensee indicated that the unit can be kept at hot standby 

condition for 15 hours and then cooled to 350°F, at which point the 

RHR system can be put in service, or the unit can be kept at hot 

standby condition for about 23 additional hours. All the manually 
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operated·valves associated with CST's are locked open. A secondary 

water supply comes from the non-seismic Category 1 water treatment 

system. An additional feedwater supply can be provided fro• the main 

feedwater system of the adjacent Units 1 & 2 (non-nuclear power 

plant). 

Components - Design, Classification 

fhe AFWS is designed according to seismic Category I requirements. 

The AFWS is classified as en engineered safety related system and its 

associated instrumentation and controls are designed accordingly. 

Power Sources 

The turbine driven pumps are supplied with steam from the main steam 

line of either or both units upstream of the MSIV. The operator 

nor~~ally selects the steam supply from the Unit which has lost its 

normal feedwater supply. The turbines have an atlllosphere exhaust. 

Steam can also be supplied from the Unit having normal feedwater 

supply and from an auxiliary steam system connection to Units 1 & 2. 

The.turbine driven pump steam supply line has a normally closed AC 

motor operated valve in series with a normally closed DC solenoid air 

operated valve. The pump discharge control valves are DC solenoid 

operated air valves. 

Instrumentation and Contra 1 

Controls· 

The steam generator water level is manually controlled by the control 

room operator using either one of the DC solenoid operated air valves. 
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Local manual operation of these valves can be performed on loss ·of 

compressed air. The AFW pump feedwater discharge rate is always 

greater than the turbine steam consumption when the steam pressure is 

higher than 120 psig. When the steam pressure is reduced to 120 psig, 

X.l6.1.5 
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Testing 

The Turkey Point Units 3 and 4 Technical Specifications require the 

following testing of the auxiliary feedwater system. 

1) Monthly test of each auxiliary feedwater pump to run for 15 minutes 

the RHR system is started and the AFW pumps are shut dawn. and verify a flow rate of 600 gp• to the steam generators. 

Information Available to Operator 

Low water level in the condensate storage tank will alarm and annunciate 
I 

in the main control room. In addition, AFW flow indication, SG water 

level, and control valve position indication are provided in the 

control room. 

Initiating Signals for Automatic Operation 

All three AFW pumps will automatically start by any of the following 

signals from either Unit: 

(a) safety injection 

(b) low-low water level in any of the three steam generators 

(c) loss. of voltage on both 4160V buses 

(d) loss of both main feedwater pumps. 

X. 16.1.6 

2) Tests of auxiliary feedwater discharge valves during the monthly 

pump tests. 

. 3) Tests of steam supply and turbine pressure valves during monthly 

pump tests. 

These tests are designed to verify the operability of the auxiliary 

feedwater system and its ability to respond properly when required.1 

Technical Specifications 

The Turkey Point Units 3 and 4 Technical Specifications provide for 

the following limiting conditions for operation with respect to the 

Auxiliary Feedwater System: 

1) Two out of three AFWS pumps must be operable for single nuclear 

unit operation. 

2) Three out of three AFWS pumps must be operable for dual nuclear 

Any one of these signals will also automatically open the normally unit operation. 

closed motor operated and air operated valves in series which isolate 

the main steam line from the steam supply header of each AFW pump 

turbine. Air to operate the AFW control valves to the steam generators 

is supplied when the steam supply valves commence opening. The AFWS 

can also be started manually in the control room or from the local 

station. 

E-295 

Lfhe licensee advised that the type of periodic (monthly) testing 
performed for the AFWS includes full flow path discharge to the SG's, 
i.e., a single actuation of AFWS and delivery to SG's while power is 
being produced. 
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3) The-condensate storage tank must can~ain a minimum of 

185,000 gallons of water. 

4) System piping, interlocks and valves must be operable. 

If any of the above conditions cannot be met within 48 hours, the 

reactor must be shut dawn end the reactor coolant temperature must be 

reduced to less then 350°F. 

Reliability Evaluation 

Dominant Failure Modes 

The AFWS simplified flaw diagram far Turkey Paint Unit 3 is illus· 

trated in Figure 1. This AFWS design reflects a redundant, highly 

shared, system between Untts 3 and 4. Operation of any ana of ·the 

three steam turbine driven pumps would be expected to result in 

successful decay heat removal from either Units 3 or 4. Accordingly, 

the success ariterion selected for this reliability evaluation was: 

Failure of AFWS is insufficient AFWS flaw from one AFWS pump to 2 of 

3 steam generators in one unit. 

The following failure modes were found to dominate the demand unavaila· 

bility of the Turkey Point AFWS. 

LOFW with Offsita AC Available 

The Turkey Point AFWS was found to be highly redundant in that there 

was no obvious single faults (active components, manual valves or 

human errors) identified that dominate the availability of the AFWS. 
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The periodic tasting practice fallowed involves full flaw path tasting 

to the steam generators. This type of testfng iraf quality in that 

it yields en advantage an datectebilfty of valves that might be 

mispositioned through human errors. Also, the AFWS manual valves are 

lacked open and this practice further reduces the chance of inadvertent 

closure through human error. 

Several unlikely canHDon made vulnerabilities ware identf.fied that 

might serve to limft the availability of the highly redundant Turkey 

Paint AFWS; their ultimate impact should be further considered fn a 

longer time assessment. These ware: 

a) The possible common shar.fng of the lube ofl cooling by the 

service (city) water ~ystem which fs DC ~awered. 

b) The potential far common disabling of Unit 13 and/or 14 AFWS by 

a single failure of the connecting piping between the headers in 

the AFWS pump discharge and steam supply paths. 

LOFW with Only Onsite AC Available 

The impact of shared emergency diesel generators (EDG) and their 

contribution to the unavailability of the Turkey Point AFWS were 

estimated to be ver,y small. The steam admission valves to the turbine 

pumps are AC operated,but either of the two EDG's operating would 

suffice to operate at least one or more of the three AC valves in 

each header in Unit 3 and 4. Further, the human can serve as backup 

to open these valves if for soma reaso~the AC or DC valves in either 

Unit 3 or 4 steam admission header failed to operate electrically. 
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The dominant faults appear to remain similar to those discussed for 

the preceeding LOFW· transient event. 

LOFW with Only DC Available 

As noted above the steam admission valves are AC operated in Turkey 

Point Units #3 and #4. The dominant fault contribution for this 

event was assessed to be failure of the human to open at least one of 

the steam admission valves by local manual action. The licensee 

estimated that such actions could be accomplished within about 

10 minutes. 

Principle Dependencies Identified 

One dependency identified_was the AC dependency for the steam admission 

valves that,for the event including complete loss of A~ would require 

local manual action to initiate the AFWS. 

Several additional dependencies were identified that should be 

considered further,but on a longer term consideration as to their 

ultimate impact on the AFWS. These were (a) the potential for common 

lubrication cooling faults in the service (city) water system and (b) 

the potential for common disabling of the AFWS due to breaks in the 

single line in the AFWS discharge ·headers and in the steam supply 

headers to all turbine driven AFW pump turbines. 

X. 16.3 
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Reconmendations for this Plant 

The short-term reconmendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avoid or mitigate 

potential system or operator failures. The long-term (6oth generic, 

denoted by GL, and plant-specific) reconmendations identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be i!Rillemented by 

January 1, 1981, or as soon thereafter as is practicable. 

Short-Term 

1. 

2. 

Recommendation GS-1 - The 1 icensee should propose modifications to the 

Technical Specifications to limit the time period that one AFW system 

pump and its associated flow train and essential instrumentation can 

be i noperab 1 e. 

The" 0utage time limit and subsequent action time should be as 

required in current Standard Technical Specifications; i.e., 72 

hours and 12 hours, respectively. 

Recommendation GS-2 - The licensee should lock open single 

valves or multiple valves in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

inspections should be performed to verify that these valves are 
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locked and in the open position. These inspections should be 

proposed for incorporated into the surveillance requirements of 

the plant Technical Specifications. See Recommendation GL-2 for 

the longer term resolution of this concern. 

3. Recommmendation GS-4 - Emergency procedures for transferring to 

alternate sources of AFW supply should be 

available to the plant operators. These procedures should 

include criteria to inform the operators when, and in what 

order, the transfer to alternate water sources should take 

place. The following cases should be covered by the procedures: 

The case in which the primary water supply is not 

initially available. lhe procedures for this case 

should include any operator actions required to protect 

the AFW system pumps against self-damage before water 

flow is initiated; and, 

The case in which the primary water supply is being 

depleted. The procedure for this case should provide 

for transfer to the alternate water sources prior to 

drain.ng of the primary water supply. 

4. Recommendation GS-5 - The as-built plant should be capable of 

providing the required AFW flow for at least two hours from one 

AFW pump train independent of any alternating current power 

source. If manual AFW system initiation of flow control is 
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required to.llowing a complete loss of alternating current power, 
r 

emergency procedures should be established for manually initiating 

and controlling the system under these conditions, Since the 

water for cooling the lube oil for the turbine-driven pump may 

be dependent on alternating current power, design or procedural 

changes shall be made to eliminate this dependency as soon as 

pract4cable. Until this is done, the emergency procedures should 

provide for an individual to be stationed at the turbine-driven 

pump in the event of the loss ;of all alternating' current power to 

monitor pump bearing and/or lube oil temperatures. If necessary, 

this operator would operate the turbine-driven pump in an on-off mode 

until alternating current power is restored. Adequate lighting 

powered by direct current power sources and communications at local 

stations for manual initiation and control of the AFW system should 

also be provided if manual initiation and control of the AFW system 

fs needed. (See Recommendation GL-3 for the longer term resolution 

of this concern). 

5. Recommendation GS-6 - The licensee should confirm flow path availability 

of an AFW system flow train that has been out of service to perform 

periodic testing or maintenance as follows: 

Procedures should be implemented to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify 

that the valves are properly aligned. 
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The licensee should propose Technical Specifications 

to assure that prior to plant startup following an 

extended cold shutdown, a flow test would be performed 

to verify the normal flow path from the primary AFW 

system water source to the steam generators. The flow 

test should be conducted with AFW system valves in 

their normal alignment. 

6. Recommendation GS-7 - The 1 icensee. should verify that the automatic 

start AFW system signals and associated circuitry are safety-grade. 

If this cannot be verified, the AFW system automatic initiation 

system should be modified in the short-term to meet the functional 

requirements 1 isted below. For the longer term, the automatic 

initiation signals and circuits should upgraded to meet safety-grade 

requirements as indicated in Recommendation GL-5. 

The design should provide for the automatic initiation 

of the auxiliary feedwater system flow. 

The automatic initiation signals and circuits should 

be designed so that a single failure will not result 

in the loss of auxiliary feedwater system function. 

Testability of the intiation signals and circuits 

shall be a feature of the design. 

The initiation signals and circuits should be powered 

from the emergency buses. 

Manual capability to initiate the auxiliary feedwater 

system from the control room should be retained and 

X.l6.3.2 
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should be implemented so that a single failure in the 

manual circuits will not result in the loss of system 

function. 

The alternating current motor-driven pumps and valves 

in the auxiliary feedwater system should be included 

in the automatic actuation (simultanous and/or sequential} 

of the 1 oads to the emergency buses. 

The automatic initiation signals and circuits shall be 

designed so that their failure will not result in the 

loss of manual capability to intiate the AFW system 

from the contro 1 room. 

Additional Short Term Recommendations 

The following additional short term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins & Orders 

Task Force review of AFW systems at Babcock & Wilcox-designed operating 

plants subsequent to our review of the AFW system designs in ~- and 

C-E-designed operating plants. They have not been examined for 

specific applicability to ths facility. 

l. Recommendation - The licensee should provide redundant level 

indications and low level alarms in the control room for th"e 

AFW system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water 

supply and prevent a low pump suction pressure conditipn from 

occurring. The low level alarm setpoint should allow at least 

20 minutes for operator actions, assuming that the largest 

capacity AFW pump is operating. 
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2. Recommendation - The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to data. Following 

the 72-hour pump run, the Dumps should be shut down and cooled 

down and than restarted and run for one. hour. Test acceptance 

criteria should include demonstrating that the pumps remain with 

design limits with respect to bearing/bearing oil temperatures 

and vibration and that pump room ambient conditions (temperatures, 

humidity) do"not exceed environmental qualification limits for 

safety-related equfpment.fn the room. 

3. Recommendation - The 1 fcensee should implement the following 

requirements as specified by Item 2.1.7 .b on page A-32 of 

NUREG-0578: 

•safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The auxiliary feedwater flow instrument channels shall be 

powered from the emergency buses :consistent with satisfying 

the emergency power diversity requirements for the auxiliary 

feedwatar system set forth in Auxiliary Systems Branch Tet:hn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Recommendation - Licensees with plants which require local manual 

realignment of valves to conduct periodic tests on one AFiil system 

train .!!!!!. which have only one remaining AFW train available for 

X.l&.3.3 
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operation, should propose Technical Specifications to provide that 

a dedicated individual who is in c011111unication with the control room 

be stationed lt .. the manual valves. Upon instruction from the control 

room, this operator would re-align the valves in the AFW system train 

from the test mod!! to its operational a11gMIInt; 

Long-Term 

Long-Urm recommendations for improving the system are as follows: 

l. Recommendation SL·3 • At least one AFW system pump and its 

associated flow path and essential instr11111ntation should auto

matically initiate AFW system flow and be capable of being operated 

independently of any alternating currant power source for at least 

two hours. Conversion of direct current power to alternating current 

is acceptable. 

2. Recommendation - GL-5 - The licensee should upgrade the AFW 

syatem automatic initiation aignals and circuit• to meet aafety-grada 

requi ramenta. 

3. Recommendation - The AFW pump discharge lines and turbine driven AFW 

pump steam supply lfnes for each unit combine into single. lfnes through 

which all water and steam respectively from either unit must flow. A 

pipe break in either of these single flow paths would cause loss of the 

capability to provide AFW flow to all the steam generators of one unit. 

The licensee should evaluate the consequences of a 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
~ystem Flo1·1 Reoui rements 

As a result of recent staff reviews of operating plant Auxiliary Feed

water Systems (AFWS), the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are nQt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7) Main feed line break 

Bl Main steam line break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or s'Bfety valve actuation) 

-Fuel temperature or damage 1imi:ts (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power {including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences - identify ·reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is released from steam generator(s) 

and against tlhich the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow cendition - continued operation of RC pu~ps or natural 

circulation. 

f. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time dellY 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW'flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in tempera~re to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. Identify the margin in sizing 

the pump flow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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Docket No.: 50-029 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20585 

November 9, 1979 

Mr. Robert H. Groce, Licensing Engineer 
Yankee Atomic Electric Company 
20 Turnpike Road 
Westboro, Massachusetts 01581 

Dear Mr. Groce: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT YANKEE·ROWE 
NUCLEAR POWER STATION, UNIT 1 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course cf the NRR Bulletins and Orders Task 
Force review of operating reactors in light of •he accident at Three Mile 
Island, Unit 2. · 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility, These requirements are of two types, ( 1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
auxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure changes 
or Technical Specification changes to be provided for staff review. You may also 
provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of-coolant 
accident as described in the Westinghouse report WCAP-9600, "Report on Small 
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Break Accidents for Westinghouse NSSS System." Our specific concerns include 
systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operator training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

\ncerely, ( • r 

_ ;Yr ,,, ,,~f ·1 1 r , I J
~~.-~..~~'1t 1 (,.1,.. ~~.we'( 

Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



Mr. Robert H. Groce 

cc w/enclosures: 
Mr. Lawrence E. Minnick, President 
Yankee Atomic Electric Company 
20 Turnpike Road 
Westboro, Massachusetts 01581 

Greenfield Community College 
1 College Drive 
Greenfield, Massachusetts 01301 

- 3 - November 9, 1979 
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X.17.1 

X.17.1.l 

ENCLOSURE 1 

YANKEE ROWE 

AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration and Overall Design 

The auxiliary feedwater system (AFWS) is designed to supply water to 

the steam generators for reactor coolant system decay heat removal 

when the normal feedwater. system is not available. The AFWS is not 

normally used for other plant operations such as startup or shutdown. 

The system can also be used for performing hydrostatic tests during 

plant shutdown. A dedicated operator for initiating flow for this 

system is available with qirect communication with the control room 

operator. The auxiliary feedwater (emergency boiler feed pump-EBFP) 

must be started locally and four normally closed manual valves in 

parallelin the EBF pump discharge lines must locally opened. After 

starting the pump, the flow can be controlled from the control room. 

However;.the dedicated operator remains on station even if flow is 

being centro ll ed from the centro 1 room. 

The AFWS is shown in simplified form on Figure 1 attached. The 

system consists of a steam turbine driven positive displacment pump, 

with steam being supplied from each steam generator into a common 

header to the pump turbine. Discharge from the pump feeds into a 

common header which supplies each of four steam generators via 

the main feedwater piping. Each of the AFWS lines containsa normally 
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closed manual isolation valve. The pump capacity is ~80 gpm at 1200 

psi and takes suction from a 30,000 gallon Demineralized Water Tank 

(DWT). 

A secondary source of water is available from a 135,000 gallon Primary 

Water Storage Tank (PWST). Water from the 135,000 gallon tank is 

gravity fed to the 30,000 gallon demineralized water tank by opening 

one manual valve or directly fed to pump suction by opening a different 

manua 1 va 1 ve. Leve 1 i ndi cation from the 30,000 ga 11 on and 135,000 

gallon tanks are provided in the control room, with high and low 

level alarms in the control room for the.30,000 gallon tank. 

A backup method of supplyi_ng feedwater to the steam generators in the 

event of failure in the AFWS is the plant's primary cool-_,_nt system 

charging pumps with total capacity of~100 gpm {33 gpm/pump). Two of 

the pumps have variable speed motors. Th~ system is connected 

permanently by a spool piece that connects tfo the main feedwater 

header. The operation of·ten ma~ua. valves (two drains and eight 

isolaton) is required to initiate fiow from this source. The water 

supply to the charging pumps is the 135,000 gallon Primary Water 

Storage Tank. 

The High Pressure Safety Injection and Low Pressure Safety Injection 

pumps provide another backup method of supplying feedwater to the 

stearn generators. Flow from this source is obtained by the operation 

of the same manual valves used when the charging system is the source, 
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plus the-operation of one of two redundant motor operated valves 

(MOV). Flow is then directed to the steam generators through the 

same permanently connected spool piece used for the charging pump 

path as described above. The flow available from this source is 200 

gpm per train (three trains available). 

AFW flow is contra 11 ed by the norma 1 feedwater contra 1 va 1 ves in the 

main feedwater (MFW) lines to the steam generators. The preferred 

system to be used upon demand is the steam driven turbine pump (AFW) 

system. The ch~rging pumps or the S.I. pumps are backu~to the AFW 

system. The minimum AFW flow required for decay heat removal is 

approximately 80 gpm. 

The turbine driven pump steam admission valve is a manual valve,which 

is in the auxiliary steam header. The auxiliary steam header is 

isolated on receipt of a containment isolation signal by operation of 

an air operated tri~ valve. Capability is provided to override the 

containment isolation signal from the control room. The trip valve 

also closes on loss of air pressure. An alternate supply of nitrogen 

is provided (in tanks) in the event of loss of the normal air supply. 

A number of normally open isolation valves are also located in the 

header between the admission valve and the trip valve that feeds steam 

to various steam auxiliary systems. 
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Component Design Classification 

The steam piping and primary piping (charging, SI systems) are non

seismic systems, Safety Class 2, classified in accordance with ANSI 

18.4which requires either safety Class 2 or 3 piping. Control and 

Instrumentation Systems are non-Class IE. 

Power Sources 

Power for the charging pumps and MOVs is supplied from separate 

nonsafety 480V AC buses,which are capable of being fed by the emergency 

480V AC buses by remote manual operation of circuit breakers. The 

injection pumps are connected to the 480V emergency buses. Offsite 

power normally feeds the emergency buses. Diesel generators are 

automatically connected t~ the emergency 480V AC buses on loss of 

offsite power. 

The plant electrical bus arrangement consists of three independent 

divisions of 2400V AC buses, one bus fed by one offsite line, a 

second fed from an independent offsite line, and the third fed from 

the unit generator. Capability exists to manually transfer from one 

supply to the other. The three 2400V AC divisions then feed three 

independent 4BOV AC through transformers. 

The instrumentation and control power is 120V AC from an inverter 

connected to the 125V DC battery supply. 
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Instrumentation and Controls 

c.ontrol s 

The water level for each steam generator is controlled manually from 

the control room by the feedwater controllers that normally are used 

in the main feed system lines. Steam generator water level can also 

be controlled locally at the controllers. All MOVs can be remote 

manually operated from the control room. The charging pumps and SI 

pumps can be started from the control room. 

Information Available to the Operator 

The following indications are available in the control room: 

1. Level Indication - 30,000 gallon demineralized water tank 

2. Level Indication- 1~5,000 gallon PWST 

3. Flow to steam generators when SI system used 

4. Charging pump discharge pressure 

5. Steam generator water level 

6. Steam generator steam pressure 

Initiating Signals for Automatic Operation 

The AFWS initiation 1s manual. (Sea section 17.1.1 for manual 

operation) 

Testing 

Steam Turbine SYstem 

The steam turbine is tested every 15 days and operated for 15 minutes. 

The discharge pressure is monitored to verify rated output (95~ psi). 
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In addition to the operational test, the valve lineup of the system 

is verified. 

The SI system is tested weekly on a staggered basis. The flow is 

recirculated to the supply tank and pump current is monitored 

(vibration tests are performed monthly for both the AFWS and SI 

system). In addition, at the completion of the operational test, 

valve position of the system is verified. 

Technical Specifications 

The AFWS must be operable or the unit must be in hot standby in one 

hour and hot shutdown in next 12 hours. 

Additional Information 

The AFW system is manually actuated, however, approximately one 

hour of steam generator water inventory is available subsequent to 

loss of feedwater and reactor shutdown. 

The offsite power is exceptionally reliable, having experienced only 

one outage in 19 years of operation. 

No challenges to the AFW system have been made during the entire 

operational history. 
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Reliability Evaluation Results 

Dominant Failure Modes 

Failure modes of the AFWS were assessed for three types of initiating· 

transients. The dominant failure modes for each transient type are 

discussed below. 

Loss of MFW with Offsite Power Available 

The dominant failure mode of the AFWS for this transient results from 

a set of human errors. The first human error, which causes the 

unavailability of the AFWS, is the inadvertent closure of one of six 

manual valves in the steam supply line to the AFWS pump turbine. 

Upon a demand for the AFWS, the operator has up to an hour to detect 

this fault and correct it.(i.e., open the valve). An alternative for 

the operator is to manually open the valves from the charging pumps 

and supply water to the steam generators from these pumps. Thus, the 

dominant failure mode is the combination of a human error inadvertently 

closing one of the steam supply line valves and the error of failing 

to reopen the valve, or realigning the charging pumps, within about 

one hour after a demand on the AFWS. 

Loss of MFW with Only Onsite AC Power Available 

AC power dependencies were considered as potential faults for this 

analysis. It was concluded that the dependence on onsite power 

instead of offsite power does not significantly alter the results of 

the assessment. Thus the dominant failure mode of combinations of 

human errors before and after the transient event is considered to be 

dominant for this transient also. 
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Loss of MFW with Only DC Power Available 

For this event, the probability of AFWS failure is reduced to the 

probability of failure of the steam driven pump train. The dominant 

failure mode within this train is failure to provide steam to the 

turbine, caused by the inadvertent closure of any 1 of 6 valves in 

the steam supply line, coupled with failure to reopen the closed 

valve(s) within approximately one hour after a demand on the AFWS. 

Principal Dependencies 

Within this plant, the principal dependency is the requirement for 

human actions, such as valve manipulations, to start the AFWS or the 

backup systems such as the charging pumps or the safety injection 

pumps. No other dependen~ies of significance were identified in this 

evaluation. 

Recommendations for this Plant 

The short-term recommendations (both generic, denoted by GS, and plant

specific) identified in this section represent actions to improve AFW 

system reliability that should be implemented by January 1, 1980, or as 

soon thereafter as is practicable. In general, they involve upgrading of 

Technical Specifications or establishing procedures to avdlld or mitigate 

potential system or operator failures. The long-term (both generic, 

denoted by GL, and plant-specific) recommendations· identified in this sec

tion involve system design evaluations and/or modifications to improve AFW 

system reliability and represent actions that should be implemented by 

January ~. 1981, or as soon thereafter as is practicable. 

X.l7.3.1 
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Short-Term 

1. Recommendation GS-2- The licensee should lock open single 

valves or multiple valves in series in the AFW system pump 

suction piping and lock open other single valves or multiple 

valves in series that could interrupt all AFW flow. Monthly 

inspections should be performed to verify that these valves are 

locked and in the open position. These inspections should be 

proposed for incorporation into the surveillance requirements of 

the plant Technical Specifications. See Recommendation GL-2 for 

the longer term resolution of this concern. 

2. Recommendation GS-4 - Emergency procedures for transferring to 

alternate sources of .AFW supply should be available to the plant 

operators. These procedures should include criteria to inform 

the operator when, and in what order, the transfer to alternate 

water sources should take place. The following cases should be 

covered by the procedures: 

The case in which the primary water supply is not 

initially available. The procedures for this case 

should include any operator actions ·required to protect 

the AFW system pumps against self-damage before water 

flow is initiated; and, 

The case in which the primary water supply is being 

depleted. The procedure for this case should provide 

for transfer to the a 1 tern ate water sources prior to 

draining of the primary water supply. 



- 10 -

3. Recommendation GS-5 - The as-built plant should be capable of 

providing the required AFW flow for at least two hours from one 

AFW pump train independent of any alternating current power 

source. If manual AFW system initiation of flow control is 

required following a complete loss of alternating current power, 

emergency procedures should be established for manually initiating 

and controlling the system under these conditions. Since the 

water for cooling of the lube oil for the turbine-driven pump 

bearings may be dependent on alternating current power, design 

or procedural changes shall be made to eliminate this dependency 

as soon as practicable. Until this is done, the emergency 

procedures should provide for an individual to be stationed at 

the turbine-driven pump in the event of the loss of all alternating 

current power to monitor pump bearing and/or 1 ube oil temperatures. 

If necessary, this operator would operate the turbine-driven 

pump in an on-off mode until alternating current power is restored. 

Adequate lighting powered by direct current power sources and 

communications at local stations should also be provided if X.l7.3.2 

manual initiaton and control of the AFW system is needed. (See 

Recommendation GL-3 for the longer-term resolution of this 

concern.) 

4. Recommendation GS-6 - The licensee should confirm flow path 

availability of an AFW system flow train that has been out of 

service to perform periodic testing or maintenance as follows: 
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Procedures should be implemented to require an operator 

to determine that the AFW system valve• are properly 

aligned and a aecond operator to independently verify 

that the valva• are properly aligned. 

The licensee should proposa Technical Spec1f1cat1onl 

to assure that pr1or to plant startup fo11ow1ng an 
extended cold shutdown, a flow test would be performed 

to varify tha normal flow path from the primary AFW 

system water source to the staam generatora. The flow 

test should be conducted with AFW system valve• in 

their normal alignment. 

5. Recommendation· The~FW surveillance tests should require that 

the normally closed manually operated valves in the connection 

between the charging pumps/safety injection pumps and the AFW 

system be cycled each quarter. 

Additional Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and 

Orders Task Force review of 'AFW systems at Babcock & Wilcox-designed 

operating plants subsequent to our review of the AFW system design at 

~- and C-E-designed operating plants. They have not been examined 

for specific applicability to this facility. 
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1. R;commendation - The licensee should provide redundant level 

indications and low level alarms in the control room for the AFW 

system primary water supply to allow the operator to anticipate 

the need to make up water or transfer to an a 1 ternate water 

s;upply and prevent a low pump suction pressure condition from 

qccurring. The low level alarm setpoint should allow at least 

20 minutes for operator actions, assuming that the largest 

capacity AFW pump is operating. 

2. Recommendation- The licensee should perform a 72-hour endurance 

test on all AFW system pumps, if such a test or continuous 

period of operation has not been accomplished to date. Following 

the 72-hour pump run,_ the pumps should be shut down and cooled 

down then restarted and run for one hour. Test acceptance 

criteria should include demonstrating that the pumps remain 
-~ . -- -- - .. -. . -

within design limits with respect to bearing/bearing oil tempera-

tures and vibration and that pump room ambient conditions 

(temperature, humidity) do not exceed environmental qualification 

iimits for safety-related equipment in the room. 

3. Recommendation - The licensee should implement the following 

requirements as specified by Item 2.1.7.b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

X.17.3.3 
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The auxiliary feedwater flow instrument channels shall be 

pow•red from the emergency buses consistent with satisfying 

the emergency power ·diversity requirements for the auxiliary 

feedwater system set forth in Auxiliary Systems Branch 

Technical Postion 10-1 of the Standard Review Plan, 

Section 10.4.9." 

4. Recommendation - Licensees with plants which require local 

manual realignment of valves to conduct periodic test on one AFW 

system train, and there is only one remaining AFW train available 

for operation should propose Technical Specifications to provide 

that a dedicated individual who is in communiciation with the 

control room be stationed at the manual valves. Upon instruction 

from the control room, this operator w~ld realign the valves in 

the AFW system train from the test mode to its operational 

alignment. 

Long-Term 

Long-term recommendations for improving System are as follows: 

1. Recommendation - At least one AFW system pump, its associated 

flow path and essential instrumentation should be capable of 

being initiated from the control room and being operated indepen

dently of any alternating current for at least two hours. Conversion 

of direct current to alternating current is acceptable.' 



- 14 -

2. Recommendation - Initiation of AFW flow (including flow from the 

backup systems-charging/SI) to the steam generators requires 

several local manual operator actions outside the control room. 

Even though there is a reasonable time period (up to one hour 

before the 5/G's will boil dry) for operator action and a dedicated 

operator, the licensee should improve the reliability of initiating 

AFW flow by providing the capability to start the pumps and open 

the valves of the AFWS by operator action from the control room. 

Local manual operation capability should be retained as a backup 

to remote manual operation capability. 

3. Recommendation - A pipe break in the Main Feedwater header 

upstream of the cont~ol valves could cause loss of all AFW flfw 

to all steam generators since the AFW pump and the charging/51 

pumps connect to this header. The licensee should evaluate the 

consequences of a pipe break in this section of the MFW header 

and 1) determine any. system design changes or emergency procedures 

necessary to detect and isolate the break and direct the required 

AFW flow to the steam generators before they boil dry or 2) 

describe how the plant can be brought to a safe shutdown condition 

by use of other available systems following such a postulated 

event. 

4. Recommendation - The air operated trip valve in the auxiliary 

steam header which supplies steam to the turbine driven AFW pump 

closes upon receipt of a containment isolation signal. The 
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licensee should review the design basis for this circuit logic 

to determine whether all events that can generate a containlment 

isolation signal should in fact, shutdown the AFWS. As a result 

of this review, describe any design changes of procedure changes 

that will be proposed to assure AFW system and containment 

isolation capability. 

5. Recommendation - The licensee should evaluate the need for the 

charging pumps and associated instruments and control to be 

normally supplied by the emergency electrical buses since the 

charging pumps are backups to the one AFW_ pump. 

6. Recommendation.- The_plant is within the scope of the Systematic 

Evaluation Program (SEP). The following additional long term 

concerns have been identified by SEP, and are applicable. 

a. The Yankee Rowe Nuclear Plant including the AFWS will be 

reevaluated during the SEP with regard to internally and 

externally generated missil'es, pipe whip and jet impingement, 

quality and seismic design requirements, and earthquakes, 

tornadoes, and floods. 

b. The Yankee Rowe AFWS is not automatically initiated and the 

design does not have capability to automatically terminate 

feedwater flow to a depressurized steam generator and 

provide flow to the intact steam generator. This is 
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ENCLOSURE 2 

Bash for Au xi li ary Feedwater 
~ystem Flow Reoui rements 

As a result of recent staff reviews o~ operating plant Auxiliary Feed

water Systems (AFWS}, the staff concludes that the design bases and 

criteria provided by licensees for establishing AFWS requirements for 

flow to the steam generator(s} to assure adequate removal of reactor 

decay heat are nqt well defined or documented. 

We require that you provide the following AFWS flow design basis infor

mation as applicable to the design basis transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident conditions considered 

in establishing AFWS flow requirements, including the following 

events: 

1} Loss of Main Feed (LMFW} 

2} LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4} Plant cooldown 

5) Turbine trip with and without bypass 

6) Main steam isolation valve closure 

7} Main feed line break 

8) Main steam line break 

9} Small break LOCA 

10} Other transient or accident conditions not listed above 

b. Describe the plant protection acceptance criteria and corres

ponding technical bases used for each initiating event identi

fied above. The acceptance criteria should address plant 

limits such as: 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage 1imits (DNB, PCT, maximum fuel 

central temperature} 

• RCS cooling rate limit to avoid excessive coolant shrinkage 

• Minimum steam generator level to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power {including instrument error allowance) 

at the time of the initiating transient or accident. 

b. Time delay from initiating event to reactor trip. 

c. Plant.parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s}. 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and depletion rate before 

and after AFWS flow commences • identify reactor decay heat 

rate used. 
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f. ~1a1:imum pressure at which steam is released irom steam generator(s) 

and against which the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow c~ndition - continued operation of RC pumps or natural 

circulation. 

1. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to accommodate 

the time delay and maintain minimum steam generator water level. 

Also identify credit taken fo~ primary system heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main feed lines 

between s.team generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown following 

initiating event. 

m. Primary and secondary system water and metal sensible heat 

used for cool down and AFW' flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR system cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as determined by items 1 and 2 

above considering a single failure. Identify the margin in sizing 

the pump f1ow to allow for pump recirculation flow, seal 1eakage 

and pump wear. 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 201151 

September 18, 1979 

Mr. Cordell Reed, Assistant V•.-c-Presi.dent 
Commonwea 1 th Edison Company 
P. 0. Box 767 
Chicago, Illinois 60690 

Dear Mr. Reed: 

SUBJECT: NRC REQUIREMENTS FOR AUXILIARY FEEDWATER SYSTEMS AT ZION STATION, 
UNITS 1 AND 2 

The purpose of this letter is to advise you of our requirements for the 
auxiliary feedwater systems at the subject facility. These requirements 
were identified during the course of the NRR Bulletins and Orders Task 
Force review of operating reactors in light of the accideni at Three Mile 
Island, .Unit 2. 

Enclosure 1 to this letter identifies each of the requirements applicable 
to the subject facility. These requirements are of two types, (1) generic 
requirements applicable to most Westinghouse-designed operating plants, and 
(2) plant-specific requirements applicable only to the subject facility. 
Enclosure 2 contains a generic request for additional information regarding 
a,uxiliary feedwater system flow requirements. 

The designs and procedures of the subject facility should be evaluated against 
the applicable requirements specified in Enclosure 1 to determine the degree 
to which the .facility currently conforms to these requirements. The results 
of this evaluation and an associated schedule and commitment for implementation 
of required changes or actions should be provided for NRC staff review within 
thirty days of receipt of this letter. Also, this schedule should indicate 
your date for submittal of information such as design changes, procedure 
changes or Technical Specification changes to be provided for staff review. 
You may also provide your response to the items in Enclosure 2 at that time. 

In addition to the requirements identified in this letter, other requirements 
which may be applicable to the subject facility are expected to be generated 
by the Bulletins and Orders Task Force. Such requirements are those resulting 
from our review of the loss-of-feedwater event and the small break loss-of
coolant accident as described in the Westinghouse report WCAP-9600, "Report 
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on Small Break Accidents for Westinghouse NSSS System." Our specific concerns 
include systems reliability (other than the auxiliary feedwater system), analyses, 
guidelines and procedures for operators, and operat!)r training. 

We plan to identify, in separate correspondence, the requirements resulting 
from the additional items from the Bulletins and Orders Task Force review. 

Enclosures: 
As stated 

~~ 
Darrell G. Eisenhut, Acting Director 
Division of Operating Reactors 
Office of Nuclear Reactor Regulation 



flr. Cordell Reed 
Com1:1onweal th Edison Company 

cc: Robert J. Vollen, Esquire 
109 North Dearborn Street 
Chicago, Illinois 60602 
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Dr. Cecil Lue-Hing 
Director of Research and Development 
Metropolitan S.anitary District 

of Greater Chicago 
100 East Erie Street 
Chicago, Illinois 60611 

Zion-Benton Public library District 
2600 Emmaus Avenue 
Zion, Illinois 60099 

l~r. PhillipP. Steptoe 
Isham, lincoln and Beale 
Counselors at Law 
One First National Plaza 
42nd Floor 
Chicago, Illinois 60603 

Susan N. Sekuler, Esquire 
Assistant Attorney General 
Environ1:1ental Control Division 
188 West Randolph Street, Suite 2315 
Chicaao, Illinois 60601 

Mr. W. Bruce Dunbar 
Mayor of Zion 
Zion, 111 i no i s 60099 

Department of Public Health 

September 18, 1979 

U. S. Environmental Protection Agency 
Federal Activities Building 
Region V Office 
ATTN: EIS COORDINATOR 
230 South Dearborn Street 
Chicago, Illinois 60604 

ATTN: Chief, Division of Nuclear Safety 
535 West Jefferson 
Sprin~field, Illinois· 62761 

Director, Technical Assessment Division 
Office of Radiation Prograr:Js (AW-459) 
U. S. Environr:Jental Protection Agency 
Crystal Mall #2 
Arlington, Virginia 20460 

E-317 

X. 18.1 

X.18.1.1 

ENCLOSURE 1 

ZION UNITS 1 AND 2 
AUXILIARY FEEDWATER SYSTEM 

System Description 

Configuration, Overall Design 

A simplified drawing of the Zion Au'~il iary Feedwater (AFW) System 1s shown 

in Figure X.18-1. The design configuration is the same for both units. 

The system consists of two motor-driven pumps,each with a capacity of 450 

gpm at 3099 feet head and one steam turbine driven pump with a capacity of 

900 gpm at 3099 feet head. The motor-driven pumps feed a conmon 

header, which in turn feeds all four steam generators through motor-

operated throttle valves that 1 imit the flow to 105 gpm per steam geeeratoar. 

The turbine-driven pump feeds a common header;,which feeds all steam 

generators through motor-operated throttle valves., which 1 imit the flow 

to 105 gpm per steam generator. The normal auxiliary feedwater supply 

fs the condensate storage tank, which supplies a conmon header that feeds 

all three pumps. There are ·tross -connections between all pump discharge 

trains,as shown in Figure X.lS-1 with the cross"connection between the 

motor-driven pump and turbine-driven pump trains normally closed; all other 

valves are in a normally open-fail open or fail-as is position, as shllllll 

in the figure_. 

The AFW system was evaluated for high energy line breaks, wfth and without 

a single active failure, in the main steam system, main feedwater system 

and AFW system. In all cases considered, auxiliary feedwater can be 

put into the steam generator within 20 minutes of the break or indication 

of a pipe break, through one of the unaffected trains. There was only one 

place in the pipe chase where a break in a auxiliary feedwater line might 

damage the other auxiliary feedwater 1 ine. However, since the lines are the 
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same size, this would not cause a break in the other line. Consequently, 

in case of a break in a11 auxiliary feedwater line, water can still be 

supplied to the steam generator(s). (Section 18.2.2 discusses an 

additional pipe break concern). 

Source .Qf Water 

The auxiliary feedwater system has five sources of water. The primary 

source of water is the non-seismic condensate storage tank for the unit. 

This tank has a capacity of 500,000 gallons of which 170,000 gallons 

are administratively dedicated to the auxiliary feedwater system. 

These 110,000 gallons will provide a minimum of eight hours of water 

to the steam generator,with the steam being dumped to atmosphere. Valves 

in the supply line to the AFW system are nonnally open. The tank is not 

tornado missile protected, but the lines are buried, so some protection 

from tomado missiles is provided. 

The secondary source of water is the condensate storage tank for the other 

unit. The cross connection has a nonnally closed manually operated valve, 

but there are other means of transferring water from tank to tank, if needed. 

The backup source (and one of the long-term sources of water) is the 

seismic Category I service water system, which can supply both units. 

The source of service water is Lake Michigan. A common header from the 

service water system serves all pumps. In order to put the system into 

operation as a backup for the AFW system, motor-operated valves have to be 

opened. There is a manually-operated cross tie with the other unit's service 

water system. There is the poss1b111ty for minor flooding in the 

auxiliary building when the service water system is used for long-term 

cooling. There are some vents in the service water system which will 
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discharge about 20 gpm ,1f they are not closed when the service water 

system 1s used to supply the AFW system. 

The other long-term source of water ts the makeup dam1nera11zer system, 

which ts not dastgned to £e1sm1c Category I requtrements. Although 

th1 s system feeds directly to the condensate storage tanks at a 

max1m1111 rate of 1200 gpm, 1t would taka between 10·30 mtnutes to put 

the system 1n operation manually. The water source for this system 

is also Lake Michigan. 



' It:' I. 2 Compo'!-'·l~ - Oesiqn, Cl"csification 

Table X.lB-1 

En vi ronmenta lly 
Qualified (line 

break) 

Steam Driven Pump and Turbine Yes 

l·lot0r Driven hw,ps and ~otors Yes 

Piping- In Auxiliary Building Yes 

Design 
Classification 

from Condensate Storage Tank 3 

to Aux i I i a ry B u i 1 ding 

Seismic 
Category 

N.S.* 

Valves - Yes Same as piping 

Powet• Supplies 

Instrumental ion 

Contra 1 s 

Condensate Storage Tank 

Service Water System 

Yes 

No 

Yes 

Environmentally 
Qualified (line 

break) 

Make-up Demineralization System 

l·lain Steam Su~ply for Turbine 
Driven Pump including Valves 

3 

3 

Design 
Classification 

3 

*N.S. (non-seismic) - not designed to meet seismic Category I requirements. 

N.S. * 

N.S. * 

Seismic 
Category 

N.S.* 

X.18.1.3 
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Power Sources 

The motor-driven pumps are powered from separate emergency diesel-generators; 

i.e., one pump to each diesel-generator. The eight motor-operated throttle 

valves take power from the diesels. Two out of four throttle valves for the 

motor-driven pump trains are run off one diesel-generator. The other two are 

on another diesel-generator. The four on the turbine-driven pump train are 

divided the same way. All motor-operated valves are in the open position and 

fail as-is. 

The steam turbine-driven pump takes its steam from steam generators A and 0 

through a comnon header, a normally open, motor operated, fail·as-is 

valve, and an air-operated, fail-open, control valve. The solenoid for 

the air-operated valve is powered from the direct current buses. 

The alternating current power for the instrumentation is derived fmn the 

direct current buses, which take power from the onsite alternattng 

current system, or from the station batteries through an inverter. 

