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EXECUTIVE SUMMARY

On March 28, 1979 the Three Mile Island Unit 2 (TMI- 2) nuclear power plant
'exper1enced a feedwater transient that through an unusual sequence of fa11ures
led to E{EﬁEEII‘BFEEK'T6§§”5F~gr?—fi:;;giiiiﬁ>
damage.N‘The failures that were éxperiehced occurred in the general areas of

design, equipment malfunction, and human error. In response to this event, a task
group was formed to provide an early assessment of the generic aspects of the
feedwater transient and the related ensuing events at TMI-2 to determine bases for
continued safe operation of other reactor plants similar to TMI-2 that were designed
by the Babcock & Wilcox Company (B&W). Consideration was given by the task group

to initiating events other than loss of feedwater where it was determined that

such events could 1ead to a similar transient. In addition, cons1derat1on was

given to.possible 1mpact on other PWR plants des1gned by West1nghouse and Combus-
t1on Englneer1ng

and resulted in significant core

A recent review by the staff on the frequency of feedwater transients occurring in
B&W plants indicates that 27 transients have occurred in nine plants during the
past year. This corresponds to a frequency of three per year per plant. The
corresponding rate for the other PWR p]ants'ﬁs about two per year per plant.

The results of this assessment are presented in this report by the task group in
the form of a.set of findings'and-recommendations in each of the principal review
areas. Additional review of the accident is continufng and further information is
being obtained and evaluated. Any new information will be reviewed and modifica-
tions to the results of the_ihitial review Wi11 be made as appropriate.

Many actions have been taken since the TMI-2 event by the‘staff and ihdustry tq
minimize the 1ikelihood of recurrence, including the shutdown of the four operating
B&W facilities for short-term corrective actions which will also be taken on the
other B&W plants before they restart. As this response is being published, there
are other ongoing activities, including discussions‘with Westinghouse, Combustion
Engineering, and various utilities, to further improve the safety margihs in these
plants. Thus, this is a status report and is not considered to be a complete and
" final set of recommended actions. It is not a general critique of licensee and
NRC response to tﬁe;accident. Such review will follow while other ideas are being
. formulated, but that is beyond the scope of this report. It is likely that other
actions, including long-term éctions, will be required as the overall review of
the TMI-2 accident progresses. '



-Prior to the TMI-2 accident, the general approach used for accidént analyses was
to ensure conservatism in the analysis models and results. Consjdefation has been
given to the development of best-estimate'codes, but licensing calculations were
done on a.conservative basis. It is recognized thétzshortcomings resulted from
this approach.' For example, the analysis of the Séptember 24, 1977 transient at
Davis-Besse did not include the phenoménon of voiding in the core and long-term
natural circulation cooling. Other areas that need to be reevaluated include the
use of safety and non-safety grade equipment for the termination of transients and
mitigation of accidents. '

On the basis of the results of this interim review, the task group conc1ud§s that
certain design improvements and other acfions already being. implemented on B&W
ﬁ]ants in accordance with Commission orders are necessary before plant operation

can be resumed. These actions are being specified in the shutdown orders that
resulted from this generic review; e.g., reactor trip on upsets in ‘the seébndary
coo]ing system of the plant, additional operator training, improvements in éuxi]iary
féedwater re11ab111ty, and further ana]yses of small break loss-of-coclant accidents.

Other recommendat1ons for longer term improvements are specified in the report

The staff believes imp]emenfation of the recommendations stated in this report
would further increase the safety marg1ns in the B&W pressurized water reactor
(PWR) plants. Certain of these recommendations also apply to the other PWR vendors
(Wesiinghouse and Combust1on Engineering) as well as to boiling water reactor

(BWR) plants designed by the General Electric Company (GE).

The principai recommendations resulting from the initial review are given iﬁ
Section 8.0 and are summarized below. In general these recommendations include

‘the short-term actions taken in connection with IE Bulletins and the recent shutdown
of the B&W plants and extend certain actions to longer term improvementé.

. P]ant design features unique to ‘the B&W p]ants (e.g., OTSG and ICS) should
be evaluated with regard to interactions in coping with transients. The
mitigating systems (e.g., HPI) should also be included in the study.

Plant instrumentation should be provided to give improved information on

reactor coolant level and margin to bulk coolant saturation.

A study should be made to see whéther there are design deficiencies that may
be corrected to reduce the frequency of feedwater transients. The reliability
of auxiliary feedwater systems should be improved.

Improved means for detecting a stuck-open power-operated relief valve (PORV)
should be .-provided. In addition, consideration should be given to upgrading
the PORV classification to safety grade and the associated controls and

instruments to new standards for control systems; or, as an alternate,



cons1derat1on should be g1ven to closing the reiief valve and block valve
dur1ng power operation if resetting of the set point is not effective in
reducing actuation of the PORV.

Provisions should be made to assure that essential containment isolation will
occur automatically when the safety injection system is actuated or a high
containment radiation level is reached.

A study‘shpuld be made by NRC, the licensees, and designers of the design
basis fdr'the residual heat removal (RHR) system with regard to its avail-
ability and operability as a 1ow-pressure heat removal system when the reactor
coolant system is contaminated. ’ ’

An improved system, incﬁuding reporting and data assembly, should be developed
by the NRC to more effectively evaluate actual data from operating experience
vto assess whethef the trend of data from the occurrence of equipment malfunc-
tions or other events indicateslexcessive challenges to the plant safety
systems. ' ' '

Increased use of simulator training (and retraining) is needed, particularly
in connection with emergency actions involving single failures, equipment
malfunction, and operator actiohs, including extension to natural circulation
cooling. '

A studyrshou1d be undertaken by NRC of actions that could make the operator a
more effective recdvéry agent or incident/accident mitigator. Such actions
would extend the defense-in-depth concept through the use of on-line diagnostic
computer systems to seek ways to prevent (inhibit) 1nappropr1ate actions and
promote productive intervention. '

Operator training shou]d be restructured to give more emphas1s to protecting
the reactor core under potent1a11y degraded plant conditions.

Emergency procedures should be written in real time as an aid for operators
to study and memorize those aspects that deal with the initial short-term
response. The procedures should be written in conjunction with results
available from analyses to promote prober understanding andlproper identifi-
cation of critical decision points.

Operators must have a better understanding of any limitations and must have a
proper understanding of the plants. Each senior operator must direct activities
and must not act simply as another operator.

More emphasis is needed on human engineering in control room design to improve
operator comprehension and response. " '



A11 classes of operating plants should be reanaiyzed using failure mode and
effects analysis to identify realistic plant intefaqtions;resu]ting from
failures in non-safety systems, safety systems and operator actions during
transients and accidents. Associated analyses should be performed for a
sufficient time duration to establish that a stable plant condition had been
reached including natural circulation. Exp]iéit consideration should be
given to the effects of a loss of onsite or.offsite power.

be all classes of operating plants, additional analyses should be performed
of reactor coolant system breaks in. the range of very sma1] breaks (e.g.,
representative of axétuck PORV or small line rupture) and carried outluntil a .
stable, long-term cooling condition is established.

~ NRC should develop (and uti]iie for audit calculations) quick engineering
types of analyses methods capéb]e of both realistic and conservative applica-
_ tion to operating transients and small break LOCAs from initiation through
stable long-term.cooling and of other events such as a small break in a main
steam 1ine or a steam generator tube rupture.

Standard Review Plans should be updated to ensure that the TMI-2 accident is
taken into account during the normal course of licensing review for all
future plants (OL and CP).:

Regulatory guidance should be developed to give explicit interpretation of
those General Design Criteria where variable interpretation in the past has
led to inadequacies'in instruments and associated requirements for control of
anticipated transients and accident sequences. -

Technica1 Specifications should be reviewed to ensure that (a)'plant alignment
and system operability requirements are clearly stated, (b) unplanned events
are required to be reported to NRC whether or not technical specifications

are violated, and (c) restrictive provisions do not inhibit operator
improvisation under abnormal conditions.



1.0 INTRODUCTION

- On March 28, 1979, the Three Mile Island Unit 2 (TMI-2) nuclear power plant experi-
enced a 1055 of normal feedwater supply that led to a turbine trip and later to a
reactor trip. Subsequently, a series of events took place that resulted in signif-
jcant damage to portions of the reactor core. It is believed that the. sequence of
events that led to core damage involved equipment malfunctions, design related
problems and human errors that contributed to varying degreés to the consequences
of the accident. Because plant conditions were substantially degraded, improvised
operating modes for post-accident recovery were required.

On April 2, 1979; while bost-accident recovery operations'were.taking place ‘at
TMI-2, a task group was appointed to perform a genekfc assessment of feedwater
transients in Babcock and Wilcox (B&W) plants in light of operating expériences,
ing]uding the TMI-2 accident, to determine bases for continued safe operation of
these p1énts in both the short term and the long term. The Task Group was directed
by Robert L. Tedesco of the Division of Systems Safety in the Office of Nuclear
Reactor Regulation. The principal members of the: task group were Paul Check, .
James Watt, Stephen Hanauer, quney Satterfield, io]tan'Rosztociy, Richard Ireland,
Gu$ Lainas, Paul Collins, and Newton Anderson. ‘ '

The éhartér for the group is as follows:

Given the operating .experience with feedwater transients in operating B&w
designed reactors, assess whether reactor and plant systems at these plants
provide adequate protection from design basis feedwater transients. This
assessment should re-confirm whether these plant designs meet the require-
ments of NRC regulations, using appropriate staff guidelines for acceptable
means of meeting these regulations. -This should include an evaluation of the
safety margins of these plant designs to assure that specified acceptable
fuel design limits.are not exceeded as a result of feedwater transients.

With regard to feedwater transients in general, a recent review by the staff of
feedwater transients occurring in PWR plants during the period from March 1978
through March 1999 shows the following results:

1. There were 9 B&W plants that had 27 feedwatéf transients or 3.00 per year, per
plant; o s ’

2. There were 24 Westinghouse plants that had 44 feedwater transients or 1.83 per
year, per plant; and, ‘ V

3. There were 7 Combustion Engineering plants that had 13 feedwater transients or
1.85 per year, per plant.
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The frequency of feedwater transients is not appreciably higher (about 60%) for

B&W. The difference may be at Teast partially due to the initial operational life
of the B&W plants as compared to Westinghouse and Combustion Engineering.

Study Objectives

The initial focus of the study was on the following B&W designed plants for which
utilities hold operating licenses: ’

Three Mile Island, Units 1 and 2 (Meiropo1itan Edison Co.)
Davis-Besse, Unit 1 (Toledo Edison Co.)

Crystal River, Unit 1 (Florida Power Corp.) -

Oconee, Units 1, 2, and 3 (Duke Power Co.)

Rancho Seco, Unit 1 (Saéramento Municipal Utility Distriét)
Arkansas Nuclear One, Unit 1 (Arkansas Power & Light Co.)

The first objective was to make an early assessment concerning those measures that
might be necessary to prevent a recurrence of the TMI-2 event at these facilities.
In particular, consideration was given to the directives transmitted in Inspection
and Enforcement Bulletins to utilities holding operating licenses for B&W plants to
assure that implementation of the immediate measures required by the staff in those
bulletins provide adequate protection pending completion of more intensive reviews.

A second objective was to make an assessment concerning additional remedial
measures of a short- and long-term nature that might be necessary to correct design
and operational deficiencies in B&W plants, including those not yet licensed to
operate. A third objective was to identify weaknesses in the regulatory review
process that contributed to the failure to anticipate the sequence of events that
led fo degradat{on-of core cooling in the early phases of the TMI-2 accident.

Scope of Study

The assessment herein deals mainly with the generic implications of the initiating

.event -at TMI-2; that is, the feedwater types of transients that could lead to an

overpressure condition that opens a power-operated relief valve and could potenti-
ally result in-a loss-of-coolant accident. Other aspects of the accident will be
considered by other NRC task groups that will deal with such matters as post-
accident monitoring, hydrogen_control, operator actions, and emergency plans. ‘The
ACRS has met on several occasions to discuss and review the TMI-2 accident. It is
continuing its review in conjunction with ongoing staff act{yities. Current
reports from the ACRS dated April 7, 18, and 20, 1979, are enclosed as Appendices
A, B and C.

Because of the need to complete this assessment in a short time, the scope of
design and operational data used was limited to data essential to reaching the

-objectives stated above. The sequénce of events that took place during the early

1-2



part of the TMI-2 accident 1s suff1c1ent1y well understood that further refine-
ménts in the sequence (e. g , prec1se times when equipment started, stopped, or
failed and when operators took specific actions) should. not affect this study.

The results of this assessment are presented in seven major sections following this
introduction. )

Section 2 is a comparison of the general design features including configurations,
sizes, and safety and control systems of B&W oberating plants to determine areas of
uniformity and difference. These are in turn related to plant characteristics that
govern systems behavior under transient conditions.

"~ Section 3 deals with B&W operational event reports that have been reviewed in which-
certain events of some similarity to those involved on the TMI-2 accident are
discussed in the interest of determining whether we could or should have antici-
pated the TMI-2 event.

Section 4 deals with operating procedures and operator training in Tight of the
TMI-2 event.

Section 5 treats the analyses presented in the Safety Analysis Reports and in
response to specific licensing review questions. "The Standard Review Plan is
discussed in terms of whether current licensing requirements would have required
analysis 6f a TMI-2 type event. _The General Design Criteria and Technica1
Specifications are also considered relative to the event. .

Section 6 summarizes briefly the considerations given to p]ént_design features for
feedwater transients in other pressurized water reactor (PWR) designs. ﬁghis aciion
'prov1des some insight into the generic applicability of the preliminary f1nd1ngs
made on. B&W plants, as a result of the TMI-2 incident, to PWR plants designed by
Westinghouse (W) and Combustion Engineering (C-E).

" Section 7 relates to the IE Bu]]etin 79-05A. This bulletin provides a chrono]ogy
of the event and identifies areas for immediate action by licensees to avoid a
" recurrence of this incident. Near-term action is focused in this area.

The evaluation by the task group is presented as a set'of findings and recommend-
. ations for further action in each of the principal areas investigéted. These

findings and recommendations are given in Section 8.0 and will form the basis for
more specific review by the staff, the reactor designers, and ]icensed utilities.

The operating B&W p1ants have been shut down to perform plant. mod1f1cat1ons that
will increase the overall safety margins to accommodate feedwater types of overpres-

surization transients.. Plant shutdowns are expected to last about a month to
perform the following:

1-3



1.3

Improve the reliability of the auxiliary feedwater system (AFW).
-Install a reactor trfp on the secondary system.

Complete analyses of transients.and small breaks.

Complete training based on the TMI-2 accident.

B W N~

"Analyze the integrated control.system regarding its reliabitity.

