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I. SEQUENCE OF EVENTS

This interim report includes a detailed sequence of avents spanning
che first approximately twenty hours following imiciation of the
accident at 0400 on March 28, 1979. Subsequent reports will provide
additional information on this time period,as well as information
on principal developments during the ensuing period of establishing
long term cooling. Later it is anticipated that this sectiom will
include discussion of principal =millstones achieved ia the recovery
of TMI-2.
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” PRELIMINARY
ANNOTATED SEQUENCE OF

Tals report provides additional detail $o the April 1§, 1979 issue of the
sequence of events of the Mazch 23, 1979 accidenz at Three Mile Island Unic 2.
This repor: should still be considered as preliminary since investization and
data analysis i3 ongoing and contizues =0 provide naw izsizhts iato the TMI=2
accident. As such new informacticn and/or undersctandiag is develcoped this repors
will bSe updaced.

The £igures included ia this repor:t represenc the compilation of data from
varicus Installed insctrumentaticn and cecording souzces. TCutuse reviisioes
of chis report will ideacify these scurces

.

Aonotaticns iacluded alomg with the chromology of evancs, in addicion =o
prowiding pericdic assesszents of che plaat stacus, Tepresent ioput culled Zrom
interviews wizh the operating staff conducted by the Company.

In cases wnere =acual acticno was taken Yy the plant cperatiag staZf the

term '"the cperazar" is used i1 the 3equense 3f avezncs.

/
=
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PRELIMINARY

ANNOTATED SEQUENCE QF ZVENTS

TMI 2 ACCIDENT OF MARCH 28, 1979
For this chronolog?, a ceference clock was estabiished with the tize of the
turbiae =zip, 0400:37, defined as the time egual %Zo zero. The tizme of each
event iz the 3aquence i3 given as the nuzber of Zours, =izutes and seccuds
ralacive =o 0400:37, followed iz parenthesis by the real tize usizg a 24=-hour
clock. For exampla, 1:52:43 p.m. on March 28 weould be writtea "9:52:06 (1352:43)."

4

Dependiag upcon the accsuracy of the scurce of data for each avear, the tizes

appear alcme or with the zotatilon "approxizmate.”

FLANT STAITS
Three Mile Island Uniz Two was at 97X power with the Iategrated Coatzcl
Systea i Sull autcmatic. 3od groups oce thru Zive were fully withdrawm,

rod groups six and seven were 35X withdrawr and rod group aight was 273

withdrawn. 2eactar Coolaat 3yscem cotal flcw was approximacely 107.53 of
dasige flcow and the eactcr Coclant System pressure was 2153 psig. Raeactor
Coolant Makeup Pump 3 (MU-P-13) was in service supplyiag zakeup and Reactor
Coclant Fump seal injec:icﬁ £low. Ner=mal Reac:zor Ccolan:'Sys:an letdowm

£low was approxizazely 70 gpm. The Reactor “oglant Systezs beron conceatratisn
vas approxi=azaly 1030 parts per aillion. The Pressurizer Spray Valve

(RC=V1) and che pressurizer heaters were in manual counctrol vhile sprayicg

the pressurizer o equalize boren concentrations befuween the pressurizer

and the vemainder 3f the eaczor Coolact System. The pressurizer salety
ralves discharge header therzoccuples were ladicating 210 7 o 230

due to laakage thru cme of the Prassurizer Safety Talves (RC-R1A and RC-RIZ).



Steanm Generator parameters were as shown

Tabla of Stesam Gamerator
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the follcwing cable:

Parapetars

Steam Gemerazor A

Steam Senaerator 3

Locp Faedwater 5.7459 YPPE

Operating Level 562
Scartup lLevel 153.8 iachas
Steam Zzessure 910 psaiz
Teedwatar Tazperature 462.7 T
Steam Temperaturas 5.7

* MPPE - Million Pounds Par Sous

5.7003 MPPHw
57.4%
183.4 iaches
889.6 psig
462.7 T

584 ¢

Steam Gecaractor Feedwater Pumps (TW-P-lA and TW-?-l3) were iz service,
.

Condezsate 3coster Pumps (CC0-?2-2A, CO0=?-23 and CO0-?-1C) were iz service, and

Ceondensate Pumps (CO=P=1A and

zade to claar a clogged resia

A loss of faedwater fleow

(CO=P~14a) zripped rTesul:tizg i3 Boch

-

TW=2=13) tzispiag. The Main

As was deter=mined

-
-

inirciaced Jhen the

afzer speaning to reduce Rwactor Ccolazt Systenm

ccolant

s7stes pressuce was a

transiant which culminared in

s7stem prassura.

C0=?=13) were in service.

Maiz

eedwatar Zumps

2 saall break loss 2f coolint accid

direcr result of

An actempt was beixg

transfer lize in thae standby demizeralizer.

translant started when Cocdensata Pump

Teedwater Jumps (Ta=-r=-lA and

2ris caused "he zain turhice

ot was

ceronatic Ralieaf Valve (RC-RVY) did 10t shut properl

pressure. The high reactor

the loss of feed water Ilcw

a reactor trip dua to hizh reactor coclant

S v
o
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=00:00:01 Condensate Pump A (CO=?=1A) zzipped. The =rip was a result 2f a
(0400:138)
breaker protecticn relay actuatisn. The cause of the relay
actuation has zot been detarmined.
=00:00:01 Teedwater Pumps (Fw=P=lA and TW-P=13) :ripped az essenzially the
(0400:36)
same tize resultiang Lo a 1oss of feedwater flow to both steam
generacors.
€0:00:00 The =:ain gegerator and the =zain turbize tzipped in accardapce wich
(G4Q0:37)
planc design.
C0:00:00 ALl three Imergescy Teedwatar Zumps (IF=-?=-1, =T-P-2A, E7-P-13) star:ted.
(2400:137)
€0:00:02 The Zleczromatic Reliaf 7alve (RC-AVI)} cpened a: the setpoint
(0400:40) :

Approxizate of 2255 psig.

20:00:08 The reaczor :=ipped om high Reactor Coolant System praessure ac
{2400:45)
2345 psig. The secpoint is 2355 psigz.

30:00:08 The cperator placed the Pressurizar Spray Valve (RC-V1) and pres-
{C400:45)
Appraxi=acte surizar heacers under automatic coutroi.

£0:200:13 The operator announced cn 2lant Page System thas I Uniz 2
(0400:47)
Approximata had a turbize Izip and a Teaczeor :Tip.

00:00:13 The cperator started Reactar Coclant Makeup Pump A (MU=-2=1A),
(2400:50)
cpened Zizh Pressure Injection Isclation Valve A (MU-V1SA) azd
i{solated latdown Ilow ia anticipacticn oFf the expectad pressurizer

level decrease whizh follows zhe {aitlal increase in level aster a

loss of feedwater flcw facident (Figure l).
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Q0:00:13 "ne Slectromatic Relisf Valve (RC-RV2) should have shut at

Approxizace = abousz -this tize (closure setpoiat of 2205 psiz). The relief valve
position iadication iz the control rTocm 'is a red lacp which
{1luminates when zhe Elec:y cmacic Relief Valve solenoid is amer-
gized. The solenoid on the Zlactrcmatic Raliaf Valve (RC-RAV2)
deenergized resulzing in a deenergized (i.e. and izplied "claosed™)
indication ia the control room. Subsequant aveats shcwed that the
valve had zoc ceseazed. The plant gperatcrs d4id zeot koow az this
size that the relief valve had ot shuc. The loss of rsactor
coolant through RC-RV2 was zct 3topped until the Slaczromacic

Relief 3lock Valve (RC-V1) was shut, approxizately 2 hours and 22

aisures aZter the szars of the tramsiect.

PLANT STATUS

The Tnit had lust axperienced a Turbize/Reactor Trip. deaczor csolant

S7stem pressure and pressurizer level were decreasing rapidly after reachizg

eaks oI 2343 psiz and 256 inches respeczively. Unkzown 2o the plane
? ?5-32 F

cperazors the Zlactromatic Relisf Talve (RC-AV2) was act shus and was

Passing reactor coelant Izom the stzaza spacs at the :sp of the Reac:zar
Ccolant System prassurizer. 3ased oo zontTol socom iadicatices, =he

reactor ccolant system pressure and pressurizer lavel were tranding ogether
and decreasing as was axpeczed afzar a reaczor toip. The steam gererazors
vater lavels wWere at abeut 125 Laches and decreasicg at abeuz 4 inches/second.
The steam gecerator steam pressures were abour 1060 psiz and decreasing as

32 psi per second. The turbize 5S7pass valves and 2 auzmber of malin steam

celief valves wers cpan relieviag steam. The Zmergency Teedwater Pumps had

startec >ut had ot reached zormal discharze prassure. The staaz gaféra:
Ly

s rig;b

»
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water levels had zot 7er reached the Integraced (‘ontzcl Syscem secpoinc of
30 i:ches Zor the prograzmed opoenizg of che Zzergency Teedwatar Valves
(EF=VLIA and EF=-V113) which would adm:® feedwzcar o the steam gecaracors.
Iz additiocn, the Zzmergency Teedwaser 3lock Valves (EF=-V1I2A and ZZ-V123)
were shuc wnich also prevented Zeedwater flcw until they were opened 3
aiauces after the start of the transient. The reason fcr the block valwvas
being shuz is zot kacwn. The zmost likely axplaination is thac the valves

vere Iinadvertancly leis closed alser gerformance of survelllacnce testiczg o

the Zoergency Teedwater 3ystem su the zoraing of March 1§, 1379.

3 The Imergerccy Teed Pumps (IF=Pl, IF=P=24 and IF-7=13) achiaved
aqraal discharge pressure (Tigure 43).

g0:ia Steam gemerater levels were approxizately 120 iaches {Tiguze 14).
00:51)
Toxizata St2am pressurz had increased to 1063 psizg ia 3 Steam Generazor

and 1073 psig in A Sceam Germerator (Tigure 31} Assumiag the
stean gezeracor safaty valves cpezed at the speciiied secpoincs
then 5 of the 3 3team Gaperatsr safacy valves aand 3 of the A 3teanm

Seneratcr jafaty valves cpened.

gG:13 "Water hacmer" was zcted 43 the condeusate puzp discharge pipin
00:52)
sxizace by an auxiliary cperator. The pipiang was displaced several faac
dccording ‘o the auxiliary oparaicr.
00:00:29 The 3team Gemcratasr 3afacty Valves reseated and the Turbine 3vpass

A
{S&00:57)

progizacse 7alves (MST-2%A, MST-253, MS7-25A and ¥SV-253) =modulated scteam flow za
the =zais ccoodenser to contzol steam generator pressure ac 1910

I asig {

30 W




€0:00:30
(0401:07)

00:00:18
(0401:13)
Approxizate

00:00:39
(0401:1%)

00:00:40
(0401:17
Approxiz=acte

00:00:41
(0401:13)

00:01:00
(04Q1:37)
Approxizate

Pressurizer Safecy Valve cac-aila) and Zleactczcmatic Relief Valve
(RC-RY2) discharge lize temperature alarmas prtinced cut. The
high temperatures 13‘:ha discharge lines were a result of the
high tezperatura steam flow thru the Elactromatic Relief Valve
(RC-R72) during the reactor pressure transiest. The 7ressurizer
Safery Valve (RC-2V13) did not cpen; the RC-AT13 temperature alamm
receivad was due o the back flow of steam i the cemmon discharge

haader shared with zhe Tlactromatic Reliaf Talve (RC=-RV2).

Steam Generator A lavel reached the Iategraced Conzrol System
secpoint of 30 iaches at which the Izergency Teedwater Valve
(EF=V1li) cpens (Figure 34) Teedwatar was 2ot admitted o Steam

Geperator A because Zmergency Teedwatar 3lock Talve (ET-V1ZA) wvas

shut.

Reacsor Coolanc Makeup Pump A (MU-P=-lA) tzipped.

Steam Generator 3 level reached the Iategrated Comtrel Systea
setpolnc 2£ 30 iaches at which the Izergenmcy Teedwater Valve

(ZF=Vil3) cpems (Tigure 34). Teedwacter was zcot ad=izted 2o

Stean Gemeratsr 3 because Izergency Teedwater 3lock Talve (ZF-V113)

wvas shut.

The operator started Reactor Coclant Makeup Pump A (MU-P=141).
with Reaczor Coclant Makeup Puzps A and 3 (MU-P-lA and MU-?-13)
operatizg, the pressurizer level rate cf decrease slcowed (Tigure

28).

Prassurizer level started increasing. Reactor Coolant Systen

A
hot leg acd cold leg temperatures reached approxizatzely 5737 \\

‘,C.;B

A
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FTigure §). . The Reactor Coolant Drain Tank pressure was 12 psig
and increasizng (Figure il).

Q0 The Pressurizer Safety Valwve (RC-RV!A) high discharge line tezper-

: ature alarm was received. This alarz was expected and resulted frem
back flow ia the comemon discharge' header shared with the Electromasic

Reliaf Valve (RC-AVI).

TAIUS

The Reaczor Coolant Systam was Tecoveriag frcm the isicial loss of
feedwater flow zransiecc. The reaczor ccolant pressure was still decreasing
and pressurizer level had begun to increase (Tigures 1l and 3). This was
20t axpected as reactor ccolant system prassure and pressurizer lavel
should zrend zogether duriag & loss of feedwatar Ilow transient. The
deviation frcm expeczed behavior was due o the Zfailure of the Zlectromazic
Reliaf Valve (RC-RAV2) =o resear and the ceduction in heat removal capability
of the steam gemerators because of cheir lov lavel, which resulted ia a
lecwer Wwaczor Coolant System pressure and subsagquent expaosion c¢f the
Teactor zcolant voluma. The Reaczor Coolant Drain Taak péessu:e and
semperacure scarzad o increase showing the affects of the continued
disché:ge aZ ceaczor coclazt thru che Zlaczzcmatic allaf Valve (RC=-3V2).

The alant operataors did zoc assceilate these ladicaticos with leaakage past

(1)

the zeliaf ralve Suc cather with tha initlial opening of the rellef
valve. Steam generator A and 3 levels ﬁe:e ii inches and !4 iaches,
respectzively (Tigure 34). However, ezergency feedwater was nct admititad
to the stean gezeraters decause the Izmergency Feaedwatar 2lock Valwves

(E7=V12A and ET-V123) were closed. The stean zanmeratars prassuras wverse

a
w
%
d

being mainzained 5y the Iantegrated Contzcl Sysze ean 375 psiz 1n¢\j

4
_ >

~4
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1020 psig (Tigure 31). Reactor Coclant Makeup Puzps (MU-?-1A and MU-P-13)
vere in operatiom delivering wacer :o the Reactor Coolaant Sys:eh-

00:01:25% Thae Rwactor Cooclant draia Tazk temperature nor=al alara was
(0402:03)

received at 35.5 7 which indiczated the Reactar Cocelant Draisz Tanmk
temperature nad returued o the zor=al racge.
00:01:45 Steam Gezerators A and 3 boilad 4ry acz this zize. This was

(0402:22
Approxizate indicated by a steadily decreasing steam zemerator prassure

Figure 3) while reaczor coolant system hot lag and cold leg
temperatures were Iincreasing (Tigures 19 and 24).
00:02:01 Zcgizeered Safeguazds Actuation of Eigh Pressucze Iajeczion (ZPI)
(0402:38)
sccurted as Reactor Coolant System pressurs reached 1540 psig.
Reactor Coolant Makeup Pump 3 (MU-?-13) tripped auszsmasically
as a result of cthe Iagineered SaZaguards actuation of EPI. The =
design is such that Makeup Pumps A and C are used for TIPI acd
12 runaing, Makeup Pump 3 is cripped pricr :o actuaticm of

Maxaup Pu=ps A and C.

£0:02:04 Reactor Coolant Makeup Pump & (MU-P=-1C) starced actcmatically.
(0402:41)

00:02:12 he leactor Coolant Drais Tank Relief Valve (WDL-R1) lifzed
(0403:49)

Approxiz=ate at 120 psig zemporacily haltiag the Reaczor Coolant Draiz Tamk
- 4 - T e 213 - - 4 - - X
pressure Increase (Figure il}. The prassure increase was caused

by the {low of reactor coclant from che Elecescmasic Relief Talve

(RC-RT7I) (FTigure' il}.