The power for the service water pumps comes from the alternating current 

power system. Since the motor-driven and turbine-driven pumps have lube 

ofl coolers, the cooling from these pumps comes from the service water 

system. If the plant were to experience a station blackout (loss of offsite 

and onsite alternating current power), the licensee estimates that the 

turbine-driven pump would last a minimum of 15 minutes without cooling 

and the steam generators would boil dry approximately 30 mtnutes after the 

auxiliary feedwater pump stopped. We believe that this condition is 

unacceptable, and adequate lube o11 cooling for the turbine-dr1ven p~mp 

should be provided which is independent of alternating current. (See 

Recomnendations). 
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X.l8.1.4 Instrumentation and Controls 

X.l8.1.4.1 ~ 

The AFW system is an entirely automatic system, except for the switching of 

the sources of water. This switching must be done either in the control room 

or locally, depending on the source. The manual controls located in the 

control room are the pump on-off switch, valves open-close switches, and 

the throttle va 1 ve contra 1 switch, which is used for steam generator 

level control. The controls at the remote shutdown panel and local AFW 

operating station are the same as those in the control room, except for the 

lube oil oumo controls. which are only located at the remote shutdown panel 

which is also the local AFW operating station. 

X.l8.1.4.2 Information Available to Operator 

The indication available to the operator is as follows: 

1. Alarms (Control Room Only) 

a. Low suction pressure (common all pumps); 

b. Auxiliary feed pump not available (common all pumps); 

c. Condensate tank low and high level; 

d. LOWlube oil pressure trip (co/Mion all pumps); 

2. Ind i caters (Contra 1 Room and Remote Shutdown Pane 1, except as noted) 

a. AFW flow to each generator; 

b. Condensate storage tank level; (Control Room and Rad Waste Panel) 

c. AFW pump running; 

d. Valve indications (open-close); 

e. AFW pump turbine inlet steam pressure; (Control Room only) 

f. AFW pump discharge pressure; 

g. AFW pump motor current. 

E-320 

-7-

X.1B.1.4.3 Initiating Signals for Automatic Operation 

X.lB.l.S 

X. 18.1.6 

The AFW system flow is automatically initiated on any of the following signals: 

1. Steam Generator low-low level (10% narrow range) 

a. Motor-driven pumps start on one steam generator low-low level; 

b. Turbine-driven pump starts on two steam generators low-low level. 

2. Loss of offsite power; 

3. Safety injection signal; 

The AFW system can also be initiated by the operator from the control room. 

and/or the Remote Shutdown Panel. 

Testing 

The AFW system is tested on a monthly basis, one train at a time. The 

procedure tests all components of the system. It is composed of closing 

the throttle valves for the train being tested, and running the system 

in the recirculating mode. The throttle valves are then opened to allow a 

flow of 105 gpm to the steam generators. All valves, including the 

servtee water system valves and the throttle valves, are stroked monthly. 

At the same time the monthly tests are being performed, a vibratton test 

is performed on the pumps . 

When a train is being brought back into service after a maintenance outage, 

the above tests are performed, except that the vibration test is deleted. 

Technical Specifications 

Table X.lB-1 details the limiting conditions for operation and surveillance 

requirements for the Zion Station AFW system. Problem areas identified during 

our review are that (1) one pump can be out of service indefinitely with no 

action taken, and (2) the li.censee does not consider the instl'tlllentation 

as part of the system. Thus the instrumentation for one or more pumps could 

be out of service while the plant is allowed to operate. (See RecomnendaUon). 
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liOil TECH/II CAl SPEC I FICA liONS 

llKITI!i!i CGti:JIT!Ot! FOR OPERf.TIOtl 

Auxiliary fePa.;ater pump systl'll 

A. i~ cf the three auxiliary feedwater pump systeas 
sr.all be operable whenever the reactor is going 
fr011 cold shutdown to hot standby. 

B. Two of the three auxiliary feedwater pump systeas 
sha 11 be operable whenever the reactor is in hot 
standby or operating except as specified in 3.7.2.C. 

C. Frc: am! after the date that two of the three 
auxi 11 ary feedwater pump systeas are 11ade or· found 
to be inoperable for any reason, reactor operation 
is penaissible only during the succeeding 7 days 
orovided that during these 7 days the re~~aining 
auxiliary feedwater pump systea shall be operable. 

0 If these conditions cannot be .et the reactor 
sha 11 be brought to the hot shutdown condition 
within four hours. After a aaxi.ua of 48 hours 
in the hot shutdONn condition, if the systea 
is not operable the reactor shall be brought 
to the cold shutdown condition within 24 hours. 

SUP.VElllANCE RHJUJF.e~EI;! 

Auxiliary feed>:3ter -pu:::~ systeRI 
(Table 4. 7-2) 
A. Surveillanc~ and t~>t ing of the au. i l i.•;·?: 

feedwater pump systeRis shall be IJ!'.-1 oo·,.··c; ~ 

follows: 

L The auxiliary feedwater pUIIJ)s shall be 
started onanua lly from the control room "~ch 
aonth. Performance will be acceptablE if 
the puap starts upon actuation. op~rat£'s for 
at .least 10 ainutes on recircro1atinn flo-.·. 
and the discharge pressure and flo··• arr· 
within ±10% of a point on the n...,n hea<l :urve. 

2. The service 10ater power opeo·atr:f supply 
valves to the auxiliary fe<'rt<~aleo· puaops 
shall be stroked manually from the control 
room each month. Perfonaa,ce ,. i 11 be 
acceptable if \'alve motion is indicated 
upon actuation. 

B. Not Applicable. 

C. When it is determined that two of three auxiliary 
feedwater PWIP systeas are i_boperable, the one 
reaaining systea shall be started i-rdiately and 
daily thereafter including the associated standby 
AC and DC PQNer supplies (See Section 4. 15.1.B.Z 
and 4. 15. 1. [. 1 ). -~ 

D. Not Applicable. 
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Loss of Main Feedwater with Offsite Power Available 

The unavailability of the AFW system for this case is dominated by the 

following fat lures: 

a. maintenance being performed on the second manual valve in the supply 

line from the condensate storage tank + failure to manually initiate 

service water to supply the system upon demand, and, 

b. turbine-driven pump train out for maintenance over an extended 

period of .time + testing of one of the motor-driven pumps. 

The first of these failures disables the supply water to the AFW system. 

The second disables AFW system discharge to the steam generators in the 

following manner. Maintenance on the turbine-driven pump train results 

in four lines to the steam generator not receiving flow; testing for the 

motor-driven pump train requires closing of the motor-operated valves 

in the other four lines to the steam generators, thus closing off all 

discharge flow to the steam generators for the period of the test. 

Loss of Main Feedwater with Onsite Alternating Current Power Available 

The AFW system was analyzed assuming loss of offsite power, considering 

possible loss of one of the diesel generators. Failure of a diesel

generator has no significant effect on system reliability. The dominant 

fatlure modes appear to be similar to those discussed in the previous 

case. 

Loss of Main Feedwater with Only Direct Current Available 

For this case, neither offsite nor onsite alternating current power are 

available. The system may not successfully operate for an extended 

time period without alternating curr.ent power due to the fact that the 

turbine-driven pump lube o11 is dependent upon the alternating current 

X.l8.2.2 

X.l8.3 
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powered service water system for cooling. Without alternating current 

power, lube oil cooling is lost, which could result in failure of the only 

operable AFW pump. 

In the short-term ( ~ 45 minutes), the turbine-driven pump train 

unavailability is dominated by maintenance, test, and single hardware 

failures. 

Dependencies 

In addition to the dependence of the turbine-driven pump tl'lltn on 

alternating current power dtscussed 11bove, one locational dependence 

was identified. The two motor-driven pumps and their associated 

motor-operated valves on the suction side are tn a c0111110n location. 

There f's only 11 short barrier (llbout six feet t11ll) between this cell 

and the cell containing the turbine-driven pump and its suction motor

operated valve. Thus, there are potential location-depeRdent inter11ctfons 

in this system. A high energy line (steam line to the turbtne-driven 

pump) passes through this sp11ce. Although the pumps 11re qual1fied for 

a steam environment, it does not appear th11t the motor-operated valves 

are (See Recommendations). 

Recommendations for·this Plant 

The short-term recommendations identified in this section represent 

actions to improve AFW system re11ab11ity that should be implll!lented 

by January 1, 1980, or as soon thereafter as is practicable. In teneral, 

they involve upgrading of Technical Specifications or establishing procedures 

to avoid or mitigate potential system or operator failures. The long-

term recommendations identified in this section involve system deSign 

evaluations and/or modifications to improve AFW system re11abtlif?t 
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and represent actions that should be implemented by January 1, 1981, 

or as soon thereafter as is practirallle. 

Short-Term 

1. Reco~~~~~endation GS-1 - The licensee should propose modifications to 

the Technical Specifications to limit the time that one AFW system 

pump and its associated flow train and essential instrumention can be 

inoperable. The outage time limit. and subsequent action time 

should be as required in current Standard Technical Specifications; 

f. e., 72 hours and 12 hours, respectively. 

2. Rec011111endation GS-2 - The licensee should lock open single valves or 

multiple valves in series in the AFW system pump suction piping and 

lock open other single valves or multiple valves in series that 

could interrupt all AFW flow. Monthly inspections should be performed 

to verify that these valves are locked and in the open position. 

These inspections should be proposed for incorporation into the 

surveillance requirements of the plant Technical Specifications. See 

Reco11111endation GL-2 for the longer-term resolution of this concern. 

3. Reco~~~~~endation GS-3 - The licensee has stated that it throttles AFW 

system flow to avoid water ba~~~~~er. The licensee should reexamine 

the practice of throttling AFW system flow to avoid water ha~~~~~er. 

The licensee should verify that the AFW system.:will supply on demand 

sufficient initial flow to the necessary steam generators to assure 

adequate decay heat removal following loss of main feedwater flow 

and a reactor trip from 100% power. In cases where this reevaluation 

riJ!Sults in an·iincrease in initial AFW system flow, the licensee 

should provide sufficient information to demonstrate that the required 

initial AFW system flow will not result in plant damage due to water 

hammer. 

E-323 

-13~ 

4. Reconmendatfon GS-4 - Emergency procedures for transferring to alternate 

sources of AFW supply should be availabl~ to th~ plant operators. These 

procedures should include criteria to inform the operator 
. . 

when, and fn what order, the tl'ansfer to alternate water sources should 

take place. The following cases should be covered by the procedures: 

1 The case fn whfch the primary water supply fs not initially 

available. The procedures for thfs case should include any 

operator actf ons requf red to protect the AFW system PIIIIPS 

against self·d-ge before 1111ter flow fs 1n1t1ated; and, 

I The case fn which the primary 1111ter supply h being depleted. 

The procedure for this case should. provide for transfer to 

the alternate 1111ter sources prior to draining of the prfllll')' 

water supply. 

5. Recommendation GS-5 - The as-built plant should be capable of pro

viding the required AFW flow for at least ·two hours from one AFW pump 

train independent of any alternating current power source. If manual 

AFW system initiation or flow control is required following a complete 

loss of alternating current power, emergency procedures should be 

established for manually initiating and controlling the system 

under these conditionss ·since the wat,r for cooling of the lube 

oil for the turbine-driven pump bearings may be dependent on alter

nating current power, design or procedural changes shall be made to 

eliminate this dependency as soon as practicable. Until this is done, 
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the emergency procedures should provide for an individual to be 

stationed at the turbine-driven pump in the event of the loss of 

all alternating current power to mori1.tor pump bearing and/or lube 

o11 temperatures. If necessary, thh operator would operate the 

turbine-driven pump in an on-off mode until alternating current 

power is r.estored. Adequate lighting powered by direct current 

power sources and communications at local stations should also be 

provided if manual initiation and control of the AFW system 1s 

needed. (See Recommendation GL·3 for the longer-term resolution of 

this concern. ) 

6. Recommendation GS-6 • The licensee should confirm flow path avail

ability of an AFW system flow train that has been out of service to 

perform periodic testing or maintenance as fo 11 ows: 

• Procedures should be impl~nted to require an operator 

to determine that the AFW system valves are properly 

aligned and a second operator to independently verify that 

the valves are properly aligned. 

• The licensee should propose Technical Specifications to 

assure that prior to plant startup following an extended 

cold shutdown, a flow test would be performed to verify 

the normal flow path from the primary AFW •system water 

source to the steam generators. The flow test should be 

conducted with AFW system valves In their normal alignment. 

7. 
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RecOIIIIItndation GS-7 • The licensee should verify that the automatic 

start AFW system signals and associated circuitry are safety.grade. If 

this cannot be verified, the AFW system autometic initiation system ahould 

be modified in the short-term to meet the functional rtquirements lfsted 

below. For the l·onger term, the automatic initiation signals and circuits 

should be upgraded to meet safety-grade requirements as indicated in 

RecOIIIIIIndatlon GL-5, 

• The design should provide for the automatic initiation of the 

auxiliary feedwater system 1'1ow. 

The automatic initiation signals and circuits should be 

designed so that a single failure will not result in the lou 

of auxfliary feedwater system function. 

Testability of the Initiation signals and circufts shall be 

be a feature of the design. 

The Initiation signals and circuits should be poWered from the 

emergency buses. 

Manual capability to initiate the auxiliary feedwater system 

.from the control room should be retained and should be 

implemented so that a single failure in the manual circuits 

will not result in the loss of system function. 

The alternating current motor-driven p1111ps and valves in the 

auxllfary feedwater system should be included in the automatic 

actuation (simultaneous and/Or sequential) of the loads to the 

emergency buses. 

The automatic Initiation s1gnals and circuits shall be designed 

so that their failure will not result in the loss of manual 

capability to intiate the AFW system from the control room. 

'; 
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Recommendation GS-8 - The licensee should propose modifications to the 

Technical Specifications to include a Limiting Condition of Operation when 

the condensate storage tank level falls below the 170,000 gallon level, 

considering both one- and two-unit operation. 

X.18.3.2 
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Addi tiona 1 Short-Term Recommendations 

The following additional short-term recommendations resulted from the 

staff's Lessons Learned Task Force review and the Bulletins and Orders 

Task Force review of AFW systems:at Babcock lo Wilcox-designed operating 

plants subsequent to our review of the AFW Sl!Stem designs at !i· and C-E· 

designed operating plants. They have not been examined for specific 

applicability to this facility, 

1. . Recommendition - The licensee should provide redundant level in~ 

d1~at11lnt and low level alarms in the contro·i room for the AFW 

system primary water· supply to allow the operator to anticipate 

the need to make up water or transfer to an alternate water supply 

and prevent a low pump suction pressure condition from occurring. 

The low level alarm setpoint should allow at least 20 minutes 

for operator action, assuming that the largest capacity AFW pump 

is operating. 

2, Recommendation - The licensee should perform a 72-hour endurance test on 

all AFW system pumps, if such a test or continuous period of operation 

has not been accomplished to date. Following the 72-1\our PIIIIP run, 

the pumps should be shut down and cooled down and thotn restarted and 

run for one hour. Test acceptance cr1ter1a should include denionstrating 

that the pumps remain within design 1 'hnits with respect to bearing/ 

bearing oil temperatures and vibration and that pump room ambient condi

tions ( temperature, humidity) do not exceed environmental qualification 
\ 

limits for safety-related equfPNnt tn the room, 
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3. Reconmengation - The licensee should implement the following 

requirements as specified by Item 2.1.7 .b on page A-32 of 

NUREG-0578: 

"Safety-grade indication of auxiliary feedwater flow to 

each steam generator shall be provided in the control room. 

The aux11 iary feedwater flow instrument channels shall be 

powered from the emergency buses consistent with satisfying 

the emergency power diversity requirements for the aux11 iary 

feedwater system set forth in Auxiliary Systems Branch Techn

nical Position 10-1 of the Standard Review Plan, Section 

10.4.9." 

4. Reconmendation - Licensees with plants which require local manual 

realignment of valves to conduct periodfc tests on one AFii system 

train !J2!! which have only one remaining AFW train available for 

operation, should propose Technical Specifications to provide that 

a dedicated individual who is in conmunication with the control room 

be stationed at the manual valves. Upon instruction from the control 

rollm, this operator would re-align the valves in the AFW system train 

from the test mode to its operational alignment. 

X.l8.3.3 
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Long-term reconmendations for improving the system are as follows: 

1. Reconmendation GL-2 - Licensees with plants in which all (primary 

and a 1 tern ate} water supplies to the AFW systems pass through 

valves in a single flow path should install redundant parallel 

flow paths (piping and valves}. 

Licensees with plants in which the primary AFW system water supply 

passes through valves in a si'ngle flow path, but the alternate 

AFW system water supplies connect to the AFW system pump suction 

piping downstream of the above valve(s}, should install redundant 

valves parallel to the above valve(s} or provide automatic opening 

of the valve(s} from the alternate water supply upon low pump suction 

pressure. 

The licensee should propose Technical Specifications to incorporate 

appropriate periodic inspections to verify the valve positions. 

2. Recorrmendation GL-3 - At least one AFW system pump and its 

associated flow path and essential instrumentation should auto

matically initiate AFW system flow and be capable of being operated 

independently of any alternating current power source for at least 

two hours. Conversion of direct current power to alternating current 

is acceptable. 
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· 3. Recomnendation • GL-4 - Licensees having plants with unprotected normal 

AFW system water supp11es should evaluate the design of their AFW systems 

to determine if automatic protection of the pumps is necessary following 

a seismic event or a tornado. The time ava11able before pump damage, 

the alarms and indications ava11able to the control room operator, and the 

time necessary for assessing tile problem and taking action should be considered 

1n determining whether operator action can be relied on to prevent 

pump damage. Consideration should be given to providing pump protection 

by 1111ans such as automatic switchover of the pump suctions to the alternate 

safety-grade source of water, automati.c pump trips on low suction 

pressure or upgrt~ding the normal source of water to meet seismic 

Category I and tornado protection requirements. 

4. l\leomnendat1on- GL-5 - The 11censee should upgrade the AFW system 

automatic initiation signals t~nd circuits to meet safety-grade requirements. ·-· 5. Recommendatton - The 11censee should evaluate the consequences of a 

postulated break tn the steam 11ne to the turbine-driven AFN pump to 

determtne the need to qualtfy the AFtl system valves, valve actuators, 

and instrumentation for the environmental conditions resulting from such 

a high ~nergy 11ne break in order to maintain operab111.ty of the motor

driven AFW pumps and their associated flow trains. 

6. Recommendation - There are no valves in either of the . 

common headers supplied from the motor-driven AFW p1111ps or the turbine

driven punpto all four steam generators. A pipe break· in e:tther header 

could cause loss of all AFW now to all steam genentor~ frum either 
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the motor-driven or turbine-driven AFW pumps. The licensee should 

evaluate a postulated pipe break in either header and indicate the 

AFW system design changes or emergency procedures necessary to detect 

and isolate the break and direct the required AFW flow to the steam 

generators before they boil dry. 
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ENCLOSURE 2 

Basis for Auxiliary Feedwater 
!.ystem Flow Requirements 

As a result of recent staff revil!l·ts of operating plant Auxiliary Feed

water Systems (AFWS)I the staff concludes that the design bases and 

criteria provided by licensees for establishinp AFWS requirements for 

flow to the steam generator(s) to assure adequate removal of reactor 

decay heat are not well defined or documented. 

We require that you provide the following AFWS flo~ design basts infor

mation as applicable to the design basts transients and accident con

ditions for your plant. 

1. a. Identify the plant transient and accident condftfons considered 

fn establishing AFWS flow requirements. fncludfng the following 

events: 

1) Loss of Main Feed (LMFW) 

2) LMFW w/loss of offsite AC power 

3) LMFW w/loss of onsite and offsite AC power 

4) Plant cooldown 

5) Turbine trfp wfth and without bfpass 

6) Mafn steam isolation valve closure 

7) Main feed lfne break 

B) Main steam lfne break 

9) Small break LOCA 

10) Other transient or accident conditions not listed above 

b. Describe the plan·t protection acceptance crfterfa and corres• 

ponding technical bases used for e~ch fnftfatfng event tdtntt

ffed above. The acceptance crfter:a should address plant 

lfmi ts such as: 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- ~1inimum steam generator l!!vel to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the time of the initiating transient--or•.aoc:iderit. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter{s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

e. 

occurs. 

Initial steam generator water inventory and· depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum pressure at which steam is releised from steam generator(s) 

and against ~1hich the AFW pump must develop sufficient head. 

g. Minimum number of steam generators that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 4? 

h. RC flow condition- continued_operation of RC pumps or naturil 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact ste~m 

generator(s}. AFW pump flow capacity allowance to accomme~ate 

the time delay and maintain m'inimum steam generator water level. 

Also identify credit taken fo~ primary syst.m heat removal 

due to blowdown. 

k. Volume and maximum temperature of water in main fee~ lines 

between steam generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generator normal blowdown fellowing 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR systllll cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as, determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump f~ow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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- Maximum RCS pressure (PORV or safety valve actuation) 

-Fuel temperature or damage Jimits (DNB, PCT, maximum fuel 

central temperature) 

- RCS cooling rate limit to avoid excessive coolant shrinkage 

- Minimum steam generator l~vel to assure sufficient steam 

generator heat transfer surface to remove decay heat and/or 

cool down the primary system. 

2. Describe the analyses and assumptions and corresponding technical 

justification used with plant condition considered fn l.a. above 

including: 

a. Maximum reactor power (including instrument error allowance) 

at the tfme of the initiating transient:-or,.aoeidelit. 

b. Time delay from initiating event to reactor trip. 

c. Plant parameter(s) which initiates AFWS flow and time delay 

between initiating event and introduction of AFWS flow into 

steam generator(s). 

d. Minimum steam generator water level when initiating event 

occurs. 

e. Initial steam generator water inventory and· depletion rate before 

and after AFWS flow commences - identify reactor decay heat 

rate used. 
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f. Maximum pressure at which steam· is released from steam generator(s) 

and against which the AFW pump must develop sufficient head. 

g. Minimum number of steam genentors that must receive AFW flow; 

e.g. 1 out of 2?, 2 out of 47 

h. RC flow condition- continued_operation of RC pumps or natural 

circulation. 

i. Maximum AFW inlet temperature. 

j. Following a postulated steam or feed line break, time delay 

assumed to isolate break and direct AFW flow to intact steam 

generator(s). AFW pump flow capacity allowance to acconmetlate 

the time delay and maintain minimum steam generator WBter level. 

Also identify credit taken for primary system heat removal 

due to blowdown. 

k. Volume and 1111ximum temperature of water in main feet! lines 

between steam generator(s) and AFWS connection to main feed line. 

1. Operating condition of steam generatllr nonnal blowdown fellowing 

initiating event. 

m. Primary and secondar,y system water and metal sensible heat 

used for cooldown and AFW flow sizing. 

n. Time at hot standby and time to cooldown RCS to RHR syst1111 cut 

in temperature to size AFW water source inventory. 
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3. Verify that the AFW pumps in your plant will supply the necessary 

flow to the steam generator(s) as,determined by items 1 and 2 

above considering a single failure. ldentify the margin in sizing 

the pump f~ow to allow for pump recirculation flow, seal leakage 

and pump wear. 
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LETTER TO LICENSEES OF ALL OPERATING REACTORS, 

DATED OCTOBER 30, 1979 

CONCERNING SHORT-TERM LESSONS LEARNED REQUIREMENTS 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

October 30, 1979 

(TO ALL OPERATING NUCLEAR POWER PLANTS) 

Gentlemen: 

SUBJECT: DISCUSSION OF LESSONS LEARNED SHORT TERM REQUIREMENTS 

On September 13, 1979, a letter was issued to each power reactor licensee 
which defined a set of 11Short tenn11 requirements resulting from the NRC 
staff investigations of the TMI accident. Since the letter was issued, the 

· staff has attempted to further define these requirements. During the 
week of September 24, 1979, seminars were held in four regions of the 
country to encourage industry feedback and dialogue on each short term 
requirement. As a result of these discussions, four topical meetings were 
held in Bethesda to discuss certain issues in further detail. 

Enclosure 1 provides additional clarification of the NRC staff requirements. 
It should be noted that the intent of these requirements have not changed· 
throughout this process and are restated in Enclosure 1. 

Enclosure 2 is a chart of the NUREG-0578 items and their corresponding 
implementation schedules. The chart indicates which of the items require 
prior NRC review and approval and those for which post implementation NRC 
review is acceptable. 

For those items requiring prior NRC approval, your design details should be 
submitted in a timely manner·so that this approval and your implementation of 
the item can be completed by the required date. For those items which do not 
require prior NRC approval, you must document your method of implementation by 
the required completion date. These schedules assume that your methods are in 
complete agreement with the staff's requirements as previously documented in 
NUREG-0578, our September 13, 1979 letter, and clarified herein. Where your 
methods are not in complete agreement with the staff's requirements, a detailed 
description of your proposed methods along with justification for the differences, 
is required. Please provide this description and justification as soon as 
possible but no later than 15 days following receipt of this letter. 
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- 2 - October 30, 1979 

The schedule for completing each of the short term TMI followup requirements 
is firm. Some licensees, in responding to pur September 13, 1979 letter 
have indicated an inability to meet the established implementation scheJt.le. 
If your response was in this catego~ you are requested to reconsider your 
implementation schedule with the purpose of improving your implementation 
dates to meet those required by the staff. Within fifteen d~s from receipt 
of this letter, you are requested to submit your revised schedule for 
implementation. If you are unable to conmit to meeting any of the 
January 1, 1980 requirements, you must provide, for each item, a report on 
the degree of compliance expected on January 1, 1980, and a detailed 
justification for the delay. 

Enclosures: 
1. · Discussion of TMI Lessons Learned 

Short Term Requirements 
2. Implementation Sehedule 

Sincerely, 

~,v/.4-1-
Harold R. Denton, Director 
Office of Nuclear Reactor Regulation 
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EMERGENCY POWER SUPPLY (2.1.1) 

Pressurizer Heaters 

POSITION 

Consistent with satisfying the requirements of General Design Criteria 10, 14, 15, 
17 and 20 of Appendix A to 10 CFR Part 50 for the event of loss of offsite power, 
th~ following positions shall be implemented: 

Pressurizer Heater Power Supply 

1. The pressurizer heater power supply design shall provide the 
capability to supply, from either the offsite power source or 
the emergency power source {when offsite power is not available}, 
a predetermined number of pressurizer heaters and associated 
controls necessary to establish and maintain natural circula
tion at hot standby conditions. The required heaters and their 
controls shall be connected to the Bnergency buses in a manner 
that will provide redundant power supply capability. 

2. Procedures and training shall be established to make the operator 
aware of when and how the required pressurizer heaters shall be 
connected to the emergency buses. If required, the procedures 
shall identify under what conditions selected emergency loads 
can be shed from the emergency power source to provide sufficient 
capacity for the connection of the pressurizer heaters. 

3. The time required to accomplish the connection of the preselected 
pressurizer heater to the emergency buses shall be consistent 
with the timely initiation and maintenance of natural circulation 
conditions. 

4. Pressurizer heater motive and control power interfaces with the 
emergency buses shall be accomplished through devices that have 
been qualified in accordance with safety-grade requirements. 

CLARIFICATION 

1. In order not to compromise independence between the sources of 

emergency power and still provide redundant capability to provide 

emergency power to the pressurizer heaters, each redundant heater 

or group of heaters should have access to only one Cla.ss lE division 

power supply. 
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2. The number of heaters required to have access ·to each emergency 

power source is that number required to maintain natural circula

tion in the hot standby condition. 

3. The power sources need not necess~rily have the capacity to provide 

power to the heaters concurrent with the loads required for LOCA. 

4. Any cnanye-over of the heaters from nonmal offsite power to emergency 

onsite power is to be accomplished manually in the control room. 

5. In establishing procedures to manually reload the pressurizer heaters 

onto the emeryency power sources, careful consideration must be given to: 

a. Which ESF loads may be appropriately shed for a given situtation. 

b. Reset of tpe Safety Injection Actuation Signal to permit the 

operation of the heaters. 

c. Instrumentation and criteria for operator use to prevent overload

ing a diesel generator. 

b. The (.1 ass IE interfaces for main power and control power are to be 

protected by safety-grade circuit breakers. (See also Reg. Guide 1.75) 

7. Beiny non-Class IE loads, the pressurizer heaters ~ust be automatically 

sh~d from the emergency power sources upon the occurrence of a safety 

inJection actuation siyndl. (See item 5.b. above) 
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POSITION 

Emergency Power Supply (2.1.1) 

Pressurizer Level ana Relief Block Valves 

Consistent with satisfying the requirements of General Design Criteria 10, 14, lti 
17 ana 20 of Aprendix A to 10 CFR Part 50 for ~he event of loss of offsite power, 
the following positions shall be implemented: 

Power Supply for Pressurizer Relief ana Block Valves ana Pressurizer 
Level Indicators 

1. Motive ana control components of the power-operated relief valves 
(PORVs) shall be capable of being supplied from either the offsite 
power source or the emergency power source when the offsite power is 
not available. 

2. Motive and control components associated with the PORV block valves 
shall be capable of being supplied from either the offsite power 
source or the emergency power source when the offsite power is not 
available. 

3. Motive and con~rol power connections to the emergency buses for 
the PORVs ana their associated block valves shall be through devices 
that have been qualified in accordance with safety-grade requirements. 

4. The pressurizer level indication instrument channels shall be powereo 
from the vital instrument buses. The buses shall have the capability 
of being suppiea from either the offsite power source or the 
emergency power source when offsite power is not available. 

CLARIFICATION 

1. While the prevalent consideration from TMI Lessons Learned is being able 

to close the PORV/block valves, the aesign should retain, to the extent 

practical, the capability to open these valves. 

2. The motive ana control power for the block valve shoula be supplied from 

an emergency power bus different from that which supplies the PORV. 

3. Any changover of the PORV and block·valve motive and control power from 

the norma 1 offs ite power to the emergency ons ite power is to be 

accomplished manually in the control room. 
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4. For those designs where instrument air is needed for operation, 

the electrical power supply requirement should be capable of being 

manually connected to the emergency power sources. 
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PERFORMANCE TESTI~G FOR BWR AND PWR RELIEF AND SAFETY VALVES (2.1.2) 

POSITION 

Pressurized Water Reactor and ~oiling Water. Reactor licensees and applicants 
shall conduct testing to qualify the reactor coolant system relief and safety 
valves under expected operatiny conditions for design basis transients and 
accidents. 

CLARIFICATION 

1. Expected operatiny conditions can be determined through the use of analysis 

of accidents and anticipated operational occurrences referenced in 

keyulatory Guide 1.70. 

2. This testing is intended to demonstrate valve operability under various 

flow conditions, that is, the ability of the valve to open and shut 

under the various flow conditions ~hould be demonstrated. 

3. Not all valves on all plants are required to be tested. The valve testing 

may be conducted on a prototypical basis. 

4. The effect of piping on valve operability should be included in the test 

cor~itions. Not every piping configuration is required to be tested, but 

the configurations that are tested should produce the appropriate feedback 

effects as seen by the relief or safety valve. 

5. Test data should include data that would permit an evaluation of discharge 

piping and supports if those components are not tested directly. 
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6. A description of the test program and the schedule for testing should be 

submitted by January 1,1980. 

1. Testing shall be coq>lete by July 1, 1981. 
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DIRECT INDICATION OF POWER-OPERATED RELIEF 

VALVE ANO SAFETY VALVE POSITION FOR PWRs AND BWRs (2.1.3.a) 

POSITION 

Reactor System relief and safety valves shall be provided with a positive 
indication in the control room derived from a reliable valve position 
detection device or a reliable indication of flow in the discharge pipe. 

CLARIFICATION 

1. The basic requirement is to provide the operator with unambiguous 

indication of valve position (open or closed) so that appropriate 

operator actions can be taken. 

2. The valve position should be indicated in the control room. An alarm should 

be provided in conjunction with this indication. 

3. The valve position indication may be safety grade. If the position 

indication is not safety grades a reliable single channel direct indica

tion powered from a vital instrument bus may be provided if backup 

methods of determining valve position are available and are discussed in 

the emergency procedures as an aid to operator diagnosis and action. 

4. The valve position indicati~n should be seismically qualified consistent 

with the component or system to which it is attached. If the seismic 

qualification requirements cannot be met feasibly by January 1, 1980s 

a· justification should be provided for less than seismic qualification 

and a schedule should be submitted for upgrade to the required seismic 

qualificiation. 
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5. The position indication should be qualified for 1ts appropriate environment 

(any transient or accident which would cause the relief or safe~ 

valve to lift). If the environmental qUalification program for this 

position indication will not be~co~leted by January 1, l~HO, a 

proposed schedule for completion of the environmental qualification 

program should be provided. 
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INSTRUMENTATION FO~ DETECTION OF INADEQUATE CORE COOLING (2.1.3.b) 

SUilCOOI.I NG METER 

POSITION 

Licensees shall develop procedures to be used by the operator to recognize 
inadequate core cooling with currently available instrumentation. The licensee 
shall provide a de~cription uf the existing instrumentation for the operators 
to use to reco~nize these conditions. A detailed description of the analyses 
needed to fonn the basis for operator trainin9 and procedure development shall be 
provided pur!)uant to another short-term requirement, 11 Analysi s of Off-Normal 
Conditions, Includin~ Natural Circulation 11 (see Section 2.1.9 of NUREG-0578) 

In aadition, each PWR shall install a primary coolant 
on-line indication of coolant ~aturation condition. 
use of this meter shall include consideration that is 
other related pi ant parara1eters. 

CLARIFICATION 

saturation meter to provide 
Operator instruction as to 
not to be used exclusive of 

1. The analysis and ~rocedures addressed in paragraph one above will 

revieweo and should be submitted to the NRC 11 Bulletins and Orders 

Task Force .. for review. 

2. The purpose of the subcool ing meter is to provide a continuous indication 

of maryin to saturated conditions. This is an important diagnostic tool 

for the reactor operators. 

3. Redundant safety yrade temperature input from each hot leg (or use of multiple 

core exit in TIC's) are required. 

4. Redundant safety yrade system pressure measures should be provided. 

5. Continuous display of the primary coolant saturation conditions should be 

provided. 
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6. Each PWR should have: (A.) Safety grade calculational devices and 

display (minimum of two meters) or (B.) a highly reliable single 

channel environmentally qualified~ a-nd testable. system plus a backup 

procedure for use of steam tables., If the plant computer is to be 

used. its availability must be documented. 

7. In the long term, the instrumentation qualifications must be required 

to be upgraaed to meet the requirements of Regulatory Guide 1.97 

(Instrumentation for Light Water Cooled Nuclear Plants to Assess Plant 

Conditions During and Following an Accident) which is under development. 

H. In all cases appropriate steps (electrical, isolation, etc.) must be taken 

to assure that the aaaition of the subcooling meter aoes not adversely 

impact the reactor protection or engineered safety features systems. 

9. The attachment provides a definition of infonnation required on the 

suDcooliny meter. 
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INFORMATION REQUIRED ON THE SUBCOOLING METER 

Display 

Information Displayed (T-Tsat, Tsat, Press, etc.) 
' 

Display Type (Analog, Digital, CRT) 

Continuous or on Demand 

Single or Redundant Display 

Location of Display 

Alarms (include setpoints) 

Overall uncertainty (°F, PSI) 

Range of Display 

Qualifications (seismic, environmental, IEEE323) 

Calculator 

Type (process computer, dedicated digital or analog calc.) 

If process computer is usea specify availability. (~ of time) 

Single or redundant calculators 

Selection Logic (highest T., lowest press) 

Qualifications (seismic, environmental, IEEE3l3) 

Calculational Technique (Steam Tables, Functional Fit, ranges) 

Input 

_Temperature (RTD's or TIC's) 

Temperature (number of sensors and locations} 

Range of temperature sensors 

F-17 



Uncertainty* of temperature sensors (°F at 1 ) 

Qualifications (seismic, environmental, IEEE32~) 

Pressure (specify instrument used) 

Pressure (number of sensors and 1 ocatfons }' 

Range of Pressure sensors 

Uncertainty* of pressure sensors (PSI at 1 ) 

Qualifications (seismic, environmental, IEEE323) 

Backup Capability 

Availability of Temp & Press 

Availability of Steam Tables etc. 

Training of operators 

. Procedures 

*Uncertainties must address conditions of forced flow and natural circulation 
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POSITION 

INSTRU~IENTATION FOR DETECTION OF INADEQUATE CORE COOLING {2.1.3.b) 

ADDITIONAL INSTRUMENTATION 

Licensees shall provide a decription of any additional instrumentation or controls 
{primary or backup) proposed for the plant to supplement those devices cited in the 
preceding section giving an unambiguous, easy-to-interpret indication of inadequate 
core cooling. A description of the functional design requirements for the system 
shall also be included. A description of the procedures to be used with the 
proposed equipment, the analysis used in developing these procedures, and a schedule 
for installing the equipment shall be provided. 

CLARIFICATIO~ 

1. Design of new instrumentation should provide an unambiguous indication of 

inadequate core cooling. This may require new measurements to or a synthesis 

of existing measurements which meet safety-grade criteria. 

2. The evaluation is to include reactor water level indication. 

3. A commitment to prov1de the necessary analysis and to study advantages of 

various instruments to monitor water level and core cooling is required in 

the response to the September 13, 1979 letter. 

4. The indication of inadequate core cooling must be unambiguous, in that, it should 

have the following properties: 

a) it must indicate the existence of inadequate core cooling caused by various 

phenomena (i.e., high void fraction pumped flow as well as stagnant 

boil off). 

b) it must not erroneously indicate inadequate core cooling because of the 

presence of an unrelated phenomenon. 
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5. The indication RIJSt give advanced warning of the approach of inadequate 

core coo 1 i ng. 

6. The indication must cover the full range from normal operation to 

complete core uncovering. For example, if water level is chosen 

as the unambiguous indication, then the range of the instrument (or 

instruments) must cover the f~ll range from normal water level to 

the bottom of the core • 

F-20 



CONTAINMENT ISOLATION (2.1.4) 

POSITION 

1. All containment isolation system designs shall comply with the . 
rt!Commendations of SRP 6.2.4; i".e. ,. that there be diversity in the 
parameters sensed for the initiation of containment isolation. 

2. All plants shall yive careful reconsideration to the definition of 
essential and non-essential systems, shall identify each system 
determinea to be essential, shall. identify each system determined to 
be non-essential, shall describe the basis for selection of each 
essential system, shall modify their containment isolation designs 
accordingly, and shall report the results of the re-evaluation to NRC. 

3. All non-essential systems shall be automatically isolated by the 
containment isolation signal. 

4. The design of control systems for automatic containment isolation valves 
shall be such that resetting the isolation signal will not result in the 
automatic reopening of containment isolation valves. Reopening of 
containment isolation valves shall require deliberate operator action. 

CLARIFICATION 

1. Provide diverse containment isolation signals that satisfy safety-grade 

requirements. 

2. Identify essential and non-essential systems and provide results to NRC. 

3. Non-essential systems should be automatically isolated by containment 

isolation signals. 

4. Resetting of containment isolation signals shall not result in the 

automatic loss of containment isolation 
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DEDICATED H2 CONTROL PENETRATIONS (2.1.5.a) 

POSITION 

Plants using external recomoiners or purge systems for post-accident combustible 
gas control of the containment atmosphere should provide containment isolation 
systems for external recombiner or purge systems that are dedicated to that service 
only, that the redundancy and single failure requirements of General Design 
Criterion 54 and 56 of Appendix A to 10 CFR 50, and that are sized to satisfy the 
flow requirements of the recombiner or purge system. 

CLARIFICATION 

1. This requirement is only applicable to those plants whose licensing basis 

includes requirements for external recombiners or purge systems for post

accident combustible gas control of the containment atmosphere. 

2. An acceptable alternative to the dedicated penetration is a combined design 

that is single-failure proof for containment isolation purposes and single

failure proof for operation of the recombiner or purge system. 

3. The dedicated penetration or the combined single-failure proof alternative 

should be sized such that the flow requirements for the use of the 

recombiner or purge system-are satisfied. 

4. Components necessitated by this requirement should be safety grade. 

5. A description of required design changes and a schedule for accomplishing 

these changes should be provided by January 1, 198U. Design changes 

should be completed by January 1, l9ijl. 
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CAPABILITY TO INSTALL HYDROGEN RECOMBINER 

AT EACH LIGHT WATER NUCLEAR POWER PLANT (2.1.5.c) 

1-'0SITION 

The procedures and bases upon which the recombiners would be used on all 
plants should be the subject of a review by the licensees in considering 
sheilding requirements and personnel exposure limitations as demonstrateo 
to be necessary in the case of TMI-2. 

CLARIFICATIOt~ 

1. This requirement applies only to those plants that included Hydrogen 

Recombiners as a design basis for licensing. 

2. The shielding and associated personnel exposure limitations associated 

with recombiner use should be evaluated as part of licensee response 

to requirement 2.1.6.8, "Design review for Plant Shielding." 

3. Eac~ licensee should review and upgrade, as necessary, those criteria 

and procedures dealing with recombiner use. Action taken on this 

requirement should be submitted by January 1, 1980. 
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INTEGRITY OF SYSTEMS OUTSIDE CONTAINMENT LIKELY 

TO CONTAIN RADIOACTIVE MATERIALS FOR PWRs AND BWRs (2.1.6.a) 

POSITION 

Applicants and licensees shall immediately implement a program to reduce 
leakage from systems outside containment that would or could contain highly 
radioactive fluids during a serious transient or accident to as-low-as
practical levels. This program shall include the following: 

1. Immediate Leak Reduction 

a. Implement all practical leak reduction measures for all syst~ms 
that could carry radioactive fluid outside of containment. 

b. Measure actual leakage rates with system in operation and report 
them to the NRC. 

2. Continuing Leak Reduction 

Establish and implement a program of preventive maintenance to reduce 
leakage to as-low-as-practical levels. This program shall include 
periodic integrated· leak tests at intervals not to exceed each refueling 
cycle. 

CLARIFICATION 

Licensees shall, by January 1, 1980, provide a Sl11111ary description of thei:r 

program to reduce leakage from systems outside containment that would or 

could contain highly radioactive fluids during a serious transient or 

accident. Examplesof such systems are given on page A-26 of NUREG-0578. 