These actions are necessary to ensure adequate safety'margins for continued plant

operation pending further long-term actions to restore the plant design and opera-
tional aspects to originally intended margins. The specific actions that are to be
taken by each-utility, except for the Metropo]itan.Edison_Company, are stated in °
letters enclosed as Appendices D, E, F, G and H. '

The conclusion is reached by the task group in the report that, although further
studies and evaluations are in progress to understand all aspects of the TMI-2
accident, certain design improvements and other actions already being implemented
due to the recent shutdown actions are necessary before.plant operation can be
resumed. These actions are being specified in the shutdown orders that resulted
from this generic review; e.g., reactor trip on the secondary side of the plant,

" operator training, auxiliary feedwater reliability, and the need for further

analyses of small breaks. These actions are already being taken in conjunction
with the IE bulletins and the recent B& plant shutdown orders. Copies of the
currently available shutdown orders are enclosed as Appendix Y in this report.
Longer term improvements are required as specified in this report.

Background Summary of thé Three Mile Island Unit 2 Accident

At approximate]y—4 a.m. on March 28, 1979, the Three Mile Island Nuc]eér Plant

Unit 2%§TMI-2), while operating at approximately 97-percent of full power,

experienced a loss of feedwater that led to a turbine trip and then a reactor trip
on high pressure. Subsequently, a series of events took place that resulted in
significant damage to portions of the reactor core. Since the primary purpose of
the current 5tudy_is find ways to prevent.a recurrence of the accident at 'TMI-2, an
understanding of the course and consequeﬁces of the accident is necessary. The
entire sequence of  events is summarized below to place the study in perspectiVe and
to emphasize the importance of controlling "anticipated" operational occurrences
before plant conditions degrade to a point where core-cooling capability is
jeopardized. It is believed that equipment malfunctions, design failures, and
human errors aiT contributed, to varying degrees, to the accident consequences.

7 . | . ‘ .
The responses of the system parameters in the first several minutes of the accident
are shown in Figure 1. In the time period up to about 30 seconds, the sequence at
TMI-2 was generally normal for an anticipated feedwater transient and plant
response Qas-as expected. The power-operated relief valve (PORV) opened at
approximately 3 seconds after turbine trip and the reactor tripped at- approximately
8 seconds. . The auxiliary feedwater 'system started up and should have delivered
secondary coolant to the plant's two steam generators to remove heat; hbwever, the
flow paths were blocked by closed valves. Operator action to open the valves to
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_start auxiliary feedwater flow occurred approximately 8 minutes later.‘ In

addition, the PORV should have closed as reactor pressure decreased; however, it
failed to close. ' N

As the reactor pressure decreased to a preset value (1600 psi), the high-pressure
injection (HPI) system started as designed and begaﬁ to inject cold water into the
reactor. At this time, an.indication of rapidly rising pressurizer. leve? apparently
Ted the plant operators to-take manual control of HPI, initially terminating flow,
and subsequently throttling back to as-yet undefined flow rates. At this point,

the Three Mile Island accident sequence had been under way for approximately

12 minutes. ' ’

The relief valve apparently remained open and'the system temperature andvpressufe
continued to fall while the pressurizer'level remained high. After approximately
15 minutes, the reactor coolant drain tank, which receives the discharge from the
relief and safety valves, became overpressurized and relieved through its rupture
disk. The pressure'within_the containment ﬁhen rose to abbut 2 psig. The contain-
ment was not isolated since automatic isolation is initiatéd at 4 psig, which did
not occur until after nearly 4 hours. Phe reactor bui]ding sump pumps1started
autohatica]ly in response to the rising water level in the containment and dis~
charged into tanks in the auxiliary building. These tanks became full and over-
flowed into the reactor building. The reactor building sump pumps were stopped
after approximately 30 minutes. ‘

_The sequence of events and system response for the next 15 hours are shown in
\Eigure 2. Two of the three auxiliary feedwater pumps were shut off after 30
minutes. Except for short periods, one auxiliary feedwater pump or normal feed-

~ water and one or two HPI pumps remained turned on from this time on. However, the
flow from the HPI pumps was apparently throttled. The pair of reactor coolant
pumps in one loop was turned off after approximately 70 minutes; apparently to

~ prevent damage to the pumps. The secondary side of the steam'generatdr in this
lToop was iso1ated,.and.the water level in the other steam generator was raised from
36 inches to approximately 250 inches or about'SO.percent of the operating range.

The pair of pumps in the other loop was also shut off after approximately 100
minutes. Within 15 minutes, the reactor coolant system hot leg temperature began
to increase rapidly and went off the scale at approximately 620°F. The cold leg
temperatures continued to decrease. This large temperaturé'difference.continued
for over 8-hours and is believed to be the period during which the severe damage to
the core occurred.

The system,preésure continued to decrease until nearly 2 1/2 hours after the tur-
bine tripped; at that time the relief va]ve'was isolated by closing a block valve.
System pressure-then increased to over 2100 psig. This block valve was inter-
mittently opened and closed over the next 5 1/2 hours. period. Pressurizer level
and system pressure varied, but in general they_remained high. After 7 1/2 hours,
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this block valve was opened and the system was depreSsukizgd over the next 4% hours
in an apparent attempt to start the decay heat removal system, which requﬁred the .
pressure to be below 400 psig. For reasons not known at this fime, the RHR system
was not placed into opération. However, - the sequence of events shown in Figure 2
indicate that the pressure was never Tow enough to go on residual heat removal
(RHR). The reactor building iso]aiion and containment spray weré actuated at about
9 hours, apparently because of the combustion of hydrogen in the containment. ’

The preésure remained between 400 and 600 psig from about 9 to- 13 hours into the
accident and the hot and cold leg temberatures began to converge near the end of .
this pericd. The block valve was'c1psed after nearly 13 1/2 hours and the system .
repressurized;to over 2300 psig. = Nearly 15.1/2 hours after the onset of the feed-
water transient, one reactor coolant pump was again started, the core inlet and
exit coolant tempéfature neariy converged at apbroximate]y 280°F, and the reactor
pressure was stabilized at approximately 1000 psig. Heat was transferred through
one steam generator to the main condenser.

_The reactor has remained in this condition with some small changes in pressure and
with decreasing temperature during.the past month. Oh Friday, April 27, 1979, the
plant was placed in a natura} circh1ation ceoling mode with heat removal through _
the steam generator. ' ' ' '

A detailed chronology of the accident was recently submitted by the licensee and is
provided in Appendix I. NRC investigation of the accident, including verification

of the sequence of events, is continuing. .
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2.1

2.0 B&W PLANT COMPARISON

General Features

This section provides a brief comparison of,éurhent]y operating B&W plants. The
information was obtained in part from FinaI‘Safety Analysis Report (FSAR) data and
from licensees. Some of the information is proVided'here in tables and serves as
useful reference material. The- interactions of ba]ance of- p1ant (BOP) 1nterface
has not been completely evaluated in this report.

Reactor coolant systems (RCS) designed by Babcock & Wilcox typically consist of the
reactor vessel, two vertical once-through steam generators, four reactor coolant
pumps with three-stage mechanical seals, and one electrically heated pressuhizeh.
The system is arranged in two heat transfer loops, each with two reactor coolant
pumps and one steam generator. Figures 3 and 4 provide plan and elevation views of
the primary reactor coolant system arrangement. These are typical for a11‘bht'one
of the currently operating B&W plants. Davis-Besse 1 is the first of a series of
"raised loop" configurations. This type of eonfiguration is shown in Figures 5 and
6. The raised loop configuration was initially introduced to improve performance
characteristics subsequent to a loss-of-coolant accident and to permit exclusion of
the vent valves in the reactor cohe barrel. The vent valves have been retained in
the design, a]though the number was reduced from eight to four valves. In addition
to providing improvement in natural circulation characteristics, the raised loop
configuration provides mechanical design and support configuration improvements.

In September 1977, Davis-Besse'l experienced an event similar to the TMI-2 eVent
but from a lower power level.  As discussed in Section 3, the p]ant response was

‘s1m11ar to that at TMI-2, but saturation conditions were term1nated by the operator:

using the b]ock valve before core damage occurred.

The significant charactehistics of the B&W plant design re]ative to the severity of
the heatup pressur1zat1on phase of the trans1ents is the re]at1ve1y small water
1nventory in the steam generators during power operation. Rapid boiloff of this
1nventory following loss of main feedwater supp]y results in-a rapid loss of normal
RCS heat sink. This causes a re]atiQe]y rapid pressurization of the RCS in the
first few secohds of the transient. Automatic actuation and delivery of auxiliary
feedwater supply to the steam generator does not substéntia]]y lessen this RCS
heatup/pheésurization due to its limited capacity and time delays.

With regard to code safety valve actuation for a B&W plant, although the FSAR would

pred1ct that the valves would 1ift (s1nce calculated RCS transient pressure exceeds
the set point), this may not occur in every case.
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2.2
2.2.1

Considering the combination of the relatively small steam generator water inventory,
Tack of a direct reactor trip on secondary side conditions and relatively small )
margin between normal operating pressure and PORV set point, it must be anticipated
that PORV actuation'could occur everytime a loss of feedwater event occurred. .Some
plant operating procedures (e.g., Oconee Units 1, 2 and 3) require a “soft-wiréd”'
operator action to trip the reactor immediately in a loss of feedwater. This

‘ action, if fast enough, could prevent PORV actuation. The recent actions taken by

the staff to require changes in the B& operating plants here substantially reduced
the likelihood of actuating the PORV in such transients. B&W plants are now

required pursuant to the shutdown orders to have a reactor trip originated by steam
plant parameters (e.g., low steam generator level, loss of feedwater pumps, turbine

trip). Such a trip would delay PORV opening a few seconds and further increase the

margin‘against»steam generator boil-off. 1In addition, the RCS high-pressure reactor
trip set point will be lowered. Thus, the complications that arose at TMI-2 from
a stuck-open PORV are reduced in the B&W plants.

Design Characteristics of B&W 0perat1ng;E1ants
Principal Design Character1st1cs

Key characteristics of the B&W plants are listed in Table 1. The core thermal
power ratings Vary from 2452 MW to 2772 MW although the core sizes and configura-
tions are essentially the same. The primary coolant system volumes are also
es$entia1]y the same. The pressurizer represents about 13 percent of the total
system volume. The role and sizing of the pressurizer for normal and off-normal
operating conditions shod]d be better understood, especially with regard to its
interactions with the once- through steam generator (0TSG) and 1ntegrated control
system (ICS) of the B&W p]ants '

In all B&W p]anfs, power-operated rel%ef valves on the pressurizer are set to
relieve at 2255 pfig. The valve for Davis-Besse 1 was manufactured by Crosby‘_
whereas those for the other plants were Dresser valves. Two code safety valves are
installed on the pressurizer in each plant. In various plants, the set points for
those valves range from 2435 to 2500 psig. . In response to IE Bulletin 79-058,
licensees were directed .to modify of the high-pressure scram set point and the PORV
opening set'point such that a reactor scram will preclude opening of the PORV.

Thevhigh-pressure injection (HPI) pumps were made by four different manufacturers.
Other than Davis-Besse 1, each of two HPI wou'ld provide 450 gpm at 1600 psig
(emergency core cooling system actuation on lTow primary system pressure). Only
Davis-Besse 1 has the unique features of separate makeup -and high-pressure injec-
tion pumps. The HPI pumps, while providing only 200 gpm each at 1600 psi, wqu]d

-provide significantly more flow against Jower back pressure.' The pump shut-off

heads (4000 ft) would not 1ift the power-operated relief valves.
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TABLE 1 COMPARISON OF KEY CHARACTERISTICS OF OPERATING B&W PLANTS RELATIVE TO THE LOSS OF FEEDWATER TRANSIENT
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The once-through steam generators are all essentially the same.  The secondary-side
feedwater inventory is a function of power level, but all genefa]]y operate within

the same range. Table 1 indicates that the time to boil- off from h1gh water level

is approximately 0.5 minutes ‘at full power

In géneraJ, the emefgency feedwater systems (auxiliary feeéwaterj consist of combi-
nations of steam. turbine-driven and motor;driven pumps capable of 100% capacity
with at least one pump out of service. Table 2 provides a summary for each plant
ahd.indicates design differences. ' '

During normal power operation, the water level in the once-through éteam generator
(0TSG) varies with load. "With auxiliary feedwater, the level is controlled at
about 30 inches unless all reactor coolant pumps are lost. With loss of reactor
coolant pumps, steam generator level is automética]]y’raised and controlled at a
higher- level to,prdmote natural circulation. As may be noted, thiszﬁigher level
ranges from 120 to 318 inches among the plants. This should be an area of further
study and should include the interactions with sizinglof the pressurizer and the
ICS. a ‘ - '

In all B&W plants, the reactor coolant pumps are located above the centerline of
the cold leg piping as it enters the reactor.vessel. This is referred to as vapor
trap geometry (Q) in Table 1. ’ -

The surge line to the pressurizer is "manometer" shaped due to its Tooped configura-
tion; this configuratioh can contribute to false indication of water level in the
RCS since the only level instrument measures level in the pressurizer. '“Candy
cane" elevation refers to the rise of the hot leg from the elevation 1eav1ng the
reactor vessel ‘to where it loops back down to the steam generator. As noted.1n the
tabulation in Table 1, all the_B&w b]ants have this feature. Possible means ‘and
the need to vent these high elevations are being considered by B&W and the staff.

The internals vent valves are check valves inside the reactor vessel that open to
equa11ze pressure should the hot 1eg pressure exceed the cold leg pressure under
post LOCA conditions..

The overall configuration of the B&W RCS has a propensity toward void collection in
high elevations that may affect the ability for natural circulation cooling; However,
tests énd recent experience at TMI-2 show that naturé] circulation éoo]ing'can be
effectively achieved.

Prior to changes required by the IE Bulletins, the power- opehated relief valve .

would open at 2255 ps1g, the reactor would tr1p ‘at 2355 ps1g, and the code safety
valves would open in the range from 2435 to 12500 ps1g
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TABLE 2 AUXILIARY FEEDWATER COMPARISON

Auxiliary » - ‘
.Feedwater System Oconee Crystal River Rancho Seco - Davis-Besse 1 Arkansas 1 TMI-2
Auto FW Isolation - None Steam line failure MSL failure-logic: Steam & FW rupture steam 1ine break inst. & Loss of four
Signal ’ matrix. Closes FW Isolated main FW system (IE) ' control (SLBIC) isolates RCP, both
“block valve at ) from faulted SG at. 1. Steam P-FE P<170 psi both steam generators MFWP, dis-
P<600 psig. (Includes P<435 ps1g " 2. Steam generator main FW & MSIVs at charge pres-

Auxiliary Feedwater

Pumps: Type/no./
strainers
Drive: Type

(Emergency FW pumps)

Located turbine bldg.
2 floors under grade.

centrifugal/l per
unit/No

_Steam driven

faulted steam generator
only.)

Located near grade
level in.intermediate

" bldg. (Seismic category
1). Centrifugal/2/No

1-motor driven
1-steam driven

1. or 2. or 4.

Tow level
3. Loss of all RCPs
(power monitor)

4. Low steam generator
. pressure (600 psig)
isolates

main FW to both SG's,
closes MSIV's 4. also
aligns both AFW PPs to
the good SG. 1. or 2.
or 3. or 4. starts both

- AFW PPs

Located at CST in
enclosure centrifugal/
2/No

1-motor driven

1-motor & turbine

- tandem

B

- Does not start on

SFAS. centrifugal/2/
suction strainers

(800 hp) turbines
(Terry/Woodward)

1-turbine (Terry)

<600 ps1g in either S.G.
Do not isolate emergency
EFW. (SLBIC is' IE)

sure of MFWP

System is séismica)]y

designed.. Valves are
Class IE; most instr.
is not IE. .