230 144
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00:03:14 The cperator =anually bypassed the High 2ressure Injection
(0403:51)
- portion of EIagineered Safeguazds. 3oth Reactor Coolant Makaup
Puzps A and C (MU=?=1lA and MU=-P-1C) wvere cperating.
00:03:25 The Reaczor Coolant Drain Tank high temperature alara was received
(0404:03)
ac 127F.
00:04:238 The cperator stopped Reactor Coolant Makeup Pump C (MU=-?=1C).. v
(0405:15)
The indicacted prassurizer lavel was 360 inches and increasiag
zapidly (Tigure 29).
00:04:38 In an actempt o gain control of the rapidly iLacreasizg pressurizar
(0405:15)

Approxizate  level the operator throctled che Eizh Pressure Injection Isolation

Valves (MU-V1sA and MU-V1E3).

PLANT STAIUS
The Reacto: Coolant System pressurze was lil0 psiz and scteadily decreasi:
to the saturaticn pressure of the Reactor Coolant System hot leg tempera-
zure. :h; sentiaued Reacszor Coclant Systam deprassurization was due =0
the failure aof che Zlactromazic Rellef Valve (RC-RAY2) %o reseaz, loss of
steam zenerator watar lavel (L.a. reac:or heat sizk), and ceduccion in
ZPI flcw. Engineerizg Safaguards, wnicéh aczuated Eigh Pressure Iziection
vhen pressure reached 1540 psig, had been dypassed 3y the operator I3
peraic maaual csomtzol 3f the Make up Pumps and the AP Isolasicn Valves.
As the pressurizer lavel zcntizued %c iacrease, the cperator 3stopped
Reaczor Coolant Makeup Pump (MU=2=1C) and throctled the HPL Isclation
7alvres (MU-15A and MU-V153) ia aa attempt %0 contrcl the pressurizer
level and oot take the pressurizer "solid" (Figure 28). The Reactor

Ccolant Drain Tank Relilef Valve (WDL=-Rl) zad opezned 3z i:s

e 230 145
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setpoinc of 120 psig and was dischargiang to the Reactor Containment

Building Sump (Figure 4l). The Reactor Coolant Draiz Tamk high tempera=-

ture alarm had been received as the temperature of the tank contimued 22

increase. The steam generators had boiled dry as iandicated by a con=-

tinuously decreasing steam pressure while Reactor Coolant System hot

leg and cold leg temperatures Iacreased (Tigures 139, 24 and 32). This

was due to the Zmergency Feedwater 3lock Valves (TF=V12A and ZF-VIIE)

being zlosed.

00:04:52
(0405:29)

00:04:58
(0405:35)

6J:05:06
(Q4Q5:42)

00:05:15
(0405:15)

00:05:50
(Q406:27
Approxinace

Operactor started Interzediacte Clecsed Cocling Pump (IC-P-li) iz

preparation of putting a second lLatdown Cooler iz service.

Received the first alarm i=zdicating that Reaczor Coclant System
letdown Zlow had been secured. This zonflicecs wizh che cperacar’s
debriafing statement that letdown flcw wvas {solated at the sacze
Tize he started Makeup Pump A (MU=-P=-lA), about 13 seccmds iato

the incident.

?:esu:i:e:rlavel stopped {:s sharp iacrease at 175 iaches and
began to dacrease. It rTeached a zinizum of 372 iaches and then
started to increase at 5 aizuces, 2l secouds iaza the zraasient
(Figure 29). Maxizum pressurizer level izdication is 400 iaches.
NOTZ: Due o the compressed tize scale, this avent (s difficut zo

identify on Tigura 29.

Condensate 3coster Pump 3 (CU-P=23) cripped.

Reaczor Coolant Sysctem pressure stopped its sharp decrease and began
£0 increase. The ainizum value reached was approxizmatelw 1350 psig

(Tigure 3).

-10 - 2_5



J0:05:54
(0406:32
00:05:56
(0406:33)
Approxiz=at
00:06:58
(34Q07:35)

00:97:31
(2408:06)
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Pressurizer level lacreased beyond the rapge of the instrument

indicacio=.

The Reactor Coolanc Systam hotlag comperature and pressure reached
saturacion condizions of 534T and 353 psiz as iadicaced by

the seactineter data and contzol socm wide range resactor ceolant
systes pressure stripchazt :espec:ively (Figure 5). The Reactor
Coclant Systenm Zlzw rate decreased sharply, ladicaziag a reducsisa
in reactor ccolant dezmsity (Figure l3). The inr_eased ceactor
coolant volume resulziag frcm the densizy de:rease contzibucad Zo
che pressurizer level and pressure benhavior at tizes 00:05:50 and
20:05:54. The reaczor cut-of-core Scurce Range Chazmnel (NI-1) and
Iscersediace Rapge Chanpel (NI-3) auclear inscrumantacion indicza-
ticn did not izcrease (Tigure 46). Ead steam een formed ia
significanc quantizias iz the reactor core the intermediaze range

indicacion should have iacreased significanclzy.

Lacdown flsow of 71.4 zallons per a:izucta was astablished i an
aczespt o reduce pressurizer lavel to che ncr=al cperaciag raage

(220 iaches).

Reacszor 3uildiag Sump Pump A (WDL-P=-2A) scacted om a high reactor
building sump level. The increasad sump lavel was due to zthe

discharge from the Reaczor Coclan:z Draia Tank Relief Yalwe (WDL-R1)
which had been :cpen for approximately 4 =minutes.

NCTE: The Reacczor 3uilding Sump Pumps gezerally starsed ahouts

guce per shifs. or this resascn the pump start was not




May 1G, 1379
Rev. 0

00:08:00 The operator discovered the Znergency Feedwater 3lock Valves
(0408:37)
Approxizacte (EF=V12A and ZF-V123) were shut. e cpemed IF=-V1ZA and EF-V113
adziczing emergzency Zfeedwater o the steam generafors.
Indicazed steam generator levels ?e:e approxizacaly 10 izches
Just prior to feedwater additiocn (Tigure 35). .
00:03:1, The Reactor Coolant System hot leg and cold leg temperaturass began o
edan decrease as a result of the feedwater added =o the steam zenerators
(Figure 5). Sceam Geczerator pressure iacreased as the stean

generators again became a heat sizk Zor the Reaczor Cool-2at

System (Tigure 3).

00:08:30 The Reactor Coclant System pressure Segaa to decrease, reflecting
(0409:07
the decrease in Reactor Coolant System tezmperatuce (Figures 5 and
6).
00:10:00 The Pressurizer level Iindicacion came cn scale.

(0410:37

PLANT S5TATUS
The reactar sccolant pressure was zear the saturaticn prassure of the
Teactor coolant hot leg temperature (Tigure 3). This was the resul: of
the Electromatic Relliaf Valve (RC-R72) remaiziag cpen, high lazdown flow
rate, throttled 3igh Pressure Ianlecticmn Isolation 7Talves azd emergency
feedwater addition zo the steam gzenerators. Izergency Zeedwater flow was
established o beth steam generators resulting in increased staam pressures
(Figure 32). As heat was removed Zfrom the Reactsr Coolant System,
temperature and pressure decreased. The decreasing temperatura vesulted

)

in a decrease iz reactor csolant volume. The pressurizarz Levei\héﬁica::an

cace on scala. Reactor Coolant Svstem temperature aand 1q;§SE=a decreasad
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until they stabilized at approxizacely 350F and 1100 psig respectively

(Figures 5 and ll). Reactor Coolant Makeup 2ump A (MU-P=-lA) was operaciag.

00:10:19 Reacsor 3uilding Sump Pump 3 (WDL=P=23) starzed. The pump sScar:t
{0410:586) :
setpoiac is 4.415 feet Ircm the bocttom of the Raactor Contaiz-
zant 3uilding Sump. The Reaczor 3uildiag Sump Pump discharge
i3 beliaved to have Yeen aligned =0 the Auxiliary 3Juildiag Sump
Tank.
00:10:24 Reactor Coolant Makeup Zump A (MU=-P-1A) cripped. %
(0411:01)
00:10:27 The operator actempted o rescars Reactor Cooclant Makeup Pump A
(0412:04)
(MU=-?=1A). The pump started and thea zripped agaisn.
20:10:4Q The Reactor 3uildizg Sump high level alarm was received. Setpoin

(0411:25)

{3 4.550 feec frcm the bortem of the Reaczor Comtainmens 3uildinz

Suxp.
00:11:40 The cperator ssarzed Reactor Coolant Makeup Pump A (MU=P-id).
(LY .17y
\ WL s s )
g00:1i:30 The Raac:zor Coolaomt DJraia Tamk Rupcure Jiaphragm (WDL-U25) burset
(Q413:27)
at abouz 130 psiz (Figure 4l}. Design bdurst pressure is 200 =
25 psig. The contenzs of zhe Reactor Csolant Draia Tank were
relaased o the Reaccor Contaiamens 3uilldiag aczosphars.
00:24:58 The cperator requestad the compuzer prist the Zlac:ccmatic
(0425:35)

ive [RC-RAV1) ocutler temperature. A valua 3f 285.47

the zormal cooldewn of the discharge header Zollsowing the imirzial
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cpening and closing of the Zlectrcmatic Relief Valve (RC-RVI) and
Yelieved zhe Zlectromacic Relief Valve (RC-RAVI) to de shut.
00:25:00 A high radiation alarm was received fream Radiation Mooiter
(0425:37)
Approxizate  IC-R=-1092 Iatermediate Cooling System at the Radlaciom Momizor
Panel. This alara 4s normally received Zollowing a reaczor trip.
The Inzerzediaca Coolizg System radiatiom aonitor is physically
located zext to the Reacter Suildiag Suzp.

00:36:08 EZzergency Tzedwater Pump 28 (EF-P-13) was stopped after fiiling
(0436:45) '

both steam gemerators %o an indicated level of about 15 iaches
Tigure 15).
00:38:1 The operator stopped Reactor 3uildiag Sump Pump A (WDL-2-21) ce

(0438:47)
prevect overilowiag the Auxiliary 3uilding Sump Tank.

00:38:11 The cperator stopped Reactor 3uildiag Svwp Pump 3 (WDL-P2-IR)
(0438:.8)
to prevent overZlowiag the Auxiliary 3uildiag Sump Tank.

91:10:54 Reaczor 3Juildiag Air Coolinmg Caills Zmergency Dischazge Alarz
(0511:31)
was received.
PLANT STATUS

The reactsr ccolant was zear a saturation temperature=-prassure relation=
ship at 342F and 1050 psiz. The Reactor Ccolant 3System loop flow rates
had decreased fzcm about 59 milliom pounds per hour o approxizately 47
aillion pecunds per hour azd coutlaued o decrease (Figure 15). Tha
Contaizzment Bullding temperature and pressure had increased Zrom 0 psig
and !20 ¥ 2o 2.5 psiz and 170F, as a result of releasing the czontants of

the Reactar Ccolant JOraia Task o the Reactor Contalamear 3uildiszg

atzosphere (Figure 45). The Electrcmatic Relief Valve (RC-R72) was spen.
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Reaczor Coolant Makeup Pump A (MU-P-1A) was operating. The cperator was

having difficulty centrolliag tii: level of Steanm Gemerater 3. Emergency

Teed Water Valves (ZF-V1l3 and IF-V1I3) were shut and the operator vas

admitting feed water to Steam Generator 3 by cycling Zzergency Feed Water

Crossconnecs Valve (ZF=V5B).

-~ O
o -
T ]
T
(=2 51
o 0
—

=

0120021
(0525:37)

01:26:2
(0527:00)

Reaczor Cecolantc Zump 23 (RC-2=-23) was stopped i{n accordaance with
fmergency Cperatisg ?rocedure 2202-1.3 o preclude the possibillicy

of damage o the Reaczor Coolant Pump from operationm near reactor

coolant saturaticn :enpe:a:u:é - pressure conditions.

Reaczor Coolant Pump l3 (RC-P-13) was 3tocpped i accordance
wizh Zzmergency Operating 2?rocedur= 2202-1.3 zo preclude the
possibilisy of damage to the Reactor Coolant Pucp from operation

Jear reactor coolant saturacion temperature = pressure cenditicas.

The cperator requested the computer priat the Zlactromatic
Relief Valve (RC-RV2) cuclec cemperatura. A value of 281.0F was
indicated. 3ased cn this Zemperature the speratsr contizued o

sellave zhat zhe Zlaczromatic lelief Valve (RC-’VI) was shuc.

Steam Gemerator 3 was isolated. Main Steam Isolaticn Valves
(M5-743 and MS5-V73) were shut. ZImergency Teedwater Valwves (ZF-VS3,
ZF=Vil3 and =7-V113) were shut. The cperatsr suspeczad ; Reactor
Coolant System to Stean Geue:aé:: leak based cn the large dif-
ference in stean prassure herween the Two Steanm Generazors and

she variacions of flov and level experiezced while controlling

3 Steam Gezerator. A radicmuclid analysis cf a sample frcm the 3
Steam Generator zaken at 07234 supporzed this bdeliaf. The sample

{odine 131 level was 0.49] aizrocuries per aillilizer.

750 151
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The reactor ocut-of-core Iatermediate Range Chamnel (NI-3) iandication
increased frcm a =inizum detectable indication of lass than
1.0 x 10-:1 amperes to approxizately l.46 x 10-11 azperes.
Correspondingly, the out-of-core  Source Range Channel (NI-l)
indication increased from abouc l.5 x 10A to approxizately 5.3 x
104 counts per second. The indicated f{acrease was zoc due o
Teactor core zeutron flux laevel i{ncreases but rather ac izcrease

iz neucron leakage frcm the reactar core as a tesuls of the

forzmatign of steam iz che reactor vessel core regiom.

Steam Gemeractor A zay have boiled dry (Tigure %).

The reaczar ouc-9f-core Intermediata Range Channel (NI-3) i{adicaciom
decreased frcm 2.5 x 10-11 amperes o a :1:1=hu decteczable
indicaticn of 1.0 x xo‘ll amperes. (Figure 36). The ouc-of=-core
Source Range Chamnpel (NI-l) iadicacicnm had a step decrease :ir

5.2 x 10° =0 1.5 x 107 councs per seconds (Figure 26). This
indicaced an iacreased aoderactor density as a resul: cf the staanm

collapsiag iz the ceac:zor vessal.

The operacor scarted Tailsing Steam Gemerazor A lavel from 3

inches on the startup cange o 50X on the operatizg range (Tigures
35 and 38). The iatent was to establish nmatural cirsculaticn
cooling withia the Reactor Ccoiaant Systeam. Reactor Coolaat Svstem
Locps A and 3 ccld leg texzperatures both decreased (Figures 20 and

25).

230 15¢

el Y



-~ 0
s
ol =]

e ae
(S
2 W

N ee
£

PLANT STATUD

The Rea

stopped
were ap

Cgolant

Ganerat
Stean G
Ql:54:20

(0534:37)
Approxizacte

‘ May 10, 1979
Rev. O

Reactor Coolaac Pump 2A (RC-2=-2A) was stopped in accordance with
Emergency Operating Procedure 2202 = 1.3 to preclude the possibilicy
of damage %o the Reaczor Coolant Pump frcm cperatiom at reactor

coolant saturation temperature = pressure conditicms.

Reaczor Coolant Pump lA (RC-P-l)) was stopped ia accordance with
Zmergency Operating Prccedure 2202 - 1.3 to preclude the possibilic
of damage %o the Reaczor Coolant Pump from cperaticn at Teactor

coolant saturation temperature = pressure conditices.

ctor Ccolant System had a0 Zforced Reactor Coolantc Syscem flow. All

Reaczor Coolant Pumps (RC-7P=1A, RC=P=24, RC=P=13 and RC~-?=23) were

{Tigure 135). The reactor cooclant average cemperature and pressure
proxinately 530F and 1Q0Q psig (Tigures Ll and 25). Reactor

Makeup Pump (MU-P-lA) was operating. The cperatccr was actempciag

to establish nazural cirzulaticn £lcw %3 cool zhe reactar core. Stean

or 3 was isolatad hecause 3f 2 suspeczad Reaczor Coolant Syszam :o

azerazor 3 leak.

The reaczor cut-of-core Interx=ediate Range Chaenel (NI=-1) indicaticn

= =11
izcreased frcm less than 1.0 x 1O amperss o approxizately
Pt ) e P ) 4
1.0 10 amperes (Figure 36). A corresponding increase was

cecorded on the reactor cut-of-core Source Range Chaznel (NI=-l)

indication (Figure 48).