Other examples include the Reactor Core Isolation Cooling and Reactor Water Clea 

Cleanup {Letdown function) Systems for·BWRs. Include a list of systems which 

are excluded from this program. Testing of gaseous systems should include 

helium leak detection or equivalent testing methods. Consider in your program 

to reduce leakage potential release paths due to design and operator deficiencies 

as discussed in our letter to you regarding North Anna and Related Incidents dated 

October 17, 1979. 
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POSITION 

DESIGN REVIEW OF PLANT SHIELDING AND ENVIRONMENTAL 

QUALIFICATION OF EQUIPMENT FOR SPACES/SYSEMS WHICH 

MAY BE USED IN POST ACCIDENT OPERATIONS (2.1.b.b) 

With the assumption of a post-accident release of radioactivity equivalent 
to that described in Regulatory Guides 1.3 and 1.4 (i.e., the equivalent 
of 50% of the core radioiodine, 100~ of the core noble gas inventory,and 
1% of the core solids, are contained in the primary coolant), each 
licensee shall perform a radiation and shielding design review of the 
spaces around systems that may, as a result of an accident, contain highly 
radioactive materials. The design review should identify the location 
of vital areas and equipment, such as the control room, radwaste control 
stations, emergency power supplies, motor control centers, and instrument 
areas, in which personnel occupancy may be unduly limited or safety equipment 
may be unduly degraded by the radiation fields during post-accident operations 
of these systems. 

Each licensee shall provide for adequate access to vital areas and protection 
of safety equipment by design changes, increased permanent or temporary 
shielding, or post-accident procedural controls. The design review shall 
determine which types of corrective actions are needed for vital areas 
throughout the facility. 

CLARIFICATION 

Any area which will or may require occupancy to permit an operator to 

aid in the mitigation of or recovery from an accident is designated as 

a vital area. In order to assure that personnel can perform necessary 

post-accident operations in the vital areas, we are providing the following 

guidance to be used by licensees to evaluate the adequacy of radiation 

protection to the operators: 

1. Source Term 

The minimum radioactive source term should be equivalent to the 

source terms recommended, in Regulatory Guides 1.3, 1.4, 1.7 

and Standard Review Plant 15.6-.5~ with appropriate decay times 

based on plant design. 
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a. Liquid Containing Systems: lOOt of the core equilibrium 

noble gas inventory, 50t of the core equilibrium halogen 

inventory ana lt of all others a~e assumed to be mixed 

in the reactor coolant an~ liquids injected by HPCI and 

LPCI. 

b. Gas Containing Systems: 100% of the core equilibrium noble 

gas inventory and 25% of the core equilibrium halogen 

activity are assumed to be mixed in the containment atmosphere. 

For gas containing lines connected to the primary system (e.g., 

BWR steam lines) the concentration of radioactivity shall be 

determined assuming the activity is contained in the gas space 

in the primary coolant system. 

2. Dose Rate Criteria 

The dose rate for personnel in a vital area should be such that 

the guidelines of GDC 19 should not be exceeded during the course 

of the accident. GDC 19 limits the dose to an operator to 5 Rem whole 

boqy or its equivalent to any part of the body. When determining the 

dose t.o an operator; care must be taken to determine the necessary 

occupancy time in a specific area. For example, areas requiring 

continuous occupancy will require much lower dose rates than areas 

where minimal occupancy is required. Therefore, allowable dose rates 

will be based upon expected occupancy, as well as the radioactive source 

terms and shielding. However, in order to provide a general design. 

objective, we are providing the following dose rate criteria 
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with alternatives to be documented on a case-by-case basis. 

The recommended dose rates are average rates in the area. Local hot 

spots may exceed the dose rate guidelines provided occupancy is not 

required at the location of the hot spot •• These doses are design 

objectives ana are not to be used to limit access in the event of 

an accident. 

a. Areas Requiring Continuous Occupancy: ~15mr/hr. These areas 

will require full time occupancy auring the course of the 

accident. The Control Room and onsite technical support 

center are areas where continuous occupancy will be required. 

The dose rate for these areas is basea on the control room 

occupancy factors contained in SRP 6.4. 

b. Areas Requiring Infrequent Access: uDC 19. These areas 

may require access on a regular basis, but not continuous 

occupancy. Shielding should be provided to allow access at 

a frequency and duration estimated by the licensee. The plant 

Radiochemical/Chemical Analysis Laboratory, radwaste panel, 

motor control center, instrumentation locations, and reactor 

coolant and containment gas sample stations are examples 

where occupancy may be needed often but not continuously. 
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POSITION 

AUTO INITIATION OF THE AUXILIARY 

FEEDWATER SYSTEM (AFWS) (2.1.7.a) 

Consistent with satisfying the requirements of General Design Criterion 20 of 
Appendix A to 10 CFR Part 50 with respect to the timely initiation of the 
auxiliary feedwater system, the following requirements shall be implemented in 
the short term: 

1. The design shall provide for the automatic initiation of the 
auxiliary feedwater system. 

2. The automatic initiation signals and circuits shall be designed so 
that a single failure will not result in the loss of auxiliary 
feedwater system function. 

3. Testability of the initiating signals and circuits shall be a 
feature of the design. 

4. The initiating signals and circuits shall be powered from the 
emergency buses. 

5. Manual capability to initiate the auxiliary feedwater system 
from the control room shall be retained and shall be implementea 
so that a single failure in the manual circuits will not result in 
the loss of system function. 

6. The a-c motor-driven pumps and valves in the auxiliary feedwater 
system shall be included in the automatic actuation (simultaneous 
and/or sequential) of the loads onto the emergency buses. 

7. The automatic initiating signals and circuits shall be designed so 
that their failure will not result in the loss of manual capability 
to initiate the AFWS from the control room. 

In the long term, the automatic initiation signals and circuits shall be upgraaed 
in accordance with safety-grade requirements. 
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CLARIFICATION 

Control Grade (Short-Term) 

1. Provide automatic/manual initiation of AFWS. 

2. Testability of the initiating ·signals and circuits is requied. 

3. Initiating s1gnals and circuits shall be powered from the emergency buses. 

4. Necessary pumps and valves shall be incluaed in the automatic sequence of 

the loads to the emergency buses. Verify that the addition of these loads 

does not comprimise the emergency diesel generating capacity. 

5. Failure in the automatic circuits shall not result in the loss of manual 

capability to initiate the AFWS from the control room. 

6. Other Considerations 

a. For those designs where instrument air is needea for operation, 

the electric power supply ·requirement should be capable of being 

manually connected to emergency power sources. 
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AUXILIARY FEEDWATER FLOW INDICATION 
TO STEAM GENERATORS (2.1.7.b) 

POSITION 

Consistent with satisfying the require~nts set forth in GDC 13 to provioe the 
capability in the control room to ascertain the actual performance of the AFWS 
when it is called to perform its intended function, the following requirements 
shall be implemented: 

1. Safety-grade indication of auxiliary feedwater flow to each steam 
generator shall be provided in the control room. 

2. The auxiliary feedwater flow instrument channels shall be powered 
from the emergency buses consistent with satisfying the emergency 
power diversity requirements of the auxiliary feedwater system set 
forth in Auxiliary Systems Branch Technical Position 10-1 of the 
Standard Review Plan, Section 10.4.9. 

CLARIFICATION 

A. Control Grade (Short-Term) 

1. Auxiliary feedWater flow indication to each steam generator shall 

satisfy the single failure criterion. 

2. Testability of the auxiliary feedwater flow inoication channels shall 

be a feature of the design. 

3. Auxiliary feedwater flow instrument channels shall be powereo from 

the vital instrument buses. 

B. Safety-Grade {Long-Term) 

1.· Auxi 1 iary feedwater flow indication to each steam generator shall 

satisfy safety-graae requirements. 

C. Other 

1. For the Short-Term the flow indication channels sho.uld by themselves 

satisfy the single failure criterion for each steam generator. As 
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a fall-back position, one auxiliar~ feed water flow channel may be 

backed up by a steam generator level channel. 

2. Each auxiliary feed water channel should provide an indication of 

feed flow with an accuracy on the order of + 10,. 
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IMPROVED POST-ACCIDEt.T SAMPLING CAPABILITY (2.l.b.a) 

POSITION 

A design and operational review of the r~actor coolant and containment 
atmosphere sampling systems shall be performed to determine the capability 
of personnel to promptly obtain (less than 1 hour) a sample under accident 
conditions without incurring a radiation exposure to any individual in 
excess of 3 and 18 3/4 Rems to the whole body or extremities, respectively. 
Accident conditions should assume a Regulatory Guide 1.3 or 1.4 release of 
fission products. If the review indicates that personnel could not promptly 
and safely obtain the samples, additional design features or shielding 
should be provided to meet the criteria. 

A design and operational review of the radiological spectrum analysis 
facilities shall be performed to determine the capability to promptly 
quantify (less than 2 hours) certain radioisotopes that are indicators of 
the degree of core damage. Such radionuclides are noble gases (which 
indicate cladding failure), iodines and cesiums (which indicate high 
fuel temperatures), and non-volatile isotopes (which indicate fuel melting). 
The initial reactor coolant spectrum should correspona to a Regulatory 
Guide 1.3 or 1.4 release. The review should also consider the effects of 
direct radiation from ~iping and components in the auxiliary building and 
possible contamination and direct radiation from airborne effluents. If 
the review indicates that the analyses required cannot be performea in a 
prompt manner with existing equipment, then design modifications or equipment 
procurement shall be undertaken to meet the criteria. 

In addition to the radiological analyses, certain chemical analyses are 
necessary for monitoring reactor conditions. Procedures shall be provided 
to perform boron and chloride chemical analyses assuming a highly radio-
active initial sample (Regulatory Guide 1.3 or 1.4 source term). Both analyses 
shall be capable of being completed promptly; i.e., the boron sample analysis 
within an hour and the chloride sample analysis within a shift. 

DISCUSSION 

The primary purpose of implementing Improved Post-Accident Sampling Capability 
is to improve efforts to assess and control the course of an accident by: 

1. Providing information related to the extent of core damage that 
has occurred or may be occurring during an accident; 

2. Determining the types and quantities of fission products released to 
the containment in the liquid and gas phase and which may be released 
to the environment; 
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3. Providing information on coolant chemistry (e.g., dissolved gas, 
boron and pH) and containment ~drogen. 

The above information requires a capability to perform the following analyses: 

1. Radiological and chemical analyses of pressurized and unpressurized reactor 
coolant liquid samples; 

2. Radiological and hydrogen analyses of containment atmosphere (air) samples. 

CLARIFICATION 

The licensee shall have the capability to promptly obtain (in less than 1 hour} 

pressurized and unpressurizea reactor coolant samples and a containment 

atmosphere (air} sample. 

The licensee shall establish a plan for an onsite radiological and chemical 

analysis facility with the capability to provide, within l hour of obtaining 

the sample, quantification of the following: 

1. certain isotopes that are indicators of the aegree of core damage 

(i.e., noble gases, ioaines and cesiums and non-volatile isotopes}, 

2. hydrogen levels in the containment atmosphere in the range u to 

10 volume percent, 

3. dissolved gases {i.e., H2 , o2) and boron concentration of 

liquids. 

or have. in-line monitoring capabilities to perform the above analysis. 

Plant procedures for the handling and analysis of samples, minor plant 

modifications for taking samples and a design review and procedural modifi

cations {if necessary) shall be completea_by January 1, 1980. Major plant 

modifications shall be completed by January 1, 1981. 

During the review of the post accident sampling capability consideration should 

be given to the following items: 
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1. Provisions shall be made to permit containment atmosphere sampling 

under both positive and negative containment pressure. 

2. The licensee shall consider provisions for purging samples lines, 

for reducing plateout in sample lines, for minimizing sample los~ or 

distortion, for preventing blockage of sample lines by loose 

material in the RCS or contai.nment, for appropriate disposal of 

the samples, and for passive flow restrictions to limit reactor 

coolant loss or containment air leak from a rupture of the sample 

line. 

3. If changes or modifications to the existing sampling system are 

required, the seismic design and quality group classification or 

sampling lines and components shall conform to the classification· of 

the system to which each sampling line is connected. Components and 

and piping downstream of the second isolation valve can be 

designed to quality Group D and nonseismic Category I require

ments. 

The licensee's radiological sample analysis capability should include 

provisions to: 

a. Identify and quantify the isotopes of the nuclide categories discussed 

above to levels corresponding to the source terms given in Lessons 

Learned Item 2.1.6.b. Where necessary, ability to dil~te samples 

to provide capability for measurement and reduction of personnel 
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exposure, should be proviaea. Sensitivity of onsite analysis capability 

shoula be such as to permit measurement of nuclide concentration 

in the range from approximately 1 ~Ci/gm to the upper levels indicated 

here. 

b. Restrict background levels of radiation in the radiological and 

chemical analysis facility from sources such that the sample analysis 

will provide results with an acceptaDly small error (approximately 

a factor of 2). This can be accomplished through the use of sufficient 

shielding around samples ana outside sources, and by the use of 

ventilation system design which will control the presence of airDorne 

radioactivity. 

c. Maintain plant procedures which identify the analysis required, 

measurement techniques and provisions for reducing background levels. 

The licensees chemical analysis capability shall consider the presence of the 

radiological source term indicated for the radiological analysis. 

In performing the review of sampling and analysis capability, consideration shall 

be given to personnel occupational exposure. Procedural changes and/or plant 

modifications must assure that it shall be. possible to obtain and analyze a 

sample while incurring a radiation dose to any individual that is as low as 

reasonably achievable and not in excess of GDC 19. In assuring that these 

limits are met, the following criteria will be used by the staff. 

1. For shielding calculations, source terms shall be as given in Lessons 

Learned Item 2.1.6.b. 
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2. Access to the sample station ana the radilogica' and chemical analysis 

facilities shall be through areas which are accessible in post acciaent 

situations and which are providea with sufficient shielaing to assure that 

the radiation dose criteria are met. 

3. Operations in the sample station, handling of highly radioactive samples 

from the sample station to the analysis facilities, and handling while 

working with the samples in the analysis facilities shall be such that 

the radiation dose criteria are met. This may involve sufficient 

shielding of personnel from the samples and/or the dilution of samples 

for analysis. If the existing facilities do not satisfy these criteria. 

then additional aesign features, e.g., additional snielding, remote 

handling etc. shall be providea. The radioactive sample lines in the 

sample station, the samples themselves in the analysis facilities, and 

other radioactive lines of the vicinity of the sampling station ana 

analysis facilities shall be included in the evaluation. 

4. High range portable survey instruments ana personnel dosimeters shoula 

be provided to permit rapid assessment of high exposure rates and 

accumulated personnel exposure. 

The licensee shall aemonstrate their capabi1ity to obtain and analyze a sample 

containing the isotopes aiscussed above accoraing to the criteria given in 

this section. 
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INCREASED RANGE OF RADIATION MONITORS (2.1.8.b) 

POSITION 

The requirements associated with thi~ recommendation should be considered as 
advanced implementation of certain .requirements to be included in a revision 
to Regulatory Guide 1.97, "Instrumentation to Follow the Course of an Accident••, 
which has alreaqy been initiated, and in other Regulatory Guides, which will 
be promulgated in the near-term. 

1. Noble gas effluent monitors shall. be installed with an extended range 
designed to function during accident conditions as well as during 
normal operating conditions; multiple monitors are considered to be 
necessary to cover the ranges of interest. 

a. No~le gas effluent monitors with an upper range capacity of 
10 pCi/cc (Xe-133) are considered to be practical and should 
be installed in all operating plants. 

b. Noble gas effluent monitoring shall be provided for the total 
range of concentration extending !rom normal condition (ALARA) 
concentrations to a maximum of 10 PCi/cc (Xe-133). Multiple 
monitors are considered to be necessary to cover the ranges of 
interest. The range capacity of individual monitors should 
overlap by a factor of ten. 

2. Since iodine gaseous effluent monitors for the accident condition are 
not considered to be practical at this time, capability for effluent 
monitoring of radioiodines for the accident condition shall be 
provided with sampling conducted by adsorption on charcoal or other 
media, followed by onsite laboratory analysis. 

3. In-containment radiation level monitors with a maximum range of lQ& 
rad/hr shall be installed. A minimum of two such monitors that are 
physically separated shall be provided. Monitors shall be designed 
and qualified to function in an accident environment. 

DISCUSSION 

The January 1, 1980 requirement, were specifically added by the Commission 
and were not included in NUREG-0578. The purpose of the interim January 1, 
1980 requirement is to assure that licensees have methods of quantifing 
radioactivity releases should the existing effluent instrumentation go 
offscale. 

CLARIFICATION 

1. Radiological Noble Gas Effluent Monitors 

A. January 1, 1980 Requirements 

Until final implementation in January 1, 19Hl, all operating reactors 

must provide, by January 1, 1980, an interim method for 
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quantifying high level releases which meets the requirements of Table 

2.1.8.b.l. This method is to serve only as a provisional fix with 

the more detailed, exact methods to follow. Methods are to be aeveloped 

to quantify release rates of up to lO,UOO Ci/sec for noble gases 

from all potential release points, (e.g., auxiliary building, radwaste 

building, fuel handling building, reactor building, waste gas aecay 

tank releases, main condenser air ejector, BWR main condenser vacuum 

pump exhaust, PWR steam safety valves and atmosphere steam dump valves 

and BWR turbine buildings) and any other areas that communicate directly 

with systems which may contain primary coolant or containment gases, 

(e.g., letdown and emergency core cooling systems and external recombiners). 

Measurements/analysis capabilities of the effluents at the final 

release point (e.g., stack) should be such that measurements of indiviaual 

sources which contribute to a common release point may not be necessary. 

For assessing radioiodine and particulate releases, special procedures 

must be developed for the removal and analysis of the radioiodine/ 

particulate sampling meaia (i.e., charcoal canister/filter paper). 

Existing sampling locations are expected to be adequate; however, 

special procedures for retrieval and analysis of the sampling media 

under accident conditions (e.g., high air and surface contamination 

and direct radiation levels) are needed. 

It is intended that the monitoring capabilities called for in the 

interim can be accomplished with existing instrumentation or readily 

available instrumentation. For noble gases, modifications to exist

ing monitoring systems, such as the use of portable high range survey 
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instruments, set in shielaed collimators so that they "see" small 

sections of sampling lines is an acceptable methoa for meeting the 

intent of this requirement. Conversion of the measureo dose rate 

(mR/hr) into concentration (~Ci/cc) can be performed using stanoard 

volume source calculations. A methoa must be developed with suHicient 

accuracy to quantify the iodine releases in the presence of high 

background radiation from noble gases collected on charcoal filters. 

Seismically qualifiea equipment and equipment meeting IEEE-279 is 

not required. 

The licensee shall provide the following information on his methods 

to quantify gaseous releases of radioactivity from the plant during 

an accident. 

1. Noble Gas Effluents 

a. System/Method description including: 

i) Instrumentation to be used including range or sen

sitivity, energy dependence, and calibration 

frequency and technique, 

ii) Monitoring/sampling locations, including methods to 

assure repr~sentative measurements and background 

radiation correction, 

iii) A description of method to be employed to facilitate 

access to radiation readings. For January 1, 1980, 

Control room read-out is perferred: however, if impractical, 

in-situ readings by an individual with verbal communication 

with the Control Room is acceptable based on (iv) 

below. 
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iv) Capability to obtain radiation readings at least 

every 15 minutes during an accident. 

v) Source of power to be used. ·If normal AC power 

is used, an alternate ·back~up power supply should 

be provided. If DC power is used, the source shoula 

be capable of providing continuous readout for 7 

consecutive days. 

b. Procedures for conducting all aspects of the measurement/ 

analysis including: 

i) Procedures for minimizing occupational exposures 

ii) Calculational methods for converting instrument 

readings to release rates based on exhaust air flow 

and taking into consideration radionuclide spectrum 

distribution as function of time after shutdown. 

iii) Procedures for dissemination of information. 

iv) Proceaures for calibration. 

B. January 1, 1981 Requirements 

By January 1, 1981, the licensee shall provide high range noble gas 

effluent monitors for each release path.· The noble 

gas effluent monitor should meet the requirements of Table 2.1.8.b.2. 

The licensee shall also provide the information given in Sections l.A.l.a.i, 

l.A.l.a.ii, l.A.l.b.ii, l.A.l.b.iii, ana l.A.l.b.iv above for the noble 

gas effluent monitors. 
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2. Radioiodine and Particulate Effluents 

A. For January 1, l9BlJ the licensee should provide the following: 

1. System/Methoa description incl_uaing: 

a) Instrumentation to be used for analysis of the 
- . 

sampling media with discussion on methods used to 

correct for potentially interfering background levels 

of radioactivity. 

b) Monitoring/sampling location. 

c) Method to be used for retrieval and handling of 

sampling media to minimize occupational exposure. 

d) Method to be used for data analysis of individual 

radionuclides in the presence of high levels of 

radioactive noble gases. 

e) If normal AC power is used for sample collection and 

analysis equipment, an alternate back-up power supply 

shoula be provided. If DC power is used, the source 

should be capable of providing continuous read-out 

for 7 consecutive days. 

2. Procedures for conducting all aspects of the measurement 

analysis including: 

a) Minimizing occupational exposure 

b) Calculational methods for determining release rates 

c) Procedures for dissemination of information 

d) Calibration frequency and technique 
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B. For January 1, 19~1, the licensee should have the capability 

to continuously sample and provide onsite analysis of the 

sampling media. The licensee shauld also provide the 

information required in l.A above • . • 

3. Containment Radiation Monitors 

Provide by January 1, 19tH, two radiation monitor systems in containment 

which are documented to meet the requirements of Table l. l.~.b.2. 

It is possible that future regulatory requirements for emergency planning 

interfaces may necessitate identification of different types of radionucliaes 

in the containment ai~, e.g., noble gases (indication of core aamage) and 

non-volatiles (indication of core melt). Consequently, consideration 

shoula be given to the possible installation or future conversion of 

these monitors to perform this function. 
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TABLE 2.l.ij.b.l 

INTERIM PROCEDURES FOR QUANTIFYING HIGH LEVEL 

ACCIDENTAL RADIOACTIVITY RELEASES 

Licensees are to implement procedu~es for estimating noble gas and 

radioiodine release rates if the existing effluent instrumentation 

goes off scale. 

Examples of major elements of a highly radioactive effluent release 

special procedures (noble gas). 

- Preselected location to measure radiation from the exhaust 

air, e.g., exhaust duct or sample line. 

- Provide shielding to minimize background interference. 

- Use of an installed monitor (preferable) or dedicated portable 

monitor (acceptable) to measure the radiation. 

- Predetermined calculational method to convert the radiation 

level to radioactive effluent release rate. 
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TABLE 2.1.8.b.2 

HIGH RANGE EFFLUENT MONITOR 

NOBLE GASES ONLY 

RANGE: (Overlap with Normal_ Effluent Instrument Range) 

- UNDILUTED CONTAINMENT EXHAUST 1U+S ~Ci/CC 

- DILUTED (>10: 1) CONTAINMENT EXHAUST 10+4 ~C1/CC 

- MARK I BWR REACTOR BUILDING EXHAUST 

- PWR SECONDARY CONTAINMENT EXHAUST 

- BUILDINGS WITH SYSTEMS CONTAINING 
PRIMARY COOLANT OR bASES 

- OTHER BUILDINGS (E.G., RADWASTE) 

NOT REDUNDANT • 1 PER NORMAL RELEASE POINT 

SEISMIC - NO 

POWER - VITAL INSTRUMENT BUS 

SPECIFICATIONS- PER R.u. 1.97 AND ANSI N320-1979 

10+4 ~C1/CC 

10+4 ~C1/CC 

10 +J pC1/CC 

10+2 . pC1/CC 

DISPLAY*: CONTINUOUS AND RECORDING WITH READOUTS IN THE TECHNICAL 
SUPPORT CENTER (TSC) AND EMERGENCY OPERATIONS CENTER (EOC) 

QUALIFICATIONS - NO 

*Although not a present requirement, it is likely that this information m~ 
have to be transmitted to the NRC. Consequently, consideration should be 
given to this possible future requirement when aesigning the aisp1~ 
interfaces. 
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TABLE 2.1.8.b.3 

HIGH RANGE CONTAINMENT RADIATION MONITOR 

RADIATION: TOTAL RADIATION (ALTERNATE: PHOTON ONLY) 

RANGE: 

- UP TO 10 8 RAD/HR (TOTAL RADIATION) 

- ALTERNATE: 10 7 R/HR- (PHOTON RADIATION ONLY) 

- SEMSITIVE DOWN TO 60 KEV PHOTONS* 

REDUNDANT: TWO PHYSI-tALLY .SEPARATED UNITS 

SEISMIC: ·PER R. G. 1.97 

POWER: VITAL INSTRUMENT BUS 

SPECIFICATIONS: PER R.G. 1.97 REV. 2 AND ANSI N320-l97H 

DISPLAY: CONTINUOUS AND RECORDING 

CALIBRATION: LABORATORY CALIBRATION ACCEPTABLE 

*Mon;tors must not prov;de m;slead;ng informat;on to the operators assum;ng 
delayed core damage when the 80 KEY photon Xe-133 ;s the major noble gas 
prese~t. 
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IMPROVED IN-PLANT IODINE INSTRUMENTATION UNDER ACCIDENT CONDITIONS (l.l.d.cl 

POSITION 

Each licensee shall provide equipment and associatea training and procedures 
for accurately determining the airborne'i_odine concentration in areas within 
the facility where plant personnel may be present during an accident. 

CLARIFICATION 

Use of Portable versus Stationary Monitoring Equipment 

Effective monitoring of increasing iodine levels in the builaings under 

accident conditions rust include the use of portable instruments for the 

following reasons: 

a. The physical size of the auxiliary/fuel handling building 

precludes locating stationary monitoring instrumentation at 

all areas where airborne iodine concentration data might be 

required. 

b. Unanticipated isolated 11 hot spots .. may occur in locations where 

no stationary monitoring instrumentation is located. 

c. Unexpectedly high background radiation levels near stationary 

monitoring instrumentation after an accident may interfere with 

filter radiation reaaings. 
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d. The time requirea to retrieve samples after an acciaent 

may result in high personnel exposures if these filters are 

1 ocated in high dose rate areas. 

Iodine Filters and Measurement Techniques 

A. The following are short-term recommendations ana shall De implemented 

by the licensee by January 1, l~tiO. The licensee shall have the capability 

to accurately aetect the presence of iodine in the region of interest 

following an accident. This can De accomplished by using a portable 

or cart-mounted iodine sampl~r with attached single channel analyzer 

(SCA). The SCA window should De calibrated to the 365 keV of 131 1. 

A representative air sample sha'l be taken and then counted for lJll 

using the SCA. This will give an initial conservative estimate of presence 

of iodine and can be used to determine if respiratory protection is 

required. Care must be taken to assure that the counting system is 

not saturated as a result of too must activity collected on the sampling 

cartridge. 

B. By January l, l9Bl: 

The 1 i censee sha 11 have the capabi 1 i ty to remove the samp 1 i ng cartridge 

to a low background, low contamination area for further analysis. This 

area should be ventilated with clean air containing no airborne 

radionuclides which may contribute to inaccuracies in analyzing the 

sample. Here, the sample should first be purged of any entrapped noble 

gases using nitrogen gas or clean air free of noble bases. The licensee 

shall have the capability to measure accurately the iodine concentrations 

present on these samples and effluent charcoal samples under accident 

conditions. 
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TRANSIENT AND ACCIDENT ANALYSIS (2.1.9) 

POSITION 

See NUREG-0578. page A-44. 

DISCUSSION 

The scope of the requied transient and accident analysis is discussed in 

NUREG-057b. The schedule for these analyses is included in NUREG-057~ 

and is reproduced in the Implementation Schedule attachment to this letter. 

The Bulletins and Orders Task Force has been implementing these required 

analyses on that schedule. The analysis of the small break loss of coolant 

accident has been submitted by each of the owners groups. These analyses 

are presently under review by the B'O Task Force. The scope and schedule 

for the analysis of inadequate core cooling have been discussed and agreed 

upon in meetings between the owners groups and the B&O Task Force. and 

are documented in the minutes to those meetings. 

The analysis of transients and accidents for the purpose of upgrading emergency 

procedures is due in early 1980 and the detaHed scope and schedule of this 

analysis is the subject of continuing discussions between the owners groups 

and the B&O Task Force. 
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CONTAINMENT PRESSURE INDICATION 

POSITION 

A continuous indication of containment pressure should be provided in the 
control room. Measurement and indication capability shall incluae three 
times the design pressure of the containment for concrete, four times the 
design pressure for steel, ana minus five psig for all containments. 

CLARIFICATION 

1. The containment pressure indication shall meet the design provisions 

of Regulatory Guide 1.97 including qualification, redundancy, and 

2. The containment pressure monitor shall be installed by January 1, 1981. 
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CONTAINMENT WATER LEVEL INDICATION 

POSITION 

A continuous indication of containment water level shall be provided in the 
control room for all plants. A narrow range instrument shall be provided 
for PWRs and cover the range from the bottom,to the top of the containment 
sump. A wide range instrument shall also be provided for PWRs and shall 
cover the range from the bottom of the containment to the elevation equivalent 
to a 600,000 gallon capacity. For BWRs, a wide range instrument shall be 
provided and cover the range from the bottom to 5 feet above the normal water 
level of the suppression pool. 

CLARIFICATION 

1. The narrow range sump level instrument shall monitor the normal contain

ment sump level vice the containment emergency sump level. 

2. The wide range containment water level instruments shall meet the require

ments of the proposed revision to Regulator,y Guide 1.97 (Instrumentation· 

for Light-Water Cooled Nuclear Power Plant to Assess Plant Conditions 

During and Following a Accident). 

3. The narrow range containment water level instruments shall meet the 

requirements of Regulator,y Guide 1.89 (Qualification of Class IE Equipment 

of Nuclear Power Plants). · 

4. The equivalent capacity of the wide range PWR level instrument h~s been 

changed from 500,000 gallons to 600,000 gallons to ensure consistency with 

the proposed revision to Regulator,y Guide 1.97. It should be noted that 

this measurement capability is based on recent plant designs. For older 

plants with smaller water capacities, licensees ~ propose deviations 

fron• this requirement based on the available water supply capability_ at 

their plant. 

5. The containment water level indication shall be installed Dy Januar,y 1, 19~1. 
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CONTAINMENT HYDROGEN INUICATION 

POSITION 

A continuous indicaton of hydrogen concentration in the containment atmosphere 
shall be provided in the control room. Measure1nent capability shall be provided 
over the range of 0 to 10~ hydrogen concentration under uoth positive ana negative 
ambient pressure. 

CLARIFICATION 

1 •. The containment hydrogen indication shall meet the design provisions 

of Regulatory Guide 1.97 including qualification, redundancy, and 

testability A 

2. The containment hydrogen indication shall be installed Dy January l, 19ol. 
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REACTOR COOLANT SYSTEM VENTING 

POSITION 

Each applicant and licensee shall install reactor coolant system ana reactor 
vessel head high point vents remotely operated from the control room. Since 
these vents form a part of the reactor coplant pressure bounoary, the oesign 
of the vents shall conform to the requirements of Appendix A to 10 CFR 
Part 50 General Design Criteria. In particular, these vents shall be safety 
grade, and shall satisfy the single failure criterion and the requirements 
of IEEE-279 in order to ensure a low probability of inadvertent actuation. 

Each applicant and licensee shall provide the following information concerning 
the design ana operation of these high point vents: 

1. A description of the construction, location, size, and power supply for 
the vents along with results of analyses of loss-of-coolant acciaents 
initiateo by a break in the vent pipe. The results of the analyses should 
be demonstrated to be acceptable in accordance with the acceptance 
criteria of 10 CFR 50.46. 

2. Analyses deomonstrating that the direct venting of noncondensable gases 
with perhaps high hydrogen concentrations does not result in violation 
of combustible gas concentration limits in containment as describeo in 
10 CFR ~art 50.44, 'Regulatory Guide 1.7 (Rev. 1}, and Standard Review 
Plan Section 6.2.5. 

3. Procedural guidelines for the operators' use of the vents. The information 
available to the operator for initiating or terminating vent usage shall 
be discussed. 

CLARIFICATION 

A. General 

1. The two important safety functions enhanced by this venting capability 

are core cooling and containment integrity. For events within the 

present design basis for nuclear power plants, the capability to vent 

non-condensible gases will provide additional assurance of meeting the 

requirements of 10CFR50.46 (LOCA criteria} ana lOCFRb0.44 (containment 

criteria for hydrogen generation}. For events beyond the present aesi9n 

basis, this venting capability will substantially increase the plant's 

ability to deal with large quantities of non-condensible gas without the 

loss of core cooling or containment integrity. 
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' 2. Procedures addressing the use of the RCS vents are required by 

January 1, 19Bl. The procedures should define the conditions under 

which the vents should be used as well as the conditions under 

which the vents should not be usea. The procedures should be based 

on the following criteria: (1) assurance that the plant can meet 

the requirements of 1UCFR5U.46 and 10CFR50.44 for Design Basis 

Acciaents; and (2) a substantia) increase in the plants ability 

to maintain core cooling and containment integrity for events beyond 

the Design Basis. 

B. BWR Design Considerations 

1. Since the BWR owners group has suggested that the present BWR designs 

inherent capability of venting, this question relates to the capability 

of existing systems. The ability of these systems to vent the 

RCS of non-condensible gas must be demonstrated. In addition the 

ability of these systems to meet the same requirements as the PWR 

vent systems must be documented. Since there are important differences 

among BWR's, each licensee should address the specific design features 

of his plant. 

2. ln addition to reactor coolant system venting, each BWR licensee 

should address the ability to vent other systems such as the isolation 

condenser, which may be required to maintain adequate core cooling. 

If the production of a large amount of non-condensible gas would 

cause the loss of function of such a system, remote venting of that 

system is required. The qualifications of such a venting system should be 

the same as that required for PWR venting systems. 
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. 
c. PWR Vent Design Considerations 

1. The locations for PWR Vents are as follows: 

a. Each PWR licensee should provide the capabili~ to vent the 

reactor vessel head. 

b. Tha r~actor vessel head vent ·should be capable of venting non

condensible gas from the reactor vessel hot legs (to the elevation 

of the top of the outlet nozzle) and cold legs (through head 

jets and other leakage paths). Additional venting capabili~ 

is required for those portions of each hot leg which can not 

be vented through the the reactor vessel head vent. The NRC 

recognizes that it is impractical to vent each of the many 

thousands of tubes in a U-tube steam generator. However, we 

believe that a proceoure can be developed which assures that 

sufficient liquid or steam can enter the U-tube region so that 

decay heat can be effectively removed from the reactor coolant 

system. Such a procedure is required by January 1981. 

c. Venting of the pressurizer is required to assure its availability 

for system pressure and volume control. These are important 

considerations especially during natural circulation. 

2. The size of the reactor coolant vents is not a critical issue. 

The desired venting capability can be achieved with vents in a 

fairly large range of sizes. The criteria for sizing a vent can 

be developed in several ways. One approach, which we consider reasonable, 

is to specify a volume of non-condensible gas to be vented and 

a venting time i.e., a vent capable of venting a gas volume of 

1/2 the RCS in one hour. Other criteria and engineering approaches 

should be considered if desired. 
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3~ Where practical the RCS vents should be kept s-aller than the size 

corresponding to the definition of a LOCA (10CFR50 Appendix A). 

This wi 11 111 ni mi ze the cha 11 enges to the ECCS s i nee the i nadverten·t 

opening of a vent sma~ler than the ~OCA definition would not require 

ECCS actuation although it ~ result in leakage beyond Technical 

Specification Limits. On PWRs the use of new or existing valves 

which are larger than the LOCA definition will require the addition 

of a block valve which·can be closed remotely to ter.inate the 

LOCA resulting from the inadvertent opening of the vent. 

4.- An indication of valve position should be provided in the control 

room. 

5. Each vent should be remotely operable from the control ro~ 

6. Each vent should be seismically qualified. 

7. The requirements for a safety grade systell is the Salle as the safety 

grade requirement on other Short Ter11 Lessons Learned items, that 

is, it should have the same qualifications as were accepted for the 

reactor protection system when .the plant was licensed. The exception 

to this requirement is that we do not require redundant valves at each 

venting location •. Each vent must have its power supplied from an 

emergency bus. A degree of redundancy should be provided by powering 

different vents fro. different emergency buses. 

8. For systems where a block valve is required, the block valve should. 

have the sa.e qualifications as the vent. 
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9. Since the RCS vent system will be part of the reactor coolant systeas 

boundary, efforts should be .ade to·minimize the probabilt~ of an 

inadvertent actuation of the system. Removing power from the vents is 

one step in the direction. Other steps are also encouraged. 

10. Since the generation of large quantities of non-condensible gas could be 

associated with substantial core damage, venting to atmosphere is 

unacceptable because of the as~ociated released radioactivi~. Venting 

into containment is the only presently available alternative. Within 

containment those areas which provide good mixing with containment air 

are preferred. In addition, areas which provide for maximum cooling of 

the vented gas are preferred. Therefore the selection of a location for 

venting should take advantage of existing ventilation and heat removal 

systems. 

11. The inadvertent opening of an RCS vent must be addressed. For vents 

smaller than the LOCA definition, leakage detection must be sufficient 

to identify the leakage. For vents larger than the LOCA definition, 

an analysis is required to demonstrate compliance with 10CFR50.46. 
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SHIFT SUPERVISOR RESPONSIBILITIES (2.2.1.a) 

POSITION 

1. The highest level of corporate management of each licensee shall 
issue and periodically reissue a management directive that emphasizes 
the primary management res pons i bili ty of the shift supervisor for safe 
operation of the plant under all conditions on his shift and that 
clearly establishes his command duties. 

2. Plant procedures shall be reviewed to assure that the duties, responsi
bilities. and authority of the shift supervisor and control room operators 
are properly defined to effect the establishment of a definite Hne of 
command and clear delineation of the command decision authority of the shift 
supervisor in the control room relative to other plant management personnel. 
Particular emphasis shall be placed on the following: 

a. The responsibility and authority of the shift supervisor shall 
be to maintain the broadest perspective of operational conditions 
affecting the safety of the plant as a matter of highest priority 
at all times when on duty in the control room. The idea shall be 
reinforced that the shift supervisor should not become totally 
involved in ahy single operation in times of emergency when 
multiple operations are required in the control room. 

b. The shift supervisor. until properly relieved. shall remain in 
the control room at all times during accident situations to 
direct the activities of control room operators. Persons 
authorized to relieve the shift supervisor shall be specified. 

c. If the shift supervisor is temporarily absent from the control 
room during routirie operations, a lead control room operator 
shall be designated to assume the control room command function. 
These temporary duties, responsibilities, and authority shall be' 
clearly secified. 

3. Training programs for shift supervisors shall emphasize and reinforce the 
responsibility for safe operation·and the management function the shift 
supervisor is to provide for assuring safety. 

4. The administrative duties-of the shift supervisor shall be reviewed by the 
senior officer of each utility responsible for plant operations. Administra
tive functions that detract from or are subordinate to the .anageaent 
responsibility for assuring the safe operation of the plant shall be , 
delegated to other operations personnel not on duty in the control room. 

CLARIFICATION 

The attac~nt provides clarification to the above position. 
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Atta~hment 

SHIFT SUPERVISOR RESPONSIBILITY (2.2.l.A) 

NUREG-0578 POSITION (POSITION NO.) 

Highest Level of Corporate Management (1.) 

Periodically Reissue (1.) 

Management Direction (1.) 

Properly Defined (2.0) 

Until Properly Relieved (2.8) 

Temporarily Absent (2.C) 

Control Room Defined (2.C) 

Designated (2.C) 

Clearly Specified 

SRO Training 

Administrative Duties (4.) 

Administrative Duties Reviewed (4.) 
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CLARIFICATION 

V. P. For Operations 

Annual Reinforcement of 
Company Policy 

Formal Documentation of Shift 
Personnel, All Plant 
Management, Copy to IE Region 

Defined in Writing in a 
Plant Procedure 

Fonnal Transfer of Authority, 
Valid SRO License, Recorded 

in Plant Log 

Any Absence 

Includes Shift Supervisor 
Office Adjacent to the 
Contro 1 Room 

In Administrative Procedures 

Oefined in Administrative 
Procedures 

Specified in ANS 3.1 (Draft) 
Section 5.2.l.ts 

Not Affecting Plant Safety 

On Same Interval as Reinforcement: 
i.e., Annual by v. P. for 
Operations. 



SHIFT TECHNICAL ADVISOR (Section 2.2.l.b) 

POSITION 

Each licensee shall provide an on-shift technical advisor to the shift supervisor. 
The shift technical advisor may serve mote than one unit at a multi-unit site 
if qualified to perform the advisor function for the various units. 

The Shift Technical Advisor shall have a bachelor's degree or equivalent in a 
scientific or engineering discipline and have received specific training in the 
response and analysis of the plant for·transients and accidents. The Shift -Technical 
Advisor shall also receive training in plant design and l~out, including the 
capabilities of instrumentation and controls in the control room. The licensee 
shall assign normal duties to the Shift Technical Advisors that pertain to the 
engineering aspects of assuring safe operations of the plant, including the review 
and evaluation of operating experience. 

DISCUSSION 

The NRC Lessons Learned Task Force has recommended the use of Shift Technical 
Adviors (STA) as a method of immediately improving the plant operating staff's 
capabilities for response to off-normal conditions and for evaluating operating 
experience. 

In defining the characteristics of the STA,·we have used the two essential 
functions to be provided by the STA. These are accident assessment and operating 
experience assessment. 

1. Accident Assessment 

The STA serving the accident assessment function must be deaicated to concern 
for the safety of the plant. The STA's duties will be to diagnose off-normal 
events and advise the shi"ft supervisor. The duties of the STA should not 
include the manipulatin of controls or supervision of operators~ The STA must 
be available, in the control room, within 10 minutes of being summoned. 

The qualifications of the STA should include college level education 
in engineering and science subjects as well as training in reactor operations 
both normal and off-normal. Details regarding these qualifications are 
provided in paragraphs A.l, 2 and 3 of Enclosure 2 to our September 13, 1979 
letter. In addition, the STA serving the accident assessment function must be 
cognizant of the evaluations performed as part of the operating experience 
assessment function. 
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·2. Operating Experience Assessment 

The persons serving the opeating experience assessment function must be 
dedicated to concern for the safety of the plant. Their function will be to 
evaluate plant operations from a safety point of view and should include such 
assignments as listed on pages A-50 and A-51 of NUREG-0578. Their qualifica
tions are identical to those described previously under accident assessment 
and collectively this group should provide competence in all technical areas 
important to safety. It is desirabl~ that this function be performed by 
onsite personnel. 

CLARIFICATION 

1. Due to the similarity in the requir~ments for dedication to safety. training 

and onsite location and the desire that the accident assessment function be 

performed by someone whose normal duties involve review of operating 

experiences, our preferred position is that the same people perform the 

·accident and operating experience assessment functions. The performance of 

. these two functions may be split if it can be demonstrated the persons 

assigned the accident assessment role are aware, on a current basis, of the 

work being done by those reviewing operating experience. 