"EMERGENCY" FW on this
plant centrifugal/2/none

Centrifugal

2-motor driven’
1-motor (Normal suppl 1-steam driven
supply not Class 1E. ., :

Can be put on Class

IE-15 mins.?) -



Auxiliary
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TABLE 2 AUXILIARY FEEDWATER COMPARISON (Continued)

a4
1

—_

o

Feedwater System Oconee Crystal River Rancho Seco Davis-Besse 1 Arkansas 1 T™MI-2
Supply/exhaust Main steam/atmosphere Motor: Class 1E; Main Motors-Class 1E; steam Main steam/atmosphere Main steam/atmosphere Main/atm.
(>10 min.) steam either SG upsteam from MSL/atmosphere ) - .
< : MSIV/Atmosphere .
Ovientation of pumps Horizontal; yes Horizontal; possibly Yes-thru mini-flow Horizontal (yes) Horizontal/yes Horiz.
(self venting) (Tow point in system) not self-venting. recirc. line (Tow point in system)
‘ Elevation same as
bottom of condenser )
Capacity. 1080 gpm at 1065 psia 740 gpm each @ 3000 ft motor 840 gpm 1050 gpm @ 2500 ft 780 gpm @ 2600 ft 1. 470 gpm @
' : : oo @ 2700 ft (250 gpm of this is : - 2560 ft -
turbine 840 gpm recirc) 2. 940 gpm @
@ 2650 ft. 2600 ft
Shutoff head 1465 psia Motor: 3400 ft Steam: 3050 ft ~3150 ft @ 3600 rpm -- --
Steam: 3500 ft @ 3560 rpm
. ' Motor: 3100 ft
© 3560 rpm
Suction sources/ 1. Upper surge tank/no; 1. CST/No. ASME Condensate storage 1. CST/no (auto XFER 1. CST/no i Condensate
seismic category - ASME VIII " Class 3, B3l.1 tank - Seismic Cat. 1 to SW on low suction 2. SW pp disch./. storage tank
2. Hotwell/no; aux. SW 2. Hotwell/no-These canal-non-seismic P-Class 1E, Yes; suction press.
pumps (3000 gpm @ suction valves (5 min.) reservoir- redundant instr.) switch (common-
75 psig) (from interlocked with vac. non-seismic 2. Deaerator/no non-class 1E) remote
emergency power, brkr. valve position - 3. Fire water system/ manual MOVs (requires
1 per site) suction 3. Makeup from fossil no last: SW pump only seconds to switch-
from CW intake units demin./no discharges/yes Class 1E valves)
located in aux. bldg. (1 min) : '
1 floor below grade
Turbine-driven pumps .= >300 psig’ >200 psig >213 psig (tested >50 psia (Psat for >270 psig 200/435 psig

operable at what

range of steam press.

Trips

1. Overspeed

2. Low hydraulic
pressure (shaft-
driven pump)

Overspeed/motor frfbs
on closed suction

valve. -Overcurrent

1124 gpm at 213 psig)

Manual (local or
remote) Bus unloading
Overcurrent: Inst
2000A 0ST; 4450 rpm,
960 for 5.15 sec, 640
for 6.43 320 for 11.39

280°F)

0ST; low suction P;
Tow steam inlet P at
>25 sec.; manual

Turbine 0sT;
overcurrent

Tdrbine-OST;
motor-none



TABLE 2 AUXILIARY FEEDWATER COMPARISON (Continued)

Auxiliary . ) : : .
Feedwater System Oconee Crystal River Rancho Seco Davis-Besse 1 Arkansas 1 TMI-2
Instrumentation Driven turbine SV On-of f lights for Each pump: discharge' Discharge press. SG Level;

L1-¢

Normal ]inéup

Auto initiation

Failure mode on loss
of air/power

\

ICS control level:
RCP/no RCP

EFW pp disch. .press. &

flow; SG level; SG
pressure

Suction valves from

tank; open disch.- valves

N.0. (check valves
prevent backflow)

Loss of both main FW
pumps (detected by

discharge header press.

<750 psig or FW pump
turbine stop valve
position). EFW does
not start on ECCS.

Loss of air switches
14 in. main header.
Valves & solenoids to
batteries (non-class
IE)

25 in./260 in.
sensed from

breaker position

position; motor on-off
Tights; flow in SU FW

line; ammeter

A1l injection valves
N.0. (check valve
prevent backflow)

Loss of both main FW
pumps (as indicated
by low control oil
pressure). AFW does
not start from ECCS
initiation. Motor-

-driven pump, no auto

start

FCVs Tock in position

reservoir for 3 cycles/

emergency buses

30.in./250 in.

motor drive; ammeters;

steam supply valve
position

FCVs & bypasses N.C./
Cross-tie N.0; suction

from CST:N.O.

Loss of both main FW
pumps <850 psig on

_ each pump disch.)

These switches reset
but pumps cont. to
run. (Single fail.
proof) A1l RCPs off

(Power monitor-current

volts, phase-same as
RPS). Turbine only
starts on ECCS
initiation

1
Class 1E MOV bypasses
FCV 'on SFAS. FCV fail
open/FCV fails to 50%

30 in./~318 in.

press; speed
indication

Suction valves N.O.

from CST;: two series
MOV's closed in each
pump's discharge.

One pump feeds one S.G.

Steam & FW rupture
control system (see
description under
auto FW isolation)
Does not start on
SFAS.

No air-op. valves/MOVs

fails as is, but all
are powered by Class
1E instr.

" Not ICS. Auto essential

Tevel control system
120" from redundant,

Class 1E instrumentation
(pump speed)

each pump

Discharge valves
(MOVs-Class 1E)
Closed. Cross-tie
valves open.

(breaker position)
Motor: No auto start

"(No starts on ECCS) .

No air. op. valves/
as-is ..

. (all valves

are MOVs)

20 in. & 24 in./~300 in.

(50% op. range) .

on-off lights;
low suction
on pumps

- Turbine: -
1. SLBIC (see Auto FW Isol.) .
2. Loss of FW sensed by

~ governor latch on main
pumps and "auxiliary"
FW pump low disch.
press (thru ICS)

. loss of all RCPs

" AC supply to

solenoid
back up by
battery thru
inverter

625 in./
590 in./
382 in.



Auxiliary

Feedwater System Oconee

i

Crystal River

Rancho Seco

'TABLE 2 AUXILIARY FEEDWATER COMPARISON (Continued)

Davis~Besse 1 _

Arkansas 1

Surveillance test _
method :

Close manual AFW supply
block valve. Recirc
from/to upper surge
tank. Valves do not
realign automatically -
on SFAS

625 in./590 in./
362 in.

- Steam generator:
distance between
tube sheets/AFW
inlet/main feedring N

Operator action from

control room .

Method to protect
good SG

ARt

Close discharge MOVs

and recirc from/to .
CST thru mini-flow
line. Valves do not
realign automatically
on SFAS :

625 in./590 in./
382 in.

Steam line failure
matrix isolates all
FW from SG if P<600

. psig -

Close FCV & x-tie from
C.R. pump from CST to
cond. through test
line. Valves do not

realign automatically. .

on SFAS

625 in./603 in./
338 in. :

Main steam line -
‘failure Togic

(<435 psig isolates
SG). Does not-
isolate AFW

From CST to drain thru

normal recirc line

. (250 gpm). No valve

realignment necessary

625 in./608 in./
388 in.

Steam & FW rupture
control system (see
description under
auto FW isol.

Recirc. to condenser
or CST. Injection valves

already closed. Operator

opens the manual valve

625 in./590 in./
382 in. o

SLBIC (see-auto‘Fw .
jsolation). Does not
isolate EFW



1 2.2.2

2.2.3

Prior to the TMI-2 accident, there were no reactor trip signals generated by tur-
bine trip or low steam generator water level in any of the B&W plants. However,
the Ticensees of the B&W plants are installing a reactor trip that would be
actuated.by a turbine trip or loss of feedwater.

Thermal Hydraulic Design Subcooling Margin

The steady-state thermal hydraulic designs of several B&W, Westinghouse, ahd
Combustion Engineering reactors have been compared to assess the relative margin to
coolant saturation during depressurization events. Because a reactor is normally .
tripped early in such an event, the average coolant subcooling provides a reasonable
measure of the margin. ‘

Table 3 lists thelaverage coolant tempefature relative to saturation at the initia-
tion pressure of the high-pressure injection system of several plants. Although
the plants with low subcooling have the least margin to flashing, flashing.is not
expected prior to actuation of any of the HPI systems. For a stuck-open relief’
valve or for a system with heat removal capability within the steam generator, the
core average coolant temperature will drop early in the transient and remain below
satlration prior toAhigh-pressure injection.

For B&W plants, the high point of the hot let piping is considerably higher than
the core outlet elevation. This elevation -difference results in a difference in

- saturation témperature of about 2°F between the core outlet saturation temperature

and the minimum saturation temperature in the hot leg for lowered Toop plants such
as TMI-1, TMI-2, and Rancho Seco. For the raised loop design of Davis-Besse 1 or
BSAR-205, the difference in saturation temperature is about 3°F. For TMI-2, flash-
ing should have occurred approximately 30 seconds earlier at the top of the "candy
cane" than at the core outlet. Thus, flashing should not héve occurred even at the
top of the '"candy cane" until well after the initial pressurizer éurge and well
after jnitiation of high-pressure injection.

For Westinghouse and Combustion Engineering plants, the high point of the flow loop

-is inside the steam generator and the primary water is cooled sufficiently to

prevent flashing in the steam generator prior to flashing at the core outlet.
Thus, flashing will not affect the actuation of the high-pressure injection system
for these plants either. )

Main Feedwater Systems

The main feedwater systems‘among the nine Ticensed B&W plants are functionally very
similar. The plants used both GE and W turbine generators and the nine plants were
designed by four engineering firms. Table 4 provides an indication of the similari-
ties and differences. The loss of feedwater at TMI-2 has been attributed to diffi-
culty with the condensate demineralizer. The following discussion of condensate
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Vendor »

TABLE 3 COMPARISON OF PRIMARY THERMAL-HYDRAULIC PARAMETERS

B&W C-t
' Rancho Davis- Oconee H.B. Calvert
Reactor TMI-2 TMI-1 Seco Besse 1 Robinson Trojan Cliffs.
. 1&2
Design power, . . : '
MWt 2772 2568 2772 - 2772 2568 2192 34N - 2560
TIn °F 557 554 557 . 555.4 554 546.2 552.5 543.4
Tout’core,°F 610.6 606.2 610.6 611.7 606.2 604.5 619.4 597.4
TOut vessel, 607.7 603.8 607.7 608.6 603.9 602.1 616.7 595.4
OF )
Core preséure,
psia 2200 2200 2200 2200 - 2200 - 2250 2250 2250
Core flow _
108 1b/hr 137.8 131.32 137.8 131.32 131.32 101.5 126.7 117.5
Core flow . _
area, ft? 49.17 49.17 49.17 49.17 49,17 43,75 -51.1 53.5
HPI injection : .
pressure, psia 1615 1515 1615 1615 1500 1715 1765 1578 -
Coolant sub- )
cooling at
injection . .
pressure, °F 24.0 18.8 24.0 24.3 17.4 40.4 34 33.8
‘Subcooling at
core outlet .
normal, °F 33.0 43.4 39.0 37.9 43.4 48.4 33.5 55.5



Main Feedwater

TABLE 4 MAIN FEEDWATER SYSTEMS

Arkansas l(a)

GL-¢

Systems Oconee’ Crystal River Rancho Seco Davis-Besse 1 TMI-2
Pumps:  Type ~Centrifugal (2) Centrifugal (2) Centrifugal (2) Delaval pumps with Also aux. FW PP, Centrifugal
GE turbine drives centrifugal (2)
centrifugal (2) Bingham pumps with
’ turbines
Capacity ~75% full power 13,300 gpm each ~6 x 106 1bs/hr 15,000 gpm .@ 2150 ft 14,750 gpm @ 1901 ft 15,500 gpm
: (normal total flow at 2280 ft (at full power) (5150 rpm) . . at 2240 ft
at 375°F 25,000 gpm
at 1060#)
Shutoff head 1253 psia 2550 ft 3200 ft 2560 ft 1090 psig
Drives: Type Steam _Steam Steam Steam Steam Steam -
Supply/exhaust 1. Extraction steam Two normal sources (Reheat steam, aux.’ 1. Reheat steam Reheat steam, main Bleed-Main
(auto transfer) (reheat & main) steam) main steam/' 2. Main steam steam/main condenser Main/
2. Main steam header into governor. main condenser 3. Aux. steam/main condenser
3. Aux. steam (any Backup from aux. condenser )
unit)/main condenser steam header (manual)
Trips 1. Low suction press. 1. A1l booster 1. Hi disch. press: 1. High disch. press. =~ 1. High disch. 1. Low suction
: (~300 psig) pumps tripped 1650 psig inst. 2. Overspeed 2. Overspeed pressure
2. Hi. disch. press. (disch. press.) or 1575 for 5 sec. 3. Low oil press: 3. Low oil press. 2. 0ST
(1275 psig) 2. Suction or 2. 0.S.T. 5850 rpm lube or control (common) 3. Low brg.
3. Low 0il press. disch. valves 3. Low oil press: 4. Thrust brg. displ. 4.-Thrust brg. displ. oil press.
(control or lube) 40% closed control or lube 5. Manual _ 5. Low suction pressure 4. High dischg.
4. Low oil sump level 3. Low bearing: 4. Thrust brg. 6. Vibration . press.
(common sump) oil press. displacement 7. Manual 5. Manual
5. 0.5.T 4. Loss of trip- 5. Manual trips trip
6. Thrust brg. wear ping power : . Note: List
7. 0i1 fire trip (temp) 5. High exhaust hood P not veri-
8. Low exhaust hood 6. High exhaust hood T . fied.
pressure 7. Manual trips
9. Loss of all booster -

pumps -(electrical)
10. Manual trips

~

(a)ANO-l has an unusual source of normal FW in addition to their two steam driven main FW pumps. They have a motor-driven (non-safety

grade) pump designated auxiliary FW pump.

Its capacity is 1150 gpm ©1100 ft.

BN

It is used for startup operations up to ~5% power.



Main Feedwater

. TABLE 4 MAIN FEEDWATER SYSTEMS (Continued)

e

Systems Oconee Crystal River Rancho Seco Davis-Besse 1 Arkansas l(a) TMI-2
Condensate Pumps: 3/yes (suction) 2/none 3/None - 3/suction strainers 3/suction strainers 3 pumps
No./Strainers (hotwell pumps) 3 suction
, strainers
Demineralizers: 5/4/Graver 6/5/Graver 9/8/Cochrane 4/3/Delaval 6/5/L.A. water -

No./No. for Full
- Power/Mfg.