The iadicaced iacrease was 3ot due o i{ncors neutron flux lavel
increases Sut rather am !‘acrease iz zeutrsm l2akage frem the
reactor core as a result of che steam formed iz thea reactar vessel
core regicm. The superheatad steam spaces Zxrmed due zo (1)

- i -
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increased reactor core temperatures, (2) the absecce of reactor
coolant system £lcw, (3) the decreased Reactor Cooclant System
pressure which resulted from the-Electromatic Reliaf Valve
(RC=RV2) being open and the inc:efsed reactor ccoland densicy
cavsed by filling Steanm Generator A, and (4) the throcttled reactor

coolant =makeup puzp flow.

Reactor Csolant System Loop A hot leg temperature began o
increase, reflecting the steam formation in the upper

reactor core regiom (Figure 20).

Steam Gemerator A iavel iadication reacked 50% om the operazing

range (Tigure 219).

Reactor Coolant System Loop 3 hot leg temperature began izcreasing

(Figure 25).

Reactor Cooglant System Loop A hot lag ctemperature indicasion

iacreased ocffscale, greater than 520F (Tigure 21).

The cperator requested the zzmputar prianc the Zlacczcmatic
Relief Talve (RAC-RAVI) cuclat temperature. A value of 228.77

was {ndicated.

The Zlectromacic Relief 3lock Valve (RC-72) was shuc, stopping
reactor coolant leakage through the Zlectzrzcomatic Rellef Talve
(RC=AV2). The cperator acted that the reactor building pressure

started to decrease rapidly (Tigure 43).



(0610:37)

02:4Q:00
(06:40:00)
Approxizace

02:45:00
(0645:37
Approxizace

2:45:00
(0645:37)
Approxizacte

2:45:0
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The alara printer zalfuncticoed. The alara priater fumesion
transfaerred to tha utility priater. The alara princer was

! hour and 15 =izutes behind in lcggiczg data (Figure 43).

Reactor Coolant Loop 3 hotlag cemperture indicatlon increased

offscale, greater than 520F (Figure 25).

The cperator started increasiog Steam Gaperator 3 level frcm

30 inches on the Startup Ranmge to 505 cn the Cperatiang Range.

The shift supervisor raceived the results 32 two boron amalyses
which indicated the boromn concemtracicn iz the Reaczor Coolant
System was approximately 400 ppa. This, in coniunction with

increased neutron lavels indicated on the source and iacermediace

range channels, prcupted the shift supervisor o inicilate emergency

boration of the Reaczor Cooclant Sysctem.

NOTE: The actual boron concentration in the Reaczoer Coolant

System was ia axcess of 1000 ppm. The samples are hHelievad
2o have been diluted by discillation ia the latdowm
systaa. This however was not kacwn 5¥ the plane operators

until several hours later.

Several radiation alarms were received at the Contrzl 2ocm

Radiacicn Monitor Panel.

The operator stcpped Reac:zor Coolant Makeup ump T (MU=-P-1C).

530 159

The operator cpemed Maila Stean Isolatiom Valives (MS=V43 and MS=973)
£0 setura Stesanm Genarator 3 %0 service prior to ‘starting the
Reaczor Ceolanc Pump.

=10
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The cperator atiempted o star:t Raactor Coolaac Pump lA (RC-P-1A).

The puzp wculd not szare:.

The alarm princzer function was iaterrupted which resulted ia

the loss of alarm data £rcm 0513:59 o 0648:08.

The cpearator attempted fo start leactor Coclant Puxmp 24 (RC-P-24).

The pump would zot sgass.

The operator at:tempted $o start Reactor Ccolant Pump 13 (RC-P-13).

The pump would not start.

The operator started Reaczor Coolant Jump 23 (RC-?-23) acnd

ra-established forced Reaczor Coolant System £low (Figure 15).

Figh Pressure Injecticn Zngizeered Safeguards actuaticn logic
reset on increasing Reaczor Csolant Systea pressure. The set

poinc is 1845 psiz.

A 5ice Imergency was declared. Notification of sfisite auchorities

and osrzanizations wvas iniciated.

The reactor cut-of-core Iatermediate Range Chamnel (NI-3) izdica-

tion decrsased sharply Zrom about 9.0 x 10714 amperes to less

=11

thaa 1.0 x 10 amperes (afiaizum deteczable lavel) (Figure

46). The reactor out-of-core Scurce Range Channel (NI-l) iadization
showed a corresponding decrease which iadicated the zollapse o2

the steam spaces ia the reactor core regiom (Figure i8).

- 20 - 230 156
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The cperazor isolated Steam Ganer.zor 3 for the second tize. Main
Steam Isclaticn Talves (MS-V43 and MS-V73) were shuc. ZEmargency

Teedwater Valves (ZF-V53, =F-V1l3, and ZF-V123) were shuz. The
operator suspected a Reaczor Coolant System to Steam Generator 3
leak. The Condenser Vacuum Puwmp Ixhaust Radilation Monitor (VA-R-748)

<
increased %o 5 x 107 counts per mizute.

Reaczor Coolant System pressure iacreased o 2130 psig (Figure

12).

Steam Generator pressure control was shifted frcm the Turbine
3ypass Talves (MSV-25A and 3 and MSV-25A and 3) to the Power
Operacted Zmergency Mala Steam Dump Valves (MST=3A and 3). The
Teactor out-cf-core Scurce Range Chancel and Iztermediate Range
channel (NI-1 and NI-3, respectzively) indicated an increase of

approximately a quarter of a decade (Tigure 46).

Imergeacy Teedwater Pump 2\ (EZF-P-2A) was stopped. 3och Steam
Geperators had lavels wera about 305 {n the Cperating Range

(FLlgure 39).

The operacor cpened the Zlaectrcmatic Ralief 3lock Valve (RC-V)
i3 an attempt 20 astablish a normal operatiag pressurizer lavel.
The reactor cut-of-core and Iatermediate Range Channel NI=-3
indication decreased sharply iné_cating Zlow was established thzu

the reactor core (Figure 46).

The cperator stopped Reactor Coolant Pump 23 (RC-P=-23) aftar he
observed zo £locw iadication and a pump runaiag current of less

cthan 100 amperes. Normal reactor ccolant pump cperating current

- 2] =
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is approxizately 500 amperes. A close examination of che flow

racorder :trace iadicated a slight amount of reaczor coolact flow.

03:18:13 The reaczor cug—of-core Intermediate lange Chaanel (NI-3) iadica-
(0718:00) -11
Approxizate tiom increased Ircm less thaa l.C x 10 azperes o abcut 2.7 x

10-10 amperes, which again izdicated steam was for=ed in
the reacZor core (Figure 46).
03:19:45 EZngineered Safeguards actuation occurred as a resul:s of lew Reacster

(0720:22)
Coolant Systenm pressure (Tigure 4). The serpoinc is 1540 psig.

03:20:13 Reactor Coolaat Makeup Pump C (MU-P-IC) started automatically.
a0 . 4
Sl Reaccor Coolant Makeup Pumps A and € (MC=-P=-lA and MU=-2-1C) were
Speratiag.
NOTE: During an Zngineered Safeguacds actuaticm, Tigh ?:;ssuze
Injection utilizes Reactor Coolant Makeup Pumps A and o4
(M0-P-1A and MU-P=-1C).

93:21:00 The reaczor cut-of-core Scurce Range Channpel (NI-l) and reactor excore
(0721:37)

f—asw

Apprexizace  Iatermediate Range Chanpel (NI-3) iadication decreased rapidly

{adicazing flow was astablished thru the reactor ccre (Tigure

ZLANT STATUS
The Reaczor Coolant System was at =inizum forced flow conditziom wizh all
Reaczor Coolant Pumps (RC-P-la, RC-P-24, RC-P-i3, amd RC-P-23) stcopped.
Afcer attempts to astablish =atural circulaction failad, the cperater
started Reactor Coolanz Pump 23 (RC-P=-23). Hewever, based cm a a0 flcw
indication and a pump rTuanizg curvent o2f lass than 100 amps, Reactor

Coolant Pump 23 was stopped afzear 19 aiauces. Superheated sctean/gas

was preseat in the reaczor vessel head and Reaczor Ccolant System hot leg.
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3oth Reactor Coolant Sysctem hot leg temperatures were off scale high (i.e.
greater tham 520F). The Reactor Ccolant System cold leg temperatures vere
4557 for Locp A and 390F for Loop 3. Steam Genmeracor 3 was isolaced due
o a suspected Reactor Ccolant System to steam generator leak. Steanm
Generator A pressure control was by zeans of the Power Cperated EImergency
Main Steam Dump Talve A (MSV-3A). An actempt vas in progress to control
Reaczor Coolant System Pressurizer pressure and lavel with che Zlectromatic
Raliaf 3lock Valve (RC-V2). This resulted in lover Rca;:ar Coolant Systen
pressure which caused an Zngizeered Safa;ua:é actuation cn low Reactor
Coolanc System pressure. Consequently, both reactar coolant Makeup Pumps A
and C (MU-?-lA and 1C) were cperatiag.
03:23:23 A General Zzergency was declared as a resul: of a radiaciom readiz
(0724:C0) ;
Approxizace of 3 R/hr La the Contaizment Buildiag. Notificaticn of offsite
authorities and organizations was t.aitiar_:ad.
03i3°=09 The cperator shut the Zleczromatic Relief 3lock valve (RC=V2).
Aégéggii;le The pressurizer level was 220 iaches and the eac=or Coolant

Systenm pressure was li80 psig (Figures 4 and 12).

93:35:08 The cperazsr started Zmergency Teaedwater Pump 2A (EF=?=21). Stean
(0735:43)
Generator A level had bdeea ccatiaucusly falling frecm 585 zo 44%
of Operatiag Range duriag the previous 45 =inutes (Tigure 19).
03:37:00 The cperator stopped Reactor Coolant Makeup Puzp C (MU=-?P=-IC)
S (07T37:37)
bYecause pressurizer level was rapidly increasiag. Irassurizer
level indication was 350 iaches (Tigure 4).
903:51:00 The cperator cpezed the Zlectrcmatic Relief 3lock Talve (RC-V2)
(0751:37)

Apprexizate i3 an attempt %o decrease pressurizer lavel, which had increased

to 395 izches (Tigure 4).
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Intarzediate Cooling Pump (iIC-P=3) tripped.

Zagineered Safeguards acctuated sn Reacter ahildizg high pressure

(Figure 45). The nominal setpoint is 4 psig; the tripped occcured

at3.58 psiz.

The Reactor 3uilding isclated automatically as part of Eoglaeered
Safeguards acsuation Izom Reactor 3uilding high pressure. Isola-

tion occurred at the zominal setpoint of 4 psiz.

feactor Coolant Makeup Pump C (MU-P?-1C) was started autcmatically

by the EZngineered Safeguard ac:tuaticm.

Reactor 3ulldiang IZzergency Coclar 3 was shutdewn.

Reactor 3uilding Emergency Cooler 3 was scarted automactically

by the Zngineered Safeguards actuation.

The cperator started Reactor Coolant Pump lA (RC-P-14) =0
re=-establish Reactor Coolant Tlow.

During cthe pravicus rTun of Reactsr Coolant Pump 23 (RC-P-23) due
to the indication observed,i: was thought that the pump aight ot
have starzed. For this reascn it was declded to watch the
starting current for ancther pump start. Reactor Coolant Pump lA
(RC=?=-1A) was started and a corTect starting currant wvas cbserved
by the operator. As befsre, the indicated puzp curreatc slowly

decreased zo less than 100 amperes.

The cperator stopped Raeactsr Ccolant Pump lA (RC=-P=1A) after
obsarving a no=-flow {adicacion and a running current less cthaa 100

azperas.
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Reactar Coolantc Makeup Puzmp A (MU-P=14) cripped.

Reaczor Coolant Makeup Pump C (MU=-P=-1C) tripped. 36 Reaccor

Coolant Maxeup Pumps were operating.

The cperator attempted Zo start eactor Coolant Makeup

Pump A (MU-P-lA). The pump would not scacs.

The operator started Reactor Coolant Makeup Pump 3 (MU-P-13).

The operator started Reactor Coolant Makeup Pump C (MC-P-IC);

iz zripped, and was -estarzed.

The cperator stopped Condenser Vacuum Pumps lA and IC (VA=-P=-lA
and 7A-P?=1C) and Sroke =aiz coudenser vacuum afzer
expariencing difficulcy with the operation of che auxiliary

Soilar.

The cperazor cpenmed the Pcwer Cperated ZIzergency Maiz Staaa
Juzp Valve [(MS-72A) o iaduce aatural ci-culation in Steam Gameracar

A. Steanm Senerator 3 was still isolated.

The alarm priater was raturied o service and the alara function

vas transfierred frca the utility priater to the alarm priater.

The operaczor closed the Zlectromatic Rellef 3lack Valve (RC=V2)
in an actempt to compress the rfeactor coolant and ccllapse the

supaerheated steam/gas.
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PLANT STAIUS
All reaczor coolant puzps (RC-P=-1A, RC-P=-24A, RC-P=-13 and RC-P=-23) were
stopped. A superheatad stean/gas space was present iz she upper vessel
and hot leg cegicus. Attempts to re-establish reactor ccolant flcw using
Reactor Ccolaat Pump lA (RC-P-lA) had zot ?eeu successZul. The reacgtor
coolant hot leg temperature continued to read ocff-scale (i.a. greacar
than 620F). The reactor coolanc cold leg temperatures wera 180 F for Loep
A and 225F for Locp 8, and hoth were decreasing (Tizures 2! acd 25)-7 Stean
Gamerator A level was at 48T of the operatiag range (Figure 39). Steam
Gcnara:or.a was isolaced, with a lavel at 563 of the cperating range
Figure 39). Condeaser vacuum was lost due zo the auxiliary steam boiler
tripping and loss of adequate =ain steam pressure. Stean Gemerazor A was
steaming thrcugh the Power Operated Emergency Malinz Steam Dump Valve (MS-VIA).
Attempts o obtain a zormal operating pressurizer lavel of 220 iaches of
water and establish pressure control using the pressurizer vere aot successiul.
The Zlectcrcmacic Relief 3laock Valve (RC-V2) was cyclad zo assisz in zhis
effort, resulting {n increased reactor buildiag pressure. The firse
Engineered Safeguard actuacsion om high reacsar bulldizg pressure was
received acd, four =inutes later, Sypassed 5y the cperator o re—ascablish
cooling water ta various planc equipment withia the reacszor buildiag. The
reactor bulldiag pressura ccntizued to scay above the isolacion =tip
secpoiat for approxizately 2.5 hours (TFigure 45). The Statict Manager =ade
the decision %o =aintain contizuous High Zressure Injecticn and izcrease
Reactor Coolant Systexm pressure ia an actempt to collapse the superheated
stean/gas space iz the Reactor Coclant Systea. This fi-st attempt lasted
for approxi=ately 2 hours.

95:20:00 Reactor Cooclantc System pressure started to iacrease from 1250 psig.

(0920:37)
Approxizate The izncreasing trend ia Reactor Cocolant 3ystem pressure contizued
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05:54:00
(0954:37)
Approxizace

07:30:00
(1130:37)
Approxizate
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0B8:31:06
(1231:43)

[

08:54:5

May 10, 1879
Rav. 0

for apprexizately 45 afzutes until pressure stabilized at about 2050

paig (Figure 12).

The cperator commenced Zillizg Stean Genmerazer A %o 95% of the
cperatiag raage to induce matural circulacion. A Steam Gaenera-
zor iadicated lavel reached 100X at 07:30:00 (1130:137)

(FTigure 29).

The Station Mazager directed the cperator o cpex the Zlactromatic
Relief 3lock Talve (RC-VI) and the 2ressurizar Spray Valve (RC=71)
to rapidly depressurize “i= Isactor Coolant System and actuate the
Core Tlood Syste. hil: Figh Prassure Injectlon was zaliztalned
(Figure 12). To : =3 done aZfter the operator cbserved 2o evidence
of sagural 2d%eel icion whila the Reactor Coolant System pressure
was above 20CU psig. The reduction ia Reactor Coolant Systan
pressure was 213c doma =3 apprcach corditisms whizh would allow

the Cecay Saat Iumoval 2umps 2lA and 13 (DE=-P=-lA and DH=-P-i3) to

Se puc ianta 3 -uice.
Tha Core =12 Tank A hizh lavel 3larm was received. The lavel was

The Pswer Jperated Imergency Mala Sceam Cuzmp Valve (MS-72A) was
shuc sz the request cf corporate zanagezent iz response tc soncesma

axprassad b7 the scate goverazent.

The cperator 3tarted Jecar Eeac Removal Pumps lA and (3 (DE-P-lA
and DE~-P=13) in preparaticn for placiag the Decay Zeat S5Systea in

sarvice.