2. To provide assurance that the STA will be dedicated to concern for the safety 

of the plant, our position has been that STA's must have a clear measure of 

independence from duties associatea with the commercial operation of 

the plant. This would minimize possible distractions from safety 

judgements by the demands of commercial operations. We have determined 

that, while desirable, independence from the operations staff of the 

plant is not necessary to provide this assurance. It is necessary, 

however, to clearly emphasize the dedication to safety associated 

with the STA position both in the STA job description and in the personnel 

filling this position. It is not acceptable to assign a person, who is 

normally the immediate supervisor of the shift supervisor to STA duties 

as defined herein. 
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~- It is our position that the STA should be available within 10 ainutes of being 

summoned and therefore should be onsite. The ~nsite STA ·~ be tn a du~ status 

for periods of time longer than one shift, and therefore asleep at some times, 

if the ten minute availabili~ is assured. It is preferable to locate 

those doing the operating experience assessment onsite. The desired exposure 

to the operating plant and contac~ with the STA (if these functions are to 

be split) may be able to be accomplished by a group, normally stationed offsite, 

with frequent onsite presence. We do not intend, at this time, to specify or 

advocate a minimum time onsite. 

4. The implementation schedule for the STA requirements is to have the STA on duty 

by January 1, 1980, and to have STAs, who have all completed training require

ments, on duty by January 1, 1981. While minimum training .requireaents 

have not been specified for Januar,y 1, 1980, the STAs on du~ by that time 

should enhance the accident and operating experience assessment function at 

the plant. 



SHIFT AND RELIEF TURNOVER PROCEDURES (2.2.1.c) 

POSITION 

The licensees shall review and revise as necessary the plant procedure for shift 
and relief turnover to assure the following: 

1. A checklist shall be provided for-the•oncoming and offgoing control room 
operators and the oncoming shift supervisor to complete and sign. The 
following items, as a minimum, shall be included in the checklist. 

a. Assurance that critical plant parameters are within allowable 
limits (parameters and allowable limits shall be listed on the 
checklist). 

b. Assurance of the availability and proper alignment of all systems 
essential to the prevention and mitigation of operational transients 
and accidents by a check of the control console. 

(what to check and criteria for acceptable status shall be included 
on the checklist); 

c. Identification of systems and components that are in a degraded mode 
of operation permitted by the Technical Specifications. For such 
systents and components, the length of time in the degraded mode shall 
be compared with the Technical Specifications action statement (this 
shall be recorded as a separate entry on the checklist). 

2. Checklis~s or logs shall ~e provided for completion by the offgoing and 
ongoing auxiliary operators and technicians. Such checklists or logs shall 
include any equipment under maintenance or test that by themselves could 
degrade a system critical to the prevention and mitigation of operational 
transients and accidents or initiate an operational transient (what to 
check and criteria for acceptable status shall be included on the checklist); 
and 

3. A ·system shall be established to evaluate the effectiveness of the shift 
and relief turnover procedure (for example, periodic independent verification 
of $YStem alignments). 

CLARIFICATION 

No clar1fication provided. 
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CONTROL ROOM ACCESS (2.2.2.a) 

POSITION 

The licensee shall make provisions for limiting access to the control room to 
those individuals responsible for the direct operation of the nuclear power plant 
(e.g., operations supervisor, shift supervisor, and control room operators), 
to technical advisors who may be requested or required to support the operation, 
and to predesignated NRC personnel. Provisions shall include the following: 

1. Develop and implement an administrative procedure that establishes 
the authority and responsibility of the person in charge of the 
control room to limit access, and 

2. Develop and implement procedures that establish a clear line of 
authority and responsibility in the control room in the event of an 
en1ergency. The line of succession for the person in charge of the 
control room shall be established and limited to persons possessing 
a current senior reactor operator's license. The plan shall clearly 
define the lines of communication and authority for plant management 
personnel not in direct command of operations, including those who 
report to stations outside of the control room. 

CLARIFICATION 

No clarification provided. 
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ONSITE TECHNICAL SUPPORT CENTER (TSC) 2.2.2.b 

POSITION 

Each operating nuclear power plant shall maintain an onsite technical support 
center separate from and in clo~.>;o proximity to the control room that has the 
capability to display and trans~it plant status to those individuals who are 
knowledgeable of and responsible for engineering and management support of 
reactor operations in the event of· an accident. The center shall be habitable 
to the same degree as the control room for postulated accident conditions. 
The licensee shall revise his emergency plans as necessary to incorporate 
the role and location of the technical support center. Records that pertain to 
the as-built conditions and layout of structures, systems and components shall 
be readily available to personnel in. the TSC. 

CLARIFICATION 

1. By January 1, 1980, each licensee should meet items A-G that follow. Each 

licensee is encouraged to provide additional upgrading of the TSC (items 

2-10) as soon as practical, but no later than January 1, 1981. 

A. Establish a TSC and provide ~complete description, 

B. Provide plans and procedures for engineering/management support and 

staffing of the TSC, 

c. Install dedicated communications between the TSC and the control 

room, near site emergency operations center, ana the NRC, 

D. Provide monitoring (either portable or permanent) for both direct 

radiation and airborne radioactive contaminmants. The monitors 

should provide warning if the radiation levels in the support center 

are reaching potentially dangerous levels. The licensee should 

designate action levels to define when protective measures should 

be taken (such as using breathing apparatus and potassium iodide tablets, 

or evacuation to the control room), 

E. Assimilate or ensure access to Technical Data, including the licensee's 

best effort to have direct display of plant parameters, necessary for 

assessment in the TSC, 
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F. Develop procedures for perfonming this accident assessment function 

from the control room should the TSC become uninhabitable, and 

G. Submit to the NRC a longer range ~lan for upgrading the TSC to 

meet all requirements. 

2. Location 

It is recommended that the TSC be located in close proximity to the control 

room to ease communications and access to technical information during an 

emergency. The center should be located onsite, i.e., within the plant 

security boundary. The greater the distance from the CR, the more 

sophisticated and complete should be the communications and availability 

of technical information. Consideration should be given to providing key 

TSC personnel with a means for gaining access to the control room. 

3. Physical Size & Staffing 

The TSC should be large enough to house 25 persons, necessary engineering 

data and infomation dhplays (TV monitors, recorders, etc.). Each 

licensee should specify staffing levels and disciplines reporting to 

the TSC for emergencies of varying severity. 

4 Activation 

The center should be activated in accordance with the •Alert• level as defined 

in the NRC docu~ent •oraft Emergency Action Level Guioelines, NUREG-0610• 

dated September, 1979, and currently out for public comment. Instrumentation in 

the TSC should be capable of providing displays of vital plant parameters from 

the time the accident began (t = 0 defined as either reactor or turbine trip). 

The ShHt Technical Advisor should be consulteo on the •Notification of Unusual 

Event• however, the activation of the TSC is discretionary for that class of 

event. 
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5. Instrumentation 

The instrwnentation to be located in the TSC need not -t safety-grade 

requirements but should be qualitatively ca.parable (as regards accuracy 

and reliability) to that in the control roc.. The TSC should. have the 

capability to access and displ~ plant para.eters independent fro. 

actions in the control room. c,reful consideration should be given to 

the design of the interface of the TSC instru.entation to assure that - .,"\..., 

addition of the TSC will not result in aqy degradation of the control 

room or other plant functions. 

6. Instrumentation Power Supply 

The power supply to the TSC instrumentation need not aeet safety-grade 

requirements, but should be reliable and of a quality coapatible with the 

TSC instrumentation requirements. To insure continuity of infor.ation 

at the TSC, the power supply provided should be continuous once the TSC 

1s activated. Consideration should be given to avoid loss of stored 

data (e.g., plant c0111puter) due to .,.ntary loss of power or switching 

transients. If the power supply is provided fro. a plant safety-related 

power source, careful attention should be give to assure that the 

capabili~ and reliability of the safety-related power source is not 

degraded as a result of this modification. 

7. Technical Data 

Each licensee should establish the technical data require.ents for the TSC. 

keeping in mind the accident assess.ent function that has been established 

for those persons reporting to the TSC during an a.ergency. As a •int .... 
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data (historical in addition to current status) should be available to 

pen.it the assess.ent of: 

Plant Safety Systas Para~~eters for: 

• Reactor Coolant Systell 

• -Secondary Systell (PWRs) 

• ECCS Systas 

• Feedwater I Makeup Systeas 

• Contain.ent 

In-Plant Radiological Parameters for: 

• Reactor Coolant System 

• Contain.ent 

• Effluent Treat.ent 

• Release Paths 

Offsite Radiological 

• Meteoro 1 ogy 

• Offsite Radiation Levels 

8. Data Trans.ission 

In addition to providing a data tranSIIission- link between the TSC and the 

control roaa. each licensee should review current technology as regards 

trans.ission of those par..eters identified for TSC displ~. 

Although there is not a requirement at the present ti~~e. each licensee 

should investigate the capabili~ to tranSIIit plant data offsite to the 

E.rgency Operations Center. the NRC. the reactor vendor. etc. 
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9. Structural Integrity 

A. The TSC need not be designed to seismic Category I requirements. 

The center should be well built in accordance with sound engineering 

practice with due consideration to the effects of ~atural phenomena 

that may occur at the site. 

B. Since the center need not be designed to the same stringent requirements 

as the Control Room, each licensee should prepare a backup plan for 

responding to an emergency from the control room. 

10. Habitability 

The licensee should provide protection for the technical support center 

personnel from radiological hazards including direct radiation and airborne 

contaminants as per General Design Criterion 19 and SRP 6.4. 

A. Licensee should assure that personnel inside the technical support 

center (TSC) will not receive doses in excess of those specified in 

GDC 19 and SRP 6.4 (i.e., 5 Rem whole bo~ and 30 Rem to the t~roid 

for the duration of the accident). Major sources of radiation should 

be considered. 

B. Permanent monitoriflg systems should be provided to continuously 

indicate radiation dose rates and airborne radioactivity concentrations 

inside the TSC. The monitoring systems should include local alarms 

to warn personnel of adverse conditions. Procedures must be provided 

which will specify appropriate protective actions to be taken in the 

event that high dose rates or airborne radioactive concentrations 

exist. 
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c. Permanent ventilation systems which include particulate and charcoal filters 

should be provided. The ventilation syste.s need not be qualified as 

ESF systems. The design and testing guidance of Regulator,y Guide 1.52 

should be followed exc~pt that the syste.s do not have to be redundant. 

·seismic. instrumented in the control room or auto.atically activated. In 

addition. the HEPA filters need not be tested as specified in Regulator,y 

Guide 1.52 and the HEPA's do not have to aeet the QA requireaents of Appendix 

B to 10 CFR 50. However. spare parts should be readily available and 

procedures in place for replacing failed components during an accident. 

The systems should be designed to operate from the emergency power supply. 

o. Dose reduction measures such as breathing apparatus and potassium iodide 

tablets can not be used as a design basis for the TSC in lieu of ventilation 

systems with charcoal filters. However. potassium iodide and breathing 

apparatus should be available. 
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ONSITE OPERATIONAL SUPPORT CENTER (SECTION 2.2.2.c) 

POSITION 

An area to bedesignatedas the ons1te operational support center shall be 
established. It shall be separate from ~he control room and shall be the 
place to which the operations support personnel will report in an emergency 
situation. Communications with the control room shall be provided. The 
emergency plan shall be revised to reflect the existence of the center and 
to establish the methods and lines of communication and management. 

CLARIFICATION 

No clarification provided. 
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SECTION 
NUMBER 

2.1.1 

2.1.2 

2.1.3 a 

2.1.3.b 

\ . 

IMPLEMENTATION SCHEDULE 

IMPLEM. 
TITLE CAT. (1) 

Emergency Power Supply 

Pressurizer Heaters A 
Pressurizer Level A 
PORV and Block Valve A 

Relief and Safe~ Valve Test 

Program and Schedule A 
Complete Test 07/81 

Direct Indication of Valve A 
Position 

Instrumentation for 
Inadequate Core Cooling 

Procedures A 
Design· of New 
Instrumentation A 
Subcooling Meter A 
Installation of New Instr. B 
(E.G •• Level Meter) 

(1) CATEGORY A: IMPLEMENTATION COMPLETE BY JANUARY 1, 1980, 
CATEGORY B: IMPLEMENTATION COMPLETE BY JANUARY 1, 1981. 

PROPOSAL IMPLEMENTATION 
REVIEW REVIEW 

X 
X 
X 

X 
X 

X 

X 

X 
X 

X 

"' :::s 
n -0 

..• en 
c 
n1 
N 



T' ....., 
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IMPLEMENTATION SCHEDULE 

SECTION IMPLEM. 
NUMBER TITLE CAT. ( 1) 

2.1.4 Containment Isolation A 

2.1.5 Dedicated H2 Control 
Penetrations 

Description and Schedule A 
Installation B 

2.1.5.c Recombiner Procedures A 

2.1.6.a Systems Integrity for High 
Radi oact1vi ty 

Leak Reduction Program A 
Preventative Maintenance A 
Program 

2.1.6.b Plant Shielding Review 

Design Review A 
Plant Modifications B 

(1) CATEGORY A: IMPLEMENTATION COMPLETE BY JANUARY 1, 1980, 
CATEGORY B: IMPLEMENTATION COMPLETE BY JANUARY 1, 1981. 

PROPOSAL IMPLEMENTATION 
REVIEW REVIEW 

X 

X 
X 

X 

X 
X 

X 
X 
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IMPLEMENTATION SCHEDULE 

SECTION IMPLEM. 
NUMBER TITLE CAT. (1) 

2.1.7.a Auto Initiation of AFW 

Control Grade A 
Safety Grade B 

2.1.7.b AFW Flow 

Control Grade A 
. Safety Grade B 

2.1.8.a Post-Accident Sampling 

Design Review A 
Procedures A 
Description of Plant 

Modifications A 
Plant Modifications B 

2.1.8.b High Range Radiation Monitors 

In-Containment B 
Effluents - Procedures A, 

Implement 8 

(1) CATEGORY A: Ir-FLEMENTATION COMPLETE BY JANUARY 1, 1980, 
CATEGORY B: IMPLEMENTATION COMPLETE BY-JANUARY 1, 1981. 

PROPOSAL IMPLEMENTATION 
REVIEW REVIEW 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
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IMPLEMENTATION SCHEDULE 

SECTION IMPLEM. 
NUMBER · TITLE CAT. ( 1) 

2.1.8.c Improved Iodine Instrumentation A 

2.1.9 Transient and Accident Analysis (2) 

Containment Pressure Monitor B 
Containment Water Level Mointor B 
Containment Hydrogen Monitor B 
RCS Venting 

Design Co~ 1 ete A 
Installation Co~lete 8 

2.2.1.a Shift Supervisor Responsibilities A 

(1) CATEGORY A: IMPLEMENTATION COMPLETE BY JANUARY 1, l9ijQ, 
CATEGORY B: IMPLEMENTATION COMPLETE BY JANUARY 1. 19Bl. 

(2) SEE NUREG-0578 

PROPOSAL IMPLEMENTATION 
REVIEW REVIEW 

X 

X 

X 
X 
X 

X 
X 

X 



"TT 
I ...... 
(J'I 

SECT!:JN 
}tU~1B :~R 

2.·1.2.11 

2.2.l.C 

2.2.2.A 

2.2.2.8 

2.2.2.C 

I~PLEAE~TATION SCHEDC~E 

TlTLE 

Shift 7echnical ~dvisor 

Adv·i sor on Duty 
Comple·te Training 

Shift Turr.ov2r Procedure 

Control Room ~ccess 

. ' 

On Site iechnical Support Center 

Establish :enter 
Upgrade to Meet Al1 :lequi r~ments 

On Site Op!rational Support 
Center 

:~1?~E~l. 
CAT. (1) 

:\ 
B 

A 

A 

A 
3 

A 

(l) CATEGORY A: t;•1PlEMENTATION COMPLETE BY JANUARY 1, 1980. 
CATEGOR'f B: niPLEMENTATION CO~\PLHE BY JANU~RY l, 1981. 
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~E'I tE:JI 

IX.JtE:··lE.f~AT 10N 
-. =·,.,. r:': 
. \ _. .. I .••.• 1 

., 
" 
X 

X 

j. 

' :< 
X 
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ANALYSIS AND TRAINING SCHEDULE 

Task Description 

1. Small Break LOCA analysis and preparation 
of eanergency procedure guidelines, 

2. Implementation of small break LOCA 
emergency procedures and rt!training 
of operators 

3. Analysis of inadequate core cool'ing anCI 
preparation of en~rgency proceoure 
guidelines 

4. lllfl)lt!ltlt!ntcation of emergency procedures 
and retraining related to inadequate 
core coo 1 i ng 

5. Analysis of accidents and transients and 
preparation of emergency procedure 
guidelines 

6. Ia.plementation of eaM!rg.:ncy procedures 
and retraining r~lated to accidents 
cand transients 

1. Analysis of LOFT small break tests 

C0111pletion Date 

July-September 1979* 

Dece.ber 31, 1979 

October 1979 

January 1980 

Early 1980 

3 months after 
guidelines established 

Pretest 
(Mid-September 1979) 

W Range covers completion dates for the four NSSS vendors 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASH!NGTON, D. C. 20556 

NOV 1 f 1979 

Mr. G. E. Liebler, Chai~an 
Combustion Engineering Owners Group 
Florida Power & Light Company 
P. 0. Box 013100 
Miami, Florida 33101 

Dear Mr. Liebler: 

SUBJECT: EVALUATION OF OPERATOR GUIDELINES FOR SMALL-BREAK 
LOSS-oF-COOLANT ACCIDENTS IN .C-E DESIGNED OPERATING PLANTS . 

Ou·r letter of June 5, 1979 {Robert W. Reid to all operating Combustion 
Engineering plants) requested that operating plants with C-E designed 
reactors develop guidelines for the preparation of operating procedures 
to cope with small-break LOCA 1 s. In response to this request, the C-E 
Owners Group submitted report CEN-114-P {.Amendment 1 P) which included 
said guidelines. In response to our requests for additional i nfcrmation 
and to issues raised during our meeting of October 30, 1979, the guide-
1 ines were subsequently modified. The modified guidelines were submitted 
by your 1 etter to D. _F. Ross dated November 8, 1979. We have completed 
our review of the modified guidelines, and are attaching hereto as Enclosure 
1 a copy of our evaluation. 

As stated in our evaluation, we have concluded that the guidelines ·submitted 
by your· November 8, 1979 letter are acceptable for use in devcioping operat
ing procedures to <:ope with small-break LOCA•s in C-E operating plants 
having high-pressure safety 1njection punps with shut-off heads less than 
1600 psi. Although the guidelines were based on a reference plant having 
200 psi safety 1_nject1on tanks and 1300 psi t)i.gh-pressure safety injection 
pumps, you have stated that they are.applicab1e to all operatingC-E plants, 
including those with 600 psi safety injection tanks and those with 2400 psi 
h1gb·pressure safety injection p1111ps. However, we have not as yet determined 
that the guidelines are acceptable for a plant having high-pressure safety 
inject 1 on punPs with a 2400 psi shut-off head. OUr concern i s re 1 a ted to 
the potential events in which water· could be discharged through the safety 
valves while. the operator 1s attempt~ng to reach a.condftion of at least 
5oo F below saturation. A copy of the approved guidelines, subject to. 
acceptably incorporating those revisions required by Enclosure 1, is attached 
hereto as Enclosure 2. . 

Those licensees with C-E designed react-ors for which these guidelines are approved 
may now proceed with the development of small-break LQCA emergency procedures · 
and operator training. In developing these procedures, each 1 icensee must account 
for the effects of specific design charactE!ristics at its plant. As indicated on 
Page 5 ofEnclosure6 to the Darrell G. Eisenhut-letterdated September 13, 1979 
to all operating nuclear powft plants·,-the:se procedures and related operator 
training af.e to be implemented by December 3'1, 1'979.-
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NOV 14 1979 

~~r. G. E. Liebler -2-

In impleraenting these procedures, each licensee shall provide: 

(1) The instrument uncertainties involved w;th tlPI termination criteria 
to indicate that the criteria will assure subcooled conditions • . 

(2) Adequate assurance that the HPSI punps \'li 11 not be run deadheaded in 
the recirculation mode and that minimum flow requirements will be met. 

· (3) An in~ication of the typicality of the analyses documented in 
CEN-114-P (Amendment lP) and in the modified guidelines sho\-m fn 
Enclos~re 2 relative to its own plant. 

licensees will also be required to implement emergency procedures covering 
the extended loss of all feedwater, (jncluding pressure vessel integrity 
considerations) ,.and to revise emergency procedures for initiating and moni
toring natural circulation, including provisions for plant cooldohfl. These 
procedures will be base9 on guidelines which the C-E Owners Group are develop
; ns under .. inadequate core coo 1i ng." 

P.s part of our audit progralil, we expect to examine the procedures at a lead 
C-E operating plant initially,_ and at other C-E operating plants at a later date 
to assure that the procedures were developed in accordance with the approved · 
guidelines. We also plan to check out same of the procedures at a C~E 
simulator on a schedule to be developed later. It should be noted however, 
that our audit program need not impede progress toward implerri'""nting the 
procedures and associated training by December 31, 1979. 

Enc 1 os ures : 
As stated 
cc: See attached lists 

Sincerely, 

0. F. Ross, Jr., Director 
Bulletins & Crders Task Force 

* See previous yellow for conr.urrences 
,. ~ 

OP ... c:.. .~.o.r.f ... .i.: .J. .: . .. ~.&o.r.F. ............ .s tf.. .................... ,_..~..,z:rz:. .... ·iD&i~"· 
..,." .... ~! j.J.J.a.fv.a.:j.k.... f.Kane .. ?':............ sr.aa.l .. ,L........ RoSi!tOGiy ........ ; 

DATE~ .1.1L.~·;LLl9......... . .................................................. ·l·l· 

*u.a. oov 



E N C L 0 S U R E 

G-4 



Evaluation of Combustion Engineering Post-LOCA Operating Guidelines 

Introduction 

By letter dated June 5, 1979, the staff requested that all operating CE plants 

provide guidelines for the preparation of opera tiona 1 procedures for the recovery . . 

of plants following small LOCA's. The guidelines were to cover both short-tenn 

and long-tenn situations and follow through to a stable condition. Recognition 

of the event, precautions, actions, and prohibited actions were to be included 

also. CE submitted CEN-114-P-(NP), 11 Review of Small Break Transients in Combustion 

Engineering Nuclear Stearn Supply Systems 11 in July, 1979 and CEN-115-P,(NP), 

11 Response to NRC IE Bulletin 79-06C Items 2 and 3 for Combustion Engineering 

Nuclear Steam Supply Systems 11 in August, 1979. CEN-114-P(NP) was submitted 

in response to our request for information while CEN-115-P(NP) revised this 

response to account for the impact of RCP operating requirements. 

Summary Description: CE Post-LOCA Operating Guidelines 

The guideline submitted by CE is preceded by a bases section which ·supplies 

background material for the information presented in the guideline. The guide

line itself is split into four sections: Symptoms, ~mmediate Actions, Follow-Up 

Actions, and Precautions. 

The Symptoms are a list of indications which an operator is expected to utilize 

in confirming that a sma 11 break 1 os s-of-coo 1 ant accident has occurred. L0\'1 

pressurizer pressure, high containment sump level, high containment pressure 

or temperature, safety injection actuation, and high or lo\v pressurizer level 

. are among the symptoms provided to the operator .to assist in the identification 

.. of this accident. A diagnostics chart has been appended to the LOCA guidelines 

. to cla,rify symptoms and to channel the operator's actions into the correct 

procedure. 
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Imn._"'<iiate Actions- are those actions which are required ":':) ?:a=e t"le ?la"lt in a safe. 

condition. 'lhese steps are distinguished fran subseq".le:":":: ;~=e::!'..I!'al steps by a re

quirement for memorization. An operator mst kna:-1 t~es: s-:e;s ~-:i t.l&cut reference to 

a procedure, thereby ensuring that there is no delay ir. a=:-..:..:?i.'"".g a safe condition. 

'!he guidelines require that the reactor be tripped; standa..""Cl pest-trip actions be 

carcied out (plant specific); safety injection be init!.at:e::: (i! not automatically 

actuated) ; reactor coolant pumps be tripped aft:er SIAS act"..:a-::ion on low RCS ~

sure; auxiliary feedwater flow be established if mai."l =eec·:a-::e:o is ·not available; 

verification that the CIAS and SIAS signals have proper2.y a=t"2"':ed; the SIS be 

operated to maintain a so<T subcool~ margin and indicated ;:;~ssurizer level; and 

the break be located· and isolated if poss:ihle. 

Follow-Up Actions are actions required to place the pla:1t i. ""l =. stable cendi tion. 

'!he ·previous procedural steps (Imnediate Actions) ensur-e<! t:'"la-: the reactor was in 

a safe condition, that the core remains covered by ECCS c~a-::ion, and that escap

ing radioactivity is isolated by CIAS. The next steps ars ai.aed at bringing the 

plant to a lower nxxie of operation, cold shutdown. The Follcr.-7-:Jp Actions require a 

plant cooldown within one-hour using the steam dumps o!' t'Jr'ji.""le bypass system. 'nle 

cooldown is continued via a number of al temative paths S".l.C.~ as -long-term reci.rCl,J..la

tion, initiation of shutdown cooling, continued use of the steam du!!!ps and emergency 

feed, or, as a last resort, opening of the power operated rslief valves. 

'!he Precautions section lists warnings which the opera-:or r.....1st observe to ensure . 

plant safety. For example, the operator is warned tl&a-: "';!"II!SS'..l!"izer level ma.y not 

always be . a true indicator of fluid inventory and ti.at "';'!."'j:.e:.' system temperature 

must be m:>nitored when establishing auxiliary feedwate:- -=~ ;:--e•:sn"t excessive cool

dc:Nm rates. A total of· eleven Precautions-have... been i.~::l~:::e:! =~ i"':lplementation 

by the licensees in the appropriate· procedural locations. 
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Evaluation 

T~e NRC staff rev~ewed the post-LOCA operating guidelines with respect to the 

following critical operator actions: 

1. Reactor coolant pump trip 

2. Safety injection termination criteria 

3. Verification of safety systems.actuation 

4. Verification of a heat sink 

During our review, the staff identiffed modifications to be made to the guide

lines to enhance the. directions to the operator. These modifications were 

subsequently incorporated in the guidelines via revisions-issued on november a, 

1979·. 

The criteria for tripping the reactor coolant pumps are consistent with the 

requirements of IE Bulletin 79-06C. All operating reactor coolant pumps are 

stopped after an SIAS caused by low reactor coolant system pressure and after 

it has been verified that the react~r has been shutdown for at least five seconds. 

We conclude that this criterion is acceptable subject revising .. Immediate Action .. 
ttem -3 of the guidelines to be consistent with the above wording .. 

The criteri-on for terminating safety injection flow is based on the establishment 

and maintenance of a 50°F su·bcool fng margfn along with an indication of 

press_urizer level r The staff concurs that these criteria- are sufficient for 

ensuring that safety f njecti on can be terminated without concern for detrimental 

voiding in the primary system. We conclude that this criterion is acceptable for 

. those plants with low-head HPSI pumps (< 1600 psi i. 
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As part of his iiiiJiediate actions, the operator is directed ·to verify the reactor 

trip, safety injection actuation, adequate auxiliary feedwater flow (if main 

feedwater is not available), and containment isolation actuation. We cor:~cur 

that these actions are sufficient to ensure minimum safeguards and heat sink 

availability needed to mitigate small break lOCAs. 

The staff noted that the guidelines are based on: obtaining at least minimum 

safeguards operation to mitigate small break lOCAs. We require each licensee 

to extend the emergency procedures to cover the loss of all feedwater. Procedures 

for this degraded condition should also take into account pressure vessel 

integrity considerations. The Owners Group has committed to prepare guidelines 

for operational procedures regarding the loss of all feedwater as part of its 

effort on the issue of inadequate core cooling. 

The staff also requires that the em~rgency procedures include instructions 

for monitoring and initiating (ff lost) natural circulation for small break 

LOCAs where heat removal by the steam'generators is required. A s_eparate 

guideline has been received on natural circulation operation. The staff, 

upon completion of its evaluation, will require that the natural circulation 

guideline be appended to or referenced by the appropriate emergency procedures. 

The staff requires that each licensee provide procedures for cooling down the 
. 

plant under natural circulation conditions. These procedures should address 

boration control and monitoring, cooldown of the pressurizer, and adequate 

criteria for monitoring coolant system temperatures to ensure that voids do not 

fonn in the primary system which could inhibit adequate heat removal. As in 
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ti1e case of loss of all feedwater, the Combustion Engineerir.g Gnners Group has 

committed to prepare guidelines for operational procedur~s regarding cooldown 

under natural circulation conditions as part of its effort on inadequate core 

cooling. 

Conclusions. 

Based on our review, we conclude that the small-break loss-of-coolant accident 

operating guidelines submitted by the Combustion Engineerir.g Owners Group on 

November 8, 1979 are acceptable for C-E plants having hi;h-pressure safety injec

tion pumps with shut-off heads 1600 psi or less. Accordiogly, said guidelines 

can be used for developing operating procedures for coping w1tn small-break. 

loss-of-coolant accidents for such plants, provided that the licensees imple

ment the requirements noted above when developing their ~rocedures. Our 

acceptance of these generic guidelines notwithstanding, each licensee must 

account for the effects of specific plant design parameters ,e.g., differences 

in the shut-off pressures of high-pressure safety injection pu~ps, differences 

in the design pressure of the safety injection tanks), when translating these 

guidelines into plant specific operating procedures. 
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Dr. Denwood F. Ross, Jr. 
Director 
Bulletins and Orders Task Force 

· Office of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Comnission 
Washington, D. c. 20555 

· P .0. Box 529100 
Miami, FL 33152 
November 8, 1979 

Subject: Transmittal of Revised Post-LOCA Guidelines 

Reference: (A) NRC letter from Dr. D. F. Ross, Jr. to Mr. G. E. Liebler, 
dated October 19, 1979 

(B) IE Bulletin 79-06C, dated July 26, 1979 

(C) NUREG-0578, July 1979 

Dear Dr. Ross: 

Reference A requ~sted additional information regarding the guidelines presented 
in CEN-114 Revision A and CEN-115 for loss of coolant accidents (LOCA). Questions 
regarding those guidelines were further discussed in a meeting with the NRC staff 
on October 30, 1979, and a number of revisions were agreed upon. This letter 
transmits those revised Post-LOCA guidelines. These gu]delines are being sub
mitted for your approval on behalf of the Combustion Engineering Owners Group 
so that they may be incorporated into utility procedures in accordance with 
Refere~ce B and the schedule presented in Reference C.· 

It should be noted that these guide lines do not necessarily reflect the preferred 
actions of our vendor, Combustion Engineering. Combustion Engineering•s pre
ferred actions remain as stated in CEN-115. The NRC staff has specifically re
quested that the guidelines for RCP operation be revised to incorporate the RCP 
operating requ.irements stated in IE Bulletin 79-06C (Reference A, I.tem I .6. E). 
Combustion Engineering has been unable to identify a transient analyzed in 
Chapter 6 or 15 of the FSAR that will. result in violation of acceptance criteria, 
provided the RCP • s are not tripped unti 1 the rods have been fully inserted for 
5 seconds. The enclosed guidelines have therefore been revised to reflect the 
staff•s ·request. 

Ifyou sh.ould. have an,yque.stions_regardi"'g these guidelines, please feel free 
to contact me at (305) 552~3811. · 

Enclosvre 
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POST LOCA GlJIDELI::~s 

Bases for Post-LOCA Operating Guidelines 

Provided below is a .general description of plan: resp::nsss to large and 
small break LOCA's. This is intended to supply backg~o~nc material for 
the information presented in the guidelines. 

A sma 11 break LOCA is characterized by: 

a) A slow loss of RCS pressure during the short :enm (10 to 30 
minutes) and equilibrium pressure above* 300 psia in the long 
term (30 to 480 minutes) resulting from ~atch"r.; safety i~jection 

.flow and flow from the break. 
b) A loss of RCS inventory .during the short terrr. f~l1owed by a 

refilling of the RCS during the long term. 
c) Core cooling is initially by the steam genera~o~(s) and flow from 

the break and later by the shutdown cooling sys~en. The break does 
not ··a 1 ways (depending on size) pro vi de the ne:essa ry heat remova 1 yet 
depletes RCS inventory. Breaks in RCS pipin£ less than 2 inches in 
diameter fall into this category. The steam ~enerators provide 
cooling for forced or natural circulation of ~he ~cs, if inventory is 
depleted, in a boiloff and reflux mode. The sh:.ztdO\·m cooling system is 
used after the RCS has been refilled and pressu~e control is provided by 

the HPSI pumps and the charging pumps. 

A general description of small break LOCA operations follows: 

Initially, the plant is hot and pressurized. A small break LOCA results 
in a slow loss of RCS inventory and a decrease in pressure. Low pressurizer 

pressure initiates a SIAS which automatically actuates the SIS. The reactor 
is tripped. The operator stops the reactor coolant pur.~s. Auxiliary feedwater 
is established to the steam generators. Steam dum~ :s provided manually using 
atmospheric dump valves or turbine bypass vab:s, or c!,;:c:natically by the 
steam generator dump and bypass system or by s:eaw s;~:~ator relief valves. 

*ihis value is typical, it may vary for specific c;s·;~s. 
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For very_small breaks, the steam generators are the ;rafn heat sink, and . 

addi~ional heat is removed with_ the coolant tbrcu~h :~e break. Continued 
reactor coolant pump operation during this per~oc c~~~d,aid heat removal 

by the steam generators. HO\"Iever, for s~all hct leg Jreaks,_ reactor coolant 

pump operation will result in a higher two-phase ~ix:Jre level in·the 

reactor vessel and hot leg piping. Consequently, for a break in the bottom 

of the hot leg, the break is covered longer by two-phase mixture, causing 

a larger loss of water inventory from the ve~sel. This eventually results 

in a lower coolant level in the reactor vessel. The result could be a 
higher clad temperature and a delay in refilling the 'lessel. The net effect 

of reactor coolant pump operation_ during the initial ~eriod may be to i.ncrease 

the severity of the accident. The NRC has therefore requested that the RCP 

operating requirements stated in IE Bulletin 79-06C be incorporated into the 

guidelines for operating plants following LOCA's (NRC letter from Or. O.F. Ross 

to G. E. Liebler, dated October 19, 1979). Bulletin 79-06C· directed to holders 

of operating licenses to: "Upon reactor trip and HPI initiation caused py low 

reactor coolant S,Ystem pressure, i11111ediately trip all operating RCP's." This 

action shou·rd not result in the violation of acceptance criteria for transients 
or accidents in chapter 6 or 15.of the FSAR, provided the RCP's are not· 

tripped until rods have been fully inserted for 5 sec~nds. Thi~ delay is to 

allow for the decay of the heat flux following reac~or trip before reducing 
forced flow. 

The time necessary to refill· the RCS and ·regain control of pressure and inven

tory depends on break size, break location, and the number of HPSI pumps and 

charging pumps actuated. · With only one HP!I pump activated, and a break located 

on the bottom of the cold leg, it may take as long as 8 hours to refill the RCS. 

With all injection pumps operable, the time is about 1 hour. In the period of 

time it takes the RCS to refill some- voiding in the P.CS will occur. This, 

_ condition can be recognized by indication that RCS hot leg temperature or core 

thermocouple temperature isequal to the saturation :emperature for the existing 

RCS pressure. ·In this mode,decay h~at is removed _by boiling in the core and 

condensation in the steam generator •. In addition, heat is removed by flow from_ 

the break. The operator must ensure that the SIS is providing flow to- the RCS, 

arid the steam gene-rators are removing .heat. These ac:fons will ensure adequate 

core cooling and eventu~lly a subcooled condition wiil be achie~ed. Opce Res· 

pressure and temperature are adequatel'y reduced, the shutdo\·ln cooltng' sys~e:n · 
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is ;~laced in operation. In the event that the feedwater supply to the s-;eam 
generator is exhausted and the shutdown cooling syste8 is inoperable, the PORV's 
are opened to ensure that the flow from the injection system is sufficient to , . 

cool the core. The SIS will be realignea for cold leg injection only. Core 
flushing is fror.1 the co-ld legs through the core and out the PORV. · 

Simultaneous hot and·cold leg injection is used for both small break and 
large break LOCA•s so the operator does not have to distinguish between 
them-at the time when simultaneous injection·is required for large breaks. 
{For small breaks, the boron concentration remains low due to dispersal 
throughout the RCS, so hot and cold leg injection is not essential) • 

. Reactor coolant system pressure is used to differentiate between small and 
large break LOCA's. However, the delineation between small and large breaks 
does not need to be precis~ since .there is a range of intermediate breaks for 
which either response will produce satisfactory results. The guideline.s take 
this into account with the decisions to be made after eight hours. 

The large break LOCA is characterized by: 

a) A rapid loss of RCS pressure in 10 seconds.to 3 minutes with 
equilibrium pressures below* 300 psia and, in the case of the 
1 argest breaks, the RCS pressure nearly equal . to containment 
pressure. 

b) Core cooling is provided for by ·large flow from the injection 
system due to low RCS-pressure. The flow from the break provides 
sufficient heat removal. Simultaneous hot and cold l~g injection 

· is required to prevent po~sible boric acid accumulation in the. 
core. 

A-general description of large 6reak LOCA operations follows: 

Initially, the plant is hot and pressurized. A large break LOCA results in 
a rapid loss of inventory and pressure. Low press uri ze.r pressure initiates 
a SIAS.whichautomatically actuates the SIS. The reactor is. tripped. 
Auxiliary -t:eedwater is established to the steam generators. Steam dur;:o is 
provided manually using atmosph~ri_c. steam. dump valves or turbine bypass 
valves. The major mechanism for heat: removal ;s the flow from the SIS 

*This valve iS typical, it .may varr _for speciflc designs. 
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through the core and out the break. Containment :ressure may be high and 
containment isolation is likely. Contair.:nent s;)ray may have been au~o
maticall~ activated. 

The SIS is aligned to provide simultaneous hot·and coid leg injection which 

is sufficient to cool the core and flush the reactorvessel indefinitely. 
For both large and small break LOCA•s, continued monitoring of conditions 
in the RCS and perfonmance of safety systems should be done. All available 
indications should be used to aid in diagnosing the event since the accident 
may cause irregula14 ities in a ·particular instrument reading. 

Regardless of the cause of actuation of a safety systeM, the automatic response 
should not be altered until it has been demonstrated that other systems and 
equipment are providing the functions that the safety system is intended to 
perfonn. 
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Guidelines for Operating Plants Followino LOCA's 

Symptoms 

1. Reactor coolant system leak exceeds the caoacity 07 :;; :~erab1e charging 
pumps. 

2. A reactor trip may have occurred. 
3. The Safety Injection System (SIS) may have automatic:l~y-actuated. 
4. Any one or more of the following indications or alar.s r~:y be present. 

a) Lo\·1 pressurizer pressure 
b) High containment pressure or temperature 
c) High containment sump level 
d) High containment radiation 
e) 

f) 

g) 

h) 

High 
High 
High 
High 

or l m·1 

quench 
quench 
quench 

pressurizer level 
tank 1 eve 1 

tank temperature 
tank pressure 

i) Tav decreasing or at saturatfon temperature fer ~CS Jressure. 

Immediate Actions 

1. Trip the reactor if not already tripped and carry Ol.t s~:ndard post 
trip actions. 

2. Initiate safety inj~ction if it has not already beer. ac:Jated by the 
safety injection actuation signal. 

3. After an SIAS caused by low reactor coolant syster ;:ressJre and after 
it has been verified that all rods have been fuily ~nserted for 5 
seconds, stop all operating reactor coolant pumps. 

4 .. If main feedwater is not available, inmediately estab1 isn ·or verify an 
auxiliary_ feedwater flow of *gpm. 

5. If the containment isolation actuation signal (cr;;s;· is :ctivated, 
ensure that the system has properly actuated. 

6. Ensure that the systems receiving an SIAS are pro::;e~h ::tuated and 
that CIAS ; s actuated. · 

7. After.any SIAS, operate the SIS** until RCS hot and :>:i: ieg temperatures 
are at least S0°F below saturation temperature for :r.: =:s pressure 
and a pressurizer level is indicated, unless the ca~s! := the SIAS has 
been verified to be an inadvertent actuation. !f s:-:=- s..;!:>cooling cannot· 
be maintainedafter the system has been stepped,·::-:: 
injection system must be restarted. 
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8. Atter.:pt to loca:e and isolate· the source of ~he ieak. Possible leak 
loca~ions include, but are not limited to the ?O=.v•s, t.he letdo\'m line 
and sar.ple lines. 

~=llow-Uo Actions 

1. Operate atmospherlc steam dump valves (or-turbine bypass valves if the 
condenser is available) to maintain or reduce plant temperature and reduce 
steam generator pressure Delow the steam generator relief valve setpoints. 
Begin a plant cooldown as soon as possible and in any case within 1 hour. 

2. Manually align the safety injection and charging systems to provide flow 
to the RCS hot and cold legs* two hours after the LOCA**. 

3. If the pressure and inventory control,with the s;s cannot be established 
after* eight hours ~nd RCS pressur~ il less than* 300 psig, continu~ 
the hot and cold leg injection. 

4. If pressure and inventory control with the SIS are established after* eight 
hours and RCS pressure is greater than* 300 psig, ·conduct one of the follow
ing activities. The activities are listed in order of decreasing preference. 

a) Rcs··.pressure above* 300 psig indicates that the system has refilled and 
subcooling has occurred. Verify this by checking the saturation pressure 
for the existing temp~rature. Realign the SIS for cold leg injection. 
Continue to maintain subcooling and reduce RCS pressure to the initiation 
pressure for shutdown cooling by reducing the flow delivered by the high 
pressure injection and charging pumps and by venting or isolating the 
safety injection tanks as necessary. While reducing pressure and after 
shutdown cooling is initiated, maintain RCS pressure with the charging 
pumps and/or the HPSI pumps to con!inue to maintain at least soc sub
.cool ing, or 

b) Continue to remove decay heat using emergency feed and steam dump if 
adequate condensate is available and (a) cannot be implemented, or 

-c) Open pressurizer power operated relief valves and align the SIS for 
cold leg injection if (a) or (b) cannot be ~mplemented • 

.,. This value is typical, it may vary for specific :esigns. 
,..... Includes stopping charging pumps ·Qn some plants 
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Precautions 

1. Before restarting RC?'s ensure that cooling wa-:er Se:'"vices to the pur::ps 
has been restored. 

2. Pressurizer level may not always be a true int~cat:r of RCS flu1d inventory. 
Pressurizer steam space ruptures, referenc~ leg faii~res, and reference 
leg flashing may cause indications which are contrary to true conditions. 

3. All available indications should be used ~o aid in djagnosing the event 
since the accident may cause irregularities in a particular instrument 
reading. Critical parameters must be verified when one or more 
confir:7.atory indications are available. 

4. When extablishi'ng auxiliary feedwater flow to the steam generators, 
monitor primary system temperature and pressure to avoid exceeding a 
lQQOF/hour cooldown rate. 