Bypass/Operation/
Fail Position

FW Heaters: Bypass/
Operation/Fajl
Position

Booster Pumps: ~No.
~n
A
o

-MSIV: No./operator
type/Fail Position

Auto Isolation

Yes/(air op. valve)
auto on hi AP
(40 psid)/open

Yes/manual/NA

3 (shutoff head
~700 psia)

None

NA

Yes/auto on hi AP
(65 psid)/anywhere
(air to both sides)

Yes on HPs; No on LPs
/remote manual/ as is

4/air/close. on
loss of air

Steam Tine failure
matrix

MOV/Tocal only/
as-is (AP-alarm)

Yes/manual/NA

None

NA

Yes/(air op. valve)
auto on high AP/open

Yes/remote manual
MOV/as-is

Same shaft-as main

FW PPs but 2 geared
down to 1780 rpm. -
(500 ft. hd.) )

2/air (each valve has
reservoir) closed

Yes

conditioning

Yes/manual/N.A. .

Yes/manual/N. A

None

2/air/ciosed (each
valve has reservoir

Yes

Yes/MOV/as-is

Yes/MOV- °
remote/as-is

Yes



2.2.4

demineralizers is indicative of the divérsity of desigh of various feedwater sub-
systems; however, it _must be realized that there ére other initiations, both human
and equipment failure, that would lead to a loss of feedwater transient.

| 4 .
Normally, all condensate is processed through the demineralizer (full'flow).
Periodically, the pressure losses through the demineralizers become excessive. The
flow is then bypassed around thé demineralizer while it is being serviced. Some

minor differences in the demineralizer bypass valve control are discussed below:

Oconee 1, 2, and 3

The condensate demineralizers are automatically bypassed by an air-operated valve
(fail open) on high differential pressure across the demineratizers (40 psig).

Crystal River 3

+

The condensate demineralizers are automatically bypassed by an air-pperated valve -
on high differential pressure across the demineralizers. This valve could fail in
any position on loss of air because it uses air as a motive force in both directions.

Rancho Seco

There are no automatic bypasses for the condensate demineralizers. There is-a

-Tocally actuated motor-operated valve that would fail "as-is" on loss of power:

‘Davis-Besse 1

The demineralizers would be bypassed automatically by an air operated valve on high

. demineralizer differential pressure. It would fail open on loss of air.

Arkansas 1

A manual bypass valve is provided for the demineralizer.

TMI-2 _

A motor-operated valve is provided to bypass the demineralizer. The pfessure drop
is indicated in the control room. The switch for the bypass valve is located
behind the control panel. The valve would remain "as-is" on loss of power.

Only one aspect of the main feedwater system has been addressed above. This would
indicate that there is variation among B&W plants in the control of a variable that
can Tead to Toss of feedwater events. It is recommended that- study of the main
feedwater system design, operating procedures, and service procedures could lead to
means to a reduce the frequency of loss of feedwater events.

Auxiliary (Emergency) Feedwater Systems

. The auxiliary feedwater systems vary in design, appareht]y due to the ind%vidua1

approaches of the several different architectural engineers used by B&W reactor
owners (see comparison Table 2). The comparison in Table 2 was made prior to the
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recent action taken on B&W plant shutdowns. Included in these actions will be an
upgrading of the reliability of the .feedwater systems. The principal elements of
the various auxiliary feedwater designs, except for TMI~1 and TMI-2, are briefly

summarized be]ow (detailed discussions for each plant, except for TMI-1 and TMI-2,
are provided in Appendices J, K, L, M and N).

Oconee '

This plant has one steam-driven centrifugal pump per unit, with suction from sources
that are not designed to seismic Category I (no seismically qualified source of
water during a seismic event). Auto start occurs on loss of both main FW-pumps
(detected by discharge pressure below 750 psig or feedwater turbine stop valve
-position). The equipment for.these two auto start signals does not meet single
failure criteria. There is an auxiliary service water pump (3000 gpm at 75 psig)
_from Class 1E bus, with one pump for all three units. Because of its low discharge
head, it is not a suitable backup to the auxiliary feedwater system. On loss of
air, it switches to a 14-inch main feed ring. On loss of power, the valves and
- solenoids powered by batteries (non-1E) are not séfety grade. There is no auto
feedwater isolation. The three auxiliary feedwater pumps are interconnected
but must be manually aligned. Duke Power Company has indicated that it would add
two electrically driven pumps to each unit within a period of 3,£0 4 months.

Crystal River
This plant has two centrifugal pumps, one motor-driven and safety grade and the

other steam turbine-driven, with suction from these sources not designed to seismic
Category I (not qualified sources during a seismic event). Auto start occurs on
loss of both main feedwater pumps as detected by low control oil pressure>and will
start turbineldriven pump if the motor-driven AFW pump is not running. The equip-
ment for this auto start signal does not meet single failure criteria. In failure
mode on loss of air, valves fail as is (air accumulators at valves are good for
three cycles). Steam line failure matrix isolates all feedwater to steam generator.
(Auxiliary feedwater is also isolated; the operator must establish feedwater flow.)

Rancho Seco

This plant has two centrifugal pumps, one motor-driven Class 1E and one motor and
turbine tandem (motor Class 1E), with suction from three sources, with only one
seismic Category I. Auto start occurs on loss of both feedwater pumps'be1ow 850
psig or loss of all reactor coolant pumps (RCPé) as detected by power monitor
(voltage, current, and phasé). These auto start signals are safety grade and meet
single failure criteria. Turbine-drive pump starts on SFAS'signal. In failure
mode on Toss of air, feedwater control valve (FCV) fails open. "In failure mode on
loss of power, FCV fails to 50% position. There'js a Class 1E MOV bypass around
the FCV on safety features actuation sigﬁa] (SFAS). Steam line failure matrix does
not isolate auxiliary feedwater (feedwater is available to the steam generator at

all times).
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2.2.5

Davis-Besse 1 )

This plant has two steam drivén centrifugal pumps, suction from three sources, one
of which is designed to seismic Category I. Auto start signal is from safety grade
steam and feedwater rupture control system.

Arkansas 1 , : _ _

This plant has two centrifugal pumps; one is motor-driven {not Class 1E) nonsafety
grade and‘the other is steam turbine driven. Auto start signal occurs: from loss of
both feedwater pumps or low pressure from auxiliary pump or loss of all RCPs as
sensed by the RCP breakers, the equivalent for these signals is not safety grade.
In failure mode on loss of power, valves féf] as is. Steam line failure does not
isolate emergency feedwater to the steam generator. '

Integrated Control Systems

The B&W integrated control system (ICS) is designed to provide the proper coordi-
nation of the reactor, steam generator, feedwater control, and turbine under normal
operating conditions. The automatic reactor coolant pressure control and the
automatic pressurizer level control are separate and are not integrated with the
ICS. A short functional description of the ICS is presented as background for
further discussion of the system.

The ICS includes four subsystems consisting of (a) the unit Toad dehand control,
(b) the integrated master control, (c) the steam generator control, and (d) the
reactor control. The unit load control is designed to constrain the load demand
signal to the maximum load capabilities and rate of load response capabilities of
the plant. The unit load control also initiates runback functions to restrict
operation of the plant within prescribed limits. For example, upon loss of one
feedwater pump, there is an automatic power runback at 50 pércent per minute to a
power consistent with the capability of the remaining shmp. '

The integrated mastér control is designed to receive the megawatt demand signal
from the unit load demand subsystem and to convert this intoc a demand signal for
each of the feedwater control, turbine control, and reactor control subsystems.
The reactor control, the feedwater control, and the turbine control are the major
controls for the conversion of nuclear energy into electrical energy.

The reactor'control subsystem is designed to maintain a constant average coolant
temperature over the load range from 15 to 100 percent of rated power. - From zero
to 15 percent of rated power, this subsystem controls at a prescheduled average
temperature as a function of power.

Feedwater demand for the steam generator is scheduled as a function of demand load

from 15 to 100 percent of rated power, This feedwater demand is compensated for
deviations from the set point of the steam header pressure. The pressure error
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increases the steam generator demand feedwater and reactor power demands if the
pressure is low, and vice versa if the pressure is high.

For turbine control, the megawatt demand is compared with the electrical generator
megawatt output, and the resulting megawatt error signal ié used to change the -
steam pressuré set point. The turbine valve then changes position‘to control steam
pressure.

The staff has held discussions and telephone conferences with Babcock & Wilcox
regarding the ICS. Babcock & Wilcox has stated that the ICS is a standard item in
their design and that all current operating plants have the same ICS. However,
some differences do exist in the implementation of the controls.

One difference among the various opgrating plants is the implementation of the
steam generator feedwater control. For some plants, demanded feedwater flow is
achieved by throttling the main feedwater valve. In other plants, variation in
feedwater flow is achieved by directly varying feedwater pump speed. B&W has
stated that there is no difference in the functional response of these controls to
- supply feedwater to the steam generator.

Another difference among the various operating plants is the interface between the
ICS and the turbine controls. This difference was defined by B&W to be minor in
nature and to involve the signal format rather than functional differences in the
desigh.

Based on this preliminary information, it is reasonable to expect that, for all
operating plants of the B&W design, similar control systems will respond in like
manner to the same transient or event. Additional study will be required to
substantiate this preliminary assessment. It is recommendéd that the study be
conducted because it will serve to provide a more comprehensive understanding of
the control systems, especially with régard to its interactions with the OTSG, the
pressurizer, and the auxiliary feedwater. ' '

In addition to the ICS, there are other plant control systems and monitoring systems
that could be important to safe operation. Traditionally, the plant control and
monitoring systems are not designed to Class 1E standards as the safety systems.
These systems are generally designed to assure a high availability of plant opera-
tion. However, multiple failures in the control systems or single failures of a
control system combined with an operator error could result in violation of safety
Timits. Although the staff currently reviews Eontro] system failures for impact on
the safe operation of the plant, the review is not performed in the same scope and
depth as the review of safety systems.

The adequacy of monitored p1ant data and its availability to the operator during
transients- and periods of degraded operation is another area that requires staff
reassessment. Inadequate facility status data may result in operator actions or
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2.2.6

inactions that aggravate rather than mitigate the transients. This May result in-

safety challenges beyond the scope of the design basis of the safety system.

As noted in the preceding, the plant control and monitoring systems have not been
designed and reviewed to the same standards as plant safety systems.nor should they
be. Nevertheless, the TMI-2 event has highfighted the importance of these systems
and the need for the development of appropriate standards to ensure that these
systems are designed, installed, and tested in a way that is consistent with safe
plant operation.

Safety Systems

This section discusses the safety and protection systems of the nine licensed B&W
reactors. Similarities and differences are described and a general description of
function and operation is included.

Reactor Trip Systems

The reactor trip systems of all operating B&W plants are essentially identical,
because this portion of the design is almost totally within the scope of supply of

' B&W. The reactor trip system is designed to protect the fuel and reactor coolant

system pressure boundary for ail anticipated operational transients. As such, the
system is'required to meet stringent design, installation, and operational require-
ments of a nuclear safety grade system that includes sinQ]e failure criterion,
équipment qualification and testing, and quality assurance (as specified in 10 CFR
Part 50 and associated industry standards such as IEEE-279). h

The reactor trip system includes four redundant and independenilchannels. Each
channel has its own independent input sensors that are physically separated from
the sensors of the other protection channels and that monitor the following trip
conditions: . '

Nuclear power/flux (high)

Nuc]ear.power based on flow (high)

Nuclear pdwer based on reactor coolant pump status (high)*
Reactor coolant system pressure (high)

Reactor coolant system pressure- (low)

Reactor cooltant system pressure based on temperature (low)
Reactor coolant temperature (high) '

©® N A W N =

Reactor building (containment) pressure (high)
*The trip system in Crystal River 3 does not monitor for this condition.

Each channel contains eight trip bistab]és (one associated with each of the above

‘conditions). Each input sensor causes a bistable trip, which in turn actuates a
trip relay within a reactor trip module. '
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A B W N

The reactor trip module combines the four-channel bistable trip signals in a two-
out-of-four coincident logic to trip the control rod bower supply breakers. Trip
of the breakers removes the power»sdpp]y to the rod drive mechanisms and the control
rods enter the core. Table 5 provides a typical listing of reactor protection v
system trip set points.

Engineered Safefy Features'Actuation System (ESFAS)

The ESFAS of all operating B& plants are functionally similar. The systems sense
an off-normal change in a plant condition and actuate safety systems to mitigate or
minimize core damage and to minimize radioactive releases. The implementation of
these functions vary because many are designed and implemented within the balance-
of-plant scope. The ESFAS is also required to be designed to the same stringent
standards as for the reactor trip system. '

The typical ESFAS is comprised of threé or four redundant and indépendent channels.
(Only Davis-Besse 1 has four.) Each channel has its own independent input sensors

that are physically separated from the sensors of the other protective channels and
each channel typically monitors the following plant conditions:

1. Reactor coolant pressure (low)

2. Reactor building/containment pressure (high)

In the Davis-Besse 1 design, contginment vessel radiation level and borated water
storage tank level are menitored; however, these are for Timited special functions.
An indication of high containment radiation 1eve]'iso]ates the containment purge
system, whereas a low borated water storage tank level initiates switéhover from
safety injection to recirculation. In addition, in Davis-Besse Unit 1, certain
other conditions are monjtored by the steam and feedwater rupture control system
(5ee above) which is part of the ESFAS.

In certain other plants (Arkansas Unit One and Crystal River 3, for example),
instrumentation to detect a steam line break is provided as part of the plant
ESFAS.

The typical actions to be accomplished by the ESFAS include:

High-pressure coolant ihjection

Low-pressure coolant injection

Reactor building/containment isolation

Reactor building/containment cooling

Reactor building spray

Emergency feedwater (Rancho Seco and Dévis-Besse 1'on1y) _

[Note: At Rancho Seco, the turbine-driven emergency feedwater pump is actuated
by low reactor coolant pressure or high containment pressure. At Davis-Bésse 1,
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Reactor Protection
System Trip
. Set Points -

1. Nuclear power, max. %
of rated power

2. Nuclear power based
flow! and imbalance,
max. % of rated power

3. Nuclear power based on
pump monitors,3 max. ¥
of rated power

4., High reactor coolant

system pressure,
psig, max. (see note 4)

5. Low reactor coolant
: system pressure, psig,
man.

6. Variable low reactor

coolant system pressure,’
(see note 5)

psig, min.

7.  Reactor coolant temp.,.
°F, max.

8.  High reactor building
pressure, psig, max.

. TReactor coolant system flow,
2The pump monitors also produce a trip on (a) loss of two reactor coolant pumps in one reactor coolant 1oop, and (b) loss of one or two_reactor

TABLE 5 TYPICAL REACTOR PROTECTION SYSTEM TRIP SETTING LIMITS

Four Reaﬁtor Coolant Pumps
Operating (Nominal
Operating Power - 100%)

~105.5

1.07 times flow minus

reduction due to imbalance(s)

NA (see note?)
~2355
~1900
N(]G.ZSTOU

£77834)

~619

~4

%

coolant pumps during two-pump operation.