Y -

Corma Tlood Tank A =cor=al lavel alarm was raceived. The lavel

.- L] 2 5 e 8 ’
was L3.13 Zeet. K_‘)u i 5

- -
-



May 10, 1979

Pev. 0

09:04:18 The operacor scopped Reactor Coolant Makeup Pump C (MU-P-1C).

(1304:55)

09:49:43 A hydrogez dectomation occurred i: the Reactor 3uilding. Eydrogen

(1350:20)
gas frcm the reactor coolant collacted iz the pressurizer.aad was
vented through the Elcczzona:iF Reliaf Valve (RC-RY2) to the
Reactor Cocclant Draia Taak and then ralaased to the Reactor
Building through the Draia Tamk Rupture Diaphragm (WDL-U28)
which had beea breached. The hydrogez concemtration aveatually
reached an explosive aixture and detonated.

09:?9:i£ Sngineered Safeguards actuatioe cccurrted cu high-high reactor

(oot building pressura (Figure 45). The setpoint is 28 psiz. This s
the resul:z of a 28 psig duildiag pressure Iizpulse from the hydrogen
dectomation. Reactor 3uildi=zg Isolation and Coataizment Spray vere
actuated. 3Reaczor Cooclant Makeup Pump C (MU-P-1C) and Reactor
3uildiag Spray Pumps A and 3 (3S-7=-lA and 3S-P-13) scarted auto-
aatically.

9:49:30 Reacsar 3uildizg Spray Talves (3S-VIA and 35-V13) cpened.

(1350:27) e

09::9:53 Reaczor Coolant Pu=ps !A and 13 (RC=P=1) apd AC~-P=-ild) {ialec airs

Y .18y

L temperature high alarms annunclaced and Pressurizer Safecy Talves
(RC-R1A and RC-R!3) discharge lize tezperature high alar=
anaunciatad.

09:50:24 The cperator stopped Reactor Coolant Makeup Pump C (MU-?-iC).

(1351:01) A

??;2::§~‘ The operator stopped Reactor 3uildiag Soray Pumps A and 3 (35-P=-lA

1356:07)

and 3S=P=-13). 8S=-P=lA azd 3S-P-13 were cperated for approximately

5 mizuctes and 40 seconds.

230 164
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09:56:38
(1357:35)

10:26:18
(1426:355)

10:34:29
(1435:06)

11:06:00
{1406:17)
Approxizate

11:12:00
(1512:37)
Approxizate

May 10,
Rav. 0

1979

The operator stopped Decay Zeat Pumps A and 3 (DH-2-1A aad DE-P-13).
Iﬁese puzps were run ia anticipaction ¢f usiag the Decay Heat
System. The Reactor Coolant Systea pressure vas zever lcw

encugh to use the Decay Heat System.

Reactor Csolant System Loop A hot leg temperature decreased o
within the instrumentacicn range (Tigure 22). This was the cesul:s

of the steanm/gas space in Loop A hot leg ccllapsing.

The operator started eactor Ccolanc Makeup Pump C (MU-P-1C).

Reactor coclant pressure was approximately 440 psiz.

The Reacstor Coolant Sysctem Loop A hot leg texperacture increased
bSeyond the range of the lastrumentatisan. When Fizh Pressure
Injecticn was directed toc Loop 3 hot leg the steanm/zas space !a

Loop A hot lag re-astablished itsell (Figures 22 and 27).
The ocperator stopped Reactor Coolant Makeup Pump C (MU-P-1C).

Reac:zor Cooclant System Loop A ot leg temperatura decresasaed
o within cthe izstrumsntacion range. - This was the resul: cf che

stean iz Loop A hot leg agaizn collapsing when High Pressuce
g ag psizg 3

Injecszicn o Locp A hot leg was te-established. The Locp A

hot leg steaz did zot retura.

Pressurizer level started decreasing Ircm 370 inches to 180 iaches

cver a pericd of 18 =alautes (Figure 30).

Reaczor Ccolaat Systexm Loop A cold leg temperacure starzed o

i{acrease Izcm 100F 2o 4Q0F iadicating the occurrence of natural

sirculation iz lacp A (Tigure 22). .
230 163
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11:28:12
(1528:49)

1e32:37
(1533:14)

11:35:48
(1536:25)

11:36:00
{1536:37)
Apprsxizace

St

-

1703:00)

May 10, 1979
Rev. 0

The operator started Reactor Coolant Makeup Pump C (MU-P-1C)

to stop the rapid fall in the pressurizer level.

Pressurizer level stopped decceasing at 130 inches acd started

increasiag, zoing 2f% scale during the zext hour (Figura 30).

The operator 3topped Reactor Coolant Makeup Pump € (MO=-P=1C).

The operatsr staczted Reactor Coolaat Makeup Zump C (MC-P=-IC)

o raise the pressurizer lavel.

(¢

The cperator stopped Reactor Coolant Makeup Zump MU-P=-1C) .

The operactor ccmmenced £1iliag Steam Gamerator 3 o 97X ou the
Oparacing Range to induce additicmal zcoling of the Reactor
Coolant Svstem. This lavel was reached at 12:00:00 (1500:37)

(Figure 39).

Pressurizer lavel indicacion zame cu scala (Figure 30).

The operator stacted Condemser Tacuua Zump IC (VA-P-1C) iz am
atzezpt 2o re-astablish vacuum. The auxiliary bSoiler had been
returned =o service and was supplyiag gland sealing staam t2 the

=aia turbize.

ne operator 3tarted Condenser Vacuum Pump 1A (Va=-?=l14).

230 166
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vay 10, 1979
Rav. 0

STATU
All reactor coclant pumps (RC-P~lA, RC~-P=24, RC=-P=13 and RC-P-18) wvere
stopped. Superheated steam/gzas existed iz the vessel head and Loop

3 hot leg. The Loop A hot leg scean/gas was collapsed and na:ﬁral circula-
tion flov established ia this lcop. Copdeaser vacuum was re—established
after the auxiliary steam bSoiler was returned o gervice. Steam Generator
A was steanming o thae condacser and Steam Gemerater 3 was isolaced.

The Zlectircmatic Rellef 3lock Valve (RC-V2) was cpem, kaepiag the Reactor
Coclant Syscem depressurized zo 550 psig (Figure l2). Venzing thrcugh the
Zlectromazic elief Valve (RC-22) to the reactor building resulcted iz a
bydzogen coocentracion increase and subsequent demotaticm which caused a 28
28iz Reaczor 3Juilding pressura pulse. Attempts Lo use the Core Tlood
Syscem =2 cocl the core over tha last six hours had resulied in limiced
success. The reaczor core was being zcoled by (l) Stean Gemerator A
steamiag, (2) High Pressure Inlecticn I{lcw inco the Reactor 950133: Syszen
and zhem o the Reaczor Juilding £loor via the Zlactromatic Relief Valve

(RC-R2) and (3) Cora Tlocd Tapck A partial discharga.

5:00 Tha speratyr closed the Tlactematic Rellef 3lock 7alwe (RC-V2)
5237

Approxizace in an at: £t to collapse the remaiaing steam/gas voids b7 goin
PS 2 3

zo a high Reactor Coolanc Sysctam pressuce (Tigure [2).

13:23:04 The operator started Reaczor Coolant Makeup Pump C (MU-?2-1C) zo
(1723:41)

assist iz iacreasing Reactor Coolant System pressure.

14:43:15 The cperator stopped Reactar Coolant Makeup Pump C (MU=P=iC)
(1843:52)
to slcw the rapid izcrease in reactor coclaal pressure.
li:354:00 Reaczor Ccolant System pressure reached 2350 psiz (Figure 12).
(1854:37) o
Approximace 2 30 ] 6 /



15:49:08
(1949:45)

15:50:09
(1950:48)

TLANT STATUS

22:15:00
(0215:37)
Approxizate

May 10, 1979
Rav. O

The cperator started Reactor Coolant Pump lA {RC-P-1A) and afcer
approxizately 10 seconds stopped the puzp. This was dene to verily
the pump starting current was correct. Reactor Coolant System

v

pressure dropped Izem 2340 psig to 1340 psiz and Loop A cold leg

temperature decreased Zrcm 4C0F to 290F (Figures 12 acd 22).

Reactor Coolant System Loop 3 hot lag temperature decreased o

within the indicacion range of 572.68 F (Tiguze 27). .

The operator started Reactor Coolant Pump lA (RC-2-1A), Reacszor
coolanc pressura dropped Irom 2250 psizg to 1380 psiz and eventually
stabilized ar 1000 psig. The average reactor coolant temperature

dropped to 290 © and eveatually scabilized az 250 ¥ (Figure 22).

Reacsor Coolant System and Stesan Geperator conditions wers:

Reactor Coolanc System pressure was 1155 psiz.

Pressurizer Temperazure was 551F (pressurizer heaters z=aizzaizing
tezperaturea) .

Pressurizer lavel f{=dicacion was 397 izches.

Steam Gemeratsr A was steaming =2 the Mala Condezser.

Scean Gemeratcr 3 was isolated.

Reactor Ccolant Makeup Pump 3 (MU-P-13) was cperatiag o supply
Reactor Coolant Pump seal ialeczicon flow.

Reactar Coolant Systea Leoop A cold lez temperature was 258.47.

Reactor Coolant Systcem Loop B cold leg temperazure was 252.4F.

Reactor Coclant 5ystem Locp A hot lag temperature was off scale
lew, L.e., less than 520.0F.

Reactor Coolant Systex Lcoeop 3 hot leg temperature = off scale low,
{.e., less than 520.0F. )
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ANNOTATED SZOUINCE OF

ISt OF (S1GURES

£i3:{0 =a 120 saconds)

J 2o 120 seccrnds)

-

Reaczar Cocl

-

ant

Sv9ten Paraceters

£ Scaa=m Generazor Faracecsars T

ollswing Turhin

Tuzbine Tzi

-

React=sr Ccolant System Pressuce and Prassurizer Levael

{0 20 30 =tlautes)

Reacsor Coclant Systex
{0 o9& hours)

Aeactor Coclaat Systenm

Reaczor Cooclaat Systes
(025 30 at=uses)

Fsaczor Cooclant Systen
{0 =3 3 hours)

Steam Generasar A & 3,
Steam Secerazsr A ¥ 3,
Reaczor Coclane Svsten
Reaczar <
Reaczsr Csolane
Reacsor Csolant
Reacsor Ccolant Syscea
Reaczor Coolant Systea
Reactor Coolant

Sviten

Reac=or Coolanz Systan

Reaczor €

Reac:zor Cooclant Systean

Tressura acd ?ressurizer lavel

Pressurs

and 3a

turation ?ressure {J zo 20 hours)

Loep A & 3 Boc and Cold Lag Temperacura

Locp A ¥ 3 Hot and Cold Leg Texmperatura

Laval acd Pressura (0 zo 30 =aiauczes)

Lavel and Prassure (0 o 3 hours)

Pressure
Zrassure
Prassura
Loops A
Locps A
Loops A
Lacps A
Locps A

Loeps ‘A,
seccods)

=oCp A,

Temperaturas (0 to 10 aizutes)

Reactor Coolaat System Loop A, Hot and

Texzperatures (0 =3 120

ainuces)

(C

(2

=2

"y
b4
(¥
<
-~
(&)
i
]

Ticw

Flow (9 =0

120 seccunds)

120 aiautas)

20 hours)

120 seconds)
3C aizucteas)

120 aiauras)

20 hours)

Zot and Cold Leg

Hocz

-
-

ALYd Y
Ccld Leg

Cold Lag
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ANNOTATED SEQUENCE OF EVENWTS

(CONTINUED)
Tigure MNo. Ticle
2L Reactor Coolant System Loecp A, HZot and tcld Leg

Temperatures (0 to § hours)

22 Reaczor Coclant Syscem Locp A, Hot aad Cold Leg
Tamperatures (0 to 20 hours)

23 Beactor Coolant Sysctem Loop 3, Hot and Cold Leg
Temperatures (0 zo 120 secounds)

"
oS

Reactor Coclant System Loop 3, Hot and Cold Leg
Temperatures (J to 30 minutas)

25 Reaczor Cooclant System Loop 3, Hot and Cold Leg
Temperatures (0 to 110 =izutes)

25 Reactor Coolanc Syscem Locp 3, ot and Cold Leg
Temperaczures(0 to 8 hours)

27 Raactor Coolant System Loop 3, Hot and Cold Leg
Temperacures (0 co 20 hours) :

; 28 Reactor Coolant System Pressurizer Lavel (0 =3 120 seconds)
29 Reactor Cooclant System Pressurizar Level (0 ze 120 =aiautes)
20 Reaczor Coolant Syscem Pressurizer Lavel (0 to 29 hours)

31 Steanm Geperator A & 3 Steam Pressure (0 to 120 seconds)
32 Steam Generator A 3 3 Steam Pressuze (0 =o 120 alautes)
i3 Steam Generator A 5 3 Steam Pressure (0 o 20 hcurs)

34 Steam Ganerator A & 3 Starz-Up Level (0 to 120 seconds)
35 Steam Gemerator A & 3 Starc-Up Level (0 co 120 aiautes)
36 Steam Generator A & 3 Start-Up Lavel (0 to 20 hours)

37 Stean Genmerater A & 3 Cperating Lavel (0 to 120 seconds)
8 Steam Gemerazor A 5 3 Cperating Level (0 to 120 mizuces)
39 Steam GeneraZar A & 3 Operating lLavel (0 zo 20 hours)

40 Reaczsr Coolancr Draia Taaok Pressure (9 o 120 seconds)

170

[
4l Reactor Ccolant Drain Tank Pressure (0 to 30 ai:u:2;§()




49

ANNOTATED SECQUENCE OF EVENTS

(CONTINUZD)

Reaczor Ccolant Draia
Reactor Coolant Draia

Reaczor Coelant Drain

Prassure (0
?ressure (0

Pressure (0

T2
co

o

Raactor 3ulldiag Temperature and Pressura

120 =iaucas)

8 hours)

20 hours)

Intermediacte Range and Scurce Range Mcouitors

(0 zo 3 hours)

Incterzediata Range and Scurcze Range Younitors

(0 ze 20 hours)

Cemputer Alarm Printer Lag Tize

Zmergency Teedwater Pumps Discharge Pressura

(Q zo 13 mizuzes)
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Figure 3
TMI-2 Loss of Coolant Accldent 3/28/79
Reactor Coolant System Prossure and Pressurizer Lovel
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IMI-2 Loss of Coolant Accident 3/28/79
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II. RECOVERY ORGANIZATION

On Monday, April 2, 1979, che TMI Unit 2 Recovery Organization was initiated.
Due to the constraints of the crisis, it was recognized then that the
organization would be continually evaluated in light of the conditions that
wouXd exisc and the tasks ac hand, and that refinements and modificaticns
would czake place as appropriata.

The Recovery Organization consisted of ah iategraticn of GPU personnel with
genior, experienced people from other utilities and nuclear industry
organizations across the councry.

The Recovery Organization focused cn the following prioricies:
A) Maincaiaing the current plant operations in the safest conditioms.

8) Containing the release of radiocactivity to ainimize exposure to
the public and onsite personnel.

C) Making a reliable safe cransition to a benign and reliable
long=tera cooling =zcde for the planc.

D) Reinforcing the capabilicy of the plant to assure leng-term
cooling.

Mr. Herman Dieckamp, President of General Public Utilities, established
the Three Mile Island Untt 2 (TMI-2) Recovery Organizacion.

Mr. Robert C. Arnold, Vice President-Generation, GPU Service Corporation,
was designated as the GPU Cperations Manager with responsibility for the
overall management of all onsite and near site capabilities and resources
relaced to cthe recovery effort for TMI-2. The major near term objectives
of the Recovery Organization were established as follows:

= Maintain the uanit in a stable condition

= Control and manage the volumes of existing radioactivity

- Develcp an overall waste management plan for liquid, zas, and solids
= Develop a strategy to :eafh cold shutdewn safely and expeditiously

- Modify the necessary procedures, facilicies, and equipment to
acconplish the above; aczd,

— Esgtablish the plan for accomplishing a transiticn into the organization
necessary to proceed with the longer term recovery efforts.

The Recovery Organization established i{s shcwn in Zxhibit 1. The Organizatien
was divided into the following major groups:

Induatry Advisory Group, Technical Support, Met-Ed Plant Cperations, :

Waste Management Group, Plant Modificarions Group, Task Management/ CiE Ly T

Schedule Group, Administrative & Logistics, and Public & Government Z 5{) o
ffairs.
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The functions for which each group has been responsible are as follcws:

1.