5. Feech·1ater is normally provided to both. steam genera·-:ors. Isolati.on of 
a single steam generator is mandatory if a steam ~enerator tube rupture is 
detected __ in that generator to prevent lifting of the safety valves or reseat 
them if they have lifted. This action \'lill a1so recuce the amount of 
radioactivity released. For small breaks in the RC-S \·lhere steam generators 
are important for heat removal one steam generator r.:ust be used for this 
purpose even if primary to secondary leaks are de:ected. 

6. Continued lengthy operation of the containment spraj may jeopardize the 
operation of equi;>ment which would be _desirable or necessary to mitigate. 
the consequences of the event. Early consideration should be given to 
termination of spray operation. If the containment pressure has returned 
to below the actuation setpoint, tne system may be stopped~ The system 
should be realigned for automatic actuation. 

7. Observe a·11 available indications to determine conditions within the RCS. 
Use RCS hot leg temp~rature, RCS cold leg ter.;;:~era:ure, core exit thermo-_ 
couple temperature, and RCS pressure to determine if the RCS is subcooled 
or sa~urated. An increase in temperature above tne saturation temperature 
for the existing prejsure is an lndicjtion of voiding in the RCS. A de-
crease in operating RCP motor current or erratic ;:>u:-:p t.P js also an- indication 
of voiding. If this occurs the operator must ens~r~ that the RCP's are 
turnec off, the SIS is providing makeup to the RCS, and that_the steam 
genera:ors are removing heat from the RCS. 
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8. t1onitor refueling water tank level to verify the shif~ from injection to 
recirculat~on. If a recirculation ac:uation si;nal (~~S) ~ccurs, the 
operator must prevent the HPSI pumps Fro~ ope~a:ir.g a: less than minimum 
flow conditions. If all HPSI pumps and charging ~umps are operating and 
the HPSI pumps are delivering less than 30 gpm per pu~p. turn off the 
charging pumps one .at a time and then HPS! pumps one at a time until only 
one HPSI pump remains operating. This will ensure that minimum flow 
requirements will be met by the flow through the pump to the RCS for the 
smallest break size that results in a SIAS. 

9. Monitor·the auxiliary building radiation levels and sump levels after an 
RAS to atterr:pt to detect leakage fran the SIS. E'len if leaks are detected 
at least one high pressure safety injection pu~p ~us~ remain in operation 
to provide flow to the RCS. 

10. If there is a high radioactivity level in the reactor coolant system, 
circulation of this fluid in the SCS may result in high area radioactivity 
reading~. in the auxiliary building. The activity level of the RCS should 
be determined prior to initiating SCS flow. 

11. Minimum Pressure -Temperature operating restrictions take precedence 
over requirements for operation of the· high pressure injection or charging 
system to achieve 50° subcooling during operation of the shutdo\'m cooling 
system. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20555 

DEC 2 G 1979 

Mr. G. £. Liebler, Chairman 
Combustion Engineering Owners • Group 
Florida Power & Light Company 
P. 0. Box 013100 
Miami, Florida 33101 

Dear Mr. Liebler: 

SUBJECT: EVALUATION OF OPERATOR GUIDELINES FOR SMALL-BREAK 
LOSS-OF-COOLANT ACCIDENTS IN C-E DESIGNED OPERATING PLANTS. 

Our l~tter of June 5, 1979 {Rob~rt W. Reid to all operating Combustion 
Engineering plants) requested that operating plants with C-E-designe~ 
reactors develop guidelines for the preparation of operating procedures 
to cope with small~break LOCA's. In response to this request, the C-E 
Owners' Group submitted report CEN-114-P (Amendment lP) which included 
these guidelines. In response to our requests for additional information 
and to issues raised during ~ur meeting of October 30, 1979, the guidelines 
were subsequently modified. The modified guidelines were submitted by your 
letter dated November 8, 1979. In my letter to you dated November 14, 1979, 
we approved the modified guidelines for all c~E operating plants except 
for a plant having high pressure safety injection pumps with a 2400 psi 
shutoff head. 

In your letter of December 13, 1979 (see Enclosure l) you provided modified 
guidelines for this cla.ss of plant. Subsequent to that, we held discussions 
with members of the C-E Owners' Group and C-E to clarify certain matters. 
We have now completed our review of the modified guidelines. Our supplemental 
evaluation is provided as Enclosure 2 to this letter. The supplemental eval
uation in Enclesure 2, together with.the evaluation provided in my letter to 
you dated November 14, 1979, comprise the bases for our approval of the 
guidelines for this class of plant. The November 14, 1979 letter is provided 
as Enclosure 3 to this letter. 

The November 14, 1979 letter contains a number of provisions which licensees 
are required to meet in implementing the guidelines. These provisions are 
equally applicab]e to those licensees that develop procedures from the revised 
guidelines. 
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Mr. G. E. Liebler ·-2-

All licensees with C-E-de:;i~!r·c:f reactors are expected to r-•·oceQ·.! \·lith the 
deve 1 opment of small break l OC:\ emergency procedures and operator t raining. 
As indicated on Page 5 of Enclosure 6 to the Darrell G. Eisenhut letter 
dated September 13, 1979 to all operating nuclear power plants, these 
procedures and related operator training are to be i~plemented by n!cember 
31, 1979. 

Enclosures: 
As stated 

cc: See attached lists 

Sincerely, 

~.U-1// 
D. F. Ross, Jr., Ofrector 
Bulletins and"Orders Task Force 
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Or. D~nt\'OOd F. Ross • Jr. 
Director 
Buliet1ns and Orders Task fore~ 
Offic£! of Uuclear Reactor ReQulation 
u.s. tfuclear Regulatory Co:'r.\1ssion 

llr.ccr.bcr lJ. 197g 

Subject: Add1 ti onal Post-LOCA Gu1dance for Plants wf th High Pressure Safety 
lr.jection Pumps with ~ 2400 p~1 ~hut-off He4d 

~f!rence: NRC letter from Dr. D. F. Ross, Jr. to Hr. G. E. lfeblcr. dated 
November J4, 1979 

Delr Dr. Ross: 

Your referenced letter fo~brd~d the NRC ev~luation of the LOCA gu1deline for CE 
designed phots. That evaluation concluded that the qui del ines are Ac~epubl~ 
for CE operating plants having hi9h pr~~~ure safety injection pu~s w1th 5hut
off h~ad~ less than 1600 psi. However, the NRC ha~ not yet cete~ined th~t the 
guidel1nes at~ ac~eptable for a plant (~aine Y~nk~e) having high pressure s&fe~ 
injection pumps with ~hutoff head5 of 2400 ps 1. 

rne JiRC. is concerned wtth potential events 1n ~"hich "'·~t~r could be dfscharged 
throv;h the :;aiety valves while th~ operator is atten-~t1 ng to achieve a RCS 
fluid condition of at least 50° beiow Sdturation. The question 1~ whether or 
not sao of subcoolfng can be acnieved. at which point t.'te oper.ltor is alloh·ed 
to slop high pressure flow to the Res. before the pre:;~urc in the P.CS reaches 
the setpo1nt of the safety v.,lvc's and WCJter is disc.h~rgctl through these va 1 v~s. 
The shutoff head of the l'~1n<! t'anke~ pur.;p (2425 ~·si) 1s bel~ th~ setpoint of 
the safety va 1 ves (2500 ps1) but is above tha ~etpoint of the POR'i (2400 psi) 
end this needs to bt:! addressed. · 

To ev~ luate- the NRC concem. r~present2tlve non lOc.t. f:\'ents which depressurize 
the RCS were studied. The events chosen were a failure of t~~ re~ctor cool~nt 
pressure regLilating sys-tem 3ncf a steam 1 ine bre~k. Hon-lOCA ~ .. ·ents result tn 
the highest RCS repre$surization due to high pr~ssure. p~ i!Ction. 1hese events 
essentially represent ~ nzcro break;' LOC.~ case. In this study it n·~s ii!Ssu:n!!d 
that all four RCP's were· tr·ipped follow,ng SIS actuation and that th~ result1ng 
fl~ coastd~ causes los~ of pressurizer sprays. The study cor.fi~d that 50~ 
of subcooling 1 s achieved prior to reaching the setpoint of the PO.QV. j f no 
operator action is take~ tht hfgh pressure pumps could cause the PORV's to 11ft. 
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1"?;::r-.: is .)ppro:drmt~ly 5 r::inute.s h~f .... 'L'en the point in ti~ th~t sco !.Ub· 

coa11r.g is rt:achcd and U1!: ~l'tpoin~ t.f thl! PO/\'.' 1:; rc~H;herl. l>ildHiono11y. 
w~v:n the PPRV sctpoint {2400 p~ i j i~ re~c.htd~ the p~ssur1~er is not w~t~r 
~o11d. ihe study also 1nd1cates. that thl!r~ is an addition~l S minutes b~
fore 't'le pressurizer is filled solid a!.:!.~tng two HPSl p~.-~~ are operating. 

Th1s 1s judged to be suff1cient t1me frame for the oper3tor to take action. 
Thn action the op~rator takes in this situ~tion fs. as follO'ft5:: 

Pr-eferred Action - Terminate high pre.s~ure pump fltrfl to the re~ctor coolant 
system. 

Alternative Action - Prevent operation of the PORY's by: 

{a) shutting down stream blocK valves. 

or · 
(b) pos1t1on PORV's 'control :!.wftch to prevent automatic 

opening. 

As a result of the above ev~lu~tio~ it has b~~n concluded that ~n additional 
precaution should be added to the CE Post LOCA Gu1delines in ord?r to im:or
por~te appl1cabi 1 ity to the Haine Yanir.ee Phr.t. That precQ.ution forms the 
attachrrent to t.'lis letter. The ~ddition of this precaution 5h':lu1d r-\!su1 t. in 
~ determination that the LOCA guidelines bre acccptab1e for deve1cping oper
ating procedures for Haine Y~nlee. 

!f you should have any questions regar-d1ng this guidance; pl~!a~e: fetl fre-e to 
contact rre or Hr. R. T. Harr1s of our "Technical Advisary Col'ilt\ittee. at (203) 
6.66·69ll. extension 5519. 

Very tnJ1y yours, 

c .. £ mmERS GROUP 

/)tc-L T: ~ !trt.-
G~rge E. L1eblcr 
Chairman 
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AOUiTIO:it.L GJliJtJlCE FOR PLAUTS lllTH HIGH PRcSStJ;::.f 
....;_---~--.....;:-,.... .... _.:...:..=.~....:....=.;:;..:...:_.;::.. 

Sf.J(TT' II\,~::C110N Hii~S \liTH A 2GOO PSI SHUT·Orr HCI\0 

Add the additiona1 p~~~utio~ to the Post LOCA 

Guid~11ncs as folloWS! 

12. ~, S!~S can be generated by event~ other than a LOCI,, such as a 
f~11ure of the l~actor coolant pressure regulating system. Con
tinued op~rat1on of high head-high pre~sure injection pumps can 
c-ause the RCS to rcp~ssurize to the !'etpoint of thl! POR\'' s. 
Opening of the f'ORV's should be prevented by: 

(a) ope~ting the SIS to rndfnta1n RCS pressure below th~ 
PORV setpoir.t (2400 psi} while naintaining ~t ltd~t 
5QOf subcooHng. 

or 
(b) position the PORV control switch to prevent ?uto~tic opening 

of L'Je PORv•s. 

ru: 
(c) s~ut the PORV block valves to negate cons~qu~nc~~ of PORV's 

o~ning. 
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EVALUATIOI~ OF SHALL-BREAK LOU\ GUlDELlllr.S FOI: C-[ c:-:·· :-: :·: ;-~ . ..-~.TS - ---·---·-··-·-- -- -------

HAVII~G SAFETY II~JECTIOf~ PUi·lPS \liTH SHUTOFF HEADS GK:i•.E': : . :: 1: :-J PSl 

INTRODUCTION 

By letter dated November 14, 1979, we approved the guidelines fo1· c2veloping small
break LOCA procedures in C-E operating plants. This approval ~as li~tited to plants 
having safety injection {Sl) pumps \'tith shutoff h2ads 1 ess than 1 co:: psi; therefore, 
to support the implementation of these guidelines at plants having SI pumps with 
shutoff heads greater than 1600 psi, (i.e., Maine Yankee), the C-E O~ners Group sub
mitted additional information in a letter dated Dec~mber 13, 1979. In addition, on 
December 13 and 14, 1979, we held discussions with C-E personnel regarding our con
cerns associated with plants having SI pumps with high shutoff pressures. 

EVALUATION 

To evaluate the potential of lifting the PORVs in C-E designed plants, all of which 
have a setpoint of 2400 psi, prior to satisfying the 50°F subcooling criterion at 
plants having SI pumps with a 2425 psi shutoff head (i.e., Maine Yankee), two non
LOCA events were analyzed: (i) failure of the pressure regulating system, and (ii) 
a steam)ine break. The maximum calcUlated hot leg temperature for these events 
was 540°F. Since this temperature is significantly below 6l2°F, the saturation 
temperature at 2400 psi with a 50° subcooling margin, our subcooling criterion should 
be satisfied prior to lifting the PORVs. This calculated temperature of 540°F was 
based on the dynamic conditions prevailing during the pressurizer refill portion of 
the transients. 

On December 13 and 14, 1979, the staff discussed a more conservative steady state 
analysis with C-E personnel wherein no credit is taken for the dynamic effects of 
cold feedwater and SI flow. Such an analysis simply considers natural circulation 
in the primary system transferring heat to the steam generator (SG) whose tempera
ture corresponds to the saturation pressure of the SG safety valves. C-E stated 
that under these conditions, their analyses show .that the maximum hot leg tempera
ture would be 580°F. Since this temperature is also below the 612°F cited above, 
the 50°F subcooling criterion would also be met without exceeding 2400 psi, the 
PORV setpoi nt. 

CONCLUSIONS 

Based on the results of the analyses that show that the 50°F criterion will be met 
prior to lifting the PORVs, we find that the LOCA guidelines are acceptable for C-E 
plants having SI pumps with shutoff heads of 2425 psi (i.e., Maine Yankee). This 
approval, however, is contingent upon receiving documentation from the C-E Owners 
Group of the analyses showing that the 50°F subcooling criterion can be met without 
exceeding 2400 psi'~ 
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UNii! ~: · T ;, TtS 
NUCLEAR REGULf•70RY COMMISSIOI\ 

I':ASHINGTO'i. D. C. 20555 

NOV 1 · .~ .. ') 
- l.j I ., 

Mr. G. E. Liebler, Chairman 
Combustion Engineering Owners Group 
F.1 ori da Power & Light Company 
P. 0. Box 013100 
Miami , F1 ori da 3310 1 

Dear Mr. Liebler: 

SUBJECT: EVALUATION OF OPERATOR GUIDELINES FOR SMALL-BR~AK 
LOSS-OF-COOLANT ACCIDENTS IN C-E DESIGNED OPERATI~G PLANTS. 

Our letter of June 5, 1979 (Robert W. Reid to all o~erating Co~bustion 
Engineering plants) requested that operating plants with C-E designee 
reactors develop guidelines for the preparation of operating procedures 
to cope with small-break LOCA's. In response to this reauest, the C-E 
Owners Group submitted report CEN-114-P (Amendment lP} hnich included 
said gu1delines. In response to our requests for additional infcr~ation 
and to issues raised during our meeting of October 30, 1979, the guide-
1 ines were subsequently modified. The modified guidelines were submitted 
by your letter to D. F. Ross dated November 8, 1979. We hcve completed 
our review of the modified guidelines, and are attaching hereto as Enclosure 
1 a copy of our eva]uation. 

As stated in our evaluation, we have concluded that the guidelines submitted 
by your November 8, 1979 letter are acceptable for use in developing operat
ing proc~dures to cope with small-break LOCA's in C-E operating plants 
having high-pressure safety injection punps 'ftith shut-off heads less than 
1600 psi. Although the guidelines were based on a reference plant having 
200 psi safety injection tanks and 1300 psi high-pressure safety injection 
pumps, you have stated that they are applicable to all operating C-E plants, 
including those with 600 psi safety injection tanks and those with 2400 psi 
high-pressure safety injection pumps. However, we have not as yet determined 
that the guidelines are acceptable for a plant having high-pressure safety 
injection pumps with a 2400 psi shut-off head. Our concern is related to 
the potential events in which water could be discharged through the safety 
valves while the operator is attempting to reach a condition of at least 
50° F below saturation. A copy of the approved guidelines, s~bject to. 
acceptably incorporating t~ose revisions required by Enclosure 1, is attached 
hereto as Enclosure 2. 

Those licensees with C-E designed reactors for which these guioelines are approved 
may now proceed with the development of small-break LOC.!. e~ergency procedures 
and operator training. In developing these procedures, each licensee must account 
for the effects of specific design characteristics ct its plant. As indicated on 
Page 5 of Enclosure 6 to the Darrell G. Eisenhut letter da~ed Septe~ber 13, 1979 
tB all operating nuclear power plants, these procedures and related operator 
training are to be implemented. by December 31, 1979. 
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Mr. G. E. Lieble- -2-

In implementing these procedures, each licensee shall provice: 

(1) The instrument ur.certcinties involved with HPI ter:Jina::or. criteria 
to indicate that the criteria will assure subcooled conoitior.s. 

(2) Adequate assurance that the HPSI pumps will not be run deadheaded in 
the· recirculation mode and that minimum flow require:::ents will be me~. 

(3) An indication of the typicality of the analyses doct.r.Jented in 
CEN-114-P {Amendment lP) and in the modified guidelines shown in 
Enclosure 2 relative to its own plant. 

Licensees wi l1 also be required to implement emergency procedures covering 
the extended loss .of all feedwater, (including pressure vessel in~egrity 
considerations), and to revise emergency procedures for initiating and moni
toring natural circulation, including provisions for plant cooldo~~. These 
procedures will be based on guidelines which the C-E Owners Group are develop
ing under "inadequate core cooling." 

As part of our audit program, we expect to examine the procedures at a lead 
C-E operating plant initially, and at other C-E operating plants at a later date 
to assure that the procedures were deve 1 oped in accordance wi tit tl1e approved 
guidelines. We also plan to check out some of the procedures at aC-E 
simulator on a schedule to be developed later. It should be noted however, 
that our audit program need not impede progress toward i~plementing the 
procedures and associated training by December 31, 1979. 

Enclosures: 
As stated 
cc: See attached 1 ists . 

Sincerely, 

~'\c..-(_.(·- i 1 )---
D.{~ koss, Jr., Director 
Bulletins & Orders Task Force 
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Evaluation of Combustion Engineering Post-LOCA Op0r~tin; Guid~lines 

Introduction 

By letter dated June 5, 1979, the staff requested that all operating CE plants 

provide guidelines for the preparation of operational procedures for the recovery 

of plants following small LOCA's. The guidelines \·1ere to cover both short-term 

and long-term situations and follow through to a stable condition. Recognition 

of the event, precautions, actions, and prohibited actions were to be included 

a·lso. CE submitted CEN-1.14-P-(NP), "Review of Small Break Transients in Combustion 

Engineering Nuclear Steam Supply Systems" in July, 1979 and CE~-115-P(NP), 

"Response to NRC IE Bulletin 79-06C Items 2 and 3 for Combustion Engineering 

Nuclear Steam Supply Systems" in August, 1979. CEN-114-P(NP) was submitted 

in response to our request for information while CEN-115-P(NP) revised this 

response to account for the impact of RCP operating requirements. 

Summary Description: CE Post-LOCA Operating Guidelines 

The guideline submitted by CE is preceded by a bases section which supplies 

background material for the information presented in the guideline. The guide

line itself is split into four sections: Symptoms, Immediate Actions, Follow-Up 

Actions, and Precautions. 

The Symptoms are a list of indications which an o'p'erator is expected to utilize 

in confirming that a small break loss-of-coolant accident has occurred. Low 

pressurizer pressure, high containment sump level, high containment pressure 

or temperature, safety injection actuation, and high or low pressurizer level 

are among the symptoms provided to the operator to assist in the identification 

of this accident. A diagnostics chart has been appended to the LGCA guidelines 

to clarify symptoms and to channel the operator's actions into the correct 

procedure. 
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·- a c::~ . .., 

An cpera~or m..Jst know thes.; s:~: ~ ·::. :~:·J-: ~-:::s:--=nce to 

a proced'...lre, ~hereby ensuring that there is no delay in ad·;.:..;·::..-.; a s::: :-= c::-.c!ition. 

The g'...lidelines require that the reactor be tripped; stc.nda-"":: :;:·:.3~-~.:..? c.:::io;;s be 

carried out (plant specific); safety injection be initiated (i: no: a~:c~~:i:ally 

actuated); reactor coolant pumps be tripped after SLA.S actua-::.::1 c::: :!.c· .. : F:CS pres

sure; auxiliary feedwater flow be established if main feeo-1a-:e:- is net available; 

verification that the CIAS and SIAS signals have proper:!..y ac-;:-..1.::.-:ed; the SIS be 

operated to maintain a 50°F subcooling margin and indicated :::--essUY":.ze:-- level; and 

the break be located and isolated if possible. 

Follow-Up Actions are actions required to place the plant in a stable condition. 

The ·previous procedural s-teps (Inunediate Actions) ensu..v-oed that -:."le reactor was in 

a safe condition, that the core remai..1s covered by ECCS opere· :::m, a11d that escao

ing radioactivity is isolated by CIAS. The next steps are ~71ej at b:--~~ging the 

plant to a lower merle of operation, cold shutdown. The Fol1:·.-:-·Jp Actions require a 

plant cooldCMn within one-hour using the steam d1...1r.1ps or tu:'b~-.e bypass system. The 

cooldown is continued via a number of alternative paths suc."l as long-te:m recircula-

tion, initiation of shutdCMn cooling, continued use of the s":ec;:J dt.eps and e.71ergency 

feed, or, as a last resort, opening of the power operated relie: valves. 

The Precautions section lists warnings which the operator ~...1st ~bserve to ensure 

plant safety. For example, the operator is warned tha: press·r:.zer level mav not 

always be a true indicator of fluid inventory and that pri-:-.a.-y syste.:. te.l.perature 

must be monitored when establishi:tg auxilia..ry feechvater to ?::·-=·:-::-tt excessive cool-

dovm rates. A total of eleven Pl'acautions have been i.n::lud~:. :~r i-=?:e::-entation 

by t~e licensees in the appropriate procedural locations. 
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Evaluation 

The NRC staff reviewed the post~LOCA ~p~rating gu~::~'-rs ~:th res~ect to the 

following critical operator actions: 

1. Reactor coolant pump trip 

2. Safety injection termination criteria 

3. Verification of safety systems actuation 

4. Verification of a heat sink. 

During our review, the staff identified modifications to -be made to the guide-

lines to enhance the directions to the operator. These modifications were 

subsequently incorporated in the guidelines via revisions issued on Noverr~er 8, 

1979. 

The·criteria for tripping the reactor coolant pumps are consistent with the 

requirements of IE Bulletin 79-06C. All operating reactor coolant pumps are 

stopped after an SIAS caused by low reactor coolant system pressure and after 

it has been verified that the reactor has been shutdown for at least five seconds. 

We conclude that ·this criterion is acceptable subject revising "Immediate Action" 
item 3 of the guidelines to be consistent with the above wording. 

The criterion for terminating safety injection flow is based on the establishment 

and maintenance of a 50°Fsubcooling margin along with an indication or 

pressurizer level. The staff concurs that these criteria are sufficient for 

ensuring that safety injection can be terminated without concern for detdmenta 1 

voiding in the primary system. We conclude that this criterion is acceptable for 

those plants -with 10\o~-head HPSI pumps l< 1600 psi). 
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As pal·t of his il7i.llediate actions, the ooerator is directed tc ·:erify the react:)r 

trip, safety injection actuation, adequ::te auxiliary feed1·1ater flow (if Tiiain 

feedwater is not available), and containment isolation actuation. ~·:e concur 

that these actions are sufficient to ensure minimum safeguards and heat sink 

availability needed to mitigate small break LOCAs. 

The staff noted that the guidelines are based on obtaining at least minimum 

safeguards operation to mitigate.small break LOCAs. We require each licensee 

to extend the emergency procedures to cover the loss of all feedwater. Procedures 

for this degraded condition should also take into account pressure vessel 

integrity considerations. The Owners Group has committed to prepare guidelines 

for operational procedures regarding the loss of all feedwater as part of its 

effort on the issue of inadequate core cooling. 

The staff also requires that the emergency procedures include instructions 

for monitoring and initiating (if lost) natural circulation for small break 

LOCAs where heat removal by the steam generators is required. A separate 

guideline has been received on natural circulation operation. The staff, 

upon completion of its evaluation, will require that the natural circulation 

guideline be appended to or referenced by the appropriate emergency procedures. 

The staff requires that each licensee provide procedures for cooling down the 

plant u.nder natural circulation conditions. These procedures should address 

boration control and monitoring, cooldown of the pressurizer, and adequate 

criteria for monitoring coolant system temperatures to ensure that voids do not 

form in the primary system which could inhibit adequate heat removal; As in 
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~e cas2 of loss of all feedwater, the Combustion Engineering 0wners Group has 

committed to prepare guidelines for operational procedures regaraing cooldown 

under natural circulation conditions as part of its effort.on inadcq~ate core 

cooling. 

Conclusions 

Based on our review, we conclude that the small-break loss-of-coolant accident 

operating guidelines submitted by the Combustion Engineering Oi'mers Group on 

November 8, 1979 are acceptable for C-E plants having high-pressure safety injec

tion pumps with shut-off heads 1600 psi or less. Accordingly, said guidelines 

can be used for developing operating procedures for coping with smal·l-break 

loss-of-coolant accidents for such plants, provided that the licensees imple

ment the requirements noted above when developing their procedu,·es. Our 

acceptance of these generic guidelines notwithstanding, each licensee must 

account for the effects of specific plant design parameters (e.g., differences 

in the shut-off pressures of high-pressure safety injection pumps, differences 

in the design pressure of the safety injection tanks), when translating these 

guidelines into plant specific operating procedures. 
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Dr. Denwood F. Ross, Jr. 
Director 
Bulletins and Orders Task Force 

· Office of Nuclea~ Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Was-hington, D. .C. 20555 

. -

P.O. Box 529i0~ 
Miami, FL 33152 
November 8, 1979 

Subject: Transmittal of Revised Post-LOCA Guidelines 

Reference: (A) NRC letter from Dr. D. F. Ross, Jr. to Mr. G. E. Liebler, 
dated October 19, 1979 

(B) IE Bulletin 79-06C, dated July 26, 1979 

(C) NUREG-0578, July 1979 

Dear Dr. Ross: 

Reference A requ·e.sted additional infonnation regarding the guidelines presented 
in CEN-114 Revision A and CEN-115 for loss of coolant accidents .LOCA) .. Questions 
regarding those guidelines were further discussed in a meeting with the NRC sta-Ff 
on October 30, 1979, and a number of revisions were agreed upon. This letter 
transmits those revised Post-LOCA guidelines. These guidelines are being sub
mitted for your approval on behalf of the Combustion Engineering Q\.;ners Group 
so that they may be incorpor~ted into utility procedures in accordance with 
Reference B and the schedule presented in Reference C. · 

lt should be noted· that these guidelines do not necessarily reflect the preferred 
actions of our vendor, Combustion Engineering. Combustion Engineering's pre
ferred act ions remain as stated in CEN-115. The NRC staff has speci fica.lly re
quested that the guidelines for RCP operation be revised to incorporate the RCP 
operating requirements stated in IE Bulletin 79-06C (Reference A, Ite:n I.6.E). 
Combustion Engineering has been unable to identify a transient analyzed in 
Chapter 6 or 15 of the fSAR that will result in violation of acceptance criteria. 
provided the RCP's are not tripped until the rods have been fully inserted for 
5 seconds. The enclosed guidelines have therefore been revised to reflect the 
staff's request. 

If. you should have any questions regarding these·guidelines, please feel free 
to contac't me at (305) 552-3811. 

Enclosure 

Very truly yours, 

rr~ERS G~~ • /" . 

·~~ .. -·~--/--:~ 
~e~~E. Liebler 
Chainnan 
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POST L0C:~ G'J I :J~L: :;~: 

· ~ases for Post-LOCA Operating Guidelines 

Provided below is a general description of plant responses t~ large and 
s~all break LOCA's. T~is is intended to supply backsround ~aterial for 
the information presented in the guidelines. 

A small break LOCA is characterized by: 

a) A slow loss of· RCS pr:essure during the short term (lo·to 30 
minutes) and equilibrium pressure above * 300 psta in the long 
term (30 to 480 minutes) resulting from matching safety injection 
fl0\'1 and flow fro111 the break. 

b) A loss of RCS inventory during the short term followed by a 
refilling of the RCS during the long term. 

-~) Core cooling is initially by the steam generator(sl and flow from 
the break and later by the shutdown cooling system. The break does 

not·always {depending on siz!l provide t~e necessary h~at removal yet 
deoletes RCS inventory. Breaks in RCS piping less "nan 2 inches in 
diameter fall into this category. The steam generators provide 
cooling for forced or natural circulation of the RCS, if inventory is 
depleted, in a boiloff and reflux mode; The shutdO\·m coolin£ system is 
used after the RCS has been refilled and pressure control is provided by 
the HPSI pumps and the charging pumps. 

A general description of small br~ak LOCA operations follo\·ts: 

Initially, the plant. is hot and pressurized. A small break LOCA results 
in a slo\·1 loss of RCS inventory and a decrease in pressure. lm·t pressurizer 

pressure initiates a SIAS which automatically actuates the SIS. The reactor 
is .tripped. The operator stops the reactor coolant pumps. Auxi1iary feedwater 
is established to the steam generators. Steam dump is provided manually usins 
atmospheric dump valves or turbine bypass valves, or automatically by the 
steam generator dump and bypass system or by steam generator relief valves. 

*inis value is typical. it may vary for specific designs. 
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additional heat is re:o.oved with t~~· :-.--·:·.': r.-rousn the :.re::• .. :onti:-:ue:: 
reactor coolant pump operation durin; t~~! ~e~icd could ai~ heat re~Jval 
by the steam generators. H0\·1ever, ft;:- s~:l1 'lot leg breaks, reactor coolant 
pump operation will result in a higher ~~~-~h::se mixture level in the 
reactor vessel and hot leg piping. CJnse~:;er.tly, for a break in the bottom 
of the hot leg, the break is covered lcn~er by tNo-phase mixture, causing 
a larger loss of water inventory from the vessel. This eve.ntually results 
in a lower coolant level in the reactor vessel. The result could be a 
higher clad temperature and '! delay in refillfng the vessel. The net effect 
of reactor coolant pump oper~tion during the initial period may be to ~ncrease 
the severity of the accident. The NRC has therefore requested that the RCP 
operating requirerr.ents stated in IE Bulle~in 79-06C be incorporated into the 
guidelines for operating plants following LOC~'s (NRC letter from Dr. D.F. Ross 

to G. E. Liebler, dated October 19, 1979). Bulletin 79-0GC directed to holders 
of operating licenses to: "Upon reactor trip and HPJ initiation caused by low 
reactor coolant system pressure, immediately trip all operating RCP's.n This 
action shoui~ not result in· the violation of acceptance criteria for transients 
or accidents in chapter 6 or 15 of the FSAR, provided the RCPrs are not 
tripped until rods have been fully inserted for 5 seconds. This delay is to 
allow for the decay of the heat flux following reactor tri~ before reducing 
forced fl m·1. 

The time necessary to refill .the RCS and regain control of pressure and inven
tory depends on break size, break location, and the number of HPSI pumps and 
charging pumps actuated. With only one HPSI pump activated, and a break located 
on the botto~ of the· cold leg, it may take as long as 8 hours to refill the RCS. 
With all injection pumps operable, the time is about 1 hour. In the period of 
time it takes the RCS to refill some voiding in the RCS will occur. This, 
condition can be recognized by indication that RCS hot leg temperature or core 
thermocouple te~perature is equal to the saturation temperature for the existing 
RCS pressure. In this mode,dec~y heat is re~oved by boiling in the core and 
condensation in the steam generator. In adc~tion, heat is removed by flow from 
the break. The operator must ensure that the SIS is providing flow to the RCS, 
and the steam generators are removing heat. 7hese actions \'till ensure adequate 
core cooling and eventually a subcooled conc~tion ,.,.;n be achieved. Once RCS 
pressure and tenperature are adequately red~ced, the shutdown cooling system 
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is ~laced in operation. In the ·event that tr't: feeC\·Iater su:-p<.r tc :.~.~ :- :~.:; 

gen:rator ; s exhausted and the shutd0\'10 coo 1 i ng sys tern is i no~era:, i:, ::1e =- _ - .. 

are opened :o ensure that the flow from the injection syste~ is suffi:~en: .:: 
cool t~e core. The SIS will be realignec for cold leg i~~e::~:n ~n:y. co~~ 

flushing is fror.1 the cold legs through the core and out the PO~V. 

Simultaneous hot and cold leg injection is used for both sj;:ail breai.:. ~nd 

large break LOCA's so the operator does not have to distinguish between 
them-at the time \'lhen simultaneous injection is required fer lar9e bre3ks~ 
(For small breaks, the boron concentration remains low due to dispersal 
throughout the RCS, so· hot and cold leg injection is not essential). 

Reactor coolant system pressure is used to differentiate between smali and 
large break LOCA's. However, the delineation between s~all and large breaks 
does not need to be precise since there is a range of intermediate breaks for 
whi~,!l either ·response will produce satisfactory results. The guidelines take 

this into account with the decisions to be made after eight hours. 

The large break LOCA is characterized by: 

a) A rapid loss of RCS pressure in 10 seconds. to 3 minutes ·with 
equilibrium pressures below* 300 psia and, in the case of the 
largest breaks, the RCS pressure nearly equal to containment 
pressure. 

b) Core cooling is provfded for by large flm'l from the injection 
system due to low RCS pressure. The flow from the break provides 
sufficient heat removal. Simultaneous hot and cold l~g injection 
is required-to prevent possible boric acid accumulation in the. 

core. 

A general description of large break LOCA operations follows: 

Initially, the plant is hot an~ ~ressurized. A large break LOCA results in 
a rapid loss of inventory and pressure. L0\'1 pressurizer pressure initiates 
a SIAS \'thich automatically actuates the SIS. The reactor is. trippe~. 
AuxiHa·ry feedwater h established to the steam generato.-s. Steam c:.;:':ip is 
provided manually using atmospheric steam duro:> valves or turbine bypass 
valves. i~e major mechanism for heat r~ooval is the flm., from the S!S 

*ihiS valve h typical, it may vary for specific d_esi9ns. 
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:hrough the core and out the break. Conta~r.~;::-:~ ~r-::s~u!-~ r.ay be high and 

containment isolation is likely. Contain~ent s:ray ~ay ha~e been auto-

. n~tically activated. 

The-SIS is aligned to provide simultaneous hot·and·cold leg injection which 

is sufficient to cool the core an~ flush the reactor vessel indefinitely. 

For both large and small break LOCA's, continued ~onitoring of conditions 

in the RC5 and performance of safety systems shoulc be done. All available 

indications should be used to aid in diagnosing the event sin(e the accident 

may cause irregu1at .. ities in a particular instrument reading. 

Regardless of the cause of actuation of a safety systel'i, tr.e automatic respcnse 

should not be altered until it has been demonstrated that other syste:.1s and 

equipment are providing the functions that the safety system is intended to 

perfQrm. 
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G~icellnes for Coeratin: ~l2nts ,- • .. • I - ... • I 

r o . )'·:i r.: L.JI...O: s 

S·motoms 

, .. ~eactor coolant syste~ leak exceeds :he CG~acitJ o; 

pum~s. 

2. A reactor trip may have occurred. 

.. --~ ;; 

3. The Safety Injection System (SIS) may have auto;:-.e~ica11y c:ctuate::. 

-· ,. : i :1 (: 

4. Any 
a) 

one or more of the following indications or alar~s ~3y be present. 
Low pressurizer pressure 

b) 

c) 

d) 

e) 

f) 

g) 

... h) 

i} 

High containment pressure or teh-Jeratu~e 

High containment sump level 

High containment radiation 
High or low pressurizer level 

High quench tank level 
High quench tank temperature 
High quench tank pressure 

Tav decreasing or at saturatfon temperature for RCS pressure. 

Immediate Actions 

1. Trip the reactor if not already tripped and can-y out standard post 

trip actions. 
2. Initiate safety injection if it has not already been attuated by the 

safety injection actuation signal. 

3. After an SIAS caused by lo\·t reactor c:oolant system pressure and after 
it has been verified that all rods have been fully inserted for 5 
seconds, stop all operating reactor coolant purr.~s. 

4. If main feedwater is not available, iwmediately establish or verify an 

auxiliary feed\·ta ter flow of ><gpm. 
5. If the containment isolation actuation si~nal (CIAS) is activated, 

ensure that the system has properly actua~ed. 
6. Ensure that the systems receiving a~ SIAS are properly actuated and 

that CIAS is actuated. 
7. After.any SIAS, operate th~ SIS** ur.til RCS hot and cold leg terr.peratures 

are at least 50°F below saturation :ern;,Jenture for the itCS pressure 

and a pressurizer level is indicate~. unless the cause of the SIAS has 
b~en verified to be an inadvertent ::tuation. If S0°r suocooling cannot 
be maif)tained after the system has :-:en s:opped, the high ·pressure 

injection syst•m must be restarted~ 
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and sa~pie lines. 

F:llow-U? ~ctions 

1. Operate atmospheric steam dump ~alves (or turbine bypass valves if the 
condenser is available) to maintain or re~~ce plant temperature and reduce 

steam generator pressure below the stea.r:1 cenerator relief valve setpoints. 

Begin a plant cooldown as soon as possible and in any case withir. 1 hour. 
2. 11anua11y align the safety injection and charging systems .to provide fl0\-1 

to the RCS hot and cold legs* two hours after the LOCA** 

3. If the pressure and inventory control with the SIS cannot be established 
after* eight hours and RCS pressure is less than* 300 psig, continue 
the hot and cole leg injection. 

4. If pressure and inventory control with the SIS are established after* eight 
~ours and RCS pressure is greater than* 300 psig, conduct one of the follow

ing activities. The activities are listed in order of decreasing preference. 

a) Rcs··pressure above* 300 psig indicates that the system has refilled and 

subcooling has occurred. Verify this by checking the saturation pressure 

for the existing temperature. Realign the SIS for cold leg injection. 
Continue to maintain subcooling and reduce RCS pressure to the initiation 

pressure for shutdown cooling by reducing the flow delivered by the high 

pressure injection and charging pumps and by venting or isolating the 

safety injection tanks as necessa·ry. ~Jhile reducing pressure and after 
shutdown cooling isinitiated, maintain RCS pressure with the charging 

pumps and/or the HPSI pumps to continue to maintain at least 50° sub

cooling, or· 

b) Continue to remove decay heat using emergency feed and steam dump if 

adequate condensate is available and (a} cannot be inplemented. or 
c) Open pressurizet ·power operated relief valves and align the SIS for 

cold leg inje~tion if (a) or (b} cannot be implemented. 

w ihis value is typical, it may vary for specific designs. 

Includes stopping charging pumps on some ~iants 
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'?recautions 

, 
.l. Before restartins ~:?'; 

has been restored. 

~: rvi ces ~c 

2. Pressurizer level may net. ah;ays be a true indica:or of R~S fiuid ir.ventcr:.r. 

Pressurizer steam s~ace ruptures, reference leg failures, and reference 
leg flashing may cause indications which are contrary to true conditions. 

· 3. All available indications should be used to aid in diagnosing the event 
since the accident may cause irregularities in a ~articular instru~ent 

reading. Critical parame~ers must be verified when one or.more 

confirmato~y indications ~re available. 

4. ~Jhen extablishing auxiliary feedl'later flow to the steam generators, 

monitor primary system teMperature and pressure to avoid exceeding a 
100°F/hour cooldown rate. 

5. F~ed\'tater is normally provided to both steam generators. Isolation of 

a single steam generator is mandatory if a steam generator tube rupture is 

detected in that generator to prevent lifting of the safety valves or reseat 
them if they have lifted. This action \-till also reduce · .. ,e amount of 

radioactivity released. For small breaks in the ?..CS where steam generators 
are important for heat removal one steam generator must be used for this 
purpose even if primary to secondary leaks are detected. 

6. Continued lengthy operation of the containment spray may jeopardize the 
operation of equipment \·lhich would be .desirable or necessary to mitigate 

the consequences of the event. Early consideration should be given to 
termination of spray operation. If the _containn.!.ent pressure has returned 
to bel0\·1 the actuation setpoint,_ the system may be stopped. The system 

should be iealigned for automatic actuation. 

7. Observe ail available indications to determine conditions within the RCS. 

Use RCS hot leg temp~rature, RCS cold leg temperature, core exit thermo-. 
couple temperature, and RCS pressure to determine if the RCS is subcooled 
or saturated. An increase in temperature above the saturation temperature 
for th~ existing pre~sure is an lndic~tion of voiding in the RCS. A de-
crease in operating RCP motor current or erratic pump ~P is a·lso an indication 
of voiding. If this occurs the operator must ensure that the RCP's are 

turne~ off, the SIS is providing makeup to the RCS, and that the steam 

generators are removing heat from the RCS. 
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,.., 
c.. rtonitor refueling \"tater tank ~e··;el to· verify the sr:i:: · ···· · ... 

recirculation. !fa recirculatlGn ac:uat~on sisr.cii ':: . .::. ;:::.:.·..;· ~. :>-.'= 

operator must prevent the HPSI pumos ;rom ope~atin; 2: ,~!: 7~~- ~~~~~~~ 

flo"' conditions. If all HPSI pumps and charging ;Ju:':":s ar-: 0:-:::-~:~~= anc 
the HPSI pumos are delivering less than 30 gpm per p~7.~, :~rn :~: t~e 

charging pumps one at a time and then HPSI punps Jne a: a ti~e un:il only 
one HPSI pump remains operating. This will ensure that ~ir.i~u::' f1m.; 

requirements l-li 11 be met by the flow through the ;:nm: to :he ~CS for the 
smallest break size that results in a SIAS. 

9. Honitor the auxiliary bunding radiation levels and sump levels after an 
RAS to attempt to detect leakage from the SIS. Even if 1eaks are detected 
at least one high pressure safety injection pump must resain in CJeration 

to provide f1 0\'1 to the RCS. 

10~ If there is a high radioactivity level in the reactor coolant system, 
circulation of this fluid in the SCS may result in high area radioactivity 
reading~. in the auxiliary building. The activity level of the RCS should 
be determined prior to initiating SCS flow. 