3Pump monitors indicate the loss of a reactor coolant pump when the measured power to the pump is equa1 to or less than 25% of the running power.

4To be revised per IE Bulletin 79-058
5To t is in degrees Fahrenheit (F)

Three Reactor Coolant Pumps
Operation (Nominal
Operating Power - 75%)

~305.5

1.07 times f]oﬁ minus
reduction due to imbalances
NA (see note?)

~2355

~1900

-7834)

(]6.25Tout

~619

~4

Operating in Each Loop
(Nominal Operating
Power - 49%)

~105.5

1.07 times flow minus
reduction due to imbalances

77%3

~2355

"~ ~1900

(]6'25Tout-7834)

~619

~4
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the emergency feedwater and steam generator isolation is initiated by an ESFAS
type of system (steam and feedwater rupture control system SFRCS) designed ,
to detect a steam or feedwater line rupture, loss of feedWater event, or loss
of all reactor coolant pumps. ] ’
7. Steam generator isolation
" Auxiliary support for all of the above (onsite power system, component cooling
water system, ultimate heat sink, etcl).

The independentvand redundant input channels (three or four, depending on the
plant) are typically Eoup]ed to two independent and redundant logic channels.

Based on the coincidence of two-out-of-three or two-out-of-four input channels, the
Togic channels actuate the corresponding independent ‘and redundant component trains
consisting of pumps, valves, and/or motors (for example, ECCS).

The significant functional difference between the ESFAS designs for the operating
p]ants'is the signal or combination of signals needed to actuate a component train
to accomplish a particular action. ‘

A11 of the B&W plants perform the actions indicated on Table 6. In addition,
Rancho 'Seco and Davis-Besse 1 have ESFAS signals.initiating reactor building -cooling
and isolation on low reactor coolant pressure or high reactor building pressure.

Power-Operated Reljef Valves

The failure of the power-operated relief valve (PORV) to reclose following the
overpressure transient was a key factor during the TMI-2 event. This. section dis-
cusses this combonent and previous operating experiences related thereto.

The reactor coolant system is required by the ASME Boiler and Pressure Vessel Code
to be protected from transient overpressure conditions. This protection is
accomplished by several means, including reactor trip, operation of code required
safety valves, or operation of relief valves. '

Figure 7 shows the t&pica] arrangement of relief and safety valves on the
pressurizer. The two code safety valves are each rated to be one-half the reduired

relieving capacity.

The power-coperated relief valve is a pilot-operated valve and does ‘not replace a
code required safety valve or contribute to the required relieving capacity for the
reactor system. The purpose of this valve fs to limit the lifting frequency.of

the code safety valves by relieving at a Tower set point. This enhances plant
availability. In addition, this valve is used to prevent overpressurizaiion of the
reactor system during operation at low temperatures, an operational mode when NDTT
(nil ductility transition temperature) becomes a consideration for component '
structural integrity.
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Action

Start emergency
core injection:
a) High press.
b) Low press.

Start reactor
building cooling,

_reactor building

isolation, and
open reactor,
building spray
valves

Start reactor
building

‘spray pumps

TABLE 6 SAFETY FEATURES ACTUATION CONDITIONS

Trip Condition

Low reactor cbo]ant pressure
or ' .

High reactor building pressure

High reactor building pressure

High reactor building pressure

*The set points may vary plant to plant.

Trip Set Point, psig*

- 1500-1600
,\‘4.

g
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TEMPERATURE - ' PLANT
CONTROL
ELEMENT (TYP.) .
4 POWER-OPERATED SYSTEM
RELIEF VALVE
pd
CODE o

SAFETY
VALVES

v A )
DISCHARGE TO REACTOR
COOLANT DRAIN TANK

{QUENCH TANK)

DISCHARGE TO REACTOR
COOLANT DRAIN TANK

(QUENCH TANK) ~
MOTOR-OPERATED
BLOCK VALVE
PRESSURIZER

© — PANEL MOUNTED IN CONTROL ROOM
PSV — PRESSURE RELIEF VALVE

FHS — FLOW HAND-ACTUATED SWITCH
PS — PRESSURE SWITCH

TE — TEMPERATURE ELEMENT

TS — TEMPERATURE SWITCH

Figure 7. Typical Arrangement of Relief and Safety Valves
on Pressurizer (B&W).
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_The valve cah be operated either manually or automatically by a mode selection
switch located on a panel in the control room. Manual operation can be accom-
p]iéhed from the control room regardless of the reactor system temperature or
pressure. Automatic operation of the valve can be selected in which case the valve
opens at a preselected pressure sensed in the reactor coolant system and remains
open until the pressure decays to the reseat pressure of the va]vé. This is the
mode the valve is in during normal opération. Set and reseat pressure for the
Babcock & Wilcox désigned plants along with other valve data are in Table 7. The
NDTT protection mode can also be selected in which case the valve will open in the

event of a preselected Tow-pressure set point is reached or reactor temperatures
are above the NDTT limit. '

Failures of the PORVs in the reactor coolant systems are indicated by their dates
~of occurrence in Table 7. In tbé severest éase, the valve remained open and caused
rapid depressurization of the reactor coolant system. In the case of Oconee 3, the
malfunction of the valve was caused by boron crystal budeup‘on the valve lever,
heat expansion, rubbing of the lever -against the solenoid brackets and bending of
the solenoids spring brackets. The open-closed indicating lights in the control
room gave no indication that the valve was open during the transient. The failure
at Three Mile Island 2, on March 29, 1978,‘was caused by de-energization of a vital
bus that consequently energized the PORV valve solenoid and thus opened the relief
valve until power was restored to the bus. A design change was incorporatéd to -
eliminate the valve operation upon the event of loss of power to the vital bus.

The valve malfunction at Davis-Besse 1 was caused in part by foreign material ‘

* binding the stem in the guide area of the pilot valve nozzle; however, a seal-in
relay was missing-from the system.

The control circuits for the valve are currently not single failure proof. That
is, a single failure in the control circuits can result in a small break LOCA.
Lurrent operating history is unfavorable and indicates a possibility of such a LOCA
in the order of 0.1 per reactor year of operation. '

Currently, a block valve is provided upstream of the relief valve to isolate such
failures; however, it requires the operator to monitor other system parameters to
detect valve failure. These parameters include temperature detection on the dis-
charge pipe, position indication of the PORV and quench tank level and pressure.
The response of the temherature detector does not always indicate valve failure
promptly because of the time lag in cooling-off after PORV closure. Position
indication is not direct since it only indicates whether the solenoid is energized
.and does not account for mechanical failures. Quench tank level and temperature is
the best indication but it is slow and apparently not effective as demonstrated at
" TMI-2.
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TABLE 7 CODE SAFETY-RELIEF VALVES AND POWER-OPERATED
RELIEF VALVES ON PRESSURIZER FOR B&W PLANTS

Valves for : Crystal Davis- Rancho Three Mile Three Mile .
B&W Plants Arkansas 1 River 3 Besse 1, Oconee 1 Oconee 2 Oconee 3 Seco - Island 1 Island 2
Code Safety-
Relief Valves . {
Mfg Dresser Dresser Crosby Dresser Same Dresser Dresser Dresser Same -
Number 2 2 2 o2 2 2
Type Spring-loaded -Spring-loaded Spring-loaded Spring-loaded Spring-loaded same Spring-loaded
Model no. 3-31759A 2% - 31739A 3XM1X6, 2% -31739A 2%-31739A 2%-31739A
Type HB86- ’
Size 3" X 6" 2;5" X 6" 4|l X GII 2;511 X 6" 215“ X 6" . 2;5" X 6"
Relief cap. 311,733 #/hr 317,733 #hr 311,973 #/hr 317,973 #/hr 280,000 #/hr
Set press. 2500 psig 2500 psig 2500 psig 2500 psig 2500 psig
Reseat press. -
(approx.) 2375 © 2375 2375 2375 2450 2475
Known malf. None None None None - None None None
(significant)
" Power-Operated
Relief Valves - :
Mfg Dresser Dresser Crosby Dresser © Same Dresser Dresser Dresser - Same
Number 1. 1 1 ’ 1 1 1 1
Type " Electromatic  Electromatic Electromatic Electromatic Electromatic Electromatic
Model no. 31533vX-30 Same HPV-ST 31533 VX-30 31533vX-30 31533VX-30
Size Zlﬁ" X 4II 235" X 4" Z;EII X 4Il 2%" X 4" 255" X 4||
Relief cap. 106,450 #/hr 100,000 #/hr 112,000 #/hr 100,000 #/hr 100,000 #/hr 112,000 #/hr 106,450 #/hr
Set press.* 2300 psig 2235 psig 2300 psig 2300 psig 2300 psig
Reseat press. . 2220 psig 2250 psig
Malf. date 9/1/74 None 9/24/71 None None June 1975 June 1978 None 3/29/78
-(significant) _
cause Improper Steam pilot --Boric acid -Valve leakage De-energized
venting valve system crystal buildup, vital bus

*To be revised per I&E Bulletin 79-05B

bent lever on
pilot valve
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~ TABLE 7 'CODE SAFETY-RELIEF VALVES AND POWER-OPERATED

Pos. indication

Yes_

Yes.

Yes

Yes

> RELIEF VALVES ON PRESSURIZER FOR B&W PLANTS (Continued)
Valves for . Crystal Davis- . ' Rancho Three Mile Three Mile
B&W Plants Arkansas 1 River 3 Besse 1 Oconee 1 Oconee 2 _ Oconee 3 Seco Island 1 Island 2
PORV (Cont.) -
Fail position Closed Closed (1E) Closed (non-  Closed (non- Closed . -
(Class 1E) 1E) 1) - (non-1E)
Position Ind. Yes (Pilot- Yes (open- Yes (on pilot- Yes (open-- No Pilot-red
red/green) closed) red/green closed) : green °
lights) : .
Thermocouple ind. Yes (computer) Yes (computer) Yes (computer) Yes (computer) Yes (computer) Yes
and alarm : .
Thermocouple type  Strap-on Well/~90 ft Strap-on/ Strap-on/6 Strap-on/40 ‘ft
and location from valve ~1 ft 7 ft downstream from valve
. Block Valve
Mfg. : Velan Dresser Velan Westinghouse  Same Same Velan .
Type Motor-operated Motor-operated Motor-operated Motor-operated ‘Motor-operated Motor-operated Same
Fail position. As-is (non-1E) As-is (1E) * As-is (non-1E) As-is (non-1E) As-is (non-1E) -

Yes Yes
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Consideration should be given to the merits of upgradﬁng the PORV and associated

controls and power equipment to safety grade, or, as an a]ternate, consideratipn
should be given to closing the PORV and block valve during power operation.

Pressurizer Level Indication

During the reviews of the recent events at TMI-2, the accuracy and significance of
the pressurizer water level indication was questioned. This section describes the
instrqmgntation and provides an assessment of the potential for false indications

.during the event. The interpretation in terms of primary system inventory is

addressed and discussed.

The general layout of a typical pressurizer level instrumentation system is given

in Figure 8. Three systems are installed. For each system, two impulse lines
connect to the pressurizer; one near the top and one near the bottom. The Tines

are routed to a differential-pressure transmitter, Tocated near the bottom of
contaiment in the annular region between the shield wall and the containment wall.
Level indication generally follows the changes in system pressure and fluid inventory
for normal operating situations.

There ‘are a number of factors that could affect the aﬁcuracy of the level instru-
mentation. If the 1iquid density changes due to a temperature change, the calibra-
tion could vary. At TMI-2, this is corrected automatically and continuously by a
temperature instrument applying a correction in the level readout instrument.

There are several other factors that were earlier thought to affect instrument
accuracy in a depressurization event as follows:

1. A répid reduction in pressurizer pressure could cause liquid to flash in the
reference leg (the 1ine connecting the transmitter to the pressurizer near the
top of the vessel, see Figure 8.) Such flashing, should it be significant,
could cause the instrument to indicate a falsely high pressurizer water level.

2. Degassing of liquid in the reference leg could also cause an error. Dissolved
gases could rapidly be driven out of the reference leg by this mechanism, and
the level instrument would again indicate a falsely high level.

3. Should the pressurizer deépressurization occur rapidly, a venturi effect could
in principle be created at the point where the reference leg joins the preé-
surizer vessel. If this occurred, 11qdid could be drawn out of the reference
leg causing the same inaccuracies in level indication noted above.

The importance of each of these effects has been assessed assuming conditinns that
existed at TMI-Z prior to and during the event. Calculations were performed to
estimate the effects of both flashing and degassing. Even though the calculations
indicated that some flashing could dccur, the reduction 'in water level in the
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: RELIEF VALVE NOZZLE
VENT NOZZLE (TYP OF 3)

4.75"” MIN.,
SPRAY LINE NOZZLE

SPRAY NOZZLE LEVEL SENSING NOZZLE
1" PIPE ELEV.
349°6"
————— ELEV.3485"
- o
- STEAM SPACE
1/2TUBING
(REFERENCE LEG)

12

I.D. —| |+ 5.188" MIN

L NORMAL WATER LEVEL

‘-’
6" INSULATION
)
VESSEL SUPPORTS -E —

THERMOWELL -
S B ™

! HEATER BUNDLE

[ S — | — _ -

Y. o

ROTATED—<; | SHIELD WALL
Il

- —— - —— - - LEVEL SENSING NOZZLE I
‘)

ELEV. 316’

ELEV.=310

SURGE LINE NOZZLE © . ELEV.

280"

INSTR.
RACK

Figure 8. TMI-2 Pressurizer Level Instrument System
(typical of all B&W plants).
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reference leg due to flashing is estimated to be ]ess.than 1 foot.. Because the
distance between the taps is about 33 feet, the effect of this' reduction would be
small. Calculations also indicate that the effect of degassing of liquid in the

reference leg is negligible. With regard to the venturi effect, it is estimated
 that gas velocities at the upper level sensing nozzle are too low to produce any
significant effect. '
We conclude from these assessments that the errors in level instrument indications
during the event at TMI-2 were not large.~ In particular, potential effects includ-
ing the surge line configuraticn that could cause falsely high indicated Tevels
were assessed not to be significant. Therefore, the increasing level indicated by
the instrumentation beginning about 1 minute into the event at TMI-2 is believed to
have resulted from an increasing level of water in the pressurizer.

Interpretation of Indication

It cannot be assumed that the presence of water in the pressurizer is indicative of
an adequate water level in the reactor vessel. The B&W design includes no instru-
mentation that provides a direct indication of primary coolant inventor&. Because -
the TMI-2 event has suggested the need for an instrumentation system that directly
provides coolant inventory data, the B&W design should be reassessed to ensure that
it conforms to GDC-13. This would also apply to the other reactor vendors.