Technical Support Greup = has provided engineering criceria and support,
technical planning and analysis. procedure support, technical support to
the control room, support to licensing requirements, and data reducticn
and management.

Plant Modificacion Group = has provided the engineering, design, materials
and construction necessary to complete the plant modificatioms to equipment
or structures.

Waste Management Group — was established to safely and affectively manage
the quantities of radfoactive gases, liquids and =olids during the initial
phases of the recovery operation. They are responsible Ior the development
and fzplementation of short term plans to manage and process contaminated
Zases,liquids and solids; fdentificacicn of the status of Auxiliary 3uilding
systems, astablishment of processing priorities that are based on plant
needs and decontamination of the Auxiliary 3uilding.

Industry Advisory Group (I.A.G.) = was established as a "think tank" to
function In parallel with all ongoing activities. The group was jot o
he part of the implemencarion structure. The group would of its cwm
initfarive look into potential problems of any kind, maintain a current
awareness of the perceived status of the core, and provide assessments
based ocn experiance and judgement as opposed to detailed engineering
review and calculatiocs.

Planc Operations Group - coasistad 3f the Met-Ed TMI Plant Staff with
substantial augmentation from ocher organizaticns whose immediate
objectives wera:

= Perform all plant operations and maintenance activities required

= Limit personnel exposure

- Stop off-gite uncontrolled releases

- Return the plant to a benign status

- Ensure the plant's zbilicy to respond to any future emergencles.
Task Management/Scheduling Group - was formed to coordimata and zeniter
the overall tasks and pricrities, plans, schedules and work progress of

all groups. They were aware of Informaticn that the zroups required to
perfora their tasks and assisted them in cbtaining the required information.

Technical Workine Group = is a group which includes the heads of each of
the groups described in 1. through 6., and representatives Irom 3abcock

IR

and Wilcox Co. and the Qffice of Nuclear Reactor Regulation.
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8. Administration § Logistics - was formed to handle the necessary
adminfstrative logistics requirements such as communications, zanpower,
transportation, mainctenance and commissary arrangements.

9. Puhlic and Government Affairs'- was established to cocordinate the inter-
face requirements needed with the public and governmental bodies.

Due to the nature of this section of the report, only changes to the
Recovery Organization will be presented in subsequent reports.
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PLANT MODIFICATIONS

Following the incident which occurred on March 23, 1979 ar TMI-2,
several zodificarions to TMI-2 systems were made or considered.
These zcdilicacions were undertaken in order to augment the existing
systems for both the contairment of radioactivity, and the comtrol
of planc conditions durinpg the establishment of long-term cooling.

This section includes a discussion of the various modifications which
have been made. In addition, a book of drawings/diagrams pertaining
to these modificacions Is enclosed for your reference.
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A. Hydrogen Recombiners

1.0

3.0

System Function and Design Objectives

In anticipation of having to process substantial amounts of hydrogen
to preveat a hydrogen explosion in the reactor building, and because
of the uncertainity of the quantity of hydrogen being generated, the
available hydrogen recombiner capacity was increased.

Operations shall not permit an uncontrolled release of reactor building
ataosphere to the environment.

Svstea Description

A thermal type hydrogen recombiner is installed in the fuel handling
Buildiany ac the spent fuel pool operating floor and is comnpmected to the
reactor building ventilation and purge system as originally incended
(see TSAR Tigure 6.2-30). 1In addizion, a skid—counted, thermal-type
hydrogen recombiner has been {nstalled next to, and has been connected
in parallel with the first hydrogen recombiner. The integricty of the
system I3 as originally iInstalled and will ensure that there is no
uncontrolled radiocactive release to the enviromment.

System Operation

The hydrogen reccmbiners are only operated as requiresd to contreol reactor
Buflding hydrogen concentraticns. ~Periodic samples are taken from the
containment atmosphere to monitor hydrogen concentration levels.

Recombiner operation is =monitored and controlled manually from a local
panrl. A reccmbizer "trouble" alarm is annunciated in the control room.

Tescing is periormed in accordance with established procedures to ensure
proper functioning.

Status

The Hydrogen Reccmbiners are installed and functiomal.
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8. Auxiliary and Fuel Handling Building Supplementary Air Filtraclon Systems
1.0 System Function and Design Objectives

Radioactive {odine, released from the Reactor Coolant System during
the TMI Unic 2 accident, was transferred into the Unit 2 Auxiliary
and Fuel Handling Buildings. Immediate change cut of the auxiliary
and Fuel Handling 3uilding charccal *filter trains was not {easible
hecause of the high radiation and contamination levels in the filcter
areas. As a consequence of the I-131 release rate, it was decided to
construct a supplementary air filtration system to reduce off-site
releases.

The fuccrion of the system Is to filrer radicactive particles and
abhsorh ixdine which has passed through the aormal filtratiom
system in che building vencilation syste=zs.

2.0 System Description

The system interfaces with the Auxiliary 3uilding HVAC system, Fuel
Handling 3uilding HVAC system, and the Service 3uilding HVAC syscem.

Discharge mon.toring for the supplementary system is provided at each
discharge poiat.

3.0 System Operation

A derafled description of the system's operaticn is not yet available.
This description will Be fncluded in a subsequent report.

-
.
(=]

System Status

Engineering 303 Complete
Censtruction 755 Complate

Two (2) trains of four (4) are in operating with the stack uncapped.
Balance of wwo (2) traing Seing readied for operationm.

System deseription, flow dlagrams, operating proccedures, operating
and faflures oodes analysis Seing prepared.




C. Condenser Air Extraction Filtration Svstem

1.0

2.0

3.0

System Function and Design Objectives

In order to permit continued operation, the Condenser Air
Extraction Filtration (CAEF) system has been instelled to limit
radioactive discharge to the station vents.

The system capacity will be sufficient to process normal con-
denser air extraction flow required to maintain vacuum.

Systéa Description -

The CAEF system is installed in the basement of the turbine building
dowmstream of che condenser vacuum pumps. The system discharges to
the auxiliary building venmtilation system. Zxisting radiation
aonitors upstream and downstream of the CAEF system are used to
monitor performance. (See FSAR Figures 10.1-3 and 9.4-4).

The system includes an air preheater at the filter train inlet, a

fan at the train discharge, a bypass line, and a supplementary in-
take from the turbine building atmosphere. The filter train consists
of (fa the direction of flow) a prefilter, high—efficiency
particulate afr (HEPA) filter, an activated carben filter, and a
second HEPA filter. Since filter and faan capacity (2000 CFM) exceeds
the normal condenser extraction flow, the difference in flow is zade
up from turbine building afr. the CAEF system is designed to filter
cut 95% of the fodinme in the extraction air. The filter bypass is
provided to permit filter maincenance or rapid condenser draw dowm
(hogging) when radiation levels are normal.

Fire suppression is normally provided by the fire water supply in
the turbine building. In addirion, a manually-iniciated water
supply is provided over the charcoal filter, should the filter
Sed overheat.

System Operation

During normal operation, all extraction air is directed through the
filter crain, The filter will be zonitored for radiation to

afnimize exposure when temporarily shutting down the CAEF system and
£ilters. Filrer efficiency can be determined during operation by
drawing and analyzing air samples from upstream and downstreanm of

the charcoal filters. The filtar will alsc be zonitored to ensure
that the preheatar remains operational, that the flow is adequate,

and that filter differential pressure remains within allowable li=its.
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The filter train will bhe bypassed when the condenser air extraction
systen is placed in the hogging mode only if extraction air radio-
activicty levels are within allowable limics. Furthermore, radiacion
levels will be continuously monitored and an operator available for
bypass valve closure while operating in this zode.

During shutdown the filter exhaust fan will not be stopped until all

of the condenser vacuum pumps are taken cut of service. If maintenance
is required, all operations will be parformed in accordance with
existing health physics requirements.

Normally the f£ilter exhaust fan will draw more air than that being
drawn from the condenser. However, should the fan trip, the ccndenser
vacuum pumps could pass some lesser flew through the filter and cause
leakage to the turhine building through the inlet gravicy damper. I£
the exhaust air radiacfon levels are within acceptablae levels, then
the bypass 'line can be opened and control will be provided as in the
hogging mode. However, if radlaticn levels are unacceptable, then
both the filter inlet and outlet valves will be closed and the
condenser vacuum pumps will be secured until che situatiom is
corrected.

Effluent qualicy is normally monitored from the control room using
existing radfacion monitor HP-12-228 and other instrumentation. Any
monitoring and action associated with changing CAEF system operation
will manually be performed ac the filter. The following indications
and alarms are provided at the f£ilcer:

a. Preheater Operation

B. Alr Temperacure Indication

¢. Low Fan Discharge Pressure Alarm

d. High Charcoal Filcer Temperature Alarm
e. Fan Operatiocn

£. Prefilter Differential Pressure Iadicacion
g. HEPA Filter Differential Pressure (each filrer) Indicacion
Status

The Condenser Alr Extraction Filtration System is installed and
operational.
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D.

Fuel Pcol Waste Storage System

1.0

2.0

3.a

System Function and Design Objectives

This Fuel Pool Waste Storage System is to be used for temporary
storage of liquid waste. These tanks will add approximately 110,000
gallons to the present storage capacity of che plant, and are located
within the "A" spent fuel pool. These tanks will be filled with
liquid waste from both the Reactor Building Sump and the Miscellaneous
Waste Hold-Up Tank. This system enhances the capability of the plant
to nove and process radioactive waste.

System Description

The system consists basically of upper (4 ac 15,000 gallons 2ach) and
lower (2 at 25,000 gallons each) tanks, forming two separate scorage
areas. Either scorage area {s capable of being filled from either

the Teactor building sump or the miscellaneous waste hold-up tack,

and each has level indication. The tanks are protected from over-
£1114ing by automatically closing the feed valve when the storage " area
{2 nearly full. Provisions have been made to both £lush the piping
system after completion of the pumping operation, and to draia the
piping system as required.

The vents from the tanks and the stand pipes are direczed through a
dryer and a charcoal filter to remove zcisture and iodine before
proceeding to zhe fuel pool ventilation system. The ctacks and vent
system is protected by a relief valve which vents through a parallel
set of dryers and charcoal filters.

The tanks will be ampcied as necessary by lowering an eductor iato the
stand pipes for processing or transportiag the radicactive waste.

System Oneraticn

A details’ description of the system's operaticn is not vet available.
This description will be inciuded {a a subsequent report.

Syscem Status
The six tanks and the two stand pipes have been placed into position in

the "A" spent fuel pool. The piping in the fuel handling Huildiag is
approximacely 20% complete.
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£. Upgraded Decay Heat Removal System

1.0

3.0

System Functicn and Design Objectives

Future operation of the existing decay heat removal (DHR) system may
result in radiation levels possibly ranging up to 500 Rads per hour

in the vicinicy of the system fluid components. This condition would
severaly limit personnel access for:routine surveillance, operatiom,

and maintenance. The upgraded DHR system consists of a program incended
to identify, evaluate, and implement modifications necessary to ensure
the integrity and rellability of the system in a radiation environment,
substantially exceeding the original design basis, for up to one year of
operacicno.

System Descripticn

Proposed DHR system modifications include additionmal decay heac vaulc
shielding, a remote TV monitoring system, modified DER pump and motor
bearing .oilers, a vibration zmonitoring system, and associated operacing
and ctesting procedures.

Vault shielding will he provided by lead bricks assembled in a steel
support frame. This will reduce the ambient personmel radiation
exposure levels to "as low as reasomably achiavable" (ALARA) in the
accessible area above the vault. Radiation surveys will be made during
infzial DHR system operation and periodically thereatfter to determine
shiald effectiveness.

The TV monicoring system will provide remote surveillance capability for
DHER system operation and maintenance. Two independent systems are
orovided, ome for each vaualt. EZach system includes a radiatiom-tolerantc,
closed=circuit telavision with remote controls. Specific operations to
be monitored include pump and motor bearing oil level, pump packing
leak-off, remote oil £111, and pump venting.

DHR pump and zotor bearing oiler modificacions will provide for incresased
cil storage capacity, a means for remotely reading oil levels, ramote
vencing of the pumps, and to permi: remote feeding of oil cto che bearings.

Provisions will be zade for monitoring pump vibracion and loose parts in
the system. This is intended to provide early indication of pump and
motor degradation, loose parts In che system (particularly at the heat
exchanger tube inlet), and changes i{n flow patterns due to partial line
blockages.

Monitoring and control for these modifications will be provided from
the fan room at elevation 322 in cheservice building.

Systen QOperation

These modifications to the DHR will not appreciably alter system
operation.
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4.0 Status

The TV monitoring s¥stem and pump venrting arrangements are installed
and operational. The bearing oil tanks and piping and the shielding
bricks and support materials are on site. An operating test planm
for the DHR system has been develcped.

The installation and testing of bearing oil tanks and piping, vault
shielding, and vibration and loose parts monitoring system, as well
as the final positioning of TV monicoring equipment, and the pre-—
paration of DHR system cold operation test procedure remains to be
completed.



F. Steam Generator "B" Closed Loop Cooling System

1.0 System Function and Design Objectives

3.0

In order to provide a high pressure, closed cooling loop for water-
solid steam generator "B", a system utllizing new equipment :ust be
installed. The closed loop must remove the decay heat from the core
plus the added heat load Irom one reactor coolant pump. To minimize
the possibility for countamination of the closed loop, the system must
be operated at a higher pressure than the reactor coolant system. The
heat transferred to the closaed loop will ultimately be rejected to the
river. The system is intended to provide backup decay heat removal
capabilicy should the present steaming from steam zenerazor "A" be
discontinued.

Systam Description

The system consists of a new heat exchanger, pump, surge tank,
piping and valves. The hot water leaving the steam generator will
pass through the tube side of the new heat exchanger and return to
the steam generator via the new pump. A pressurizer surge tank will
maiacain the steam zZenerator secondary side pressure above the
primary coolant system pressura.

The shell side of the heac exchanger will be supplied with cooling
water from the secondary servicaes closed cooling water system which,
ia turn, will be caooled by water from the nuclear services river water
pumps piped to the turbine building via the secondary services river
water piping.

The new pump discharge piping will be connected to the existing feed-
water piping downstream of the main feedwater pumps, and the heat ex-
changer lalet piping will Be conneczed o the drain got on the zain
steam line between the main steam isolation valwve and main turbine
stop valves.

System Operaticn

A detailed descristion of the system's operation is not yet available.
This descziption will be {ncluded in a subsequent repor:.

System Status
Design {s assentially complete. The heat exchanger and pump have
been installed. The surge tank is being fabricated as well as the

piping spool pieces.

The balance of pipiang fabricacticn, arection, and testing will proceed
to complecion.



G.

Portahle Disposable Demineralizer System

1.0

2.0

3.0

4.0

System Function and Design Objectives '

Steam Generator "B" is presently contaminated with radioactive (fission)
produczs. To ensure that the envirorment is not contaminated, this

fluid oust be cleaned up before the closed loop cooling system is

placed into service. This cleanup ,capability will be provided by the
Portahle Disposahle Demineralizer (PDD) system. After the initial

cleanup I{s completed, water quality will be maintained by passing

closed loop cooling system flow through additional portable demineralizers.

System Descripticn

The PDD system will be located indoors near the northwest corner in the
turbine Suilding basement. The systenm will include disposable
demfneralizers esach approximately 18 inches in diameter, 30 inches in
height, and having a 1.5 cubic foot resin capacity. These
demineralizers will Se connected to the steam generator "B" closed loop
cooling system, and will receive process water from the new closed loop
pump discharge while returning the effluent to the pump suction. The
numfier of demineralizers to be used will depend on the water quality

and cleanup rate required.

The design pressure of the available demineralizers is 30 psig. There-
fore, in order zo protect the vessels, the PDD system will also include
pressure reducticn, pumping, and safety relief facilities necessary to
process the fluid while minimizing the potential for radiocactive release
to the environment.

The demineralizers are housed in portable shielded casks. All coperatiom,
maintenance, and demineralifzer removal and replacement will be performed
in accordance with existing health physics requirements.

System Operaticn

A detailed description of the system's cperation is not vet available.
This description will 5e included in a subsequent report.

Status
The demineralizers and shiald casks have been fabricated.

Design will continue to completion. Piping connections are being
installed in the steam generator "B" closed loop cooling systems.
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H. Nuclear River Water Systen

1.0 Systen ?unc:ion.and Design Objectives

2.0

3

&~

.0

The river is the ultimate heat sink for the alternate decay heat
reacval (ADHR) system and thne steam generator "B" closed loop
cooling system.