11. Minimum Pressure - Temperature operating restrictions take precedence 
over requirements for operation of the high pressure injection or charging 
system to achieve 50° subcooling during operation of the shutdown cooling 
system. 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION . 
VlfASHINGTON, D. C. 20555 

Mr. Thomas D. Keenan, Chairman 
General Electric Boiling Water Reactor Owners' Group 
Vermont Yankee Nuclear Power Corporation 
Seventy-Seven Grove Street 
Rutland, Venmont 05701 

Dear Mr. Keenan: 

SUBJECT: EVALUATION OF SMALL-BREAK LOSS-OF-COOLANT ACCIDENT 
OPERATOR GUIDELINES 

OtT 2f ·~ 

·We have completed our review of the small-brea.k loss-of-coolant accident 
. operator guidelines contained in Section 3.1.1.2 of General Electric 

Company Report NED0-24708. Our evaluation of these guidelines is docu
mented in the enclosure. 

As stated in our evaluation, we have concluded that these guidelines, 
as modified in accordance with your letters dated October 18, 1979 and 
October 23, 1979, are acceptable. We request, however, that you submit 
for our confirmation the modified guidelines by November 16, 1979. 
Following our receipt of these guidelines, we plan to acknowledge, by letter, 
that the guidelines have been modified in accordance with our agreements. 

All lic·ensees of General Electric Company boiling water reactor plants may 
now proceed with their development of small-break loss-of-coolant accident 
emergency procedures and operator training based on the modified guidelines. 
As indicated on Page 5 of Enclosure 6 to Darrell G. Eisenhut•s letter to 
all operating nuclear power plants, implementation of these procedures and 
operator training are to be completed by December 31, 1979. 

We understand that your present plans are~tO modify the procedures in 
two phases. The first, or short term, phase, will produce small-break 
loss:..of .. coolant procedures that ensure that all considerations that underlie 
the guidelines are in fact considered in the procedures. The second, long
·tenn, phase will: 

(1) incorporate a new procedure philosophy, 

(ii) require restructuring and refonnatting of many procedures; 

(iii) start when guidelines for other, non-loss-of-coolant accident 
events are approved; and, 

(iv) be in place in the spring-summer time span of 1980. 
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if;.~~ D. Keenan -2- OCT 2 6 1979 

As thfs long-tenn approach involves implementing guidelines fraa the General 
Electric Collpany for the first tfme, we agree that more time is n,!eded, and 
your schedule .seems consistent with the sc~dule on Page.S •.'· ~J~.~ f . 
to~\'' lt,enhut•s letter mention~ •ve. It is tllpP'Cftlt .W '"'ide 
fn the Phis• I procedure revisions to all of the substantta1 consfaeratfons 
that have resulted from the analysis efforts of NED0-24708. As long as 
this 1s done, it fs acceptable to defer thelrestructurtng and rj!formatting 
to phase II. We request that when you subm1t for our confir.tion the 
modified guidel tnes. you also confirm the accuracy of our underltand1ng. 

As part of our audit program, we- expect to examine the procedures of lead 
plants ·tn several of the classes of boiling ~ter reactors to assure that 
they have been developed in accordanCe wfth the approyed gufdelhtes. We 
also plan to check out some of the procedures at a bo11 ing water reactor 
simulator, on a schedule to be developed later~ It should be noted however, 
that our audit program need not impede progress towards impl ementatfon 
of approved proced~res and associated training by December 31, 1979. 

Enclosure: 
As stated 

Sincerely, 

D. F. Ross. Jr., Director 
Bulletins and Orders Task Force 
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Introduction 

EVALUATION OF GE BWR OPERATOR GUIDELINES 

FOR SMALL BREAK LOCA'S 

By letter dated July 13, 1979, we transmitted a fonnal request for additional 
infonnation required by the Analysis Group of the Bulletins and Orders Task 
Force. Specifically, item (12) of Enclosure 2 to this request required the 
preparation of guidelines or revised emergency procedures for the recovery of 
plants following small LOCA•s. This was to include both short~tenn and long
tenn situations with follow-through to a stable condition. The guidelines were 
to also intlude recognition of the event, precautions, actions, and prohibited 
actions. By letter dated August 17, 1~79, the BWR Owners Group transmitted 
General Electric Company Report NED0-24708, "Additional Information Required 
for NRC Staff Generic Report on Boiling Water Reactors, .. which provided the 
information requested. 

Summary Description - GE BWR Operator Guidelines 

General Electric, on behalf of the BWR Owners Group, has developed a set of 
operator guidelines based on the de~ign of various reactor systems and the 

. '· 

analysis derived from Appendix K ~OCA models.· The guidelines define operator 
actions following a loss.of coolant accid.~nt inside and outside the primary 
containment. Three guidelines have bee~Pl,'"OVided with each guideline having 
four major·headings: 

L Purpose--describe the intent q_r objective of the guideline. 

2. SYI!!ptoms and Automatic Actions--The "Symptoms" are·process variable 
indications or alarms which the operator·is expected to see or hear in 
the control room. "Automatic Actions" are actions·taRen by the. plant 
protective instrumentation and associated systems without assistance 

. I . 

from th.e opera tor. 

3. I11111ediate Operator Actions--"InmediateOperator Actions" are actions the 
operator takes as soon as possible to protect the core and to reduce the 
1-os-s of primary inventory. This section also includes immediate verification 

G-50 



- 2 -

that automatic actions have been correctly performed by checking IIUltiple 
indications which should change as a result of the automatic actions. 

4. Subsequent Operator Actions--''Subsequent Cperator Actions .. a~ taken by the 
operator after Immediate Actions to bring the plant to a stable condition. 
These actions are sometimes called follow-up or long-term actions. 

Within ea~h heading, GE has made an effort to list the more important items 
first and the less important items last. ·Also, "Caution" statements have been. 
added within some headings advising the operator not to take certain actions 
which might i.ncrease the severity of the consequences or ·to be aware of key 
indications during the course of the acci.dent~. 

Small Break Accident Guidei ine #1 (SBA-1), "Pipe Break Diagnosis," provides 
th~ objectives an operator is to achieve in the event of a pipe rupture and 
the guidelines to be used in distinguishing betWeen small pipe breaks inside 
the primary containment and outside the primary containment. SBA~l also lists 

. "' . . . . 

six Cautions which are applicable to the specific guidelines for inside and out
side pipe breaks.~ The operator checks SBA-1 for .an entry point in determining 
which guideline, SBA-2 orSBA-3, 1s u·sed. 

Small Break Acddent Guideline 112 (SBA-:2), "Pipe Break Inside Primary Containment," 
de_scribes the events to be expected and the operator actions required to bring 
the reactor and containment to a controlled, stable condition after a pfpe 
break inside containment. Symptoms provilled in the guideline enable the 

• .i. 

operator·to determine that a pipe break· insi~e containment has occurred. 
. . ~, . 

Immediate and Subsequent Acttons are follow~.by the operator to assure a· • 
prompt safety response and maintef)ance.of stable conditions. A "Contingency" . . . . 

procedure is also provided in the event that vessel l~vel cannot be maint~ined 
with the high pressure system. 

Small Break Accident Guideline #3 (,SBA-3), ·"Pipe Break Outs ide Prima.ry Conta~n
ment," is very simil~r to SBA-2 except its Symptoms .and Actions are changed to ~ 
reflect tfte difference in break location and two additional contingency procedures 
are·provided. 
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Conclusion 

The staff provided tne Owners Groijp, via conference calls on Qctober 17, 1979 

and October 22, 1979, its comment$ on the Small Break LOCA Guidelines. Each 

of· these conments was resolved to the mutual satisfaction of the BtiR Owners 

Group and the staff. The resulting Owners Group conmftments were docunented 

in letters dated October 18, 1979 and Octo~er 23, 1979. 

Based on our review of the 1nfonnation provided by the GE.BWR OWners Group, 

we conclude that the GE BWR operator guide lines for small break LOCAs in 

NED0-24708, as modified 1n accordance with the Owners Group•s letters dated 

October 18, 1979 and October 23, 1979 are acceptable for use in developing 

·operating procedures for GE BWRs. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

NOV 2 8 lS19 

Mr. ThGtr&S D. Keenan, Cha 1 nnan 
Ge~ 1\tetrlc Boiling Water Aeacto" Owntt'"t, ,....., 
Vennont tanbe Nuclear Power Corporation 
seveney-Seven Grove Street 
Rutland, Vermont 05701 

Dear Mr. Keenan: 

SUDJECTz EVALUATIOtj OF SMALL-BREAK LOSS..Of.~~!\CCIDENT~ 
GUIDELIP£$ ... -

By letter dated October 26, 1979, subject as' Jbove, we advised you that 
the small-break loss-of-coolant accident operator guidelines contained 
in Section 3.1.1.2 of General Electric Company Report NED0-24708 as 
modified in accordance with your letters dated October 18, 1979 and October 
23, 1979 were acceptable. We requested, however, that you submit for our 
conf1nnation the mdtfied guidelines by .November 16, 1979. We further 
advised you that upon our receipt of these guidelines, we would 
acknowledge by letter that the guidelines had been modified in accordance 
with our.. agreements,; 

By ~etter dated November<'16, 1979, you sublnttted .. for· our con11nnatfon 
the modified guidelines, a copy of which .,1s enclosed. We have completed, 
our review of these gu1de11nes, have detenafned that they have been 
modified 1n accordance with tlur agreements and conclude, therefore, that 
they are acceptable. As indicated on Page 5 of Enclosure 6 to Darrell . 
G. Eisenhut's September13, 1979 letter to all operating nuclear power 
plants, fmplementatfon of the small-break loss-of-coolant accident emergency 
procedures and operator retraining based on these guidelines must be 
COIRPleted by December·. 31 1979. 

Enclosure: 
As stated 
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;.:.1.2 Operator Guidelines 

I::ttroduction 

Based on the Analyses discussed in Sections 3,1.1,1 and t~e design of the 

various reactor systems, a set of operato~-guidelines has been developed, These 

guidelines define operator actions following a loss of cco:ant accident at rates 

large enough to cause one or both of two automatic actio~s: a) reactor scram on 

high drywell pressure, and/or b) initiation of the prima=;• containment isolation 

system. It should be noted that a small pipe break insice the primary contain

ment will cause a reactor scram from high drywell pressure. Losses of coolant 

at lesser rates are considered leaks, instead of breaks, and are not covered in 

these guidelines. Technical Specifications and existing utility procedures 

require the operator to shut down the plant whenever: a) total leakage exceeds 

[ 2~ * gpm, and b) unidentified leakage exceeds [s] gpm. (A 25 gpm leak corre

sponds to a liquid break size of 0.0005 ft2, or a circular hole of diameter· 

0.3 inch.) 

After the break occurs, plant protective instrumentation will sense the break, 

and cause either a scram and/or an isolation. If the operator sees the break 

symptoms before automatic scram and/or isolation, and manually initiates scram 

and/or isolation, so much the better. These guidelines would not be written 

differently, except perhaps to note that the scram and/or isolation was manual. 

instead of automatic. 

* !_ j indicates plant specific value, 
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SMALL BREAK ACO:IDENT 
GUIDELINES NO.2 

SBA·2 . 
PIPE BREAK INSIDE 

PfUMARY CONTAINMENT 

~ED0-24708 

SMALL BREAK ACCIDENT 
GUIOEUNE NO. 1 

SBA·1 
PIPE BREAK CIAGNOSIS 

SMALL 3REAK ACCIDENT 
GUICE!.INE NO. 3 

SIA•3 
PIPE BREAK Cl.i~iy! 

PAIMARY CONTAINMENT 

r.~e first guideline, SBA-l, is diag:ost!c and provides au ent::• ?Oin: for the 

second and third guideli:tes, S3A-2·and SaA-3. Guide:!.:o:as S3A-2 and SBA-3 contain 

specific recommendations. They each have 4 major headi:tgs: 

1. ?'.lrpose 

2. Symptoms and Aut:cmatic Actions 

"Symptoms" are process variaole indicat!ons or alar::s t.rhic!! the 

operator is expected :o see or hear in the :ont"rol :-ocm. 

".:\ut:oma::ic Actions" are actions taken 'by the ?lan: ?rotective 

instrumentation ane associated systems vi:~o~: ass!.s:ance :rom :he 
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3. Immediate Ocerator Actions 

"I:Ir:ed~ate Operator Actions" are actions the operator takes as s~o:1 as 

possi~:e to :>rotec:: ::he core. The goals of Immediate C?erator i:..:::.c::.s 

are to reduce the loss of primary inventory as quickly as possible, and 

to min~ze the immediate release of radioactivity outside the contain

ment. Immediate Operator Actions include, as first actions, the veri

fication of Automatic Actions, and are done before any further manual 

actions are taken. Verification means the operator confirms that the 

Automatic Actions have been correctly performed by checking multiple 

indications which should change as a result of the Automatic Action. 

For example, the operator verifies reactor scram by noting all control 

rod position lights snow rods fully inserted, and that the neutron 

flux indicators show decaying flux. As a second example, the operator 

verifies HPCI initiation by noting indications on flow, turbine rpm, 

valve positions, pump discharge pressure, etc., in addition to the annun

ciator that signals BPCI start. 

As a third example, the operator manually initiates RCIC if RCIC 

does not automatically start on low vessel level. 

4. Subseauent Operator Actions 

"Subsequent Operator Actions" are actions the operator should take after 

the Immediate Operator Actions. The goal of the Subsequent Operator 

Actions is to bring the plant to a stable condition, where the vessel 

water level is steady or cycling within a satisfactory range, and 

containment cooling has been established, 

Within these major headings, an effort has been made to list the more important 

items first and the less important items last, Plant specific values are 

enclosed in brackets !: J. Utility-prepared procedures should con cain the 

speci!ic alarm window numbers, setpoint values. panel locations, notification 

instructions, 7alve nuabers, and reference to other applicable ac:ident or 

~er;ency procedures. 
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ca~.:tior. !-lave bee:r -a-e-c-ec • 

se·:e:-i::: c: ~:ie :.:::sequences, .£E. to be aware ~= ~ey !.:::dicat!ons du:-!:1;; 

c~~=se of :~e ac:.!~e:It. Cautions are inc:~cec :::: the guidelines ~here 

apj)rop:-iate • 

":~.-..::ions'' 

-~.:a ""··-

. T.~e guidelines con:ai:1ed ~ithin this report a:-e generic to all GE-3~~·s i~ tha~ 

they include all systems ~hich may be used :o =i:igate the consequences o: a 

s~a~l break accident, (i.e. HPC:, ~CIC, t?CS, ~?C:, c~. and ADS). 3ec3use 

any specific plant :nay nqt include all of the a~ove systems, car_e must be 

exe:-cised by the individual plant operator ~hen applying these guidelines. The 

guidelines will ~e applied to individual ?lan:s ~y either not considering 

statements from :he guidelines which are no: ap?lica~:e, or by substi:u:i:Ig 

corres?onding syste~s. ~ Fer exampie, ?lants ~::.:~ ~o LPCI ~ill not consicer 

stateme:Its refer=ing to L?CI, a::d plants ..,.ith isolation condensers 'Jill substitute 

IC :or RCIC. In t~is :nanner the guidelines a?p:y to all plants. 

All systems function nor:ally, inclt;ding feeci..,.a:er and condensate sys:ems, off

si:e power, ins:=~ent air, control rod drive ?umps, and isol~ ·ion valves. 

Degraded cases fs~.:ch as loss of high press~.:re sys:e:s or failure of val~es :o 

close) are cons~:e=ed uncer contingencies. C~n:i~g=~~:es :or fai:e~ e~~i~nent 

are con:aineci ~ithin the gcidelines; separate g~ide~ines are not providec. 

Ho~ever, i: is expected that the current utili:y procecures concerning equip

men: out of service will be referenced where ap?licable. 
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There are four basic objectives the operator is :o a.::-.:...:•:e •- :he eve::: of a j)ipe 

brea~, Nith respect to the core anc ccn:ai~ent: 

a. ~a!ntain core cooling to preven: excessive c:a~~ing ~ea:~? and 

oxidation; 

b. Li~it the release of offsite raciation ~y ~a:..~:ai::i::g :he i~tegrity 

of :he primary and secondary ccntai~~ents; 

c. Place the reactor in a safe, stable conciit::'..o::; 

d. Keep the pool bulk temperature below 0 ?] =~ prevent excessive 

loads to the j)OOl boundary anci structures dur::'..::g safe:y/rel::'..ef valve 

eq:.:i ;:m;ent and contai:t:Dent s tr~c :ure des ig:: :.:.::::. :s. 

This guideline, SBA-1, provides the entry point for :he :we following guidelines, 

which include specific recommendations depending on the ~reak location: 

Soall 3reak Accident Guideline SBA-2: Pipe Break :::side ?ri:ary Containment 

Scall Break Accident Guideline SBA-3: Pi?e 3reak C'·.!tSi~e Pri::ar:: Con:air..ment 

Guidance is rroviaed to the operator in diagnosing :he s;~p:::::s =isp:ayed in 

the con:ro: roo:n sc that he :nay dist!nguish bet•.;een s:::=.:: ?i?e 1:>reaks inside 

::he ;>ri::ar:.· contain::ent and sma"ll pi?e breaks ou:si~e ::-.c: ?ri::.ar:: c~:::ai:::::ent, 

and :o selec: the appropriate gui~eline. 
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CAt:TIO~ :i l 

Operators shcu:c ~e ?!e?a=ac =~ take i=oecia:a ac:~=~s as ~ecessary tc 

?rotect the c~re and contai~ent. I~edia:e Opera:~r Ac:i~ns include ver-

auto~at~c fucc:~on wheceve: an Autccatic ~c:ion ~~d cc: ~c:~r :hat shcu:~ 

have occ~:-rac. 

CAt:!: ON :! 2 

Continuousl:: :::c:1itor •:esse:. level and ?r:ssure :r:~ ::-;.:::~;:le indications. 

CAt:! ION ,; 3 

On any auto~atic initiation of a sai:ty :~nction, ass~e a true initiating 

event has occurred, unci: 

?rocess ~nciica:icns. 

CAL'TION :,it. 

~·· -. =~c :r ::ere independent 

Automatic controls should E£! be placed in ~L~\~'AL mode, unless 1) misopera-

tion in A~TO~t;::c ~ode is confi~ed by at leas: t~o indarendent ?r~cess 

pa:-ameter indications; or 2) core cooling is assured, an~ these guidelines 

state specifically to do otherJise. wnen ~anual operation is no longer 

needed, restore the syste= to AUT~~r:c/ST~~BY ~ode, i: ?ossi~le. 

G-61 



:,""EE0-24 708 

CAl:!IOS i!6 

::.en 

EXTRY POI~~ EVEX~S 

1. !f a reactor scram occurs from a high dr)-well pressure sig~al, ~ 

go to SBA-2, "!'i?e 3reak Inside Primary Containmen:". 

2. 1f any one or more of the pricary piping isolation valve g=oups 

isolates, then go to SBA-3, "Pi?e Break Ou:s!.de P:-:i::1ary Contai~::lent". 
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1. PURPOSE 
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SMALL BREAK ACCID~T GUIDELI~iE i!2 

SBA-2 

PIPE BREAK INSIDE PRD!ARY CONTAI~~T 

The intent of this guideline is to assure that the normal water makeup systems, 

the Emergency Core Cooling Systems (ECCS), and contaim:u!nt cooling systexas 

operate as designed to protect the core and containment in the event of a Small 

Break Accident (SBA) inside the primary containment. In the guideline are 

described events to be expected and operator actions which are required to 

bring the reactor and containment to a controlled, stable condition. .\!so 

included in this guideline are the operator actions following loss of the high 

pressure water make-up systems. 

2. SYMPTOMS AND AUTOMATIC ACTIONS 

The symptoms and automatic actions which are displayed in the control room in 

the event of a pipe break inside the primary containment are grc·· ·ped below, 

The symptoms observed will depend upon the severity of the accident. For smaller 

breaks, only a few symptoms may be observed. For a larger break, more symptoms 

would be expected. 

2,1 Symptoms 

2.1,1 Drywell atmosphere symptoms 

High drywell pressure alarm [i, 5 psig] 

High temPerature 

High humidity· 

High radiation 

2.1.2 Drywell Sump Symptoms 

High or high-high levels 

High integrator readings 

High s~p temperatur·! 

L~cessive sump pump·Jperation 
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2.1.3 Other S~~ptc=s 

Generator load decrease 

Steam flow/feed flow mi~atch 

2.2 Au~omatic Actions 

2.2.1 ECCS Actuations [i.o psigJ 

Emergency diesel-generators start 

HPCI starts and injects into the 'lessel [;hen 'lessel 

pressure is greater than the low pressure isolation 

setpoint of 100 psii) 

LPCI pumps start 

LPCS pumps start 

ADS high drywell pressure permissive 

2.2~2 Other Automatic Actions 

Reactor scram 12.0 psig I 
Standby Gas Treatment System initiates C[.O psiiJ 

Rt·::.s:::::1 l 

Valve group [ 2 J isolates lliHR shutdown cooling 1 cirywell sumps'· 

TIP systE!!!J IJ. 0 psiij 

Valve group [ 6] isolates (priillary containment atmospheric control 

systemsj I), 0 psi&] 

Containment spray permissive L2,0 psizl 
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-·. =·:·:EDIAE O?ER.:..::;:~ ACTIO:;s 

3.1 Any Automatic Actions listed in Secti~n 2. above ... -:..., ..:' - ._ ....... ___ _ 

* 

initiated must be verified, preferably by at least t· .. ;~ :.:::e:;::::-.:ent 

indications, or manually initiated if the Automatic A~:io~ :i: ~ot occur. 

Scram is verified by noting that control rod positio:: :ig~ts s~ow ~ods I.* 
fully inserted, and that neutron fl~~ indicators sho~ ciecay:.~g :1~<. 

~--------------~--------------------------------------------~ 

3.2 Take the reactor MODE sw-itch out of Ru~ to prevent ·!{S::\" ::-c:: :losing on 

low vessel pressure [ 850 ?Sig]. 

3.3 Continuously monitor vessel water level using all avai:ac:e i~s:r~entation. 

3.3,1 

3.3.2 

3.3.3 

3.3.4 

Narrow range level control indicators [instru::e::t :Y?e, {!sJ 

Wide range safety trip indicators [instrument .::.:>e, ~'sj 
Fuel zone indicators[instrument type, #sj 

Refueling zone indicators [instrument type, #s] 

I CAL"TION f.! 7 
l I The indicated water level, where provided by Yarway ins.:r..:.:::te~tat.:.c:l utilizing 
I 

reference legs in the drywell, is dependent upon drywel: te=pe~atu~e. Very 

large increases in drywell temperature (an increase fro= :JSOF to 3400F) 

could result in a level inaccuracy (as much as [28] inches depecding on 

drywell temperature and type of instrument) with indicated level being 

higher than actual level. 

During rapid reactor depressurization (with ADS ope~atioc :~r example), 

and particularly below 500 psig, the operator should utilize the cold refer

ence leg type of level indicators (such as operating ra~ge ~d f~el zone 

in:iication) to give backup information on vessel water :.e":'el. T:"'l.e operator 

~hould :1ot turn off any ECCS unless there is sufficient =:~i==i::g i~ormation 

from cold reference leg level instruments that vessel -.c.-:-:r 1.:·.-e:. ":las been 
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are .:n scale anc !.n reaso~able a.gree:::1t!nt ...--:.:h ot~er (:c:d re.:erence :e;) 

::,.·-;;as of level instruments. :'he operat.:>r shoulc ver:.::; :hat a".ltomatic ::c::s 
act~a.tions occur when t~e levels are a: :~e trip ?Oi:1:s (adjusted in ac=ordance; 

~it~ each plant's individually verified recocmendatic~s). The operator should 
i 
1 oe ?repared to oanually actuate ECCS duri~g a suspec:ad LOCA if autc~atic 

I act".lation is not achieved. 
·~----------------------------------~ 

3.~ Control vessel level with available high pressure systems (feedwater, 

control rod drive pc:ps, HPCI, RCIC). l~-;•en :::e le·:el ap?r=aches the high 

:evel [8] tri? [+58 !.nc!-.es] for :eed~·a:er, ?.PC:, a:1c RCIC, take manual 

control (if possible) of the high :;>ressure syste1:!S to ::~.aintain leve-l, anc to 

?revent trips of feed~ater, HPCI, and RC!C. Res:~re to Ar:o~;riC/ST.~\uBY 

=ode (if possible) the syste~s which are not needed to ma!.ntain level. 

:·!ake frequent checks of level when sys:e::1s are !.:1 ::-:e :·!..~ .. S"CAL :node. 

I * ! If high pressure systems are unable to ~aintain:eve~ then go :o CONT!~GENCY #1.;~ 

CALT!O!\ :i8 

If si;na~s of high pool level or lew ccn=ensa:e sc~rage :ank :evel ~c:~~. 

the:1 ~anually transfer RCIC suction from :he condensate storage tank to the 

pool, and verify automatic transfer of suction for F.PCI. 

:lo not o:hroctle HPCI and RCIC syst.el:ls be:ow t".lrbine speeds ~hich yield 

accep:able continuous operation. 

3.5 If the vessel pressure falls below the shutoff head of t~e low pressure 

sys:ecs (condensate [300 ?Sig], L?CS :300 ?S~g], and tPC: [300 psig]), 

:evel responcs accorci~g:y. 
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C.:~tinue to ::~c~::.:or and. ::)r.::-ol vesse: !evel. As vessel pressure ~~=~eases, 

:naintai:1 .!.e•:el ;.·:;.;::,. low ?ressure sys:e.:Js in t:!':e :oll.~w:.ng or~er of 

preference: condensate, L?CS, then L?:I. ~anually control :low to ?revent 

water from flooding the steZQ lines. Shut off or direct to other coo::.~g 

modes low pressure systems not ~eeded to ~aintain level. Or.e low pressure 

system ~usc be dedicated to maintaining level. 

CAUTIO~ :ilO 

.ll vessel pressure :.~creases ~bcve :r.e shutoff head of the lo\0 ?ressure 

systems being used to caintain le•:el, t~e:-. depressurize t~e •Jessel in ::te 

following or~er of preference: 1) co:1ce::ser; :) one o:- :1ore S:\Vs to t~e 

pool (rotate use of SRVs to dist:-ibute :teat unifor:nly to the pool); cr 

3) ::1anual ADS in-itiation. 

4.2 Continuously monitor and control pool temperature to keep t~e bulk poo! 

temperature from ~~ceeding i °F]. 

4.2.1 Re-establish main concense:- as a heat s~~K • • : ?Oss:~:e. 

Assure main steam lines are drained be!cre opening :1ain steam isolation valves. 

4.2.2 As soon as the pool teQperature exceeds the service ~ater t~?erature, 

use the RHR pumps (if they are ~ot needed in the t?C: mode for mai:l

taining vessel level) in the normal pool cooling :node. 

t?c: ::ode. 

~.:. 3 
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;:s:.~~-

exceeds [2.0 ?Sig]. 

:: :~e dr)~ell pressure a~ceeds r3s 

c •. u;r:;:.::-:-: ,: 1.3 

--.:-'" :-.:::-=.I :::· -.:::.;-.:.::es}, 

Do ~ operata recirculation pumps when spray::.~g :~e ,; -·-··. ~ '-•:•c--· 

spraying ::.ay ?l.!t recircula::ion pu:::ps c-.;t cf se~:::.::. 

4.4 Follow ?rocedures for post-L~CA conta::.~ent 

[?roced<;rc~ :Is]. 
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CCXTINGENCY #1 

r= the ope=a:or dete~ines that vessel level cannot be =a~~ta~~=d ~y t~: hig~ 

pressure syst~s, then the operator~ verify automatic ope=aticn of the ~S 

on low level Ll plus 120 seconds preset time delay], ~~Li~e ~ait~2 fc= the 

Automatic Actions to occur on dec=easing vessel level, :he coe=ator shculd make 

all attemots to start the high oressure svstems and rep.i:::. level :e.fore the low 

level [1 olus 120 seconds.preset time delayl is reached, 

CAUTION n4 
- --If the .<\DS does not initiate automatically on low level ~ l..! '- -146 incheS], 

then manually initiate ADS (operator opens the same val'Tes :hat the . .:.DS 

logic would open automatically). Do not manually initiate ADS unless it is 

confirmed that at least one low pressure pump (.condensate·, U'CS, LPC:Ij is 

running. 1f the operator is unable to manually initiate ADS, then the ope~ator 

must manually open other safety/relief valves. As many val-,es as possible, up 

to the number used for ADS, should be opened. 

The operator should also verify those Automatic Actions >>hich occ·.1r o;: decreas

ing level, and have not already occurred on high drywell ?ressure. 

When the low level (11 r-146 inches] is reached, the operator should confirm 

that the ADS timer begins and that the proper valves open [120] seconds after 

the ttcer begins, if possible, 

CAUTION #15 

Do not block or defeat the ADS sequence by resetting the ADS t~er, unless 

vessel level can be maintained. 

A!ter -~S actuates~ return to Guicieline SEA-2, Section -, "su=seq~ent Jperator 

Ac!::i.ons". 

*!.:::::;:ies :a.:.:~re :·: :Ug!-t ?:-essu:-c syst~s 
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SBA-3 

?I?E BREAK ot"TS!DE PRIMARY CO~A~~:: 

1. PURPOSE 

The intent of this guideline is to assure that the pr~~=:: c~~:ai~e~t isolation 

system operates as designed in the event of a Small B:ea~ A=:!~ent (S3A) outside 

the primary containment. If the break occurs in a Pi?e -tich :an ~e automatically 

isolated, neither reactor scram nor reactor isolation :.a:: :a :.:cessa:y. Technical 

Specificatio~s address how long the plant can operate ba:::e t~e isola:ed sys~em 

must be restored to service. 

2. SYMPTOMS .:\L'ID AUTOMATIC ACTIONS 

The symptoms and automatic actions which are displayed !: :~e co~::ol :oom in 

the event of a pipe break outside primary containment a'!'e l:.sted below. The 

specific symptoms observed will depend upon the locatio: and size of the break. 

2.1 Primary Containment Isolation 

There are[ i J isolation valve groups, each associa:ed -..'"i:h. a sys-tem con

nected to the primary coolant outside of primary ccn:aim:ent. One or 

more of these valve groups will isolate on syst~ si;nals of high flow, 

low vessel water level, high racliation, high area :cperature, Mgh dryw~ 

pressure, low system pressure, etc., which are tad:.cat!ve of a pipe break 

outside of primary containment. (Utility may pr~de =o:e specific 

information on the valve groups and Automatic 

2.2 Other Symptoms and Automatic Actions 

2.2.1 SymptOIIlS 

Ac:ions' . -

Excess flow check valves actuation ane -·-c:.-c.--
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Reactor building hign radiation at ex~~~=: 7~~; 

Area radiation monitor ala~ [ i .. 
Decreasing hotwell level or condensate s::::-:a::: :a=..::. _a .... ·a_ 

Mismatch between steam and feec:i flo•..r 

Decrease in generator output (MWe) 

Increase in reactor power O!Wt) 

2.2.2 Automatic Actions 

SBGTS initiation [ J 
Reactor building isolation C .J 

3. DIHEDIATE OPERATOR ACTIONS 

3.1 Any Automatic Actions listed in Section 2. above w~:~ s~:u:d r~ve been 

initiated must be verified, preferably·by at least t~c i=-~e?e=-dent i~dica~ 

tions, or manually initiated if the Automatic ..lc:ion c::d ::.o::. occur. 

If scram occurs, scram is ·to be verified by noting ::.hat a_ ... :ont-:ol rod position 

* lights show rods fully inserted • and that neutron flux :::l:!icators she« decaying * 
jflux. 

I CAUTION !116 
i iif an.automatic isolation of a particular system has oc::.:.=ra:, do~ attempt 

'to de-isolate or restore the system until all available i~:::a.tious have been 
i checked and are found to be normal. 

For automatic isolation of a particular valve group, ver!!y all valves in 

the group are closed by valve position indication an: :y =-Qti~g confir:ing 

process variables (such as zero flow). When.all iso:a::.ic-=. va:ves :in the 

suspected broken system are closed, note that- area s:n?to-..s of high teJ::per

ature and radiation decrease. 

r··-------~......,.,--~. -~---------~-----------~ 

*;!f there is a failure to completely isolate a sus?e:t:ci ::-:>.::.:=. s;s::.e::, :he:t :* 

go to CONTINGENCY ~: 2 • 
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3. ~ Continuous!.:: =onitor vessel water level using a~~ availacle :.::.stru::..:::-. :z.:::.on 

(Repeat 3:3.1 through 3.3.4 in SBA~2.) 

3.3 Control vessel level with available high pressure systems (feedwat:r, con

trol rod drive pumps, HPCI, RCIC). When the level approaches the~;~ 

level [81 trip [+58 inches1 for feedwater, HPCI, and RCIC, take manual 

control (if possible) of the high pressure systems to maintain level, and 

to prevent trips of feedwater, HPCI, and RCIC. Restore to AUTm1ATIC." 

STANDBY mode (if possible) the systems which are not needed to maintain 

level. Make frequent checks of level when syste:s are in the }~AL ~ode. 

*II£ high pressure systems are unable to maintain level, then go to CONTIXGE~~ #3. ~ 

CAUTION #9 

Do not throttle HPCI and RCIC systems below turbine speeds which yield 

!acceptable continuous operation. 

4. SUBSEQUENT OPERATOR ACTIONS 

4.1 If the break is successfully isolated, and reactor operation is unaf:ected, 

then continue normal operation per the applicable Technical Specification 

and procedures tor equipment out of service. 

4.2 If the isolation resulted in a reactor isolation and scram, ~ follow 

applicable procedures for scram/isolation recovery [procedure UsJ. 

4.3 If vessel depressurization is necessary, ~go to guidelines in SBA-2, 

Section 4~2. 
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:~a~ sc=s~ ~~e :eac:~r. -
:o !solace :he suspected broke~ ?i?e .. .: --:... 

.... --·· 
t~e SBG7S, iso:ace and evacuate the react~r :ui~~i~g. 

Sec::.cn 3.2. 

CAUT! ON :::7 

consicie=atior. of adverse environments. 
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co~c::;GE~.;c-: :.!3 

:;::\.;3ILI'IT TO MAI~'I'AI~ rz::EL t~J:T!i HIGH PRESS~~ SY:::~·:S* 

If the operatcr determines that vessel level canno.t be ::.ai:ltai::.eci by th.e high 

pressure systems, then the operator ~manually initiate A.:>S (operator opens 

the same valves chat the ADS logic w~uld open automatically) whe:l the level 

reaches level [ 1]** 

The onerator should make all attempts to start the hi£h nrassu:-e svstecs and 

regain level before manually initiating ADS. 

~--------------------------------------~~------------------------------------r CA1!ION #18 i 

Do not manually initiate ADS unless it is confirmed that at least one low 

pressure pucp(:condensate, LPCS, LPCI] is running. 

If the operator is unable to manually initiate ADS, then the operator must 

manually open other safety/relief valves. As many valves as possible, up to 

the number used for ADS, should be opened, 

After ADS is manually initiated Be~ Guideline SBA-2 1 Section 4 1 "Subsequent 

Operator Actions". 

* incl~das failure of high pressure syst~s 

*'* :::.e ?!'ese: :~e delay should be included :for pla~ts · . .-~cse .:..:s :e\·el ;:er:nissive 

~s i~ :he s~e level as the high-~ressu:a ECcs· init!a:i=~ :=~;s. 
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- . . _ ~ ~=- ·..:s:.::-.s 

7~e gu!del!~es ~==-e:: :he conc!usions of :~e a~a:ysis Sec:!on 3.1.1, ~~i:~ are 

:::at ::·:s:-e !s o~:y ::1e i=ed:!.ate O:?era:or a::ion :1eece::. :.o ::a!n:.ain cere :ccl!.:1g, 

and it is :1eeded only for a degra~ed condi:ion. !~ al::cst al! :ases t::e operator 

actions are ai::ed at keeping t!":e ·:essel f'ro::~ ove:-:il!!r.g, or to ::Ji:li::i:e con

tainment heat loaC:s. The key ope:-ator actions are sutc:arized belo•..; for breaks 

inside and outside t~e pri:ary contai:lment. 
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~e:i~y au:o~atic ac:~ons 

:a~a r:a.::or ~!CDE s· ... :.::h out: of R!.~; 

3. ~on:.t:~r ~ater level 

4. Con::-ol ~igh pressure syste::s to ?rever.: o':e:-: il:.i::.g the vessel 

5. Verify low pressure systeM injection 

Subsequent O?erat:.or Actions 

1. C.:>n:rol lo'IJ ?ressura systeMs to pra11ent o.,·er:!.:l!.::.g :he •tessel 

2. Keep the pool cool by using the main c~nde::.ser or ?~ as heat sinks, or 

if necessary, depressurize the vessel tc ;::'event later S3.V discharge 

i::u:o a ~ot pool 

3. Control containment pressure 

4. Follow post-LOCA hydrogen control pr~cecures 

:or Breaks Outside the Pri~ary Containment: 

:~~e~iate O~erator Actions are the sar.e as :or ;rea~s :::.s~:e :he pri%ary 

contai~~ent except that l) no action is re~u!.red regare!.ng the-~OOE switch, 

and 2) no low pressure systems are expec:ec to initiate. 

Subsecuent Ooera:~r Actions are either nor--&1 C?era:io::., !.so:ation recovery, 

depressurizing the vessel for pool cooling :ons:!.C.erat:!.o::.s and :na:!.ntaining 

pool cooling. 

In addition if no high pressure systems are avai:able. then the operator 

:ust :anually initiate ADS. -
These guidelines clearly_ demonstrate that the mal!. :,rea.k accident does not 

?resent a severe challenge to the Bw~ and that it caa :,e aut~matically ~i:igated. 

Even for severely degraded conditions (no high pressure sys:~s available) the 

operator has only to manually !.ni:iate ADS :o C:ecrease vesse!. ;~ressure so that 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSic;>N 

WASHINGTON. D. C. 20555 

Mr. Cordeli Reed, Chairman 
We.stinghouse Owners • Group 
Commonwealth Edison Company 
P. 0. Box 767 
One F;rst National Plaza 
Chicago, Illinois 60690 

Dear: Mr. Reed: 

NOV .5 ·1979 

SDBJECT: EVAlUATION OF SMALL-BREAK LOSS-OF-COOLAtlT ACCIDENT OPERATOR 
GUIDELINES 

We have completed our review of the small-break loss-cf-coolant accident 
operator guidelines E-0 and E-1 contained in Appendix A of Westinghouse 
Electric Corporation Report WCAP-9600. Our evaluation of these guidelines 
is documented in Enclosure 1. 

As stated in our evaluation, we have concluded that the guidelines E70 and 
E-1, as modified in accordance with your letters dated October 16, 1979, 
October 31, 1979 and November 2, 1979 are acceptable for plants having high 
head safety injection pumps similar to the 412 standard plant. A copy of 
the approved guide-lines is provided in Enclosure 2 for your infonnation and 
use. For the case of 4-loop, 3-loop, and 2-loop plants with nominal 1400 
psi range safety injection pumps, it is our understanding that revisions to 
the guidelines for these plants similar to those provided for the 412 standard. 
plant in your October 31, 1979 and November 2, 1979 letters will be submitted 
shortly. Based on your commitment to provide these agreed-upon revisions to 
the guidelines in a timely manner, we find the guidelines for these plants 

·acceptable, pending fulfillment of this conmitment. 

All licensees of Westinghouse Electric Corporation pressurized water reactor 
plants may now proceed with their development of small-break loss-of-coolant 
accident emergency procedures and operator ~raining based on the modified 
guidelines. As indicated on Page s.of Enclosure 6 to Darrell G. ~isenhut•s 
September 13, 1979 letter to all operating nuclear power plants, implementation 
of these procedures and operator training are to be completed by December 31, 
1979. 

In the implementation of these procedures, each licensee shall p~ovide: 

(1) The basis for the pressure setpoint at which the operator is to trip 
the reactor coolant pumps. The basis should include defining the steam 
generator safety valve setpoints and instrument uncertainties. 

G-79 



Hr. COJ:"dell Reed -2- NOV 5 1979 

\2 j The ins1.r u1aent uncertainties involved \'lith the HPI temination criteria 
to indicate the criteria will insure subcooled conditions. 

;,3 j Justification that the procedures for S\t~itchover from inspection to 
recirculation wi-11 insure that the valve realignments can be accom
plished before the R\·iST is emptied. This justification should include. 
instrument uncertainties and show that the pumps will be protected 
against operating without.adequate suction pressure. 

~4) Licensees with 4-loop, 3-loop, or 2-loop plants with nominal 1400 psi 
range safety injection ~umps. should sho\'1 that the pumps will not be 
run deadheaded when in the recirculation mode. 

(Sj An indicat<ion of the typicality of the analyses documented in HCAP-
'9600 relative to its own plant. 

licensees wi 11 also _be required to implement emergency procedures covering 
the extended loss of all feed\tater .. inc.luding pressure vessel integrity 
considerations·), and to revise emergency procedures for initiating .(if 
necessary. and monitoring natural circulation , including provisions for 
p 1 ant. cool dm"o; • Such procedures \ti 11 be based on guide 1 i nes which you are 
developing under inadequate core cooling. 

As part of our audit progr~~. we expect to examine the procedures of lead 
plants in several of the classes of ~Jestinghouse-designed pressurized 
\'later reactors to assure that they have been developed in accordance with- the 
approved guidelines. We also plan to check out some of the procedures at a 
~-lestinghouse pressurized water reactor simulator, on a schedule to be developed 
later •. It should be noted however, that our audit program need not impede 
progress towards implementation of approved procedures and associated training 
by December 31, 1979. 

Enclosures: 
As stated 

cc: See attached lists 

Sincerely, 

Oricir;al signed byt" 

D. F. Ross, Jr., Director 
Bulletins and Orders Task Force 

'l: u ... ·-·····-~·· _ .. ,_ .......... , •• 

G-80 



Enclosure 1 

EVALUATION OF WESTINGHOUSE OPERATOR 

GUIDELINES FOR SMALL BREAK .LOCA 

Guidelines for Emergency Procedures 

A Westinghouse Interdise~inary Task Force was formed to prepare guidelines 

for operators for small break loss-of-coolant accidents (LOCA's). The Task 

Force consisted of safety analysts, systems analysts, training personnel and 

other disciplines. The guidelines which were developed were reviewed and 

appr~ved by the Working Group on Procedures, which is a subgroup of the 

Westinghouse Owners' Group. 

Preliminary guidelines were submitted to the NRC staff as part of the 

g~neric repor.t WCAP-9600, "Report on Small Break Accidents for Westinghouse 

NSSS System." The intent of the guidelines was for each of the utilities 

using a Westinghouse nuclear steam supply system to revise or develop its 

emergency procedures for the operators to use in diagnosing and responding to 

a loss of reactor coolant. The reference instructions developed by Westing

house were expanded to include all emergency events in which the Emergency 

Core Cooling System (ECCS) was automatically ·actuated. The guidelines include 

Immediate Actions and Diagnostics (E-0), Loss of Reactor Coolant (E-1), Loss 

of Secondary Coolant (E-2), and Steam Generator Tube Rupture (E-3). Only E-0 

and E .. ·l have been reviewed by the NRC staff at this time for both the 412 

Standard Plant, which has high nead safety injection pumps, and other plants 

with nominal 1400 psi safety injection (SI) pumps. The staff will not review 

E-2 and E-3 until after January 1, 1~80. 