Even though there is no direct,indicaﬁion of coolant inventory available to the
operator, an assessment of the data taken during the TMI-2 event shows that there
were instrument readings that showed indications of cooling problems early in that
event. The pressurizer Teve] sensing system indicated a rapidly increasing level
after about 1 minute into the event. At about 6 minutes into the eveht,vthe Tevel
indication signified that the pressurizer was full. However, the reactor coolant
system pressure was still quite low at this time, 1300 to 1500 psi, indicating that
part of the coolant system was boiling and therefore could not be assumed to be
solid. The level increase in the pressurizer between 1 and 6 minutes into the
event could have been caused by expansion of the coolant in the primary system due
to the lack of feedwater in the steam generators and by ‘the géheration of steam in
the core resulting from the initiation of boiling. With steam in the core, Tiquid
would be displaced from the primary coolant system and forced into the pressurizer.

Discussion

Assurance that an adequate water Tevel exists in the reactor vessel requires monitor-
ing of parameters other than pressurizer water level (e.g., cod]ant pressure,

coolant temperature, etc.). The licensees and the staff should review the instru-
mentation and the plant operating procedures with the objective of establishing

that (a) the operator has adequate information available, and (b) he is required to
assess all pertinent information available to him (instrument readings), and (c) he
is instructed to take appropriate corrective action based on that assessment.
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On a longer term basis, more direct and more easily interpreted indicators of water
inventory in the primary éystem would make operator inference and actions more
reliable. Specifically, one approach can be characterized as instrumentation to
measure and directly display to the operator such derived quantities as the subcocl-
ing in the reactor outlet, or thé quantity of and energy content of cooling water
in the core. Also, an assessment of the balance betweer additiona1‘automation
versus improved operator response to maintain adequate plant conditions should be
made.

Containment Isolation System

Design Features

The design objeétive of the containment isolation system is to allow the normal or
emergency passage of fluid through the containment boundary while preserving the ‘
ability of the boundary to prevenf or 1imit the releases of fission pfoducts that
may escape from the reactbr coré in the event of an accident. Therefore, following
an accident, it is necessary that the containment be isolated yet permit operation
of these systems necessary to mitigate the accident consequences to accomplish
their safety functions. '

" The containment isolation system of a nuclear power plant is designed to auto-

matically isolate the non-essential systems penetrating the containment. The
isolation of essential systems such as the engineered safety features, if the need
arises, is accomplished by the remote manual manipulation of the system isolation
valves by operators in the control rogm. '

It has been reported that during the recent incident at the,Three Mile Island -
Nuclear Plant, Unit 2 (TMI-2), the containment was not immediately isolated, and
contaminated.water was pumped out of the containment by the automatic initiation of
a sump pump. Contaminated water was transferred to the liquid radioactive waste
treatment system in the auxiliary building where some water spilted to the floor.
Outgassing from this water and the subsequent discharge ‘of -the radioactive gases
through the auxiliary building ventilation system was the principal source of the
offsite release of .radioactive noble gases. This situation occurred because con-
tainment isolation actuation at TMI-2 only occurs uﬁon receipt of a high contain-
ment pressure (4 psig) signal. For the TMI-2 jincident, fission products were
released to the containment without an accompanying rise in the containment
pressure to the high-pressure set point for containment isolation.

For reasons not known at this time, the reactor pressure was never low endugh
(about 300 psig) to to into the 1ow-préssure heat removal system (RHR) located
outside of the containment. This matter should be evaluated and the RHR design

" basis reassessed.
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A study of the containment isolation actuation systehs at other operating plants
having a Babcock & Wilcox (B&W) nuclear steam supply system was undertaken to
determine the extent of the TMI-2 practice for only isolating the containment on
receipt of a containment high pressure signal. The eight operating B&W plants are
listed in Table 8 along with the parameters sensed for containment isolation
actuation. The parameters sensed include containment pressure (high), reactor
coolant pressure (low), and containment radiation level (high). It is apparent
from the table that the containment isolation actuation system designs are
basically the same. Only two plants, Rancho Seco 1 and Davis-Besse T, use another
paraméter for containment isolation, namely, -reactor coolant low pressure. '
Furthermore, Davis-Besse 1 iﬁc]udes a containment high radiation signal to isolate
lines that, when open, provide a direct connection to the environs outside
containment. For the plants that include more than one parameter in the contain-
ment isolation actuation signal, a coincidence of signals is notVrequired to
initiate containment isolation; i.e., each parameter, upon reaching its set point,
‘can initiate containment isolation.

The containment isolation actuation system designs for these plants-also indicate
differences in the isolation proviéions for essentia]I]ines; i.ei, lines that do
not have a post-accident safety function yet are important to plant safety. These
lines typically provide cooling and seal injection water to the control rod drives
and reactor coolant pumps.

Table 9 shows how the isolation of these lines is typically treated for three of
the ptants; namely, Three Mile Island 2, Rancho Seco 1, and Davis-Besse 1. The
TMI-2 Safety AnaTysis Report states that the reactor coolant pumps must be secured
immediately upon loss of both seal water injection and cooling water. Although all
three plants show the reactor coolant pump seal water injection lines to be auto-
matically isolated, Rancho Seco 1 and Davis-Besse 1 pfovide for the continuation of
cooling water to the reactor coolant pumps. This is done to protect the reactor
coolant pump seals in the event of spurious isolation signals or to keep the pumps
operating for as 1ong'as possible in the event of an accident. Since there is no
uniform approach to the identification or treatment of essential lines, it appears
appropriate to reevaluate the requirements of isolating essential lines in nuclear
power plant safety, and develop guidelines to assure consistency in identifying
these lines and establishing containment isolation actuation provisions for them.

_The normal operating modes and containment isolation provisions for the reactor
building sump (RBS) and reactor coolant drain tank (RCDT) discharge lines were also
“ reviewed at to determine how operating plants handle the transfer of potentially

radioactive fluids out of the containment.
For TMI-2, there is an automatic mode for the RBS discharge 1ine, and fluid

transfer will occur if the sump level reaches a prescribed set point. Provisions
for automatic isolation of the discharge line was believed to be adequate because

2-34



GE-¢

TABLE 8 PARAMETERS SENSED FOR CONTAINMENT ISOLATION ACTUATION
AT OPERATING PLANTS HAVING BABCOCK & WILCOX NUCLEAR STEAM SUPPLY SYSTEMS

. : Date of ‘
Plant Commercial : Parameters Sensed
-(A/E) Operation CHPX CHR* RCLP*
Oconee 1, 2, 3 . 1973-74 X
(Bechtel/Duke) : ’
Arkansas 1 _ 1974 X
(Bechtel)
TMI-1 1974 X '
(Gilbert Assoc.)
Rancho Seco 1 ' 1975 ' X X 'OR’
(Bechtel) _ , . logic
Crystal River 3 - 1977 . X
-(Gilbert Assoc.)
Davis-Besse 1 977 _ X Y X 'OR'
(Bechtel) - logic

TMI-2 ' 1978 ' ' X
(Burns & Roe) :

containment hfgh pressure

*CHP =
CHR = containment high radiation
RCLP = reactor coolant lTow pressure

**Containment purge system and containment air sample lines only
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Line Service

Cooling water to
RCP oil and
motor coolers

NRCP seal water

injection

Cooling water to
CRD coolers’

TABLE 9 CONTAINMENT ISOLATION ACTUATION

OF ESSENTIAL LINES

Plant Namé

TMI-2

Rancho Seco 1

Davis-Besse 1

Automatic isolation
on HI containment
pressure

Automatic isolation
on HI containment

‘pressure

Automatic isolation
on HI containment
pressure

Remote manual isolation

Automatic isolation on
receipt of safety
injection signal

Remote manual
isolation

Automatic isolation on HI-HI'
containment pressure

Automatic isolation on
receipt of safety injection
signal

Automatic isolation on HI-HI
containment pressure
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a release of coolant from the reactor would cause a pressure fncrease in the con-
tainment; however, the coolant released was not sufficient to pressurize the
containment to the set point in TMI-2 during the first few hours of the accident.

The system 'isolation valves close upon receipt of a containment high-pressure
signal (4 psig). For subsequent fluid transfer to occur, the engineered safety
~ features actuation signal must be reset manually in the control room and the isola-
tion valves must be reopened by operator action, even if the trénsfer pump is in an
automatic operating mode. These is no such automatic operating mode for the RCDT
discharge line. (
Operator action is required to initiate fluid transfer during normal plant opera-
tion, and would also be required following an accident after the operator resets
the engineered safety features actuation signal.

For the Arkansas 1 and Oconee 1, 2, and 3 plants, the reactor building sump and
reactor coolant drain tank discharge lines are normally closed and require operator
action for the transfer of fluids out of the containment. '

Licensing Requirements

It now appears that review and possibly some upgrading of the containment isolation
actuation system designs of the operating plants is warranted. Standard Review
Plan 6.2.4, Containment Isolation System, added a requiremeht, compared to previous
practice, for diversity in the parameters sensed for the initiation of containment
isolation. At the time the Standard Review Plan was developed, it was felt that
the lack of diverse parameters for actuation of the isolation system did not
represent a safety problem warranting a backfit to previgus1y~1icensed plants.

Other Operating Pressurized Water Reactor P]ant§

The containment isolation actuation systems of several operating nuclear power
plants using the Combustion Engineering (C-E) and Westinghouse (W) nuclear steam
supply systems were also reviewed to determine the extent of diversity inlthe=
parameters sensed for automatically initiating containment isolation.

The Palisades Nuclear Power Station, which began commercial operétions in 1971 (the
first CE plant to do so), and the St. Lucie Plant, Unit 1, which began .commercial
operation in 1976, were the C-E p]ahts selected for review. It was felt these
plants would reveal any design changes in the engineered safety features actuation.
systems that may have occurred during the period from 1971 to 1976. However, there
were no changes. For both p]ahts, either containment high pressure or containment
high radiation will initiate containment isolation and automatically isolate non-
essential lines penetrating the containment. Although diverse parameters are
sensed for the initiation of containment isolation, the safety injection signal
(which initiates emergency core cooling) is not used to initiate containment

isolation. :
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The Westinghouse plants that were examined included the Turkey Point Station,

Unit 3, which began commercial operation in 1972; the Zion ch]ear Plant, Unit 2,
which began commercial operation in 1974; the Indian Point Station, Unit 3, which
began commercial operation in 1976; and the D. C. Cook Plant, Unit 2, which began ,
commercial operation in 1978. For all these plants, the safety injection signal is
used to initiate the automatic isolation of all nonessential lines in the event of
an accident. The parameters sensed to generate this signal include reactor coolant
low pressure coincident with pressurizer Tow level, or containment high pressure,

or steam line differential pressure, or steam line high flow coincident with reactor
coolant Tow temperature or steam line low pressure. (It should be noted that the
acceptability of relying on reactor coolant low pressure coincident with pressurizer
Tow level to.generate a safety injection signal is now under review as a result of
the TMI-2 incident.) '

Plant Response to Loss of Feedwater Events (LOFW)
Steady State Operation

The PWR reactor coolant system (RCS) behavior during steady-state operation
principally involves a balance of coolant flow and heat transfer mechanisms to -
maintain equilibrium. The heat output of the core is essentially balanced by the

" heat removed by the steam generators. The ‘réactor coolant liquid volume

(inventory) is maintained relatively constant by a small (compared to total system
volume) Tetdown/makeup flow rate. Thus, core heat production and heat removal via
the steam generators are essentially equal, maintaining the reactor in thermal
equilibrium, i.e., reactor coolant pressure, temperature and pressurizer water
level (which reflects the average temperature in the reactor coolant system) remain

essentially constant. (See Figure 9.)

Loss of Feedwater Event (General)

In order to maintain the reactor coolant pressure and temperatures within accept-
able limits during a loss of normal heat sink (e.g., loss of feedwater transient),
systems are incorporated to 1imit the rate of core heat energy deposited in the
system (reactor protection system) and to provide for alternate paths for.energy
removal (power-operated relief valves, code safety valves and emergency feedwater).
Both energy and mass are removed through the valves while the feedwater supply
provides only. energy removal. Since the emergency valves remove coolant, a makeup
system (high pressure injection system) is provided to restore coolant lost through
the valves. In addition, the HPI water accommodates shrinkage of RCS volume during

the cooldown phase.

Interactions During Complete Loss of Feedwater Event

The behavior of the RCS during a loss of feedwater event may be divided into two
phases. It is important to distinguish between these two phases since the first
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2.4

2.4

phase is handled in a predominately automatic manner, while the latter phase
involves automatic systems, inherent plant characteristics and operator actions.

In the first phase, which occurs during the early (15 seconds) part -of thé transient,
more energy is being deposited in the system than is being removed (see Figure 10).
That is, the core continues to put energy into the system at a constant rate during
this phase while the steam generator energy removal capability diminishes. This

growing imbalance results in an increase in energy stored in the RCS. This

increaseé both pressure and temperature of the reactor coolant. The rising tempera--
ture of the primary coolant in turn results in its thermal expansion observed as a -
Tevel swell in the pressurizer. This rapid energy increase-in the RCS builds until

‘the energy input of the core is sharply reduced (by reactor trip), and the relief

and safety valves open and/or auxiliary feedwater system-comes on. Thus, in
essence, there is an initial period up to réactor trip where more energy is being
added -to the primary system than is being removed, immediately followed by a period
in which more energy is removed from the primary system than is being generated
(see Figure 11). The first phase is characterized by a pressure and temperature
increase in the RCS resulting in a rapid pressurizer level swell. The second phase
is characterized by a depressurization and cooldown of the RC water involving a
rapid pressurizer level drop. Depending on the ability of the inherent/automatic
aspects of the systems to handle the first phase and parts of the second phase of
the event, greater or lesser burden is put on the reactor operator to handle the

"recovery-cooldown phase. The ability to ultimately -safely recover from this event

depends on (a) the inherent/automatic aspects of the systems to present the operator
with a relatively controllable system still in a dynamic-state, and (b) the ability
of the operator to correctly interpret and act upon conditions as they exist in the

system.

~

Operationa] Aspects of Loss of Feedwater Transients

The following discussion covers various operational aspects of a loss of feedwater
transient.

Loss of Feedwater (Norma] Case)

Once the reactor tribs on high RCS pressure, primary system pressure will rapidly
drop because the combined system energy removal paths of the still open PORV and

the still partially filled steam generator eXceeds’the energy put into the system
by the reactor core. If the PORV recloses when jts set point is reached, the

" continued depressurization or subsequent repressurization will depend on the avail-

ability of auxiliary feedwater. With auxiliary feedwater available, the rate of
depressurization will depend on the imbalance between the stored and decay heat
output of the core together with the steam generator heat-removal capabilities
dictated by the secondary-side steam generator water Tevel and pressure. The B&W
auxiliary feedwater capacity and steam generator level control is such that with
the PORV reclosed the primary system will neither be overcooled (thereby draining
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the pressurizer and inducing voids into the system) nor will it be undercooled
(thereby allowing pressures and temperatures to increase sufficiently: to relift the
PORV). HPI WiT] not come on-because its set point would not be reached. Thus, the
steam generator level setting will allow the transient decay heat energy to be
removed while keeping the RCS adequately but not overly subcooled, thereby keeping
system temperatures and p;essures within acceptable bounds without high-pressure
injection. There are no special actions required of the operator for this case.