To ensure system relfability, the nuclear services river water system
was selected to supply the water.

The ADHR system requires approximately 3500 gpm, and the secondary
services closed cocling water system that services the new steanm
generator "B" closed loop heat exchanger will require approxizacely
7000 gpm. These flow requirezments will not be simultaneous.

System Description

Connections from the existing auclear services river water supply and
discharge headers are to be made. These connections will be made in
the river water pump house and iIn the nuclear services river water piping
berween the river water pump house and fuel handling building. The
former connection {s for supply of river water to the "B" generacor
closed loop cooling scheme and the latter is to supply river watar to the
alternate decay heat removal system (ADHRS).

A jumper comnnection to supply nuclear services river water to the
secondary services river water system will be made in the river water
pump house. The connection will be made between valves NR-V3 and

NR-V197 on the river water header and will be in accordance with ASME
Secticn III requirements up to and in accordance with ASME Section III
requirements up to and including the second isolation wvalve (two isolation
valves are provided to segregate the safety class nuclear services river
water system and the secondary services river water system ). The jumper
connection will e made to the secondary services river watar pump

header downstream of wvalves SR-V2A, 3, and C (see FSAR FTigures 9.2-1 and
10.1-3).

System Operatiom

A detailed descripticn of the system's operacion is not yet available.
This description will 5e included in a subsequent report.

Status

The connecticns for the alternate decay heat removal system o the
nuclear services river water system have not been made and exact
locations for the connections are not chosen.

The comnnection for the auclear services river water system to the
secondary services river water system have been designed and located.
Installation has not started.

b,
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I. Secondary Services Closed Cooling Water System

1.0

2.0

3.a

4.0

System Function and Design Objectives

An intermediate closed cooling system is required to transfer heat
from the new heat exchanger, in the steam generator "B" closed loop
cooling system, during steam generator "3" closed loop cooling. This
is necessary to prevent fouling which could result from river water
passing through cthe shell side of the rew DHR heat exchanger. The
secondary services closed cooling water (SSCCW) system will be
modified to satisfy this requirement.

System Descripcion

No new major components will be added to the SSCCW system. ?Piping
connections will be made between the closed cocoling water supply

and return headers and the new DHR heat exchanger. After modifications
are complated, the SSCCW can be comntrolled and operated as origimally
intended during ncrmal plant operations. However, during steam
generator "B" closed loop cooling the SSCCW system will oanly serve

the new steam generator "3" closed cocling loop heat exchanger,
condensate pump motor bearings, and the service air compressors. All
cther components will be valved out. This operating mode will not
exceed the performance limitations of the originally insctalled system.

System Operacion

A detailed description of the system's operation is not yet available.
This description will %e included in a subsequent report.

Status

Design work is proceeding and piping sections are being fabricated.
Work yer to be completed is as follows:

Install cooling water pipe sections. Provide temporary cooling water
supplies o the condensate puzps and air ccopressors during SSCCW
system shutdown. Develop operating procedures for providing cooliag

water to the new steam generator 'B" closed loop cooling heat
exchanger.



J. Steam Generator "A" Closed Loop Cooling System

1

3

o

.0

.0

System Fuaction and Design Objectives

Ia order to provide a high pressure, closed cooling loop for water-
solid steam generator "A", a cooling system utilizing new equipment
has beer proposed. The closed loop would remove the decay heat

from the core plus tha added heat ldad from one reactor coolant pump.
To minimize the possibility for contaminaticn of the closed loop, the
system would be operated at a higher pressure than the reactor coolant
system. The heat transferred %o the closed loop would be rejected to
the river. The system would be intended to provide primary decay heat
removal capability redundant to the steam generator "3" closed loop
cooling system.

Descripcion

The system will consist of a new heat exchanger, pump, surge tank,
and piping and valves. The hot water leaving the steam generator
would be cooled In the shell side of the heat exchanger and returned
to the steam generator by a new pump. A pressurized surge tank would
maiacain the steam generator secondary side at a mininum pressure
greater than the primary coolant system prassure.

The tube side of the heat exchanger would be supplied with cooling
water from the nuclear services river water pumps piped to the
curbine Suflding via fnscalled seccndary services river water piping.

The: new pump discharge piping would be connected to the existing feed-
water piping downstream of the zain feedwater pumps. The heat
exchanger inlat process piping would be connected toctha 3ain steanm
turbine bypass line between the isolation valve and the control

valve at the condenser. !

System Operation

A detailed description of this systea's operation is not yet available.
Should che system be comstructed, the operations description will be
provided In a subsequent report.

System Stacus

Desizn is approximately 957 completed. The procurement and fabrication
have been placed on hold, as the primary means of long-term decay heat

removal will be by steaming in steam generator "A".

Desizn will proceed tc completion. No further construction work is
antficipated at this time.
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K. Feedwater 3ypass Lines

1.0 System Function and Design Criteria

A feedwater bypass line 1Is required to ensure a continuocus supply

of feedwater to each of the steam generators while the respective
long term cooling systems were being installed.

Each bypass line shall be sized to pass sufficient flow required to
remove decay heat plus the heat generated by one reactor coolant pump
during steam generator steaming.

The installation of the bypass lines shall not disrupt the flow of
feedwater to the respective steam generator during steaming.

2.0 System Description

The bypass lines are sized to pass 50 gpm of condensate to each steam
generator. The bypass lines to steam generators "A" and "3" are
routed around feedwater heaters FW=J-6A and TW=J-6B8 respectively

and tied into the feedwater system between existing valve vent and
drain connections to permit a continuous supply of feedwater.

3.0 System Operationm

The feedwater bypass lines may be used as long as the respective steam
generator is in the steaming mode. The lines zust be isolated cr
removed £f the steam generator 1s placed in the water-solid, closed-
loop cooling mode. No addicicnal provisicns Zor monitoring bypass
line performance are necessary.

The feedwater bypass piping has been hydrostatically tested prior <o
service. There are no operaticnal testing requirements for the
feedwater bypass lines.

4.Q Sctarus

The Feedwatar 3ypass Lines are installed and functional.




L. Alzernate Decay Heat Removal System
1.0 System Function and Design'OBjec:ives

The proposed Alternate Decay Heat Removal (ADHR) system augments the
two existing DHR systems and the proposed water solid secondary/
natural circulation system as backup to steam generat>r A" steaming.
An fntegral Decay Heat Closed Cooling Water (DHCCW) system is included
to transport heat from the ADHR coolar and the ADHR pump seal coolers
to the nuclear services river water system. Connection points are also
provided outside the fuel handliag building to comnect other dadicated
1fquid waste processing systems. r

The specific function of the ADHR system is to remove decay heat such
that the reactor coolant system can be brought to and maiatained at a
cold shutdown condizion. With the exception of gross core flow
restrictions, this system is iatended to provide sufficient core flow
to maintain reactor coolant subcooled.

2.0 System Descripcion

The two ADER pumps and a new heat exchanger will be zounted on a skid
located cutside che west wall of the fuel handling building. Three
pipe runs will be Installed from the existing DHR system piping within
che fuel handling Suilding and penecrace the fuel handling building
west wall of a valve vault. The pipe runs will terminate in the valve
vault by capping each line. Hook-up to the ADHR skid will be xade
lacer {£ needed. Ia addition, chree capped taps will be provided

on the ADHR piping installed ocutside the fuel handling building. These
taps =may be used later to connect other dedicated liquid waste
processing systems.

Motor control centars and ISC panels for operation of all ADHR system
punps and =otor operatad valves will be mcunted in a concrol trailer
located near cthe ADHR skid.

The DECCW svstem provides cooliang water to the ADER svstem heat exchanger
and pump seal coolers. It utilizes a closed loop system to provide a
double barrier bdetween the ADHR system and the river water =0 prevent

the direct release of radfoactivity to the environment. A radiation
detector £s5 provided to zomitor the lavel of radicaccivity in the DHCCW
gysten at the ocutlet of che DHR zooler. A radiacion level fadicacor
with hizh radiacion level alarm is located ia the ADHR system remote
control roocm. If radfocactivity is detected, operation of the decay

heat removal lcop and its associated DHCCW loop can be halted and the
affacted decay heat removal cooler isolated. The DHCCW system is mounted
on a second skid and consists of the DHCCW pump, heat axchanger, and surge
tank. 3oth skids will be located cutdcors at grade level near the west
wall of the fuel handling buflding and adjacent to each other.
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3.0 System Operation

A detailed description of this system is not yet available. Therefore,
this description will be provided in a subsequent report.

4.0 System Status

The piping for the ADHR system has beed designed, fabricated, and received
on site. The skid for the ADHR system with its components, two pumps, heat
exchanger, valves arnd piping s on site and assembly started. Motor
control centers are on site. The valve vaulc excavation is complated

and the control trailer purchased and delivered.

Temporary ADHR system shield building, permanent building and provision
of electrical power and service water support i1s on hold. Tie-in of
ADHR system to existing plant DHR system is on hold.

Piping supports are being designed and fabricated on site, control panels
are Being assembled and checked out at the vendor, the control trailer is
being wired, air conditioned and insulated off site. Vault desiga is in
progress. The DECCW system skid will be brought on site and demomstraticn
and rehearsal of fuel building wall penetration technique is in progress

?:5() :l&()



M. Standby Reactor Coolant Pressure Control System
1.0 Systems Function and Design Objactives

High radiation levels and f£looding in the reactor building have or
could potentially render much of the reactor coolant (RC) system
electrical equipment and instrumentation inoperable. With much of

the insctrumentacion inoperable, the’ RCS should be mainctained water
"so0lid". An alternate system of pressure control is required to ensure
safe and reliable cooling of the reactor core, should conctrol of the
.existiag system beccme unmanageable. The standby reactcr coolant
pressure control (SRCPC) system will ensure raliable core cooling

By performing the following functions:

a. Maintain the RC system 1a a water-solid condizicm for
natural circulation core ccoling

5. Maintain sufficienc availabla NPSH should RC pump operaticn
be required

c. Control the quality of the makeup £luid

d. Maincain pressure within control limits while accoumodating
thermal and volumetric changes in the RC system invencory.

2.0 Systea Descriptiom

The SRLPC system will fnclude hoth makeup and letdown sub-systems.
The makeup portion ties Into the axisting reactor ccolant makeup
pumps discharge header (see FSAR Tigure 9.3-68). RC system pressure
is maintained by three surgze tanks arranged in series wich a
pressurized afitrogen blanket over the last tank. A fluid inventory
of approximately two thirds of the toral tank capacity is
sufficient zo maintain RC system pressure during sudden RC system
invencory reduction transiencs. A lavel control valve at the tanks'
discharge will prevent nitrogen frcm entering the RC system.

Long term makeup will be providad by the chargiag pump taking suction
from an atzospheric storage tank. Makeup Zluid conditions are
adjusted by chemical additicn and heating to meet RC system water
quality requirements.

The RC system pressure will normally be maintained between 100 and
750 psig during the Interded cooldown process. As of April 30, the
RC system pressure aust be maintained at 900 psig iz order to provide
letdown £low equal to the RC pump seal injection flow to the system
o that the RC pumps can be operable.
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3.a

The SRCPC makeup systen will be operated manually from a local panel
during inftfal operation and from the control rocm after system
automation s complete. Makeup is provided in response to decreasing
pressure in the RC system. An alarm will annunciate at the control
station when the pressure differential between the RC and SRCPC makaup
system reaches or exceeds 50 psi.

The SRCPC makeup system will prevent gross depressurization of the RC
system when operating ia a water-solid mode. The letdown portion is
provided to prevent RC system overpressurizaticn. Overpressurization
protection can be provided by fncreased letdown resulting directly from
RC system pressure increase, letdown with concurrent termination of RC
pump seal injection or makeup, opening the pressurizer vent valve,
opening the pressurizer electromatic safecy relief block valves, or
1{fring the pressurizer safecy relief valves (che latter two methcds
are undersirable and will only be comsidered as a last resort).

System Operation

A detailed description of this systems operation is not yet available.
Therefore, ff will Se provided in a subsequent report.

Status

Cenceptual desizn of the SRCPC makeup svstem is substantially complete.
The surge tanks, charging water storage tank, borated water batching
tank and transfer pump, and charging pumps are on site. Piping is
being fabricated.

The following items have not yet been completed: Iastall and test the
aakeup system. Select a methed for altermate letdown and begin desizn.
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3CP Elactrical Power System,

1.0 System Tuncticn and Design Objactives

1

sit
Susgas,the 3CP Zlectrical Power (3 ) s
alternate source of pcwer to serve sting components, which pre-
viously did not require loss-of-offszite power backup protection
and new compenents that are planned To e used or may be used for
decay heart removal frem the primary system.

In the event of failure of normal off-site power scurcas to the 30P
~ -
S *

am provides an

The 3CPZP svsten should be ccmpletely independent of the axisting
Class IZ Susses.

The 3CPE? tusses should be loaded cn a "manual only' basis in accerdance
with smergency cperating precedures.

Modifications of ower supplias asscciated with steam geperator A"
cooling systems should be given prioricy of iastallation with respect
to those Tor the steam generator "3" cooling systems.

The tasting requirements Sfor the 3CPEP systems sheuld e similar o

those of the Class 12 sys<tenms.

The 3CPZ? svstam shall supply power to the following cocmpeonents and
asscciated auxiliarias at cne time or another depending upen the
specific sivuations:

a. Supplementary Air Compresser

B. - Cireulating Water Pumps

S. Condensate Pumps
Steam Ganeraver "A" Long Tam Pumps®
S5team Sanarator "3" Leng Tam Jump

d. MNaw lecay
o

a. 3Secondary 3Sysvtam Clcsed Ccoling Warter Pumps

£. Alvermare JHR Sysctem Pumps#
Secendary Services River Water 3trainar

g. Pressure and Volume Control System Charging Pumps

h. Chemical Cleaning Building Vantilation Egquipment

#Indicates cemccnents not currently slanned %o be put in saervice,
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2.9

4. Alternate DHR System Closed Cceling Water Pump®

Temporary Auxiliary and Fuel Handling Building HVAC

.s

uel Handlin

A
M
"y

3uilding XVAC Fans, FTllvrers and Heaters

4]

1. Auxiliary Suilding HVAC Tans, Tilters and Heaters

.

@.  Condenser Vacuum Pumps

n. Iastrument and control power £or above systems.

Systam Description

The 30PE? system includes twe independant pewer block busses (2-3
and 2-3), each fed by a 2500 kxw rated diasel generator, 2and Two
circulating water pump busses (2-5 and 2-5) fad by one 13.2 k7 lize.
The lcads asscciated with cooling steam generator "A" are connectad
*o odd numbered busses. Carrespendingly, loads associated with ccoling
Team generatcr "2 arﬂ cennected T2 aven numbered busses. The cdéd and
aven busses are towered by the gray and white diasel ganerators
raspectivaly and’ are, therefore, designated as the'gray" and "whize"
Susses. There is a cross-cennection between the two busses which Is
enly %o be used for one buss to supply cower %o the other if there is a
failure in one system and the diesel in the other systam can handle <h
additional load demand.

The diesel generatcrs and asscciated auxiliary systems are locatad
outdoors just south of the turbine building. Tach diesel is a skid-
mcunted package complata with air starting system, fuel Injection
squipment, and asscclated instrumentaticn and controls. The
permanently installed fuel oil storage and supply system :?:V'des
sufficiant reserve Zar on day of yated load cperation.  In additienm,
there will he sufficlant cn-site Tual 5il reserve to sperats both
diesel generatcrs at vrated lcad Tor the normal time required to obtain
fuel resupply plus a four-day margin.,

Suitable Fire protaction will Te provided for the diesal generators
and auxiliary sysztams. This “ay include a firae Jall saparating <he
two fuel oil tanks and diasels or a fira suppression sys:em.

previcusly used Zor condensate booster

, or pumcs
fied o 'nnnec: <he 2-3 (gray) and 2-% {whise)
Sw

busses tc their respective suitchgaar. Relays are provided at th
2ircuis breakers o shed all ...ads en lass-of-cffsite power. 'The
existing bus transfar schenes that provide sentinuizy of power supply
by fast-<ransfer to the other transfcrmer, have deen laft intact. To
accemmodata this, the new un;ervc-.a*n daTectisn schemes will have a

10 second delay

%* Indicates components not currently planned to de put in service,




The 13.2 k7 line supplies power =o the circulating water pumps
and their associ a:ed auxiliaries, since sufficient cower is not
available Srcm the diesel zenerazcrs., This line is zowered by
a new 113 % network whi s backed by combusticn surbines
capabla =f heing energized iIndepe n_en"" ¢f +he 230 kv network.
The 13.2 kv line has suf ant cagacity to start a secocnd
circulating watar pump while one pump is still operating. However,
only one pump is normally required.