The philosophy of the instructions was for the operator to respond to an event 

in which safety injection was initiated and, following the required immediate 



-2-

actions, to diagnose the event and perform the necessary subsequent actions. 

The immediate actions consist of verifying that the automatic actions did 

occur. Verification, in this context, includes performing the action manually 

if it did not occur automatically. These actions are intended to assure that 

the reactor is adequately shot down, that the safety injection system is 

performing its .design function and that auxiliary feedwater is being d.elivered 

to the steam generators as a heat sink for the core decay heat. 

In the diagnostic procedure E-0, the operator assesses the event using 

reactor coolant system pressute as a key parameter. If the pressure falls below 

a specified value, he must immediately trip all the reactor coolant pumps. The 

primary system pressure at which the pumps will be tripped will be determined 

based on the secondary system pressure in the following manner: 

{1) Secondary System Pressure -Based on the number and size of the secondary system 

safety valves, the secondary pressure will be established by determining the 

pressure setpoint for that valve in which the calculated steam relief is 

less than 60% of the valve's relief rating. If the calculated relief is 

greater than 60% of the rated capacity, then the next highest pressure setpoint 

should be used. 

(2) Primary to Secondary Pressure Difference - To account for the pressure gradient 

needed for heat removal, pressure drop between the steam generator and safety 

valves, pressure drop from steam generator to measurement location, etc., 

the primary pressure for RCP trip should be the secondary pressure as .. 
established by (1) above plus 100 psi if the adjustments calculated are 

100 psi or less. If the adjustments are determined to be greater than 

100 psi, the larger value should be used. 
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(3) Instrument inaccuracies appropriate for that time in the accident 

should be ·adde~ to the primary system pressure value established in (2) 

above. The resulting pressure is the indicated primary system pressure 

at which the operator should trip the reactor coolant pumps~ 

The action regarding reactor coolant pump trip was deemed necessary by a West

inghouse analysis of delayed reactor coolant pump trip for a limited range of 

sma 11 break LOCAs (WCAP-9584). If, in addition to low pressure, the condenser 

air ejector radiation or steam generator blowdown radiation monit~r readings are 

abnormally high, the operator is directed to E-3, the steam generator tube rupture 

procedure. If the steamline pressure is abnormally lower in one steam generator 

than in the others, he must assume a loss of secondary coolant. Abnormally high 

readings for containment pressure, containment high radiation, or containment 

recirculation sump levels are symptomatic of a loss of reactor coolant. 

In the diagnostic procedure, the operator is permitted to terminate a spurious 

high pressure injection (HPI) actuation if the primary system pressure, pressurizer 

level, and subcooling are within acceptable limits and there is sufficient water 

level in at least one steam generator and no abnormal readings for containment 

atmosphere monitors. 
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If HPI-actuation is not spuri"ous~ the operator would proceed to the emergency 

procedures for one of the depressurization accidents. The core is assured of 

adequate core cooling in the LOCA procedure (E-1) in that the operator is 

prevented from terminating high pressure injection unless certain criteria are 

met. These criteria include: 

·1. At least normal full power subcooling, 

2. Primary system pressure of 2000 psig or greater and increasing, and 

3. Pressurizer level at or above programmed no-load range, and 

4. Sufficient water level in at least one steam generator to assure a 

heat sink. 

Similar HPI termination criteria are included in the other emergency procedures. 

Recognizing that, in most instances of safety injection, the primary.system 

will be repressurized, these criteria are necessary to allow the operator to 

terminate safety injection to reduce the probability of lifting the pressur~er 

power operated relief or safet) valves. 

The criteria for the lgwer head SI plants are basically the same. If the 

safety injection is sufficient to repressurize the plant, flow will stop when 

the shutoff head of the pumps is reached. The normal charging pumps and 

pressurizer heaters can be used to bring pressure above 2000 psig, at which time 

the SI pumps can be stopped. 

Subsequent actions· in the E-1 guidelines are based on whether th~ plant can be 

repressurized. If the plant can be repressurized, the operator is directed to 

increase the subcooling to soo F and proceed with plarit cooldown while monitoring 
t 

subcooling. If subcoo,ing cannot be maintained, HPI is reinitiated. Subsequent 
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actions include switchover from injection to recirculation when the level in 

the refueling ~ater storage tank (RWST) is low and hot leg injection at about 

20 hours. The NRC staff has not reviewed the guidelines for switchover and hot leg 

injection, because these will be plant-specific. 

Evaluation 

The NRC staff reviewed the guidelines with respect to critical operator actions, 

namely: 

1. reactor coolant pump trip. 

2. HPI termination criteria. 

3. verification of safety systems· actuation. 

4. verification of a heat sink. 

5. monitoring of important system parameters. 

During our review, the staff identified modifications to be made_ to the guide

lines to enhance the directions to the operator. These modifications were sub

sequently incorporated in the guidelines as defined by Revision 1 (October 16, 

1979) and revisions dated October 31, 1979, and November 2, 1979. 

The criteria for tripping the reactor coolant pumps are consistent with the 

analyses presented in WCAP-9584, which have been reviewed by the staff and found 

acceptable. In order to implement the criteria in individual plant procedures, 

each licensee must document the basis for the low pressure set point. This 

documentation should include defining the steam generator safety valve set points 

and system and instrument uncertainties associated with the plant. Based on 

our review of WCAP-9584 and the requirement for each licensee to justify 

the low pressure tri·p point described in the preceding section, we conclude that 

the reactor coolant pump trip criteria are acceptable. 
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Although \'le find that the reactor coolant pump trip 

criteria are acceptable. manual tripping of the pumps should be considered 

only a short-term solution. For the long-term, we will require that this trip be 

made automatic. 

The criteria for terminating HPI flow is based on a combination of system 

pressure, subcooling, pressurizer level, and steam generator water level. The 

staff concurs that these criteria are sufficient for establishing subcooled 

conditions in the core so that HPI can be safely terminated without concern for 

detrimental voids being formed in the primary system. In implementing these 

criteria, each licensee is required to document the instrument uncertainties (even 

in an adverse environment) to show that the criteria in the guidelines will 

indeed insure subcooled conditions. Based on the above requirement, we find 

the HPI termination criteria acceptable. 

As part of the immediate actions, the operator is directed to verify that the 

ECCS, auxiliary feedwater (AFW), and containment isolation systems have been act

uated. We concur that these verifications are sufficient to insure minimum 

safeguards availability needed to mitigate small break LOCAs. 

The operator is also directed to verify that he has established h~at removal 

from the steam generator. We concur that this is a necessary instruction for 

mitigating small break LOCAs. 

The operator is directed to monitor primary system pressure, pressurizer level, and 

coolant hot leg temperatures to insure that subcooling is maintained if HPI has 

been terminated. We concur that monitoring these system variables is sufficient 

to maintain adequate subcooling in the primary system. 
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The staff has not reviewed the guidelines for switchover from injection to recir

culation or hot leg injection because these actions are mostly plant-specific 

instructions. The staff requires each licensee to justify the procedures for 

switchover to insure that the valve realignments can be accomplished before the 

RWST is emptied. This justification should include instrument uncertainties 

and show that the pumps will be protected against operating with inadequate 

suction. We will require that plants with nominal 1400 psi range SI pumps 

demonstrate that these pumps will not be deadheaded.when in the recirculation phase. 

The staff not~d that the guidelines are based on obtaining at least minimum 

safeguards operation to mitigate small break LOCAs. We require each licensee 

to extend the emergency procedures to cover the loss of all feedwater. Procedures 

for this degraded condition should also take into account pressure vessel 

integrity considerations. The Owners' Group has committed to prepare guide

lines for operational procedures regarding the loss of all feedwater as part of 

its effort on the issue of inadequate core cooling. 

The staff also requires that the emergency procedures include instructions 

for monitoring and initiating (if lost) natural circulation for small break 

LOCAs where heat removal by the steam generators is required. 
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The guidelines for such procedures should dire~t the operator to initiate a 

controlled plant cooldown is stable system conditions can be maintained. 

The staff requires that each licensee provide procedures for cooling down the 

plant under natural circulation conditions. These procedures should address 

boration control and monitoring, cooldown of the pressurizer, and adequate 

criteria for monitoring coolant system temperatures to insure that voids do not 

form in the primary system which could inhibit adequate heat removal. As in the 

case of loss of all feedwater, the Owners• Group has committed to prepare guide

lines for operational procedures regarding natural circulation and cooldown under 

natural circulation conditions as part of its effort on inadequate core cooling. 

Conclusion 

Based on ou_r review, we conclude that the guidelines E-O and E-1 as revised 

by the Owners• Group letters dated October 16, 1979, October 31, 1979, and 

November 2, 1979 are acceptable f~r plants having high head safety injection 

pumps similar to the 412 standard plant, provided that licensees implement the 

requirements noted aoove when they develop their procedures. For the case 

of 4-loop, 3-loop, and 2-loop plants with nominal 1400 psi range safety injection 

pumps, the Owners• Group has committed to submit revisions to the guidelines for 

these plants which are similar to those provided for the 412 standard plant in 

the 'Owners' Group letters dated October 31, 1979 and Nov·ember:- 2, _1979. Based 

on this commitment, we find the guidelines for these plants acceptable, pending. 

submissionof such revisions, subject to the requirements on individual licensees 

identified above. 



Enclosure 2 

412 STANDARD PLANT 

REFERENCE EMERGENCY 

OPERATING INSTRUCTIONS 

Revision 1 

September 26, 1979 

with Revised Pages 

dated October 15, 1979, 

October 29, 1979, 

and November 2, 1979 

.This document contains Emergen~y Instructions for the Model 412 Standard 

Plant and is intended to provide guidance in the preparation of E'mer

gency Operating Procedures for individual plants. It is not likely that 

these instructions will apply in their entirety to any specific plant 

design and adaptation will be required. 
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A. PURPOSE 

412 STANDARD PLANT 

E-0 

EMERGENCY INSTRUCTIONS 

IMMEDIATE ACTIONS AND DIAGNOSTICS 

Revision l 

This instruction presents the automatic actions, the immediate 

operator actions and the diagnostic sequence which is to be followed 

in the identification of the following: 

1. Spurious Actuation of Safety Injection 

2. Loss of Reactor Coolant 

3. Loss of Secondary Coolant 

4. Steam Generator Tube Rupture 

The reactor automatic protection equipment is designed to safely shut 

down the reactor in the event of any of the above emergencies. The 

safety injection system is designed to provide emergency core cooling 

and boration to maintain the safe reactor shutdown condition. These 

plant safeguards systems operate with offsite electrical power or from 

onsite emergency diesel-electric power should offsite power not be 

available. 

In the subsequent documents in this ser1es (E-1, E-2 and E-3), instruc

t1ons for recovery from .the event are presented for each particular 

accident. 
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B. SYMPTOMS 

NOTE: The process ·variables referred to in this Instruction are 

typically monitored by more than one instrumentation 

channel. The redundant channels should be checked for 

consistency while performing the steps of this Instruction. 

The following symptoms are typical of those which may arise in a 

plant which is undergoing a loss of reactor coolant, loss of secon

dary coolant or steam generator tube rupture (one or more symptoms 

may appear in any order): 

Low Pressurizer Pressure 

~ow Pressurizer Water Level 

High Pressurizer Water Level 

High Containment Pressure 

High Contai~ent Radiation 

High Air EJ~ctor Radiation 

High Steam Generator Slowdown Radiation 

Steam F1ow/Feedwater Flow Mismatch 

Letdown Isolation/Pressurizer Heater Cutout 

Low Low Reactor Coolant System Average Coolant Temperature 
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b. lf the plant is in a condition for which safety injection is 

warranted and an automatic safety injection has not yet 

occurred, manually initiate safety injection. 

2. Verify the following actions and system status: 

a) .Reactor trip and turbine trip have occurred. 

b) Bus voltages indicate that the busses are energized and all 

intended loads are being powered. 

c) "Feedwater Isolation has occurred. 

d) Containment Isolation Phase A has occurred. 

e) Auxiliary Feedwater Pumps have started and the Auxiliary 

Feedwater System valves are in their proper Emergency Align

ment and are fully open or fully closed as appropriate. 

f) Safety Injection Pumps have started and the monitor lights 

indicate that the Safety Injection System valves are in the 

proper sateguara~ position. 

g) Service and Component Cooling Water Pumps have started. 

h) Containment Ventilation isolation has occurred. 
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1) ·other essential equipment as required by the specific plant 

design has been put into service. 

3~ If any of the above automatic actions have not occurred and are 

required, they should be manually initiated. 

Verify the following: 

a} Safety Injection flow from at least one train is being 

delivered to the reactor coolant system when the Reactor 

Coolant System pressure is below the high head safety 

injection pump shutoff head. If not, attempt to operate 

equipment manually or locally. 

b) Auxiliary Feedwater flow from at least one train is being 

aelivered to the stec:;n generators. If not, attempt to 

operate equipment manually or locally. 

NOTE! Only after steam generator water level is established 

above the top of the U-Tubes, should the Auxiliary 

Feedwater System Flow be regulated to maintain required 

level. 

G-94 



Revision 1 
Revised 10/29/79 

c) Verify that heat is being removed from the reactor plant 
via the steam generators by noting the following: 

a) Automatic steam dump to the condenser is occurring; 

b) Reactor coolant average temperature is decreasing towards 
programmed no-1 oad ·temperature·. 

NOTE: Atmospheric steam dump will be blocked by an existing 
"Turbine Tripped" condition. If condenser steam dump 
has been blocked due to a control malfunction or loss 
of the "Condenser Available" condition, decay heat 
removal wjll be effected by automatic actuation of the 
steam generator_ power-operated relief valves, or, if 
these prove ineffective, the steam generator code 
safety valves. In this event, steam pressure will 
be maintained at the set pressure of the controlling 

. valve(s) and reactor coolant average temperature will 
stabilize at approximately the saturation temperature 
for the steam pressure being maintained. 
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4. Whenever the Containment Hi-2 pressure setpoint is reached. 

verify that the Main Steam Isolation Valves have closed. I~ 

not, manually close the Main Steam Isolation Valves from the 

Control Board. 

5. Whenever the Containment Hi-3 pressure setpoint is reached, 

verify that the following have occurred: 

a) Containment Spray is initiated 

b) Containment Isolation Phase B is initiated 

If not, manually initiate Containment Spray and Containment 

Isolation Phase B. 

D. ACCIDENT DIAGNOSTICS (Refer to Figure 2) 

1. Evaluate reactor coolant pressure to determine tf it is low or 

decreasing in an uncontrolled manner. If it is low or decreas

ing, verify that: 

a. all pressurizer spray line valves are closed and 

b. all pressurizer relief valves are closed. 

E-O(HP)-6 
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lf not. manually close the valves from the Control Board. 

If the RCS pressure is above the low pressure reactor trip 

setpoint and is stable or increasing, go to·STEP 7. 

2. Stop &!:.!:.. Reactor Coolant Pumps after the high head safety 
injection-pump operation has been verified and when the wide 
range reactor coolant pressure is at (plant specific pressure 
derived from method in Attachment A of letter OG-17). 

CAUTION: 

CAUTION: 

If component cooling water to the reactor coolant 

pumps is isolated on a containment pressure signal, 

all reactor coolant pumps should be stopped within 5 

minutes because of toss of motor bearing cooling. 

If the reactor coolant pumps are ·stopped, the seal 

injection flow should be maintained. 

NOTE: The conditions given above for stopping reactor coolant 

pumps should be continuously monitored throughout- this 

instruction. 
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*3. lE the condenser air ejector radiation or steam generator blow

down radiation monitor exhibit abnormally high readings, ~ 

containment pressure, co~tainment. radiation and containment 

recirculation sump level exhibit normal readings, ~ go to 

E-3, •steam Generator· Tube Rupture.• 

*4. lE the steaml ine pressure is abnormally lower in one steam 

generator than in the other steam generators, ~ go to E-2, 

•Loss of Secondary Coolant.• 

5. IF containment pressure, OR containment radiation OR containment - - -
recirculation sump levels exhibit either abnormally high read

ings or increasing readings, ~N go to E-1, •Loss of Reactor 

·coolant•. 

NOTE: For very small breaks inside the containment building, 

the containment pressure increase will be very small and 

possibly not recognizable by the operator. For very 

small breaks the containment recirculation sump water 

level will increase very slowly and early in the tran

sient m_, not indicate a level increase. 

*These steps may be interchanged. 

E-O(HP)·S 
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6. lf t.he containnent pressure, containment radiation~ contain

ment recirculation sump water level continue to exhibit stable 

readings in the normal pre-event range, ~ go to E-2, "Loss of 

Secondary Coolant". 

7. In the event of a spurious safety injection signal, the sequence 

of reactor trip, turbine trip and safeguards actuation will 

occur. 

The operator must assume that the safety injection signal is 

non-spurious unless the following are exhibited: 

a. Normal readings for containment temperature, pressure, 

radiation and recirculation sump level AND 

b. Normal readings for auxiliary building radiation and 

ventilation monitoring~ 

c. Normal readings for steam generator blowdown and condenser 

air ejector radiation • 

.!E. a 1 r of the symptoms a through c above are met and ~ !t!!_ 

followina d through f ~exhibited: 

d. Reactor coolant pressure is greater than 2000 psig and 

increasing ~ 

E-D(HP)-9 
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e. Pressurizer water level is greater than progranmed no load 

water level* AND 
f. The reactor coolant indicated subcooling is greater 

than (insert plant specific value of subcooling equal 
to full power normal operation). 

g. water level in at least one steam generator is in the narrow 

range span, or in the wide range span at a level sufficient 

to assure that the U-tubes are covered 

*NOTE: Pressurizer water 1eve 1 should trend with reactor cool-

THEN: 

ant system temperature. If the pressurizer water level 

is la.'l enough to prohibit pressurizer heater operation. 

re-establish water level by operating the charging sys

tem. Energize the heaters. 

h. Reset safety injection and stop safety injection pumps .!!21 J ' 0 /2: 

CAUTION: 

CAUTiml: 

needed for nonnal charging and RCP seal inj~ction flow. 

Automatic reinitiation of safety injection w111 not occur j•oj,: 
since the reactor trip breakers are not reset. 

Subsequent to this Step, should loss of offsite power 

occur, manual action (e.g., manual safety injection 

initiation) will be required to load the safeguards 

equipment onto the diesel po.,.rered ~mergency busses. 
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i. Place all safety injection pumps not needed to provide 

nonnal changing flow in standby mode and maintain operable 

safety injection flat~paths. 

j. Isolate safety injection flow to RCS Cold Legs via Boron 

Injection Tank and establish nonnal charging flow. 

k. Reestablish normal makeup and letdown (if letdown is 

unaffected) to maintain pressurizer water level in the 

normal operating range and to maintain reactor coolant 

pressure at values reached when safety injection is 

terminated. Ensure that water addition during this process 

does not result in dilution of the reactor coo 1 ant system 

boron concentration. 

1. Reestablish operation of the pressurizer heaters. When 

.-eactor coolant pressure can be controlled by pressurizer 

heaters alone, return makeup and letdown to pressurizer 

water level control only. 

NOTE: ![after securing safety injection and attempti~g to 

transfer to normal pressurizer pressure and level con

trol, reactor coolant pressure drops below the low pres

surizer pressure setpoint for safety injection actuation 

Qa if pressurizer water level drops below 10% of span, 

Q! the reactor coolant TH >normal fuil power TH, 

THEN SAFETY mJECT!Q;l MUST BE MANUALLY P.EINITIATED. The 

operator must rediagnose plant conditions and proceed to 

the ap;.>ropriate em~g..mey instruc:'icn. 

G-1 01 



Revision 1 
Revised 10/29/79 

NOTE: .!f. after·· secqring safety injection and transferring the 

plant to "normal pressurizer pressure and level control, 

the .re~ctor coolant pressure does not drop below the low 

pressurizer pressure setpoint for safety injection actu

ation AND the pressurizer water level remains above 10% 

span, AND the reactor coolant indicated subcooling is 

greater than ·{insert. plant speci_fic va_lue _of subcooling 

bC~sed on full po.,.ler normal operation}. .!!:!g[ go to the 
abnonna·l operating instructions. 
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A. PURPOSE 

412 STANDARD PLANT 

E-1 

EMERGENCY INSTRUCTION 

LOSS OF REACTOR COOLANT 

The objectives of these instructions are to specify required 

operator actions and precautions necessary to: 

Revi sian 1 

1. Verify and establish short term core cooling to prevent or 

minimize damage to the fuel cladding and release of excessive 

radioactivity. 

2. Maintain long term shutdown and cooling of the reactor by 

recirculation of spilled reactor coolant, inJected water and 

containment spray system drainage. 

B. IMMEDIATE ACTIONS 

Refer to section on Immediate Actions of E-o, Immediate Actions and 

Diagnostics, if not already performed. 

C. SUBSEQUENT ACTIONS 

CAUTION: Monitor RWST level closely. If RWST level 

decreases rapidly such that the RWST low level 

alarm appears inminent, go directly to step 5. 
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1. As the water level (PAMS) in the refueling water storage tank 
\ 

decreases under the action of the safeguards pumps, check that 

. the recirculation sump water level instrumenta:ion indicates 

an increase in water level in the sump. If a sump water level 

increase is not evident then a re-evaluation of the symptoms 

in E-0 must be conducted. 

Regulate the auxiliary feedwater flow to the steam generators 

to restore and/or maintain an indicated narrow range water 

level (PAMS}. If narrow range water level increases in an 

unexplained manner in one steam generator, go to E-3, Steam 

Generator Tube Rupture. 

NOTE: Monitor the primary water supply (Condensate Storage Tank) for 

the auxiliary feedwater pumps and upon reaching a low level, 

switch over to an alternate water supply source. 

2. Close all pressurizer gower operated relief valves and backup 

isolation-valves. 

3. NOTE: The conditions given below for termination of·safety 

injection should be continuously monitored throughout 

this instruction: 

E-l{HP)-3 
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Ensure that cont·a inment isolation is maintained, i.e., not 

' reset until such time as manual action is required on nee-

essary process streams. 

Safety Injection can be terminated 1[: 

(A) Reactor coolant pressure is greater than 2000 psig and 

increasing, AND 

(B) Pressurizer water level is greater than SO% of span, 

AND 

(C) The reactor coolant indicated subcooling is greater 
than (insert plant specific value of subcooling based 
on full power·normal operation), AND 

I, 

(D) Water level in at least one Steam Generator is in the I·~ 

M!!= 

narrow range span, or in the wide range span at a 

level sufficient to assure that the U-tubes are 

covered. 

(E) Reset safety injection and stop safety injection l•c 
pumps not needed for normal charqing and RCP ~ 

injection flow. 

CAUTION: Autor.tatic reinitiation of safety iajection wil i not occur 
since the· react~r trip breakers are not reset. t 
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Subsequent to this Step, should loss of offsite power 

occur, manual action {e.g., manual safety injection 

initiation) will be required to load the safeguards 

equipmer.t onto the diese1 p~\':ared emergency busses. 

(F) Place all safety injection pu:nps not needed to f'of:. 
provide normai charging fl0\'1 in standby mode and 

maintain operable safety injection flowpaths. 

{G) Isolate safety injection f1ow to RCS Cold Legs via 

Boron Injection Tank and establish normal charging 

flow. 

If reactor coolant pressure crops below the low 

pressurizer pressure setpoin~ for safety injec-

tion or pressurizer water level drops below 20% 

of span following termination of safety injection 

l ao/-
1 ~ 

flow or the reactor coolant TH >Nonnal Full Power TH 110/: 
fiANUALLY REINITIATE safety injection to 
establish r·eactor coolant pressure and pressurizer 

water level. Go to Section 0 of E-0 to reevaluate 

the event, unless this reevaluation has already 

been performed. 
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__ (~} Reestablish normal makeup -and letdown (if letdown 

is unaffected) to maintain pressurizer water level 

in the normal operating range and to maintain 

reactor coolant pressure at va1ues reached when 

safety injection is terminated. Ensure.that water 

addition during this process does not result in 

di 1 uti on of the ··reactor coo 1 ant system boron con

centration. 

(I) Reestablish operation of the pressurizer heaters. 

(J) 

When reactor cool ant pressure can ·be controlled by 

pressurizer heaters alone, return makeup and let

down to pressurizer water level control ·only. 

Monitor either the average temperature indication 
of core exit thermocouples (if available) or all 
wide range reactor coolant temperature TH (PAf•tS) 
to verify that RCS temperature is at least 50°F 
less than saturation temperature at RCS indicated 
pressure. 

If 50°F indicated subcooltng is not present, then 
attempt to estaoltsh 50°F indicated subcooling by 
steam dump from the steam generators to the con
denser or the atmosphere. 

CAUTION: If steam dump is necessary, reduce the 
steam generator pressure 200 psi below 
the lowest steam safety valve setpoint 
and maintain a reactor coolant cooldown 
rate of no more than 50°F/HR, consistent 
with plant make-up capability. 

If 50°F indicated subcooling cannot be established 
or maintained, then· manuallv reinitiate safety 
injection. Go to Section D of E-0 to re-evaluate 
the event, l111less this re-evaluation has already 
been perfon:;ed. 

E-l(HP)-6 
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{K} Perform a controlled cooldo~m to cold shutdown 
conditions usin·g Normal Cooldm·m Procedures if 
required to affect repairs. ~aintain subcopled· 
conditions(at least 50°F indicated subcool.ing)in f 
the reactor coolant system. If subcooled con-
ditions cannot be maintained, go to Step 4. 

4. If the conditions for terminating safety injection in Step 3 

are not met, maintain necessary safety injection pumps opera-

ting. If any safeguards equipment is not operating, attempt 

to operate the equipment fro~ the control room or locally. 

Effect repairs if necessary. If reactor coolant pressure is 

above.the low head safety injection pum~ shut-off head, 

manually reset safety injection so that safeguards equipment 

can be controlled by manual action. Stop the low head safety 

injection pumps and place in the standby mode. 

CAUTION: Whenever the reactor coolant pressure decreases 

below the low head safety injection sh1,1toff head, 

the low head safety injection pumps must be 

manually restarted to deliver fluid to the reactor 

coolant system. 
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5. Stop ALL Re~ctor Coolant Pumps after the high head safety 
injection pump operation has been verif~ed and when the 
wide range reactor coolant pressure is at (plant specific 
pressure denved frc.m method in Att~cr.iiiant A of letter OG-17). 

CAUTION: 

CAUT!Oi~: 

If component cooling wat~r to the reactor coolant 

pumps is isolated on a con~ainment pressure sig

nal, all reactor coola~t p~~~s are to be stopped 

within 5 minutes because of 1oss of motor bearing 

cooling. 

If reactor coolant pu~~s a~e stopped, the seal 

injection flow sho~ld be ~aintained. 

NOTE: The conditions given above for sto;Jpin9 reactor coolant pumps 

-should be continuously monitorec throu~hout this instruction: 

6. In the case of a break characterizec by reactor coolant pres-

sure quickly decreasing below Steam ~~::nerator pressure, go to 

step 7. In the case of a break characterized by a slowly 

decreasing reactor coolant pressure ~r stabilized reactor 

coo 1 ant system pressure above the 1 c·.'lest steam system safety 

valve setpoint, (plant soecific) psig, the following addi

tional manual actions should be taken ~o aid the cooldown and 

depressurization of the r~actor coo1ant system: 
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a. If the main. condenser is in service, open at least one . 
main steamline isolation valves or bypass valves and 

transfer the steam dump control to steam header pressure 

control and dump steam to the condenser to lower. the 

reactor coolant temperature (PAMS) and consequently the 

rP.actor coolant pressure. 

b. If the main condenser is not in service, dump steam to the 

atmosphere with the steam relief valves to lower the reac

tor coolant temperature and consequently the reactor cool

ant pressure. 

CAUTION: Reduce the steam generator pressure 200 psi below 

the lowest steam system safety valve setpoint and 

maintain a reactor coolant cooldown rate of no 

more than SODF/HR, consistent with plant make-up 

capability. 

1. Go to the Cold Leg Recirculation Instruction presented 1n 
Table E-1.1. Note, if the reactor coolant system pressure 
is above the shut-:off head of the high head safety injection 
pumps, stop these pumps and place them in a standby mode 
prior to transfer to cold leg recirculation. 

CAUTlON: The cold leg recirculation procedures are 
different for each plant ECCS design •. The 
plant specific procedures ~hould be incor~ 
porated in Table E-1.1. 

''OOTE: If RWST low level alarm is not imminent, 
then consideraticn should be given. to 
performing a preliminary evaluation of 
the plant status in Steps 9 and 10. 
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a. If containment spra~ has been actuated, and if the containment 

pressure is ~educed to nominal. operation containment pressure, 

reset containment spray. Spr·ay pumps should be shut-off and 

placed in the standby mode with operable flow paths. 

9. Periodically check auxiliary building area radiation monitors for 

detection of leakage from ECCS during recirculation. If significant 

leakage.has been identified in the.ECCS, attempt to isolate the 

leakage. The operator must maintain recirculation flow to the RCS 

at all times. 

10. While the plant is in cold leg recirculation mode, plant operators 

should make provision for an evaluation of equipment in the plant. 

This evaluation should include the primary safeguards equipment 

e.g., RCS pumps and valves, emergency diesels, containment fan 

coolers, etc. and support equipment e.g., ECCS HVAC equipment, 

diesel fuel supply, diesel start air supply, sampling of RCS for 

boron concentration and fuel rlama;e .. sampling of containment atmo

sphere, sampling of recirculation~, etc. Adjust recirculation 

sump pH, if required. 

11. Prior to the time specified for the plant for· the switchovet 

to the hot l~g recirClllation ::ode., the operator in the control 

room should: 

I-1 ( H?)-lO. 
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a. Ensure that control room valve switches are aligned in the 

proper positions for cold lea recirculation mode. 

b. Re-energize the breakers, as required, for valves needed 

to effect switchover to the hot leg recirculation mode. 

12. At (plant specific) h~urs after the accident, realign the 

safety ·injection systems for hot leg recirculation. Go to 

Table E•l.2. 

CAUTION: The hot leg recirculation switchover procedures 

are different for each plant ECCS design. Tne 

plant specific procedures should be incorporated 

in Table E-1.2. 

13. Continue to implement the hot leg recirculation mode of cool

ing. 

14. Recovery procedures for the particular event must be developed 

and implemented to effect plant return to service. 

E-1(HP}-11 
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TABLE E-1.1 

COLn LEG RECIRCULATION SWITCHOVER INSTRUCTIONS 

PREREQUISITES AND PRECAUilONS: 

A. Prior to receipt of the Refueling Water Storage Tank (RWST) Low 

Level Alarm restart any safety injection pump not operating and 

reset/defeat the safety injection signal. Also open component 

cooling water (CCw) valves to Residual Heat Removal (R~) heat 

exchangers if these valves are not interlocked to open automatically. 

B. The Refueling Water Storage Tank (RWST) Low Level Alarm signifies 

automatic initiation of cold leg recirculation. The containment 

recirculation sump valves will immediately start to open automat

ically. 

C. IMMEDIATELY perform all steps given below when the recirculation 

sump isolation valve position lights indicate that the valve is 

fully open. 

D. Do not close a RWST/RHR pump suction valve unless the corresponding 

recirculation sump valve is open. 

E. All operator actions must be performed expeditiously, in a precise, 

orderly sequen:e. Do not interrupt this operation until all actions 

are completed. When both trains are initially available and a valve 
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fails to respond or to complete its demanded operation, postpone any 

corrective action until the subsequent operational ste~s are per

fanned. 

F. IMMEDIATELY ~top any pumps· taking suction from the RWST on receipt 

of a RWST empty alarm. Complete the switchover steps listed below, 

then restar~ required pumps. 

OPERATIONAL STEPS (NO SINGLE FAILURES): 

STEP 1 

STEP 2 

a) Close the RWST to low head safety injection pu~ suction 

isolation valves 

b) Close the high head safety injection pump miniflow valves 

c) Close the low head safety injaction crossover isolation 

valves 

a) Open parallel valves in the high head safety injection and 

charging safety injection pump common suction header. 

t:-l(HP)-13 
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STEP 4 
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TABLE E-1.1 (Continued) 

b) O~en the low head safety injection to high head safety 

injection and charging/safety injection pump suction 

isolation valves 

c) After completion of the above steps VERIFY that the two 

high head safety injection pumps and the two charging/ 

safety injection pumps are receiving suction flow from the 

low head safety injection pumps. 

CAUTION: Do not perform the following steps until the above 

verification is made. 

a) Close the RWST to high head safety injection pump suction 

valves 

b) Close the RWST to charging/safety injection pump suction 

isolation valves 

The utility should provide spray system switchover procedures 

and integrate them into this instruction. 
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NOTE: For plant designs which utilize only the spray system heat 

exchanger to remove energy from the containment recircula

tion sump the spray system must be operated during th! ~ong 

term even 1f it was not automatically actuated. 

VERIFICATION: 

STEP 5 

After completing the preceding steps, verify that the safety injec

tion system is aligned for cold leg recirculation as follows: 

a) One low he~d safety injection pump is delivering from the con

tainment recirculation sump directly to two reactor coolant 

system cold legs and to the suction of two charging/safety 

injection pumps. 

b) The other low head safety injection pump is delivering from the 

containment recirculation sump directly to two reactor co~lant 

system cold legs and to the suction of two high head safety 

injection pumps. 

c) The two high head safety injection and two charging/safety 

injection pumps are taking suction from the low head safety 

injection pumps and are delivering to four reactor coolant 

system ~old legs. 
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d) The suction paths from the RWST to all safety injection pumps 

have been isolated. 

e) If containment spray is required, verify that flow is being 

delivered. 

STEP 6 

.If the system alignment has been verified go to E-1 Step 9. If any 

·failures have occurred, proceed to contingency actions. 

CONTINGENCY ACTIONS 

l. CONTAINMENT RECIRCULATION SUMP VALVE FAILS TO OPEN 

If a containment recirculation sump valve cannot be opened, stop the 

corresponding low head safety injection pump and verify that: 

a) One low head safety injection pump is delivering flow t~ two 

reactor coolant system cold legs and to the suction of the two 

high head safety injection and two charging/safety injection 

pumps. 

b) The two high head safety injection and the two charging/safety 

injection pumps are delivering to four reactor coolant system 

cold legs. 
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2. LOSS OF ONE TRAIN OF ELECTRICAL POWER 

NOTE: If the single active failure is the failure of one of the 

emergency diesel generators to start in conjunction with a 

LOCA and a loss of offsite power. electrical power would 

not be available to one of the vital safeguard busses. As 

a consequence. all engineered safeguards equipment assigned 

to that corresponding electrical power train would not be 

available for operation untfl power could be restored to 

that bus. The instruction for switchover to cold leg 

recirculation, assuming a train failure, is essentially the 

same as the instruction above, which assumed no single 

failures. The operator could follow the above instruction 

with the understanding that those valves. without power, do 

not have to be repositioned. 

The following instruction is provided to illustrate the 

similarity between the instruction which assumes no single 

failures, and an instruction which assumes one complete 

electrical power train failure. For this instruction. it 

is assumed that Train B failed simultaneously with the loss 

of reactor coolant. It should be noted that if a train 

failed subsequent to the initiation of the •s• signal addi

tional steps may be required. For example, if no failure 

is assumed, the parallel suction valves in the line 
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from the RWST to the charging/safety injection pump suction 

header would open on an •s• signal. Should a subsequent fail

ure of one of the.electrical trains occur, one of the parallel 

suction valves could not be closed from the main control 

board. Therefore, positive isolation of the RWST to charging/ 

safety injection pump suetion path would have to be accom

pl1she~ locally. 

OPERATIONAL STEPS: (Assume only Train A available) 

STEP 1 

STEP 2 

a) Close·the· RWST to low head safety injection pump suction 

isolation valve 

b) Close the high head safety injection pump miniflow valves 

c) Close the low head safety injection crossover isolation 

valve 

a) Open one of the parallel valves in the high head safety 

injection and charging/safety injection pump common suction 

header 

E·1(HP}-1S 
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b) Open the low head safety injection to charging/safety 

in.jection pump suction isolation valve 

Revision 1 

After completing the above steps, ve~ify that the one high head safety 

injection pump and one charging/safety injection·pump are receiving 

suction flow from the one operating low head safety injection pump. 

Caution: Do~ perform the following steps unless the above verifica

tion is absolute. 

STEP 3 

a) Close ~he RWST to high head safety injection pump suction 

valve 

b) Close the RWST to charging/safety injection pUmp suction 

valve 

VERIFICATION: 

STEP 4 

After completing the above step, verify that the safety injection 

syste~ is aligned for cold leg recirculation as follows: 

E-l(HP)-19 
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a) One low head safety injection pump is delivering from the 

containment recirculation sump to two reactor coolant system 

cold legs and to the suction of one high head safety injection 

and one charging/safety injection pump. 

b) The one high head safety injection and one charging/safety 

injection pump are taking suction from the low head safety 

injection pumps and are delivering to four reactor coolant 

system cold legs. 

c) The suction paths from the RWST to all safety injection pumps 

have been isolated. 

d) If containment spray is required, verify that flow is~eing 

delive!'"ed. 

If the system alignment in Step 4 has been verified, go to E-l 

Step 9. If any failures have occurred, attempt to operate th~ 

equipment manually and locally. 
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HOT.LEG•RECIRCULATION SWITCHOVER INSTRUCTIONS 

NOTE: Hat Leg Recirculation Phase - At approximately 24 hours after 

the accident, hot leg recirculation shall be initiated. The 

following manual operator actions are r~uired to complete the 

switchover operation from the cold leg recirculation mode to the 

hot leg. recirculation mode·. In this instruction it is assumed 

that both electrical power trains A and B are available and that 

all safety injection pumps are operating. (No single failure 

has occurred). If failures have occurred continue through the 

instruction to contingency actions. 

OPERATIONAL STEPS BASED ON NO SINGLE FAILURE 

St~p 1: Terminate low head safety injection pump flow to reactor cool

ant system cold legs and establish low head safety injection 

flow to reactor coolant system hot leg by performing the fol

lowing actions: 

a) ,Close the low head safety injection cold leg header iso

lation valves 

b) Open the low head safety injecti~n crossover isolation 

valves 

c) Open the low head safety injection leg header isolation 

valve 
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Step 2: Terminate high head safety injection pump flow to reactor cool

ant system cold legs and establish high head safety injection 

flow to reactor coolant system hot l~gs by performing the f~l

lowing steps: 

a) Stop high head safety inje:tion pump no. l 

b) Close the correspondi"ng high head safety injection cross-

over header isolation valve 

c) Open the corresponding hot leg header isolation valve 

d} Restart the high head safety injection pump no. 1 

e) Stop high head safety injection pump no. 2 

f) Close the corresponding high head safety injection cross

over isolation valve 

g) Close ·the corresponding high head safety injection cold leg 

header isolation valve 

h} Open the corresponding high head safety injection hot leg 

header isolation valve 

i) Restart the high head safety injection pump no. 2 
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VERIFICATION: 

STEP 3 

After completing the above steps, verify that the safety injection 

system is aligned to hot leg recirculation as follows: 

a) Both low nead safety injection pumps are aligned to deliver. 

flow directly to the two reactor coolant system hot legs via 

the single low head safety injection hot leg header while each 

high head safety _injection pump is aligned to deliver flow to 

the two reactor coolant system hot legs via two separate and 

reduri- dant high head safety injection hot leg headers. 

b) The low head safety injection pumps continue to provide suction 

flow to the high head safety injection and charging pumps. 

c) The charging pumps continue to provide flow directly to the 

four reactor coolant system cold legs. 

d) If containment spray is required, verify flow is being 

delivered. 

STEP 4 

If the system alignment has been verified go to E-1 Step 13. If any 

failures have occurred, proceed to contingency actions. 
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CONTINGENCY ACTIONS 

l. LOSS OF ONE TRAIN OF ElEClRICAL POWER: 

In the event that a single-failure had resulted in a complete loss 

of power to one of the electrical power trains in conjunction with a 

LOCA and a loss of offsite power, the hot leg switchover procedures 

would require· some operations to be performed outside the main con

trol room, unless power could be restored to the failed train during 

the 24 hour cold leg recirculation phase. These operations, outside 

the main control room, would be necessary to open a hot leg isola

tion valve and to close a cold leg isolation valve. In both cases 

this can be accomplished either by manually operating the valve or 

by disconnecting the power to the valve from the failed train and 

temporarily connecting it to the available power. 

In the following steps, it is assumed that train B failed simul

taneously with the accident. 

OPERATIONAL ST.EPS (Assume only Train A Available) 

STEP l 

Terminate low head safety injection pump flow to reactor coolant 

system cold legs and establish low head safety injection flow to 

reactor coolant system hot legs. 
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a) Close the low head safety injection cold leg header iso

lation valves 

NOTE: Since it is assumed in this case that train 8 has 

failed, power to close one isolation valve may not 

be available. This valve could be closed manually 

or it could be closed remotely by disconnecting it 

from train B and temporarily connecting it to train 

A. 

b) Open the low head safety injection crossover isolation valve 

c) Open ;he low head safety injection hot leg header isolation 

valve 

NOTE: Since it 1s assumed in this case that train 8 has 

failed, power to ooen this valve may .not be avail

able. This valve could be opened manually or it 

could be opened remotely be disconnecting it from 

train B and temporarily connecting it to train A, 

Terminate high head safety injection pump flow to reactor coolant 

system cold legs and establish high head safety injection flow to 

reactor coolant sys'tem hot legs: 
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a) Stop the Train A high head safety injection pump 
- . 

b) Close the corresponding high head safety injection crossover 

header isolation valve 

c) Open the corresponding high head safety injection hot leg 

header isolation valve 

d) Restart. the Train A high head safety injection pump. 

STEP 3 

Go to E-1 Step 13. If any failures have occurred, attempt to 

operate the equipment manua 11y or 1 oca lly. 
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_ UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

DEC 6 1979 

Mr. Cordell Reed, Chairman 
Westinghouse Operating Plants Owners• Group 
Commonwealth Edison Company 
P. 0. Box 767 
One First National Plaza 
Chicago, Illinois 60690 

Dear Mr. Reed: 

SUBJECT: EVALUATION OF SMALL-BREAK LOSS-OF-COOLANT ACCIDENT OPERATOR 
GUIDELINES FOR PLANTS WITH NOMINAL 1400 PSI RANGE SAFETY 
INJECTION PUMPS 

Our letter of November 5, 1979 approved the guidelines for emergency 
operational pr_ocedures E-0 and E-1 which you have developed for Westing
house-designed plants with high head safety injection pumps similar tp 
the 412 standard plant. By that letter, we also approved the corresponding 
guidelines for : 2-loop, 3-loop, and 4-loop plants with nominal 1400 psi 
range safety injection pumps pending fulfillment of~our commitment to 
provide certain agreed-upon revisions to these guidelines in a timely manner. 