‘The reactor coolant system is automatically and adequately recovered and kept

within an acceptable thermal-hydraulic condition (properly subcooled) by the
auxiliary feedwater system without significant operator actions. The pressurizer
pressure and level control systems automatically maintain primary system
conditions. ’

Loss of Feedwater With No Emergency.Feedwater

If the PORV closes and auxiliary feedwater is not available, the initial few
seconds after the reactor trip will be similar to the preceding case. Reactor
coolant system pressure and temperature will drop after the valve closes because,
for a limited period of time, there will be more energy removed by the steam
generators than is being put into the system by the stored and decay heat of the
core. However, as the steam generators boil-off the secondary-side inventory, this
imbalance will shift so that more heat is being added to the system than is being

‘removed through the steam generators. Thus, pressure and tempefature in the

primary system would rise agqin to the set point of the PORV and/or the safety
valves. Manual initiation of the HPI would be necessary.

If the operator is successful in establishing feedwater supply to the steam
generators before the PORV can 1ift, HPI may not be necessary to make up for
inventory lost through the PORV. If auxiliary feedwater supply cannot be
established, then RCS pressure and temperature will rise until the PORV 1ift
pressure is achieved. At this point, the reactor coolant inventory will begin to
be Tost from the primary system as the PORV 1ifts continuously or intermittently to
release energy (and mass) from the primary system. Pressure will stay at the PORV
set point without auxiliary feedwater. The operator must manually initiate HPI to

‘promote subcooling and to make up for inventory lost through the’relijef valve. In

summary, therefore, for the sequence hecessary to promote subcooling, the operator
should first try to reestablish feedwater supply, should then possibly trip two of
the four reactor coolant pumps to reduce heat input and finally initiate HPI. If
auxiliary feedwater is not established, subcooling in the primary system can be
enhanced through the HPI pumps. ‘ '

Small break analyses submitted for Oconee indicates that no core damage would occur

in the first 20 minutes without emergency feedwater. The conditions are-considered
sufficiently similar to TMI-2 to provide a rough indication of time.
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Loss of Feedwater with PORV Stuck Open

The combination of a PORV that is stuck open and auxiliary feedwater availabte
represents the most severe case of depressurization. Energy is removed from the
system via both the steam generators and the PORV. To terminate the excessive
coo]&own, depressurization and inventory loss, appropriate action would be to Elose
to block valve to isotlate the stuck-open PORV. If the open PORV is not isolated by
the operator within the first few minutes, pressure will continue to drop until-
high-pressure injection is automatically initiated upon reaching the actuation
pressure set point. High-pressure injection can more than make up for the inventdry
Tost through the stuck-open PORV. Pressure and temperature will continue to fall
approaching saturation conditions in the.system before the primary system pressure.
slowly begins to rise. If saturation conditions are achieved, void formation in
the system will cause the pressurizer level to swell.

With HPI left on continuously and auxiliary feedwater available, subcooling can be
reestablished as pressures rise toward the safety valve set point and as tempera-
tures fall due to the cooling effects of HPI and auxiliary feedwater. In summary,
therefore, to.promote subcooling the operator should first try to isolate the PORV
and then possibly trip two of the four reactor coolant pumps. HPI will come on
automatically and should be left on. HPI can be turned off only after adequate
subcooling is achieved and the PORV is isolated. ‘

Loss of Feedwater with PORV Stuck Open - No Auxiliary Feedwater X

The combination of a stuck-open PORV and no auxiliary feedwater will cause the most
severe case relative to achieving voiding and saturation conditions in the system..

_ The rapid drop in RCS pressure and subsequent heatup of the primary system causes

this most severe under subcooling scenario. The loss of feedwater event from high
power at Three Mile Island on March 28, 1979, is an example of this case. The
feedwater should be reestablished to the steam generators to enhance (sub)cooling
of the primary system, since tﬁe-inventory being Tost through the PORV will be
compensated automatically-by automatic HPI actuation. Blocking the stuck-open PORV
without auxiliary feedwater will result in a pressure and temperature increase to
the pressurizer code safety valves. Ihvéntory lost through the safety valves would
have to be compensated for by manual operator initiation of HPI if the manué]]y '
isolated PORV occurs soon enough to prevent RCS pressure from dropping to the
initiation set point. If auxiliary feedwater is established with the PORV not
isolated, this becomes the previously discussed case of a PORV that is stuck open
with auxiliary feedwater available. E

If the PORV is not isolated without auxiliary feedwater.established, HPI will start
automatically as system pressure will drop to the low-pressure actuation set point.
The combination of a continued stuck-open PORV, no auxiliary feedwater, and HPI
will not prevent saturation conditions from being reached and voids from forming in
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" the system. Thus, the operator cannot prevent boiling in the core and the scenario
: _becomes‘ a small break loss-of-coolant accident with HPI~mak1'ng up for/'inventory
loss. HPI must be 1eft; on by the operator to maintain ihVentov‘y. ‘In this regard,
the operator would need to evaluate all pertinent plant parameters- in determining :
* the proper actions to be taken. v '
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3.0 B8W PLANT OPERATIONS

Sﬂrvey of Feedwater-Related Incidents

A review was made of reportable occurrences involving feedwater malfunctions

‘at each of the operating B&W plants. An incident is reported in Licensee Event

Reports (LERs) only if it violates plant technical specifications. Events that do
not result in exceeding a technical specification 1imit are not considered to be
reportable. Where relevant information is available on unreported incidents of
significance to this study, it has been included. With regard to feedwater
transients in general, a recent review by the staff of feedwater transients

in PWR plants dur1ng the period from March: 1978 through March 1979 shows the
following results:

1. There were 9 B&W p]ants that -had 27 feedwater trans1ents or 3.00 per year
1 per plant;

2. There were 24 Westinghouse plants that had 44 feedwater transients or

1.83 per year, per plant; and,

3. There were 7 Combustion Engineering plants that had 13 feedwater transients
_or 1.85 per year, per plant.

The frequency of feedwater transients is not appreciably higher (about 60%) for

B&W. The difference may be at least partially due to the initja] operational
1ife of the B&W plants as compared to Westinghouse and Combustion Engineering.

Crystal River

The following is a chronology of significant feedwater-related incideénts at -
Crystal River Unit 3. ' o

Date , Event Deécription ' Significance
03/02/77 ~ Loss of "B" AC inverter caused loss - Moderate--Summarized

of "B" vital bus. Power was lost to below
ICS which caused reactor trip, turbine
trip, and atmospheric steam dump.
Main feedwater pumps tripped on 1oss
of vacuum. (LER 77-20)

03/07/77 ' Attempted startup. of steam-driven Moderate--Summar1zed
" - emergency feed pump during testing. below
Pump tripped on overspeed.
- (LER 77-24)
P
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Date »  Event Description Significance

03/09/77 During startup testing, reactor was Moderate--Summarized
( tripped manually from 40% power _below -
: causing automatic turbine trip :
~and transfer of station load to
startup transformer. During
transfer, momentary power loss
caused zero speed indication. on
feedwater tachometer *which tripped

feed pump.
04/16/77 - During shutdown from hot standby - Moderate--Summar1zed
L condition outside control room, below

turbine-driven emergency feedwater
pump (EFWP) tripped on overspeed
during start using main steam.

Pump manually. started on auxiliary
steam

06/02/77 During surveillance testing steam- Low--Summarized below
driven EFWP experienced overspeed
trip on initial. start

07/17/77 "Following unit trip, main feedwater Moderate--Summar1zed
pumps Tost on transfer of buses. below :
Steam-driven EFWP tr]pped on over- :
speed. '
01/06/79  Reactor runback following turbine Moderate--Summarized
' - trip. Main feedwater valve did - below -
not close. ’

Four 1nc1dents were reported between March ‘and July 1977 where automatic start of
the steam- dr1ven aux1]1ary feed pump was’ defeated due to an overspeed indication.
This was at first attr1buted to the steam supply valve opening and supplying steam
faster than the governor could respond resulting in an overspeed tr1p Later
incidents, however, were attributed to condensation in the steam supply 11ne that
prevented the throttle valve from respond1ng fast enough. The problem has appar-
‘ently been corrected because no s1m1]ar 1nc1dents have occurred s1nce Ju]y 1977
These incidents did not resu]t in pr1mary system transients. '

One other incident of feedwaterbpumpvfaflure occurred during a startup test when
the reactor was manually tripped from 40% power. A momentary loss of control
power-Caused zero speed indication on the feedwater tachometer which tripped the
main feedwater pump. The operator took over control and. maintained secondary f]bw.

Two feedwater ma1functions occurred during reactor trips from powér operation.
Both involved equipment failures, the loss of a vital bus due to inverter fai]uré
-and a stuck-open feedwater block valve. ’

None of the Crystal River feedwater malfunctions resulted in primary sysfem over-
pressurization, excessive cooldown or saféty injection. In all reported cases,
feedwater anomalies were corrected before primary pressure and temperature exceeded
limits.
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In addition to the more serious events'1isted above, Florida Power Corporation
reported five other incidents in response to item 2 of IE Bulletin 79 05A. The
licensee's d1scuss1on of the seven-events is included as Append1x 0.

Three Mi]e Island, Unit 2 (Excluding the March 28, 1979, Accident)

‘ There have been four transients at TMI-2 that caused initiation of safety 1n3ect1on

During two trans1ents, pr1mary safety valves opened and on one occasion (April 23,
1978) the pr1mary re11ef_ya1ve failed open. '

‘The following chronology of events at TMI-2 includes events prior to commercial
. operation. Initial criticality occurred on March 28, 1978, and commercié]

operation commenced on DeCember'30, 1978.

Date ’ Event Description o "~ Significance

04/22/77 . .Preoperational test stopped due to - Moderate--Nof
) loss of level (low) in steam gen- : discussed

erators. Steam-driven emergency
feedwater pump fa11ed to start.

(LER 77-37)
07/17/77 Following unit trip and loss of - Moderate--Not
: feedwater pumps, steam-driven discussed

emergency feedwater pump tripped
on overspeed. (LER 77-92)

11/13/77 Loss of feedwater -control while in " Moderate--Not
manual operation. - Reactor tripped =  discussed
on RC temp./pressure. (Gray Book)

02/24/78. Actuation of steam line rupture “Low--Not discussed
matrix causing single failure S :

N feedwater pump trip. (LER 78-12)
03/29/78 Reactor trip from Tow power With_ . High--Summarized.
‘ safety injection (S.I.) due to - below :
» vital bus trip. (LER 78-21)
04/23/78 ‘Reactor trip with feedwater anomalies. High--Summarized
: i Main steam safeties failed open. - below
(LERs 78- 033 78-044) :
11/07/78 Reactor ‘trip with S.I. due to feed- High--Summarized
' water pump trip. (LER 78-65) . below
12/02/78 Reactor trip with S.I. due to High--Summarized.
pinned open main feed. reqg. below
valve. (LER 78-69) '
: 01/06/79 During'reaétor runback following a Moderate--Not

turbine trip one feedwater block = discussed
valve did not close--main feedwater

line manually isolated and reactor

manually tripped--feed reestablished . -
using emergency feedwater pump - -
(LER 79- 03)



Date Event Description _ Significance

01/15/79 Routine turbine trip at 15% power. Low--Not discussed
o Condenser vacuum degraded (cause
unknown) closing turbine bypass
valves, 1ifting steam generator
(S.G.) reliefs. Both relief
discharge bellows ruptured.
Operations resumed 01/31/79.
(Gray Book)

01/30/79 Main feed pump FWP-2B tripped. - Low--Not discussed
(January 1979 Monthly Report)

Additional feedwater system anomalies occurred that did not result in LERs
but were reported in monthly operating reports.

Date Event

11/03/78 - ' Condensate polisher operator error caused loss
of feedwater and reactor trip. : :

11/07/78 . Loss of feedwater due to heater drain pump tfip
caused reactor trip.

01/15/79 Steanm system failure caused reactor trip.
: ' Atmospheric dump valve bellows and pressurizer
instrumentation isolation valves repaired/replaced.

02/06/79 " Feedwater pump 1B tripped twice at 90% powér.
No explanation.

‘March 29l 1978 - The following summary is extracted from a special report con-
cerning the.ECCS actuation of March 29, 1978, reported in LER 78-21. On March 29,
1978, TMI-2 experienced an automatic actuation of safety injection due to rapid

depressurization of the reactor coolant system. Immediately prior-to the incident,

the unit was operating at low power for zero power physics testing.

The rapid depressurization of the reactor coolant system (RCS) was initiated by
.the pressurizer power-operated relief valve opening upon de-energization of vital
bus 2-1V. At the time of the trip, the unit was being operated with.three reactor
‘coo]ant pumps running; The Toss of vital bus 2-1V caused the reactor protection
system to sense a 0/2 reactor coolant pump combination, in the 1oop‘in which one

reactor coolant pump was actively operating and a reactor trip resulted.

The operators took immediate action by closing the RCS Tetdown isolation valve and
veriffed'that required safety injection éomponents started. Followup action was
hampered by the Toss of temperature?compensated pressurizer level indication and
reactor coolant system preséure indication powered from vital bus 2-1V. Without

. positidn indication for the PORV.on the control console, the cause of the
depressurization was not obvious to the operators. o
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The depressurization was terminated after approximately 4 minutes by re-energizing
vital bus 2-1V through its alternate scurce. With vital bus 2-1V energized, the
PORV automatically closed, and all instrumentation was returned to service. The
minimum reactor cdolant system pressure reached was 1173 psig.

The event of March 29, 1978, shows that loss of a vital bLs Can lead to loss of
some of the instrumentation that would be useful during recovery from a transient
condition, which was also complicated in this case by the opening of the PORV »
(unrecognized by the operators) on loss of the same bus. .

Agri] 23, 1978 - The following déscriptfon of the TMI-2 incident of April 23,
1978, is extracted from LERs 78-33 aﬁd 78-44. On April 23, 1978, TMI-2 experi-
enced a reactor trip while at 30% rated thermal power with three reactor coolant
pumps in operation due to a noise spike on a powef range detector. The reactor
trippedAbecause one RPS channel was already in the tripped state as required by
Technical Specification 3.3.1.7 due to the inoperabi1itybof another RPS channel.

When the reactor tripped, the turbine fripped_causing a Very rapid pressure
-increase in the "B" steam generator and a slightly slower pressure increase in the
npu generator. Four of the six main steam relief valves lifted on the "B" steam
geherator and very rapidly blew steam pressure down. One main steém relief valve

- on the "A" steam generator lifted and also caused a rapid pressure blowdown but it-
.was delayed about 40 seconds from the "B" steam generator.  The "B" turbine bypass
~valve received a signal. to go full open but almost immediately received a signal '
to go fuij'closed due to the rapid depressurization in the "B" steam generator.
The "A" turbine bypass valve received a signal to open at the proper pressure but
. the signal to open the bypass valve was lower in magnitude than it shou]d have

been.

The four "B" main steamléafety valves and the one "A" valve failed to properly
reseat. The safe;y valves on -the "B" steam generator started to reseat just prior
to 2 minutes into the event with the remainder of the "B" safety valves and the
"A" safety valve reseating almost 4 minutes into the event. The steam generator

" pressures were between 550 and 600 psig when all Safety valves reseated.