3 1=

Circulating water pumps 1T and 1T are disconnected so their “rnake“s
can te "seA <o connect the new power supply <o busses 2-3 and 2
respectively.  Suss 2-5 serves pumps 14 and 1C which are asscc.a;ed
with steam generator "A" cooling systems., Corraspeondingly, buss 2-8
serves sumps 13 and 1D which are associarad with steam generator '"B"
cooling system

Systam Cperation

The 3CPE? system normally crovides standby tower capabilities and is
not crerating. ©Cn loss-of=offsite power, the 2ffsita tower supply
Sreakars will cpen and the diasel ganeratcrs will be started and
connected o their respective busses autcmatically. The cross-
cennection Setween the "zray" and "whice! busses is normally locked ou

Loading cn <he diesel ;-nera':“s, connection of <he 13.2 X7 line, and

startup of the circulating watsr purps will be performed manually
From-the control room in acccrdance #wizh agtablished procedures for

the varizus -o-entia; olant conditicons. -Tor the "gray" and "white"
busses, return To normal gower is accomplished manually by first opening
the diesel breaker and then clcsing the offsite supply breaker. For

che 13,2 or 1ine, a vreTurn to normal power will be centrollad manually

by clasi he normal supply breakar tefore cpaning the new supply bDreaker,
)

-3 -

g
(mot =rans

the orimary contyol senter Sor che i iz the control rconm

2ith ‘sisilar sentrol and seniterin gab locally at the diesel
§enerators. The follcwing instrumentation and controls are added in
-t -~y -

«he contol roonm:

1., Low lube oil temperatura 2larm (the dlasel will svare autcmatically
1 ture)

5. General "<rouble" alarm for each dissel generatsor set

c. Senerator sutput voltagze Iindicarion

4. 'Generater line current’ indicaticn

a. Generator gower suthut indication :
£. Dlasel genesator availabilisy indication



fal startup testing will ve
tiry, the adequacy of opera

op it ’ ting preocedu . nsure
adegquate performance zapabilities of the 3CPEP systam, Periodic
testing will be performed in accordance with procedural require-
ments and any additisnal zesting and maintenance ragquirements by
the compcnent manufacturers. Pericdic testing will verify proper
breaker ac:tuation, diesel starting and synchronizing, fuel oil

gquality, and breaxer positicns.

The fzllowing work has not yet Deen complatad:

inal approval of cperatin

(L1}

u
4
(1]
[1:]
0.
f5
L]
w

Determination of requiremenss for fuel oil heatin
Detailing the provisions Scr the fire protacticn
Detailing the orovisions Sor the supplamentary fuel oil raserve

astallation of controls and instrumentation in the zontrol reom.




Liguid Radicactive Waste Processing System Title "EPICOR II
1.0 System Tunction and Design Criteria

The system is designed o5 cleanup radiczactive licuids so as

%o precduce watar capable of being relaased Sfrom Three Mile
Island. Cleanup includes remcval of radiocisotopes and

chemizal ceonstitutents to comply ui: Tlant Tachnical Speci-
ficaticns for Water Raeleases T3 the Susquehanna River., The
desizn is teing cptinized with resaect o ALARA censiderations.
Iastrumentation and contyols will bs provided for monltoring

of system performance. Watar flows will be monitored where the
values are critical to the process and or system safety. In
line zcnitoring and a comprehensive sampling system will be
provided fo "Hc'ougﬁ analyses of system water claanup performance.
Radiation and airborne monitoring equipment will be provided for
analysis of activity levels.

Shiaelding is being provided to minimize axposure related to the

speration of cthis systenm.

An HVAC subsysten is baing designed o cleanup and moniter any and
all gases that 1lgﬁt te 'eleased from the liquid processing sysTam.

It is the gecal <o minimicze zas relsases Soom the sysTam, however,
should they ceccur, they u-” e cleaned to reduce any releases o
she environment Monizoring of the air exhaust will continue %o

deTact any -otnn.-a- radicactive ;as. A slight negative pressura
is projectad to ansure building inleakaga will e ceontrolled. The
systam: is Leing optimized with -espect to ALARA consideraticms.
InsTrumentation and constrols will be swovided for monitoriag syszem

s

Performance;. . Contiaucus activicy .cns::rinz ef exhaust air will be

"

The TMI Unit 1 Chemical Cleaning 3uilding I3 teing used to house th
systam along with the axisting tankage and sump axisting Iin thac
:-"i;:; Piping -and pumds are ;r:viied f:r ua:er moverment through

¢lesanup vessels. The system ls compesed af
mineralizers and an after Silzer. The prefi
will Se dasizned Sor sase of hookup and disc
installation and remoze veliable remova

=

3as Preccessing

The primary compornents will Be a fan, an air cleanup filter Train, an
necessary duczinz. The main HVAC compenents will be lovated external
o t:e Uniz 1 Themical Cleaning 3uilding Sus will be enclssed in it
swn Zousiag.



3.0

System Cperation

Operaticn of the
not been totally

Status

The design is as
1 <

approximataly &

svsten

Tacriza

has

~ad

noT yer co

-~

d

mmenced tecause the system i

fabrication an
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=l

structicn
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Trash Compactor

T -
-

Systam Tunction and Dasign Criterl
Additional cempaction facilitias w
of compa :;:;e waste baing generat
<o compact low lavel solid waste I

The sys=tam shall compact w
(20T) drums meeting ve m

were raguil
ed.:-Thex
ATo-55

-ha

to the amount
3 systam was needed
for storage or

-wi

Separtment of Transportaticn

g L3A marterial.,

System Cescriptisn

A: Stock Sguigment ::“:any Model 2uQ7 compactor was installad in <he
Unit 1 waste drumming area., A dvawing of the uniz is atzached. The
unis includes roughing and HEPA filvers. The discharge of the unit
is venzad 75 the Aux. 3uilding ventilation system which contain
charcoal filtens,

Systaem Cperaticn

T-ash i3 compactasd into 55 gal. 20T
cperating grocedures have Seen rev"e* ro i

new compactar. Use is limited <o compactibi

wood, metal or liguids are perm i*‘nd Al

-

alate]
e el L0

compaction; Sags in
=
trash has Seen

compacste

axcess 27

ins=alled

approved drums.,

e
-

b

30C0mr a

Standard plant

-l

lude the use 2f tha
e dry wasta onl; No

ags of trash are surveyed
e not compacted.
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1.0 - Sysrem:Tuncrion and: Design Cniveria
Thi faci;itv ;*cv des a s'ag-“g area for dewatered spent resins and

2.0 Systam Descripticn
The ccncepr is to provide shielded storage cells for containers per the
atvtached sketsh. The =aci_-ty will be -cca“ed in the scuth-2ast
COrmer 9L . The 5':e. inside che dike. -Desim -s dlsc underway to rovids
3 shieided container for use during transfar of liners from the Truck o
the storaga cell, 2

3.3 Systam Cperation

The facility has nov Leen constoucTed as of this reporc,
4.3 Status

“he staging facilizy is in the desizn thase.
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Ixisting plant egquipment was not designed %o process the guantity

or radicactivity of the waste generated subsequent to the Three Mil
Island Unis 2 incident. A temporary custom=-built externally located

1liguid radwaste Treatment sys<tem, dJesignated Epicor-l, was installed
o 'supplement the staticn's existing system.

The temporary sy
racicactive zan

through: flitration an

s dasigned %2 remcve suspendec and dissolved
e id wasta, Treatment Is achlaved

s fro
deminevalizacicen.

3]

frem-ligqu

Savivenmencal protecticn {s maintalned by the use of -features <hat
srevide leak and/er svarflow protvaction.

The discharge of radicactive gases Is minimized.

The sysrtem Sacilitartes assembly and Is5 flaxible enocugh =o conform
0 plant reguiremen+s and layou=.

- -

2.0 Tan
A. " The Enicor-Il system ccnsi T an

z2uxilia=r hoses jumps and : gned
Sfor disposal aftsr thay
f%3 suésisn Foom sitker i
Neutralizer vanks or zh
Particulates 3re removed in saminases
are ramcvad in the demineral aithar of
the Unic:1l Wasve Zvagorazsr

3.3 Systam Creraticn

The %er and the 4 Fling.*

iig ramovl arnal 1

5?5. gTasTad unthe 1A {Ff2ed 32

sre 2w fr2m any o < 22 sref

<he iz ~ha =refile=er » High-la el, le

G- »-decant pump) is manuaily starzed T2 begin

demi inlet an tlaz flows are balanced to maintain a constant
lava giitdy, en the liguild level I3 the demineralilzer reache
the , laval swizsh 23-7-1 (demizeralizer decans 3u is manually
startad igmizaralizer suslat flew is adiusved 5 mainvain a comszant
lave smineralizer. The 2ffluent from (G-F-3 flcws 32 cne of th
WO anks ladelled HAL 1 572,

ne coeration =f che systam-ly santin




(=]

b. The eoffluent gualicy is pcor

¢. The radiation lavel on the exterior =f a
predetermined wvalue., (3ased on shipping

4. The effluent tank-is full or

e. There is a system malfunction. :

Liguid stored in the a7l

(to provide add’+icnal treatment
Waste Zwvaporator Condensate 3zorage Tanks in
©3 the anvircnment.

demineralizer
.

Shutdown is Iinitiated by stoppin
<he precess wvessles. Reclaimed water frem
Is then used To flush the process heses,
Blewing air through the heoses:

-"Q

ad

Flus

Prccess vassels are completaly dewatered srior
service, This'is done by operating aeither &f
until they lcose suction.

e

-
~aa

tha avent of a leak, high-high level alam,
malfuncrion the main air supply *o the pumps i
causing all flow to stop.

Precautions taken to minimize the zo
radicactive id and o contain any spills ¢
emphasis has lteen given
Allfiztings and hosas installad have cressure
maximum disz cLa“gn Srassurs :’ the pumps “sed.
2 orassure rating of 200 2sig or great ALl

have teen
ligu

hydrostatically tasvted prior o use. ?; T
MipTure At pressures: greater Than 125 psig. T
sressure to drive <he pumps is 100 ﬁsig (zhus
Any -leaks <that may ocsur willi be centalnad In

21Y

hose connections are taped and wr

zontain drigs frem :i:::ﬂ;s. leaks within the
would be contained in the flcear 2drain and ‘sump
axtarnal to the building would be zentained in
Tray. A seriass of block ::ntalnmen dikes are
would contain leakage in the vicinity of the
the preocess vessel weuld ke ::n:a::ed in a ein
which the wessel is ses pricpito operarion:
STaTus

The Zpicor-l Ligquid Rad Waste Treatment System

the feed purnp

is

) or

=ran

s =

and

h water Is

o being v

gr other systenm

zerminatad

Rigte

gsibility of
if-thev cccur.

to crea--ng and maintaining a leak-t

Ali disch large h

heses and

he maxi

provecting diaphragn integni
malei bavyriar: containmenz
apped with plastic to
Unit 1 Auxiliary Building
systam. Small leaks
a plastic lined hose
und +ha precaess vessals
orocess vesslas, Leaks frem
cular steel container in

=Y
-~

uent tanks way be recrccessed thriough the
rcuted %o zhe Unit
raticn for discharge

cartially dewaz
Unis 1 Auxiliary Buil
then "sa*a ad by

immedia

aring
P AT -

- b

emcved Srem
the decant pumps (CG-P-2 or 3)

tely

spilling
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Radfological Monitoring

Due to the nature of this section of the report, only changes and
addirions to the information presented here will be included in
next months report. The Final Report, however, will provide a
compreaensive review of the Radiological Munitoring dome following
the March 28, 1979 fancident at TMI-2.
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IV. Radiological Monitoring

A. Introduction
1. Sources of Data

This report uses data collected inp mcnitoring programs operated

by Metropolitan Zdison. At this writing, an extensive amount

of data collected by others has not yat been avaluated in detail.
However, the Metraopolitan Edison program is comprehensive 2nough
?nd sensitive anough to make an accurate assessment of radiological
mpact.

a. Measured Rel=ases

Metropolitan Ediscn operates a monitoring program designed
to permit identification and guantification of radicactive
isotope releases in liquid and gaseous 2ffluents from the
station. These programs include automatic continuous mon-
itoring of affluent streams using equipment with control
room aiarms. This monitoring is complemented by =ffluent
sampling and laboratory analysis. Grab sampiing is used
for batch liquid releases, and continucus sampling with
periodic laboratory analysis is used for radioiodines and
particulates in gaseous effluent. Generally speaking, the
automatad monitoring equipment is considered most useful
because of its early warning features but is, in most
cases, less accurate and/or less sansitive than sampling
and analysis for gquantifying raleasas. For these reasons,
sampiing and analysis usually serves as the basis for most
gquantitative assessments of releases of radicactivity in
affiuents. Effluent measurements are dascribed more
axtensively latar in this secticn.

b. Estimated Release Ratas

When data on releases were not avajlable, estimates were
made taking into consideration meteorolcgical data, data
from the radiological environmental menitoring program,

and the data from area radiolcgical monitors insida the

Unit 2 Auxiliary and Fuel Handling Buiidings.

c. Metsorological Data

Metropolitan Edison maintains 3 meteorological tower

focated at the north end of the island to support normal
plant operation. Data frem this tower have Seen continuously
available via redundant sensors since the accident. Thase
data were used to astimate noble gas releases and to compute
population doses. '
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d. Radiological Environmental Monitoring Program

For about five vears, Metropolitan Edison has operated a
monitoring program jesigned to evaluate the radiological
impact of TMI station operations by sampling and amalyzing
media from the aquatic, terrestrial and atmospheric
environments in the wicinicy of che staction (within 5 to

10 miles). The program was intensified irmediately following
the accident, iIn accordance with emergency response plans.

2. Summaries of Analyses

Available data were used to assess the radiation doses received by
individuals and affected populations off-site, in the perioed
following the star:t of the accidenc.

In addition, comprehensive dose analyses have been performed. Aquatic
environmental monitoring data have been used to assess the whole body
and thyroid doses to maximum exposed individuals and the populaticn
consuming water and fish from the Susquehanna River. Maximum individual
doses have been assessed for recreational use of the river (swimming,
boating, etc.). EZavirommental monitoring data have also been used to
assess maxioum individual whole body doses from noble gases released

to the atmosphere.

These data were also used to estizmate the release rates which were
used in conjunction with meteorological data and populacticn
distribution data to assess the population whole body dose from
noble gases released to the atmesphere, and individual whole body
doses at locations other than those monitored. Eavironmental
monitoring data have also been used to assess zaxizum individual
thyroid doses from inhalation of air and consumption of milk
containing iodine-131. In addition, measured release rates were
used in conjunction with =meteorological daca, population
istribucion data, and cow distribution data to estimate the
populacicn thyroid doses from inhalation of air and consumption
of milk containing iodine—131.
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8. Off-Sice Liquid Releases and Exposures

1.

Environmental Measurements

Review of sampling data suggests that a tocal of about 0.25 Ci
of Iodine-131 has been released as a result of the accident, most
of it from Mareh 31, 1979 chrough April 2, 1979.

The radiological environmental monitoring program conducted by
Metropolitan Edison Company Includes analysis of river surface
water, finished water from treatment plants, and aquatic bioca.
Except for three samples collected, 3/31, 4/1 and 4/2 at station
7G1l, the Columbia Water Plant, which showed levels of iodine
(9.4, 0.72 and 0.66 pCi/1) slighcly above ainimum detaectable
concentrations, no gamma=-emitting isotopes other than low levels
of nmaturally occurring potassium—40 ind radium-226 were dectected.

Tritium and gross beta concentrations were within normal raanges.
The low concentrations measurable at Station 7Gl are consisteat
with estimated f{odine release rates for the same period, showm
in Figure IV=3-1, assuming liquid effluent has been fully =mixed
in che river prior to sampling downstream

Eatimated Off-Site EZxposures

Radiacion doses resulting from these concentrations are extremely
low, a few thousandths of one millirem for a person drinking water
or eating fish from the river or using the river for swimming,

boating, or shoreline activities.
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c.

0ff-Site Noble Gas Releases and Exposures

This section discusses the analyses done to estimate off-site doses
due to releases of noble zas fission products. The sectionm is
organized into two subsections dealing respectively with environmental
measurements, and off-gite axposures.

1.

Envirommental Measurements 5

The source term used in the following assessments was arrived at
based on information obtained from the environmental monitoriag
TILD's. The source term determined in this fashion was then used

to asgsess the dose received by the population in unmonitored areas.