In your letter dated November 5, 1979, you provided revised pages for the 
guidelines for emergency operating procedures for nominal 1400 psi range safety. 
injection pump plants which are similar to the October 31, 1979 and November 2, 
1979 revisions to the guidelines for the 412 standard plant. 

We have reviewed the revised pages submitted with the November 5, 1979 letter 
and have confirmed tha·t they contain the previously agreed-upon revisions. 
Therefore, we reaffirm our previous acceptance of these guidelines as stated 
in our letter of November 5, 1979. A copy of the approved guidelines for 
plants with nominal 1400 psi range safety injection pumps is enclosed for 
your information and use. 

Enclosure: 
As stated 

cc: see attached lists 

~'y-
D. F. Ross, Jr., Director 
Bulletins and Orders Task Force 
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4-LOOP, 3-LOOP and 2-LOCP 

PU'.NTS 

WITH NOi•aNAL 1400 PSI RANGE 

SI PU~~PS 

OPERATH!G H~SiRIJCT1 Q,'.;S 

Revision 1 

September 25, 1979 

with Revised Pages 

dated October 15, 1979 

and October 29, 1979 

and November 2, 1979 

TI1i's ciocumcnt ccntc.ins typic41 E.'ilers:ncy Instruct.ion:o· :-or 2, 3 and 4 

loop p1ants \":ith nomin'"l 1400 psi rtng2 safety injectiCi1 pumps and is 

inter.ded to provide guidanc~ in the preparation of Emergency Operating 

Procedures for individual plants in this catcsory. It is not likely 

that these instructions will apply in their entirety to any specific . 
plant design and adaptation will be required. G-138 



Reviston t 

EQYIPMENT PARAMEiERS 

The following ~ar~eters are typical of plants with nomina1 1400 psi 

range safety injec!ion systems: 

High Head Safety !nject1on ~urnc 

~umber 

Maximum F1ow Rate, gpm/~u~~ 

Shutoff Head, psig 

Low Head Safety Injection/ 

. Residual Heat ~e.'tlcv~1 ?~.imo 

~ur:lber 

Maximum F:ow Rate, gpm/purnp 

Shutoff Head~ psi; 

2 Looo 

2 

1100 

1520 

2 

1520 

140 

i 
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3 Looo 

3 

600 

1300 

2 

4500 

l!O 

4 Looo 

3 

650 

. ~,.L .... :l 

2 

5500 



A. PURPOSE 

E-O 

EMERGENCY INSTRUCTIONS for 2, 3 &4 !.COP ?L.A.NTS WITH 
NOMINAL 1400 ?SI RANGE SAFETY INJECTION ?UMPS 

IMMEOIAi! ACTIONS ANO OI~NOSi!CS 

Revision J 

rnis instruction presents t:te automatic actions, the inmediata 

lperatm- ac:ions and the diagnostic: sequence "Nhich is to Je foi icwe~ 

in ~~ ident1ricaticn of the f~11cwing: 

1. Spurious Actuation of Safety !njecticn 

2. Loss of Reactor Cooiant 

3. t.oss of Secondary Coolant 

4. Steam Generator Tube ~upture 

The reactor aut:rnatic protec:-:cn eqi.iipment is cesignec t.J saf:1;.t snut 

down ~,e reactor in the event of any of the aoove emer;encies. ine 

safe:y injection system is desigr.ea to pr~viae emer;ency core cooi ing 

and bcr!ti·Jn t.:l main:ain the ufe reactor shut:c·..-n c:nai:ior:. 'These 

av1n ab 1e. 

:n the sucse~'Je~t docwmer.ts in this series (E-1, E-2: and E·3), ins-:r~c-

G-140 
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a. SYMPTOMS 

NOT!: The process variables referred to in this Instruction are 

typica1lv monitored by more than one instrumentation chan

ne 1. The redundan': ::!'lanne 1 s shou 1 d be checked for cons is

tency wh11e performing the steps of this Instruction. 

ihe fol icwing symctoms are typical of t!'1ose ... nich :nay arise in a 

~ 1 ant which is under;o i ng a loss cf reactor ceo 1 ant, 1 oss of sec~n

dary con1 ant or steam ge~er"atcr t:.ooe n.;pture (one or :nore SJT!Ipt.:ms 

may appear in any order): 

Low Pressurizer Pressure 

Lew ?ressurizer ~ater Level 

High Pressurizer water :.eve1 

High Containment ?res sure 

High Containment Radia:ion 

~igh Air ~ector ~acia:ion 

High Ste~ Ger.er"!tcr 3~c~cc~n ~ao~ation 

Steam r1cw/Feedwa:er riow ."1is;na:::t 

Letdown Isolation/?ressurizer Heater Cutout 

Low Lew ~eactor Coolant System Average Coo1ant 7em~er::Jr! 

E-O(l..P)·Z 
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High Containment Recirculation Sump Water Level 

Low Steamline Pressure (one or all Steamlines) 

Low Steam Generator Water Level 

Increasing Steam Generator Water Level 

R;vi s i Oil f 
Revised 1/02/79 

Rapidly Changing Reactor Coolant System Average Cool~nt Tern

Temperature 

. Increased Charging Flow 

High Steam Flow {one or all Steam lines) 

High Containment Humidity 

High Containment Temperature 

Low Feedwater Pump Discharge Pressure 

NOTE: The pressurizer water level indication should ah1ays be 
used in conjunction \'lith other specified .reactor coolant 
system indications to evaluate system conditions and to 
initiate manual operator actions. 

C. IMMEDIATE ACTIONS 

1. Conditions warranting reactcr trip or safety injection may be 

characterized by a number of anomalous situations or unusual 

instrument indications • 

. a. If the plant is in a condition for which a reactor trip is 

warranted and an automatic reactor trip has not yet 

occurred, manually trip the reactor. Continue monitoring 

plant conditions as shown in Figure 1. 
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b. If the plant is in a condition for which safety injection is 

warranted and an automatic safety injection has not yet 

occurred, manualiy initiate safety injection. 

2. Verify the following acti~ns and system status: 

a) Reactor trip and turbine trip nave oc:~rred. 

b) 3us ·1oltages ind~cate that t~e :usses are er.e!"~~zad and a1~ 

intended loads are being powered. 

c} Feedwater rsoiation ~as oc:~rred. 

d} Containment Isolation ?hase A has occur!"ed. 

e) Auxi1iary Feecwater ?~mcs ~ave started and the Auxiiiary 

Feed·~ater System .,a~·tes are in the1r prcper ;.'lle!'";ency A1~;n-

ment and are f:J1 1y ope!'! or fully c1csed as !t!Cr~pr; ate. 

proper safe;uar:s position. 

g} Service and :ompcnent Cooiing ~ater ?umps_ have started. 

n) Conta~nment '/enti1at~·:m is.:i at~:::n nas cc::Jrred. 
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i) Other essential equipment as required by the specific plant 

design nas been put into ser·rice. 

3. If any of the above automatic actions nave not occurred and !re 

required, they snould be manually ini:iated. 

Verify the following: 

a) Safety !njection f~ow fr~ at leas~ one t~ain is ~eing 

del ivel"'ed to the reactor coo1ant system ·.vnen the ~eactor 

Coolant System pressure is ~elow the high head safe:y 

injec~icn pump shutoff head. If not, at~emQt to operate 

equipment manually or locally. 

b) Auxiliary Feedwater flew fram at 1east one train is being 

de: i•1ered to t!'le stea.11 generators. :r not, ~~amp: to 

o~erata equipment manua1iy or locaily. 

~07!: On iy after steam gene rat~,. ·.vat:!" i eve~ is es:ab 1 ~she~ 

levei. 

4. ~her~ever the Contair:ment rfi·2 pressure se:;oint is reac~e-:, 

verify that the Main Steam !solation 'la1ves ha'le :~csad. TJ: ... 
no:, manuany erose :ne ~ain Steam :so1a:i:n 'l!~ves f:-crn the 

Cont:"01 Soard. 
c:.n( 1 .,, = 
- .... -· J -~ 
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1) Other essential equipment as required by the specific plant 

design has been put into service. 

3. If any of the above automatic actions have not occurred and .are 

required, they should be manually initiated. 

Verify the following: 

a) Safety Injection flow from at least one train is being 

delivered to the reactor coolant system when.the Reactor 

Coolant System pressure is below the high head safety 

injection pump shutoff head. If not, attempt to operate 

equipment manually or locally. 

b) Auxiliary Feedwater flow from at lea.st one train is being 

delivered to the steam generators. If not, attempt to 

operate equipment manually or locally. 

NOTE: Only after steam generator water level is established 

above the top of the u-Tubes, shou 1 d the Aux il i ary Feed

water System Flow be regulated to maintain required 

level. 

E-O(LP)-SA 
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c) Verify that heat is be_ing removed ·from the reactor plant 
via the steam generators by noting the following: 

a) Automatic steam dump to the condenser is occurring; 

b) Reactor coolant average temperature is decreasing towards 
programmed no-load temperature. 

NOTE: Atmospheric steam dump will be blocked by an existing 
"Turbine Tripped .. condition. If conde.nser steam dump 
has been blocked due to a control malfunction or loss 
of the 11Condenser Available" condition, decay heat 
removal will be effected by automatic actuation of the 
steam genera·tor pO\·:er-opera ted re 1 i ef va 1 ves, or, if 
these prove ineffective, the steam generator code 
safety valves. In this event, steam pressure \'till 

be maintained at the set pressure of the controlling 
valve{s) and reactor coolant average temperature will 
stabilize at approximately the saturation temperature 
for the steam pressure being maintained. 

4. Whenever the Containment Hi-2 pressure setpoint is reached, 

verify that ~he Main Steam Isolation Valves have closed. If 

not, manually close the Main Steam Isolation Valves from the 

Control Board. 
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5. Whenever the Containment Hi-Jpressure setpoint is reached, 

verify that.the following have occurred: 

a) Containment Spray is initiated 

b) Containment Isolation Phase B is initiated 

If not, manually initiate Containment Spray and Containment 

Isolation Phase B. 

D. ACCIDENT OIAGr:OSTICS {Refer to Figure 2) 

1. Evaluate reactqr coolant pressure to determine if it is low or 

decreasing in an uncontrolled manner. If it is low or decreas

·ing, verify that: 

a. all pressurizer spray line valves are closed and 

b. all pressurizer relief valves are closed. 

If not, manually close the valves from the Control Board. 

If the RCS pressure is above the low pressure reactor trip set

point and is stable or increasing, go to STEP 7. 

2. Stop ALL Reactor Coolant Pumps after the high head safety 1njec--
tion pump operation has been verified and \·then the wide 

E-O(LP)-6 
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range reactor coolant pressure is at (plant specific pressure 

derived from method in Attachment A of letter OG-19). 

CAUTION: 

CAUTION: 

If component cooling water to the reactor coolant 

pumps is isolated on a containment pressure signal, 

all reactor coolant pumps should be stopped within 5 

minutes because of loss of motor bearing cooling. 

If the reactor coolant pumps are stopped, the seal 

injection flow should be maintained. 

NOTE: The conditions given above fo•· stopping reactor coola:~t 

pumps should be continuous1y mo:1itor~d througflout this 

instruction. 

*3. 1f the condenser air ejector radiation or steam generator b 1 'J\·J

down radiation monitor exh~bit abnormally high readings, AND 

containment pressure, containment radiation and containment 

recirculation sump level exhibit normal readings, THE~J go to 

E-3, "Steam Generator Tube Rupture." 

*4 • .!E the stearnl ine pressure is abnormally 1 ower in one steam 

generator than in the other steam genet-a tors~ .lliQ! go to E-2, 

"loss of Secondary Coo 1 ant. •• 

*These steps may be interchanged. 
E-O(LP)-7 
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5. IF containment pressure, OR containment radiation OR containment - - -
recirculation sump 1evels exhibit either abnormally high read

ings or ; ncreasing readings, iHEN go to E-1, "Loss of ~eactor 

Coolant". 

For very sma11 breaks inside the contai~ment buildi~g. 

the containment ~ressure inc~ease wi11 be ve~y small and 

possibly not recognizable ~Y tne o~er!tor. For yery 

sma11 breaks :he conta1nment recirc~1at•on sump water 

level will increase very slowly and ear~y in the tran

sient may not indicate a 1e'le1 inc~ease. 

5. lEthe containment pressure, contaJnment radiation AND contain:. 

ment recirculation sump water level continue to exhibit stable 

readings in the normal ;n·s-event range, ~ go to E-2, "Loss of 

Secondary Coolant''. 

7. tn the event of a spurious safety injection signa:, the se~ue~ce 

of reactor trip, turbine trip and safeguads ac::.:at:on ·r~~i11 

OCC:J!". 

The operator must assume t~at :ne safety inject~cn signa~ is 

non-spurious iJnless the fo11owing are exhibite1: 

a. ~o~a1 readings for contai~ment temperat~re; ortssure, 

rid~at~cn and rtcir:~lation sump level ANO -
E.O( t.?) -a 
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b. Normal readings for auxiliary building radiation and venti

lation monitoring~ 

c. Normal readings for stea~ generator blowdown and condenser 

air ejector radiation • 

.!E all of the s)11lptom!i a through c above are met and when the 

followino d throuoh g !!::! exhibited: 

d. Reactor coolant pressure is greater than 2000 psi; and 

increasing Hill, 

e. Pressurizer water level is great::- t.hc:!'l prog:-ar.r.:;d r.o 1oad 

water 1 eve 1 * M:D 
f. The ~eacto~ coolant ir.dicated subcooling is greater 

than (insert p1ant spec~fic value of sub:oolin; eG~al 
to .. fu11 p01:er nor::1al q:eration). 

g. Water level in at least one steam s:nerator is in the 

range span, or in the ~tide range span at a 1eve1 suff~cicn: 

to assure that the U-tubes are cove:-ed 

*NOTE: Pressurizer water level should trend ~ith reactor 

TllEll: 

coo 1 ant sys tern temperature. If the press:Jri zer ·t~ater · 

level ~s low enough to prohiblt pressurizer heater 

operation, re-establish water level by operating the 

charging system. Energize the heaters. 

h. Reset safety injection and stop the safety injection 

pumps. 

CAUTIO:l: Automatic reinitiation of safety injection will not occur 
since the reactor trip breakers are not reset. 

CAUTIO:!: Subsequent to this Step, should loss of offsite po~·:er 

occur. manual action (e.g., manual safety injection 

initiation) will be required to load the safeguards 

equipment onto the diesel powered emergency busses. 
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i. Following termination of safety injection place all 

safety injection pumps in standby mode and maintain 

operable safety injection flowpaths. 

j. Reestablish normal makeup and letdown (if letdown is 

unaffected) to maintain pressurizer water level in the 

normal operating range and to maintain reactor coolant 

pressure at values reached when safety injection is 

terminated. Ensure that water addition during this 

process does not result in dilution of the reactor 

coolant system boron concentration. 

k. Reestablish operation of the pressurizer heaters. When 

reactor coolant pressure can be controlled by 

pressurizer heaters alone, return mak~lP and letdown to 

pressurizer water level control only. 

NOTE: JI after securing safety injection and attempting to 

transfer to normal pressurizer pressure and level con

trol, reactor coolant pressure drops below the low pres

surizer pressure setpoint for safety injection actuation 

Q! if pressurizer water level drops below 10% of span, 

2B. the reactor coolant TH > normal full po\'ler TH, 

THEN SAFETY WJECTIW MUST BE f.t.ANUALLY REINITIATED. The 

operator must rediagnose plant conditions and proceed to 

the appropriate emergency instruction. 
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NOTE: l[after securing safety injection and transferring the 
plant to normal pressurizer pressure and level control, 
t~e reactor coolant pressure does not drop belo"' the low 
pressurizer pr~ssure setpoint for safety injection actu
ation ~the pressurizer water level remains above 10% 
span, AUO the reactor coolant indicated subcooling is 
greater than (insert plant specific value of subcoo1ing 
based on fu11 PO\'Ier normal operation), ~go to the 
abnormal· operating instructions. 

E-O(LP)-11 
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A. P'JRPOS~ 

E-1 
EMERGENCY INSTRUCTION FOR 2, 3 & 4 ~OOP PLANTS '..liTH 

NOMINAL 1400 PSI RANGE SAFETY IN~ECiiCN ?~MPS 

LOSS OF ~:ACTOR COOL .. ~NT 

The objectives of these instructions are :o s;ecify re~u~rea 

operator actions and precautions necessary tc: 

Revision 

l. Verify and estaoiish short term ccr: c~c1i~g to ~revent cr 

minimize damage to the fuel cladcir.g and re1ease of excessive 

radi oact i vi ty. 

2. Maintain long :~rm shutdown and coo~ing of the reactor oy 

r-eci rc:.~ 1 at i en of Si' ill ed reactor coo 1 ant, in,; ecte~ water a:1c 

containment spray sys:~m drainage. 

a. !~MEJZ~7E ACi!CNS 

~efer :o S!Ct~cn on ::":T.:eciate Ac":icns Jf E-.J, 

C. S~SSE:cE~7 ~C7~0NS 

CAUi:CN: ~onitor ~~Si ieve1 close1t. If R~S7 ieve1 

decreases rapid1y such tha: the ~~S7 :cw ieve~ 

E-1(L?)-i 
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The diesels should not be operated at idle or 

minimum load for extended periods of time. If the 

diesels are shut down, they should be prepared for 

restart. 

NOTE: The operator should verify that the Post Accident Monitoring 

(PAM) instruments are operating and recording. These instru

ments include wide range RCS temperature and pressure, steam 

pressure, steam generator water level, containment pressure, 

RWST water level, condensate storage tank water level, pres-

surizer water level, and boric acid storage tank water level. 

NOTE: The process variables referred to in this Instruction are 

typically monitor·ed by more than one instrumentation channel. 

The redundant channels should be checked for consistency while 

performing the steps of this Instruction. 

NOTE: Reactor coolant system isolation valves (LSIV) are optional 

equipment on the Westinghouse Standard Plants. If a plant is 

so equipped, the use of LSIV's is not currently recommended 

during the course of this Instruction. Any use of LSIV's must 

be justified on a plant specific basis. 

NOTE: The pressurizer water level indication should always be 
used in conjunction with other specified reactor coolant 
system i~dications to evaluate system conditions and to 
initiate manual operator actions. 
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1. As the water level (PAMS) in the refueling water storage tank 

decreases uncer the action of the safeguar~s pumps, check tha~ 

the recirculation sump water 1eve1 instrumentation indicates 

an increase in water 1evel in the sump. If a sumo water leve~ 

increase is not evident then a re-evaiuation of the sympt~s 

in E-0 must be c~nducted. 

~e9uiate the !Uxi1iary feedwatar flew to t~e ste~~ generat:rs 

to restore and/or maintain an indicated narrow rar.ge water 

level (?~~S}. ·If narrow range water 1eve1 i~cr!ases in an 

unexplained manner in one ste!m ;enerator, go ~o E-3, Ste!m 

Generator i~be Rupture. 

NOT:: Moniter the ;lr"imary .,ater sup!J1Y (Conce~sate Storage i'ani<) for 

the auxi17ary feecwate~ pumps and upon reaching a 1ow 1evei, 

swit:h over to an a1ternate water supp~y source. 

isolation va:ves. 

3. ~07!: 

inje::ion shcu1d be c~ntinuous1y ~on~t:rec :nrou;nou~ 

this instruc:1cn. 

:~sure that conta~nment iso;a:~on is maintained, i.e., not 

reset :.mtn such t~me as 11anua~ act7on is .. ~~u~ .. ed .:n .,ec-

essary ~rocess streams. 
E-l(LP:--3 
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IF reactor coolant pressure is above the shutoff head of the 
- 0 

safety injection pumps 

~ safety injection flow to the Reactor Coolant System is zero 

~ attempt to reestab 1 ish the reactor coo 1 ant pre·s sure to 

greater than 2000 psig and pressurizer water level to greater 

than 50% of span 

BY a) Resetting safety injection, and 

b) Establishing full charging flow. 

CAUTION: Automatic reinitiation of safety 1njection will not occur 
since the reactor trip breakers are not reset. 

CAUTIQrl: Subsequent to this Step, should loss of offsite power 

occur, manual action (e.g., manual safety injection 

initiation) will be required to load the safeguards 

equipment onto the diesel po\'tered emergency cusses. 

Safety Injection can be terminated !E.= 

(A) Reactor coolant pressure is greater than 2000 psig 

and increasing, ~ 

E-l(LP)-4 
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(B) Pressurizer water level is greater than 50% of 

span, AND 

(C) The reactor coolant indicated subcooling is greater 
than (insert plant specific value of subcooling based 
on full power normal operation), AND 

/C . 

(0) Water level in at least one Steam Generator is in the ••! 

THEN: 

narrow range span, or in the wide range span at a 

level sufficient to assure that the U-tubes are 

covered. 

(E) Fol1m-Jing termination of safety injection place 

all safety injection pum~s in standby mode and 

maintain operable safety injection flowpaths. 

CAUTION: If reactor coolant pressure drops below the lo\'1 
pressurizer pressure setpoint for safety injection 
or pressurizer water level drops below 20% of span 
following termination of safety injection flow or 
the reactor cool ant T H > Norma 1 Fu 11 Po\'1er T H, 

MANUALLY REINITIATE safety i nj ecti on to ensure 

core cooling. Go to Section 0 of E•O to 

reevaluate the event, unless this reevaluation 

has already been performed. 

(F) Rees~ablish normal makeup and letdown (if letdown J •of~ 

is unaffected) to maintain pressurizer water level 

in the normal op_eratina range and to maintain 
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reactoiA coolant prcssul"e at values reached when 

safety injection is terminated. Ensure that water 

addition during this process does not result in 

dilution of the reactor coolant system boron con-

centration. 

(G) Reestablish operation of the pressurizer heaters. 

(H) 

When reactor coolant pressure can be controlled by 

pressurizer heaters alone, return makeup and let

down to pressurizer water level control only. 

r~onitor either the average tempe!"'ature indication 
of ~ore exit thermocoupies (if available) or a11 
wide rang~e re-actor coolant tempera:ture .. r~ (r= . .;:-:s) 
to verify that RCS te~pm·ature is at least 50°F 
1e$S than saturation temperature at RCS ~ndicated 
pressure. 

If 50°F indicated subcoo1ing is not present, then 
attempt to establish 50°F indicated· subcoo1ing by 
steam dump from th~ steam generators to the con
denser or the atmosphere. 

CAUTION: If steam dump is necessary, reduce the 
steam generator pressure 200 psi beiow 
the lowest steam safety valve setpoint 
and maintain a reactor cooiant cooldcwn 
rate of no more than 50°F/HR, consistent 
with plant make-up capability. 

If 50°F indicated subcooling cannot be established 
or maintained, then manuallv reinitiate safety_ · 
injection. Go to Secticn D of E-O to re-evaluate 
the event, unless this re-evaluation has already 
been performed. 

(I) Perform a controlled coo1down to cold shutdown 
conditions using Normal Cooldown Procedures if 
required to affect repairs. r·1ainta in subcool ed 
conditions(at least 50°F indicated .subcooling)in 
the reactor coolant system. If subcooled con
ditions cannot· be maintained, go to Step 4. 
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4. If the conditions for terminating safety injection in Step 3 

are not met, maintain necessary safety injection pumps oper·a

ting. If any safeguards equipment is not op~rating, attempt 

to operate the equipment from the control room or locally. 

Effect repairs if necessary. If reactor coolant pressur·e is 

above the lov1 head safety injection pump shut-off head, 

manually reset safety injection so that s_afeguat·ds equipment 

can be controlled by manual action. Stop the lo~·J head safety 

injection pumps and place in the standby mode. 

CAUTION: Whenever the reactor coolant pressure decreases 

bel0\'1 the lo~1 head safety inJection shutoff l1ead, 

the low head safety injection pumps must be 

manually restarted to deliver fluid to the reac~or 

coolant system. 

5. Stop ~Reactor Coolant Pumps after the high head· safety 

injection pump operation has been verified·and when ~he 

wide range reactor coolant pressure is at (plant specific 

pressure derived from method in Attachment A of letter OG-19). 

CAUTION: 

G-161 
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If ~eactcr coolant pumps are stopped, the seal 

injection flow should be maintained. 

NOi!: The eondi~ions given al:iove for stopping r-eac~or coo1 a . .,t pur.:ps 

should be cont~nuousiy mon1!ored tnroughout this inst~uction: 

6. In the case of a ~reak characte~ized by ~eact:r c:olant ~res

sure quic.~ly .:ec:"easi,g bel:w stean ;e~era::r ;:~r-:ssure, go -:o 

step 7. In the case :f a br-eak char-acteri:~d ':.y a s~ow'iy 

decreasing r-eactor coolant press~re or stabi1:z~d reactor 

coo1ant systa~ ~ressure above the Tewes: sta:m system safg:y 

valve setpoint, (:7ant scecif!c) psig, :he following addi-

tionai manual actions should be taken to aid t!'!e c:o~:own and 

depressurization of the reactor coo1ant system: 

a. If the mai~ condense~ ~s in servfce, :pen a: 1east on~ 

"b. If th-e main :onc!ensa!'" is not in service, du::o:;:l stea.'n ~o ';!'le 

:_~,, ''-~ 
- - ~. ~· J -
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CAUTION: Reduce the steam generator pressure 200 ps·i be1m·l 

the lowest steam system safety valve setpoint and 

maintain a reactor coolant cooldown r~te of no 

more than SQOF/HR, consistent with plant make-up 

capab il i ty. 

7. Go to the Cold Leg Recirculation Instruction presented in 
Table E-1.1. Note, if the reactor cooiant system pressure 
is above the shut-off head of the high head safety injection 
pumps, stop these pumps and place them in a standby mode 
prior to transfer to cold leg recirculation. 

CAUTION: The cold leg recirculation procedures are 
different fvr each plant ECCS design. The 
plant specific procedures should be inccr--
porated in Table E-1.1. -

NOTE: If RHST l0\>1 level-a-larm is not i:r.ni,nent; 
then c6nsideraticn should be oiven to 
performing a preliminary evaluation of 
the plant status in Steps 9 and 10. 

s. If containment spray has been actwated, and if the contair.~ent 

pressure is reduced to nominal operation containment pressur~. 

reset containment spray. Spray pumps snould be shut-off and 

placed in the standby mode with operable flow paths. 

9. Periodically check auxniary building area radiation monitors 

for detection of leakage from ECCS during recirculation. If 

significant leakage has been identified in the ECCS, attempt 

to isolate the leakage. The operator must maintain recircu

lation flow to the RCS at all times. 

E-l(LP)-9 
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Revision I 

10. -hiie the ~1ant is in cold 1eg recirculation mode, plant 

operators should make provision for !11 evaluation of equip-

:nent in the ;ll ant. This evaluation shou1d include the ;:r~:::ar:t 

safeguards equipment e.g., ~CS pumps and vai·1es, emer-;enc:t 

diesels, cont!i l"'~"TTent f :n ceo 1 :rs, Q~--·-· 
e.g •• ECCS HVAC :qui;::ment, d1ese1 fuel supplJ, diese1 s:ar-: 

air suQply, sampling of ~CS fer ~oren ::ncer.-:~;t~on and f:a: 

cu1ation sump, etc. A~~s~ rec~rcu:ation s~o ~~. if reQuired • 

. . ... ~. 

to the hot 1eg rec~r:ulation moae, the operat:r in :~e cont:-:i 

room shou i .:: 

!l. ~e-ener;i:e t!'!e :reax:rs, as r~uirea, f:r l!'ites ne-e:.:~ 

:z. ,. !,., an• ..... ,. • .;:~,-·, hours ar··~r ·-:e 
:'1\'-o ;J·-·- ~"'-•·' ._, - ...... ac:i :ent, 

E-l(LFI)-10 
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CAUTION: 

Revision 

The hot leg recirculation switchover procedures are 

different for each plant ECCS design. The ;l1ant 

.specific procedures should be incorporated in Tab1e 

E-1.2. 

13. Continue to implement the hot leg recirculation mcde of ccc:

ing. 

14. Recovery ;Jrocedures for the part i c:. lar event :nus t o e =eve~ oce-: 

!ltd imclemented to ef~e~t ;l1ant ret:Jrn to service. 
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Revision 

TABLE E-1.1 

COLD LEG ~EC:RCJLATION SW!7CHOV~ INSiRUCi!ONS 

See :nl! Co~d :.eg R'edrcuiat~cn .':-o::ec~ra ..,n:::, ~s ::..~r· .. en::J 

incor;:ora:ad ~n ~he ;l: an: :::ner;enc:r ?r-oce-:;.;res. 
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~evisicn 

TABLE E-1.2 

HOT LEG ~EC!RCJLAi!SN S~ITCHOVER IN~UC7IONS 

See the ~ot ~eg ~ecirc~1ation ?rcc:cure ~nj:~ is :ur~en::J 

incor?cr!t~ i~ the piant E~er;ency ?roc:c~res. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Mr. Cordell Reed, Chairmar. 
Westinghouse Owner • s Grou~ 
Commonwealth Edison Company 
P. 0. Box 767 
One First National Plaza 
Chicago, Illinois 60690 

OEC 2 7 1979 

SUBJECT: MODIFICATI:N OF SMALL-BREAK LOSS-OF-COOLANT ACCIDENT OPERATOR 
GUIDELINES 

Dear ~1r. Reed: 

We have reviewed the propJsed modifications of the small-break loss-of-coolant 
accident operator guideli~es that were transmitted to me by Mr. R. Newton 
of your group on December 21. 1979. These revisions are concerned with the 
HPI termination criteria ~nd reflect feedback from several utilities that 
encountered difficulties in i~plementing the guidelines we approved on 
November 5, 1979. The re'tisions are presented in Enclosure 1. 

Item l(b) and 2(b) of the enclosure refer to conditions in at least one 
steam generator to ensure an adequate heat sink. The revised criteria 
are based on an increasin3 level in a steam generator as verifiec by 
auxiliary feedwater flow sufficient to remove decay heat after 20 minutes 
following reactor trip. ~e concur that these criteria are sufficient for 
ensuring an adequate heat sink, however, each utility must document that this 
criterion is consistent ~ith any other restrictions that may be in force on 
AFW/steam generator opera:ion such as water hammer considerations. 

The remaining items in tr; revision refer to the primary system subcooling 
criterion for HPI termir.!tion and reinitiation. As noted in our evaluation 
of the guidelines on Nove:71ber 5,_ 1979, we are concerned that the criteria 
be sufficient for establishing subcooled conditions in the core while 
allowing the operator to terminate HPI to reduce the probability of lifting 
the pressurizer power operated relief or safety valves. Based on our dis
cussions with Mr. Newton on December 21, 1979, we interpret the "sum of the 
errors ... " used to establish the subcooling criterion at each plant to mean that 
the errors referred to ir. 1 (a) and 2(a) that are statistically defined will 
be·on a basis of 95% protability and combined by the square root of the sum of 
the squares method. Other errors wi11 be defined by an envelope of the un
certainty data and the t~~ types of errors will be summed arithmetically. 
In no event should the s~bcooling criterion be less than 30°F. We believe 
in the short term that t!':is criterion is sufficient to establish subcooling 
because it is used in cor.junction with criteria on primary system pressure and 
heat sink availability. he require that the utilities provide documentation 
within 21 days showing t~e errors (and their source) used to develop their 
subcooling criterion and how the errors were combined. If the calculated 

G-168 



Nr. Cordell Reed -2-

subcool ing criterion does not f:-e~it tir.Jely temination of H?l for non-LOCA 
events, the utilities must doctr.:ent and justi(t any proposed revisions to 
their procedures 'ttithin 21 cays. . 

In the lonqer tenn. vre recuir-e the utilities to insta 11 instruMent~tion and 
readout devices that will ·ensu~ 21J°F of actual subccol ino basec 0:1 the 
criterion (may be modified) in the :Jrocedure. This instrw~ntation nust be 
installed by January 1981. The utilities should ackr.owledge this com.itment 
within 21 days. 

In conjunction vtith I&E Bulletin !·lc. 79-27. the utilities should ctJnfim 
that sufficient instrur.entat~o" is 3.Vai1ab1e on recu!":ctant enerqe:-:c:' po\':er 
supplies to permit the opera~or to ;:>erform the. actior:s defined in the 
proeedure. · 

Enclosure: 
f..s stated 

Sincerely, 

&ft~b~l !i,&:loi"~t 

Dem·rood F. Ross, Jr., Actina ::li rector 
Division of Project ~anaqenent 
Office of Nuclear Reactor Rer. :ation 
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''Jre follo,dnq r~vinion!i t-.-::1 tht? 112 -t"-:-ro?r.t:.·n'~£' ~'·•c::ty.:nt:y '-'P<!.t·ati~..g 
nst:rucf:i,;ns '<t'Cre u•Jn!r~tl t.o <lt ·Ht~ ,.~()G pr·c..,~·ct1nt<::. ~··tb,·nmmlt.tee 
e'Ct.i.ncJ ht!ld in Plttt-;lPJ:;::!fl c·~ o::~;e:>J:·er 17. l~-'7?. 

( il) Ch<1n•J.o:! the \-;C•nls in t'•l'Ul':Jr<l'f~h f '.lll f'-"lt;C '!: ·ll CHi') -10 fr·:lltt 
,.in:!l/i!rt plnnt !'f'!'r:-i fie value o(' ~ub-c::•,..:1 !.r·-:r P~Jlli'll to 
full poc.:er 11C'.l'!''i~] c-prc;JtJr:n~ t·~ "inr.·-:~:t rl-1rtt !';per.:ific 
·...-al\.t~ \lthi<::h in t.he S'jrT\ of the t:'rro-cs fr>r: the te-mpe-::rat-ure 
rnc-n~nrrm(!nt ny~.ten n..::ed, <md th~ p·n:•i'?•)U? TT·~:\surement. 
~_ystcrn t.rilns.lnl:<?o into I:F'!.,.,~pt!!rnt,lr~i o.,.:~~~r t 11e 5<1tur.::tticr. 
t.abl!JS,. • 

{b) Ch::t.nr:J-n pil r;,g rnph -;r -.:>n pnge C-IJ { HP) ---l(J bJ r·::.- ;::vJ ;n~ fcll<.'WS t 

"Kater level in at least one steam u~ncrat~r is stable 
~nd incrensing ~•~v~rifl~d. by Ruxili~ry fc~~w~ter £low 
to that unit:. ~~tn• iliary f"occ'lwa t~r r tr-:·..- f.:·_:) thn unaffect8d 
st~am g<!norators sh<Juld bt>. gs:~atcr l.ht•n ·:a ,_.,,lue ~.~.f.f.ic.i~"nt. 
to re.roave cor;·e decay heat a.EI:cr · 20 miriut.t2s .. ToTlo"tt[uq J:eal.!toc 
trip) gpm unBT- .lnr:ilcnted le'tl~l 1..~- r.et.nt·nc~l- to wit.hi.n -
the narrow r.::tnge l cvel inc:; trument ./11 

(c) Replacta the wcrc1s "the tt.:xctor coollH~t Tu :- normal ful1 
po~-1er 't'H" in the note at the bottt:~m of _rngq E'-<T (HP) -1~ 
wi.th the roll ow\ ng r,.;ord3 ft rcnctor C1)!'.'L'H'lt sub-cooling 
drops below t:h~ "rn1uca for SI terrnin~tion"". 

(d) 1\dd the follouing r.'aution after the not.o at th•.i bottom of 
page E-Q(UP)-11 

Cl\UTIO'R: Stopping r:1nd starting of the hi·;rh head sJJ.fety 
injecl:lon pumps «nd the charging/safety 
injection pumps can cause t>ttrnp m;:,to.r overh-eating 
o·r :r etl\'.ced r..-otor 1 i fe. nnncQ, i.f t:he pumps · 4rl1 
restnrt.~d once after t~t:TII inn tion ~ an additional 
15~F of ~ub-cool~ng should be added to the 
required G'..lb-cooling prior to the second tertr\ina
tion of t1la high head purnp~. 

(e) Cl1;1nge the 'fl'(.lrds .in r:otc ''t Uv~ top o-f P·:f'Je F.-0 {HP1-1:1 
from "'insert plant spoci f ic '>."'al ue of ~ uo -c·:Jo l :i ng bas-~~ 
em full power norm-31 opera tfon oo: to ... ~ r.~~rt plnnt speci fie 
val\le which is the .sum of th~ err.an~ ror t:he t•.:·Mp~ratur-e 
·rl'ten.surement system u::ed, tmd t.he prcr;;n.n·-E'! r.,c<t~urc.~nt 
sys::tcm tr~nslut~d {nto tl"'!t~F~r;;].tu-ce t~'?-l.r19 th~ :n turn.t.i.on 
tables". 
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{a) Change the wo.cds in paragraph (C) on p~go E-1 (HP) -4 from 
"insert plant tip~.::iric value of sub-cooling equal to 
full power nor~bl op~r~tion" to "inse~t plant ~pecific 
value which is tt~ sum of the'error~ for the temperature 
measur~men t sy ~ t.;m usud and the pressure me.=tsu:r:ement 
.sl•stcm tr.1n::ddt.;C! ir.to temp~rature using the :.iatucation 
tables". 

(b~ Change paragnai!h {O) on pag~ B-l(HP)-4 t.o read as followo: 
"Water level in ~t l~ast one ~team gendrator ia stable 
and increa;; ing .:;~.s -. .. -=r i fied l.Jy auxi liar~· fc:el'h.l.:i:ter flow 
to that unit. Auxili~ry £eedwator flow to tho unaffected 
steana genet·~tvr!$ ~hc-uld bet greater th4n (a. value sufficient 
to remove con: .:1.::.::=.!2'1 heat aft.er 20 minutt:sfollowing 
reactor tL;i£1--gr-r.. until indicated level is returned to 
rwithin the n~rru;.o nu19o3 lev~l in5trument,. 

l•:\ Replace th&:: .... ,;,~.:1..;. "·rh~ reactor coolant "rat ; Normal Full 
Power TH .. in lh~ ;.;.;t.uti,)n 4t the bottom of petqo E-1 (HP) -5 
w~th th~ follo~i&g ~ords "reactor cool~nt sub-cooling 
drops b~low the value for SI termination''. 

(d) Add the following ~dution after the caution at the bottom 
of pag~ E-l{HP) -5. 

CAUTION; Stoppir:-J and starting of the high head sAfety 
injtc·t:.:>•• pUlllps and the charginq/~.:tf~ty 
inj~Gt ion pumps can cause pwnp moto·r overheAting 
01.· re..i\.!c~<.i rr.otor life. Hence, if ~!..Uups a.re 
JC"u~lo.ct~d once after termination, an additional 
l5°F uf ~ub-cooling should be add~d Lo the 
.s:cqui red sub-cooling prior to the Sdcond 
t~:r:mino11tion of the hir]h head pumps. 

'i'l1c; tcxors ret~L'n.:·d t.:• i'1 l.a. and 2.a. that. .. u:e :::.l:~tl.stical~y 
da:::f:in~d will ba un ..~ b.-::.iti CJf 95~ pt·obauilit:y .:and combined by 
t.llu l:><ju~re r•J•"lt ul~ U1..: :;..,;t. of th~ fj•JU.:s.t-..!ii {S£<.::>5) ui<:Lt.od. Gthur 
t::' furs will h~ d.~fl,,.;;} l;~' ~,-, t::nv~lopc ot t.he Llla.;..:;:L,llnty dat.-a. 
Tl11: t·...,o typ~s at c.:Ic .. r:.. ... 111 tia tilllltllaud .'JCiLhu.c;r.i..:-:alll'·· In no 
t::Vf:ut will th~ tuL.:d l..:ll\•1- Lc lt:Sti t.h~n 30"'1·'. 
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:-:r. ,.";,lan R. Sarton 
S~nicr ~icc-Prcsid2nt 
~1-'-· ··a"- C .·, ... _; . .,:,,;· ru\·Jt:r or~.,_;,;.;1y 

P. 0. Gox 2641 

;.:r. J. A. Jones 
S~ni or '!i ce-?i·2s i dent 
Carolina Power & light Company 
336 Fayetteville Street 
Raleigh, North Carolina 27602 

:-~r. Corde 11 Reed 
~ssistant Vice PresiJ2nt 
Ccr::~:·,e;m;ea lth Edison Cc::-:;Jany 
P. 0. Box 767 
Chicago Illinois 60690 

i·~r. :·til1iam J. Cahill, Jr. 
Vice-President 
Consolidated Edison Co::-:pany 

of ~:e1·1 York, Inc. 
r:e\·1 York, N.Y. 10003 

r-;r. C •. ~. Dunn, Vice-Pn:sident 
0rGrations Division 
Duquesne Light Company 
435 S i·xth Avenue 
Pittsburgh, PA. 15219 

Cr. .:ob..::l't E. L1hri g. '.'ice -Pn;s i r: ::n: 
,,, .. ,.. '"'d ~.,-tr-- - ·d , __ ,_ 1 
'· 1. -•''-'- "J':> ..:11lS a11 , c::v:nO oay 
F1uida Po•:1er & Light Co. ~ 
P. 0. Box 529100 
Miami, Florida33152 

~r. John Dolan, Vice-President 
Indiana and l·lichigan Electric Co:.,p=ny 
Indiana and ~ichigan Po~er Company 
P. 0. Sox 18 
Bowling Green Station 
r:2:·: York,. ::c•.-1 York 10004 

~r. L. 0. ~ayer, ~anaoer 
::uc 1 ear Support Services 
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~r. Ch:rles Goodwin, Jr. 
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121 S.W. SalGon Street 
Portland, Oregon 97204 
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,. .. - -' 

;.~r. Gc.:r-ge T. C:e:rry, -.::cuti·.·:: :1i'e:,:tvr
P0\·:er .:iutiJvrity of t:12 State 0f ·;::;.-.. , Yc.rk 
10 Colur:~us Ci1·cle 
::ev: York, N. Y. 10019 

:.:R. F. P. Librizzi, :;2··ara1 i-:.:.r~::er 
Electric Production, Froductian 5eot. 
Public Service Electric & Gas C:~p~ny 
20 Park Place, Room 7221 
r;e\·lark, N.-J. 07101 

~r. W. L. Proffitt 
Senior Vice-President - Power 
Virginia Electric & ?c .. 2r Co. 
P. 0. Box 26666 
Richmond, Virginia 23~51 

~r. Sol Burstein, E~~c.tive Vice-Presirlent 
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P. 0. Box 1200 
Green Bay, Wisconsin -~305 
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