Metropolitan Zdison Company conducts a routine anvirommencal
radition monitoring program iacluding use of stationary thermo-
luminescent dosizeters (TLD's) which measure integraced dose.

They are in place at all times at 20 locations as shown on

Figure IV-C-1. FEight of chese locatioms are cn site. The other
twalve are off-gite, includiang locations in Goldsboro and Middlatown.
Most are within several miles of the plant, but a few are located up
to 15 miles away. These dosimeters were in place in the field ac the
time the accident occurred. Dosimeters in the field were replaced
with fresh dosimeters every one to three days following t“he accident,
and the collacted dosimeters were evaluated to determine trends for
dose rate as well as the dose accumulated since the beginning of
the accident. These data represent a compreheasive measurezent of
doses due to noble gas releases at the locations monitored.

Table IV-C-1 provides a complete summary of TLD measurements through
April 30, 1979.

Shortly after the declaration of an emergency, mobile monitoriag
teams were dispatched by Mecropolitan Edison. A helicopter was
used to assist the acnitoring teams since the on-site meteorological
tower indicated winds toward the west over the river.

These teams were equipped with instruments which zmeasured dose rates
from airborne radfoactive material (primarily noble gases with Xe-133
dominant) and with air samples which were capable of collecting air-
borr.e radicactive zaterfials other than noble gases for later
laboratory analysis. (Aside from noble zases, the cnly isotope
contributing significantly to off-site dose has been Icdine-131.

Its contribution results from concentration in the thyroid gland

due to transpert from air to grass to ailk to thyroid and to some
extent, frem inhalation.)

During the first few days following the accident, release rates
fluctuated and frequent wind shifts often occurred which caused
rad{iation levels to fluctuate with time at any single location.

The emergency rasponse survey teams had to move f£rom place to place
following the transport of airborme radicaccivicy. 3ecause of the
fluctuations in radiacion levels and the short monitoring periods

at any one location, data collected by survey teams are not the best
available for the determination of cumulative doses and they were
not used {n this assessment except in a::em&ts to deteraine when
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2.

noble gas releases were significantly higher than baseline values.
This work is continuing and will be augzented using DOE helicopter
data when it becomes available.

Estimate Off-Site Expcsures

Machematical models for estimating doses to individuals and
populacions normally use {sotope-‘release rates and meteorolcgical
parameters. Estimated release rates were used to estimate doses

to individuals at locations not mocnitored by TLD's and to the
population wizinn 50 afiles of the plant. For these calculations
the atmospheric dispersion model which had been previously used
only for estimates at TLD locations close to the plant was extended
to a distance of 50 miles in each of 16 direction sectors. The
populacion dose was ccomputed using the dispersion zodel and site
meteorological data to compute the whole bedy dese each hour ac

10 locations downwind fn the sector in which the wind was blowing.
Doses were astimated for the period after the accident extendirgz

to April 30, 1979 and mulciplied by the population in each of these
10 distances for each direction. The results of this analysis
indfcate that the aggregate whole body dose of the populatica
within 50 miles (about 2 aillion people) was about 2500 person—
rems from noble gases released through 4/30/79, not considering

the affect of shielding due to housing or other structures which
could reduce dose astimates by a factor of 2 to 3. The populacion
estimated Zor 1980 was used.

The hizhest off-site integrated whole body dose =measured at any
TLD location through April 28, is about 43 millirems above back-
ground at a location about 1200 meters NNE frcm the plant. The
accumulated doses measured at the Goldsbero and Middletown TLD
monitoring stations over the same period were less than 10 ailli-
rem above background. The latter figure is an upper limic. The
best estimates of about 5 millirem at each locatiom, has some un-
certainty because of the difficulrcy of separating normal
fluctuacions ia background dose frem accident contributions of
sinflar or smaller magnitude. (This uncertainty does not affect
the maxinum dose of 43 mrem for which the accident contribution
was substantially greater than fluctuations in natural background
for the zmeasurement period.

3y contrast, whole body dose calculations at these same locations
using the estimated ncble gzas releases resulted in doses {a 30 arem
1200 meters NNE: 4.0 arem at Goldsboro; and 10.0 arem at Middletowm.

It should be noted that the maxizum dose from noble gases, about 43

aflliren, is less than the incremental dose a resident of Harrisburg

would get by =moving to Denver, Colorado for one year because the

natural background dose rates in Denver are greater than those in

Harrisburg. The average dose received by population was about 1 arem,

;ne-:&ird of the dose received in a transcontinental subscnic plane
light.
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METROPOLITAN EDISON

TABLE IV-C-l
- THREE MILE ISLAND

TLD DATA

(Period of Exposure 79032807 - 79040613)*

+Total Measured

Total Calc.

Map Distance Dose #% Dose
No. Stacion (M) Direction (zem) (rem)
2 152 640 N 0.095 0.10 °
26 1c1 4180 N 0.006 0.012
3 282 1130 WNE 0.043 0.030
3 452 3jaa ENE 0.102 0.070
13 5A1 800 ENE 0.039 0.020
37 4GL 16100 ENE 0.004 0.001
5 583 320 E 0.072 0.045
14 5A1 640 g 0.015 0.015
34 71l 14500 SE 0.010 0.0006
38 7G1 24100 SE 0.012 0.0004
28 8cl 3700 SSE Qg.008 0.008
3 952 640 s 0.023 0.040
39 G1 20900 - 0.005 0.003 -
23 10B1 1770 SSW 0.005 0.004
3 1151 160 SW 0.010 0.020
24 281 1270 WSW 0.004 0.004
10 1452 640 WNW 0.137 0.100
40 5G1 24100 W 0.003 0.003
11 1651 320 W 1.033 0.630
17 16A1 640 NW 0.901 0.400

*Includes all TLD readings

froem the radiological environmental monitoring program.

**Background radiacion assumed to be 0.007 arem/hour has been subtracted. Values less
than about 10 arem have substantial uncertainty because gross values exceed back-

3ground by only a small =argin.

limit for these cases. .
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Tég;ﬁ IV=C-2
(ci)
Estimated Quantities of Each Isotope for

Release Periocds Corresponding to TLD Measurements

79032807~ 79032918- 79033118- 79040316-  79040614%— Total
Isotope 79032917 79033117 79040315 79040613 79043024 ci
Xe-133 5.2 E6 2.7 Eb 1.0 E6 2.8 E5 1.5 E4 9.2 E6
Xe-133n 7.6 E5 3.0 E5 6.8 E4 8.3 E3 0 131585
Xe-135 1.4 E6 6.5 E4 0 0 0 1.5 E6
Ie-135m 1.7 ES 0 Q 0 0 1.7-E3
Kr-38 5.5 E4 Q Q Q Q 5.5 ES

7.6 E6 3.1 E6 1.1 E6 2.8 E5 1.5 E4 1.1 g7

*The last three weeks of the meonth are combined into cme group

contribution i{s less than 1T of the total.

since the
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‘ TABLE A-1

RADICLOGICAL ENVIRONMENTAL MONITORING PROGRAM SAMPLING LOCATIONS

Locatfion Map

Code No. Description
152 2 0.4 miles N of site, N. Weather Stacion
282 3 Q.7 =fles NNE of site, on light pole in middle co North 3ridge
%82 3 0.3 mfles TME of site on zop of dike, East Tence
383 6 Q.2 milas £ of site on top of dike, Zast FTence
382 3 0.4 mfles 5 of site on South Beach of Three Mile Island
1151 3 0.1 miles SW of site, west of Mech. Draf: Towers on dike
1482 10 0.4 miles WNW of site at Shelly's Island picnic area
1681 11 0.2 nfles NNW of site at gate in fence on W. side of T™™I
1A2 12 Q.7 miles N of site at north tip of Three Mile Island
Al 13 0.5 mfles ENE of site on Laurel Rd., Metc-td, Pole #663-0L
3AL 15 0.4 ailes £ of site on north side of Observation Center 31dg.
9A2 15 0.5 niles 5 of site below Discharge Pipe
11al 14 0.2 =fles SW of site off Discharge Pipe
15A1 17 0.4 miles NNW of site on Xohr Island
L3l 18 1.1 atles DE of site, west of Griagrich Road
381 1 1.0 mfles £ of site on Peck Road
733 20 1.6 afles SE of site on east alde of Conewago Creek
231 21 1.5 miles S of site, above York Haven Dan
9832 22 1.4 =nfles S of site, aorth of York Haven Dam
1081 23 1.1 miles SSW of site on south beach of Shelly's Island
12B1 24 1.6 miles WSW of site adjacent to Fishing Creek
1681 25 1.1 miles ¥NW of site below Fall Island
1cl 26 2.6 miles N of site ac Middletown Subscation
i0 27 2.3 ailes N of size at Swatara Craek
8C1 28 2.3 ailes 535t of site
licl 29 2.7 ailes WNW of sitea near intersection of Rts. 262 and 392
3El Jo 4.1 milas SSE of site at 3runner Island
1rl 31 6 mfles N of site at Hummelstown Substacion on Fiddler's Zlbow Rd.
3F1 2 9 miles of site on Zast Ridge & Greentree 2ds.
3F2 33 5.3 miles E of sica act Masonic Home
7Tl 34 9 niles SE of size ar Drager Farm off Zagle's Tollgzate Rd.
15F1 35 8.7 ailes NW of site ac Steelton Municipal Water Works
2G1 36 2 miles NNE of Hershey on Rt. 39 Hummelstown
iGl 37 10 afiles ENE of site at Lawn = Met-2d Pole #J1313
761 38 15 ailes SE of site ac Columbia Water Treatment ?lant
Gl 39 11 miles S of site in Met-Ed York Load Dispatch Station
15G1 40 15 ofles NW of size at W. Fairview Substation

*All distances are zmeasured Ircm a point that 43 aidway Setween the
Reactor 3ufldings of Units 1 and 2
A
230 ZUf
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D. Off-Sice Iodine and Parciculate Relesases and Doses

1.

Envirommencal Measurements

In support of routine plant operacions, Mecropilitan Edison conducts
an envirormental monitoring program which ianvolves collection of
several different types of samples. Included are continucus air
samples of fodines and particulaces, vegetation samples and nilk
samples. This program has continued with a higher sampling frequency
since the accident. Results indicate that Iodine-131 was the only
fodine or particulace {sotope released in significant quanticies.

This isotope was detected in air and milk, as discussed belcw, and was
also detected in some grass samples.

Escimaced 0ff-Site Exposures

Escimaces of off-site exposures to iodines are accomplished using

the acmospheric dispersion model and the measured effluent release
rates along with on—-site meteorological data. Of the particulate

and fodine i{soctopes released, only I-131 is of significance in ofi-
site dose calculations.

The dose from I-131 results from conceatration of this isotope in the
thyroid gland following incake from inhalation of air containing
fodine and ingestion of mflk containing ‘odine. The iodine in =ilk
results from depositicn on pasture grass aiter release.

An analysis using measured release rates and meteorological data has
heen nade to estimate the average I-131 concentration at all off-site
locations near the plant. Results show the highest average con-—
centration from March 28, 1979 to April 30, 1979 to be 6.3 ¥ 10-i2
uCi/ec in the SE directfion. If an adul: had resided there through

the accident, the inhalation dose would have been about 6.3 arem. Yo
other age grcup would be more than 308 higher. A series of five short
term calculacions were made to estimate peak icdine concentrations
off-sfite. Results showed the highest concentration was 3.7 x 10-1}
uCifcc at 500 meters to the NNW averaged over the initial 24 hours of
the acecident. The highest off-site instantaneous concentration was
deternined to be 8.0 X 10~0 yci/cc om April 15, located 600 meters to
the SE using a centerline dispersion formula. A ccmpariscn between
calculated air concentration values and air samples for three different
periods at several locatiomns sticwn in Table |V -E-2 indicates zenerally

bl s b

zood agreements (f.e., within a factor of abcut 3 in 70% of the cases).
Populaticn doses through ingescion of milk produced in the site region

has been estimared using atmespheric dispersion model consistent with
Pag. Guide 1.111 out zo S50 miles.
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Detailed cow inventories were available out to a distance of 5 miles.
However, beycnd 5 miles, county =milk production rates were relied upon

to estimate cow populations assuming each cow produceas 34 pounds of

milk per day. The milk production rates for the 50-mile radius suggest

a populatioca of about 300,000 dairy cows with a population density in
sectors to the ENE, E, ESE, and SE approximately 2.5 times the densicty
‘in other sections (about 75 cows per square mile versus 30 cows per
square mile). There is evidence from cow population surveys within five
miles that stored feed Is an Important fraction of che dairy cactle diet.
Furthermore, data on land use in three ccunties near the plant indicate
that only 5 to 10 percen. of the land 1s used to support dairy cows. At
the yield specified in Regulatory Guide 1.109, that pasture land could
only provide about 207 of the diet for 300,000 cows. In additiom,
varnings had been Issued to keep cows in barns during the peried follewing
the accident. For these reasons, it has been assumed that pasture grass
accounted for 30% of the average cow's diet. In addition, the portion of
fcdine that was released ia organic form, which does not deposit on
grass, was zmeasured pericdically and found to be less than 30 percent on
the average, and has been taken into account for this anmalysis. Iodine
concentrations in ailk were determined using the models which serve as a
basis for Regulatory Guide 1.109 relationships and parameter values given
in same guide. The population dose was estimated by calculating the
average concentracion In milk produced within 50 miles, accountiag for
dilution due o atmospheriz dispersion. All =ilk produced was assumed

to be consumed.

Resultzs of the above calculations indicated thae pntential for population
thyrsld doses to be 900 person-rems.

The above dose astimates have been made independent of measured Lodine

concencracions in air and milk. Measurement results indicata peak

fiodine levels in milk to be less than 110 pCi/l with an average from

March 28 chrough April 27 at any one sample locatiom of 29 pCi/l. Thase
igures apply cto goat milk collected at location 181 about one zile

north of the plant. The comparable values for cow milk are 21 pCi/l

peak and 2.3 pCi/1l avarage at location 731, 1.4 =mi. SE. £ an {afanc

had been consuming this =ailk through April 27, 1979, his dose 1s estizated
to be 1.2 millirems from cow ailk or 11 millirems from goat milk. However,
the goat =2ilk is not now being used for human consumption.

Airborne sample resulzs indicate that average airborme iodine conz
centracions at any location through April 24, 1979 were 2.9 pCi/a”, which
would result in an finhalacion dose of 2.7 millirems.

The doses from releases of radiocactive iodine have been very low. As a
matter of perspective, a round-trip transcontinental plane flight
results i{n an incremental dose of 3 millirems and a resident of the area
ia the vicinity of the plant normally receives about 8 millirems each
month. from naturally-occurring radiacion.

230 2.



X TABLE 17 D-1

Comparison of Measured and Calculated Concentraticns
of Airborne Iodine for Three Time Pericds

Measurement Pericd 3/28 - 3/29

Station Dis+tance Direction Calculated Measured
(m) I-131 in Air I-131 in air
(pCi/m3) (pCi/m3)
1s2 640 N 8.1 ; 3.0
icl 4180 N 31 2.2
W 15.0
1281 1270 wsw! 5. 7110.3 7.1

Measurement Pericd 3/29 - 3/31

*Station Distance Directicn Calculated Measured
(m) I=131 in Air I-131 in_Air
- (pci/m3) (pCi/m3)
1s2 640 N 2:3 b 5 1
i o2 & 4180 N 33 1257
5al 640 E 0.54 20.3
8Cl 3700 SSE 8.2 20.1
- W 26.0
1231 1270 s . o.ol 23.9

Measuremen= Period 4/15 - 4/18

Station Distance Direction Calculated Measured
(m) I-131 in Air I-121 in Air
(pCi/m3) (pCi/m3)
5aAl 640 E 2.5 8.4
8Cl 3700 SSE 5 0.057
7F1 14500 SE 0.31 0.39, 017
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TABLE IV -2

SMCOTHED IQDINE RELEASE RATE DATA USED
IN DOSE ASSESSMENTS

Start Date I-131 Release Rate
(Yr. Mo. Da. Hr.) uCi/sec

(o
—

79032804
79032813
79033022
79040106
79040303
79040319
79040519
79040615
79040706
79040803
79040909
79041016
79041119
79041323
79041410
79041505
79041508
79041518
79041615
79041624
79041716
79041804
79041308
79041914
79042022
79042213
79042304
79042312
79042315
79042406
79042515
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1) fodiae release rates are roughly constant over the period from
one start time to the next
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