The dperator took the proper immediate action in manually cutting back feedwater
dehand, shutting the RCS ]etdowh isolation valve, starting a second RCS makeup
pump, and opening the high-pressure ihjection valves on the side of the operating
makeup pumps. The operator failed to recognize initially that the feed pump was
in manual and did not run the feed pump back until approximately 1 minute and

20 seconds had elapsed. ‘

The-integratéd control of the feedwater valves had not yet been initially tuned
at the time of the event, and the valves responded much slower than expected.
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Thds; with the feedwater valves slowly shuttjng, rapidly decreasing steam ’
" generator pressure, and a constant feed pump speed, too much water was fed into

the steam generators. i

The safety valves fai]fng‘to reseat at the proper pressure coupled with over-
feeding the steam generators caused a fapid depressurization and cooldown of the
reactor coolant system. The reactor coolant temperature dropped from 583°F to
464°F in 3 minutes. The RCS'shrinkage from the cooldown caused the pressurizer
‘volume to drop be]ow the minimum indicated level range approximately 1 minute
after the reactor trip. Due to the rapid depressurization of the RCS, safety
injection occurred approximately 1 minute after the trip. Pressurizer level was
festored 2 minutes into the event as a result of safety injection, the turbine
7 bypass valve shutting, and some of the "B" side main steam relief valves shutting.
Feedwater latch occurred 2 1/2 minutes into the event and terminated feedwater
flow to the steam generators. Feedwater latch was the key event in terminating
tHe transient. Ca]cd]ations performed immediately after the event showed that the
core remained'covered at all timee throughout the transient.

November 7, 1978 - On November 7, 1978, TMI-2 experiencéd a reactor trfp during}a

power runback from 92% rated thermal power. Prior to the reactor trip, testing
according fo Test Procedure 800/05 (Reactivity Coefficients at Power) was in
progress. All operating parameters were norma] except for RC average temperature
( ) which had been e]evated to 588°F (6°F above norma]) for temperature '
coeff1c1ent measurement. A heater drain tank low Tevel alarm was received. This
automatically tripped. the operating heater drain pumps that normally supply ‘
approximate]y 30% of the total feedwater flow to the suction of the feedwater
pumps. The feedwater pumps tried to Meet: the 1ncreased feedwater demand caus1ng a
condensate booster pump to trip on Tow suction pressure. This automatically
tripped the feedwater pump. The 1ntegrated control system €ICS) began a power
runback to 55% rated thermal power based on-the loss of one feedwater pump.
However, due to the elevated reactor coolant system (RCS). temperature requ1red by
the testing in progress the reactqr(tr1pped at 64% power. This trip occurred
prior to completion of the power runback, as all four reactor protection system

"~ (RPS) channels received a variable temperéture-pressure trip.signal. At this
point, the operator secured the Tetdown flow. A second reactor'coo1ant makeup
pump was then started prior to the safety injection. RCS pressure continued to
decrease and safety injection was automatically initiated at 1640_psig,‘thus
limiting the pressure decrease to 1550 psig at 25 seconds after the reactor trip.
The decreased RCS vo]ume’cauSed pressurizer level to decrease below zero indicated
lTevel for approximate]y'30 seconds. However, calculations show that the

' pressur1zer was not empt1ed during the transient. Approximately 2.1/2 minutes
after the reactor trip, RCS pressure 1ncreased above 1600 ps1g (LER 78- 65)

December 2, 1978 - The following incident is reported in LER 78-69. On
December 2, 1978, TMI-2 experienced a reactor trip from 22% rated thermal power
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while switching fromvthe'startup to the main feedwater regulating valves. Prior

to the reactor trip, all operating parameters were normal except for RC average
temperature (Tave) of 584°F. -Tave was higher than normal due to feedwater heaters
being p]aced in service. Due to the changing feedwater flow, the startup’ feedwater
valves opened, the feedwater valve differential pressure decreased to-zero,
prompt1ng the operator to increase feedwater pump speed It was later determindd
that the main feedwater regu]at1ng valves had been fu]]y opened by manual hand
wheel with instrument air isolated. The increased feedwater flow led to rapid RCS

cooldown resulting in the reactor trip on low RCS pressure. The pressure recovered

_to'above the safety injection set point within 17 seconds.

Three Mile Island, Unit 1

~ Two reactor trips have occurred at TMI-1 as a result of feedwater system malfunc-

tions or that were complicated by feedwater system failures. We have no infor-

mation to indicate that feedwater systems malfunctioned during other reactor
v : : '

trips. .
Date S Eveht'Description Significante
05/24/78 " Main feedwater pump tr1p due to 1oss ~ Moderate--Summarized )
of vacuum. below X o
11/18/78 Main feed pump tr1p due to thrust Moderate--Summarized
. bear1ng problem. - . below :

May 24, 1978 - On May 24, 1978, TMI-1 experienced an automatic ICS runback to
approximéte]y 60% power due to a main feedwater pump trip. While isolating one
half of the "A" feed pump condenser to investigate a tube leak, an auxiliary

- vacuum pump tripped on thermal overload and the feed pump subsequently tripped on

loss of vacuum. The unit was returned to full power the same day. No LER was

issued:

. November 18;‘1978 - On November 18, 1978, the "B" main feedwater pump tripped as a_

result of performing a routine thrust bearing wear trip test. The unit ran back
to 75% as a result of the feed pump trip and remained at 75% power until .
November 20, at which time, with both the 8B feedwater heater and the "B" feed
pump repaired, ~the unit resumed full power operation. The cause of the trip was
determined to be improper,fnsta]]ation of the thrust bearing wear detector. No

-LER was issued.

" There is no indication that these incidents resulted in severe or unusual primary

system transients.
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Rancho Seco

We have information on two transients at Rancho Seco that involved loss of
feedwater and another transient due to a loss of a channel of the RPS that led
to pressurization of the reactor coolant system.. One was reported in IE’
Report 50-132/78-03 and the other in LER 79-01. Each is summarized below.
Nefther event resulted in damage to the plant.”

Date : Event Description ' ‘ Significance
03/20/78 Loss of non-nuclear instruments ‘ High--Summarized
caused termination of feedwater below

flow. Primary pressure decreased
and HPI initiated.

01/05/79 Electrical short in ICS caused ‘High--Summarized
- feedwater valves to close to 50% below :
position. Reactor trip on high .
pressure. HPI and AFW initiated.

04/22/79 ¢« Loss of Channel A of the RPS * Moderate--Summarized
caused reduction in feedwater flow. below"-
primary pressure increased, but
the PORV. was not actuated because
the set point had been increased
per IE Bulletin 79-05B.

On March 20, 1978, an excessive cooldown transient was experienced while operating
at 70% power (IE Report 507132). Non-nuclear instruments were lost inc]uding'
steam generatof and pressurizer levels and all RCS temperatures. Loss of RCS hot
leg temperature input to the ICS caused termination of feedwater flow. Reduced
heat removal in the steam generators caused RCS temperature and pressure to » ,

increase. The reactor tripped‘on»high RCS pressure followed by a turbine trip.
The secondary sides of both steam generators emptied due to operation of condenser

'bypass valves, atmospheric dump valves and auxiliary steam loads. Although normal

control room indications were lost, the computer typewriter will print alarms when
set points are reached. In addition, selected plant parameters can be monitored
on-the ICS computer printout. With the aid of computer indication, pressurizer

‘level was maintained by manual operatidn of a high-pressure injection pump. "A"

steam generator level control initiated emergency feedwater injection (level
control was actually lost at time zero; but the channel drifted slowly downward

~while "B" channel drifted slowly upward). The turbine-driven auxiliary feedwater

pump had started on loss of feedwater flow. -

RCS cooldown started as a result of emergency feedwater flow to "A" steam generator
and possibly main. feedwater pump flow (manually operated). 'Decreasing RCS pressure
(1600 psig) actuated HPI pumps and the motor-driven auxiliary feedwater pump.

Full auxiliary feedwater was initiated to both steam generators. The RCS reached

a minimum of 1475 psig and was then increased and maintained at 2000 psig by

manual control of an HPI pump.



'Restoration,qf the non-nuclear instrumentation restored all lost indications and
controls. Opefating personnel secured the auxiliary féedwater_pumps and started
RCS pressure reduction using the pressurizer spray..

On January S, 1979, an electrical short occurred in the integrated control system
(ICS) resulting in loss of logic power which ran the feedwater valves back to the
50% ‘position and caused RCS pressure to increase resulting in a high-pressure

trip. Rapid- RCS depressurization to 1600 psig actuated HPI and auxiliary feedwater.
_ICS was restored after 5 minutes, and feedwater flow increased. The operator then
terminated most of the feedwater flow. Two minutes 1a£er the main feedwater'puhps
were tripped thereby allowing auxiliary feedwater to supply the steam generators.

During the transient, the "B" steam generator was filled to the top of the operating
range, and it stayed at that level for 10 to 15 minutes. The licensee believes that
the excessive feedwater to the "B" steam genergtor-from the auxiliary feedwater
system was "the most significant cause of the resulting excessive cooldown rate."
This transient was reported in LER 79-01. .

“~The -1icensee discussed the "incident of March 20, 1978,vih his reply to Item 2 of
IE Bulletin 79-05A, which is included in Appendix P. ‘

On April 22, 1979, an'electrical.component failed in one of the RPS channels.

Inverter. failure caused loss of power to RPS Channel "A". Loss of power.to reactor .
coolant flow instrument causes the signal to the ICS to indicate "no reactor - '
“ coolant flow." ICS can receive signal from "A" or "B" RPS channel. The ICS was
using "A" at the time of the transient. The ICS therefore reduced main-feedwater
flow to both steam generators and automatically ran the Steah generator levels

down to low 1eve1‘(30 inches) as designed. '

Because of Toss of heat removal in the steam generators, the primary coolant
‘system pressure increased until it reached the high-pressure reactor.trip at
2300 psig at 16 seconds. The reactor coolant high-pressure trip channels were
being reset (three of four were already done) at the time from 2355 psig to
2300 psig as a result of IE Bulletin 79-05B of March 21, 1979. o

The maximum reactor pressure reached was 2330 psig, which is below the new IE
Bulletin 79-05B PORV set_pofnt of 2450 psig (old set point was 2255 psig)f The
PORV backup valve was closed during the transient because of previous seat leakage.
Upon the occurrence of the event, the backup valve was immediately unblocked.
‘After the transient, the block valve was again closed.

Auxiliary feedwater did not start and was not required to start. Auxiliary feed-
water automatica]Ty starts on (a) loss of both main feedwater pumps (P<850 psig),
(b) all RCPs tripped, or (c) ECCS SFAS signal. Low reactor pressure reached
during the transient was about 1855 psig at approximately 4 minutes. The operator
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-manualty initiated one HPI syStem to maintain system pressure. HPI was set to be

manually initiated at about 1600 psig. The plant was returned to service on’
April 23, 1979.. ‘ )

~ Oconee, Units 1, 2, and 3

Information received from Duke Power Company 1nd1cates that 42 feedwater tran-
sients that caused reactor trips have occurred at the three Oconee Units. Duke
experience represents 1] reactor years for about 2.5 transients per reactor year.
three of them were Signﬁficaht events for which we have information and are

)

discussed below.

: Date : . Event Description Significance

06/13/75 Unit 3 PORV opened following system ' High--Summarized
transient, stuck open and rupture below
disc blew in quench tank (Unit 3).

07/12/76 Unit 2 experienced ICS problem during High--Summarized
shutdown. Reactor tripped on high below

- pressure and PORV Tifted. Quench
tank rupture disc blew.

12/14/78 Unit 1 feedwater pumps tripped; ' High--Summarized
steam generators went dry, HPI , below
actuated and PORVs 1ifted.

On June 13; 1975, Unit ‘3 reactor power was being reduced from 100% to 15% when a
system transient resulted in opening the PORV.  The relief valve opened when RCS

pressure reached 2255 psi and failed to close when pressure fell below 2205 psi.

. Control room indicator lights did not show that the valve was still open. Con-
- sequently, RCS pressure dropped and the reactor tripped on Tow pressure and the

HPI, system actuated. The operator closed the relief block valve immediately after’
the reactor tfip but reopened it -because of ‘rapidly rising pressurizer level. The
block valve was finally closed when RCS pressure level reduced to 800 psi, and

the transient was terminated. '

The transient and associated events a]so_caused the. quench tank rupture disc
to rupture, and approximately 1500 gallons of reactor coolant were released to
the containment sump. It was subsequently determined that the relief valve

 was stuck in the open position ‘because of heat expansion, boric acid crystal
"buildup on the valve lever, rubbing of the lever against the so]eno1d

brackets, and bending of the solenoid spring bracket.

On July 12, 1976, Unit 2 -was shutting down when an ICS prob]ém caused feed-
water oscillations. The reactor tripped on high pressure, the primary relief

va]ve opened and apparent]y ruptured the quench tank disc. The ruptured disc
was unnoticed at the time, and the unit was restarted and ran- for about a week

before the ruptured disc was discovered.’
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. On December 4,'1978, Oconee 1 was at,98% power. " An electrical short caused an ICS:
T recorder error which caused ICS to withdraw control rods. The reactor tripped"

ave , - ,
on high T . Both norma] feedwater pumps tripped on high discharge pressure.

* The emergency feedwater pumps were reset and started. Two hours later both steam

generator levels dropped to 6 and 0 inches, respectively (30 inches is normal).

"A" steam generator level was restored within three hours. "B" steam generator
Tevel took 8 hours to fill through the emergency feedwater header. Apparent]y;
malfunctioning of valves in the normal and emergency feedwater paths caused the
long f111 time for steam generator “B" The HPI was actuated on low reactor
coolant system pressure during the event but from the information available it is.
not clear when this occurred. "The PORV lifted -but operated normally.

The two incidents discussed above, which resulted in rupturing‘quench tank diécs,
were not initiated by feedwater system feilure but were included‘because of the
similarity of the reéactor system transients. In other nords, these -events
illustrate that pr1mary transients 1nvo]v1ng relief valve operation and HPI
actuation can be initiated by causes other than feedwater system malfunctions.

Duke Power Company reported the ebqve.incidents plus two additional incidents in
their reply to IE Bulletin 79-05A. Their discussion is.in;1Uded in Appendix Q.

Davis-Besse Unit 1

Two feedwater type events were reported to have occurred in 1977 at the Davis-
Besse 1 facility and are discussed be1ow

‘Date : Event Sjgnificance
‘ 9/24/77° Followng feedwater system trip, @-H1gh--d1scussed
., PORV. opened and failed to close. be]ow .

HPI initiated and quench tank
rupture disc blew out. Operator
terminated transient by c]os1ng "
PORV block valve.

11/29/77 - Fo110w1ng Toss of offsite power Moderate--discussed
' resulted in primary coolant below
shrinkage and Toss of pressurizer
Tevel -indication.

" On November 29, 1977 a reactor trip and subsequent turbine trip occurred. Imme-

d1ate1y fo1low1ng the trip, plant operators opened the generator main breakers

"station load to startup transformers "'01" and "02". This de energ1zed the 13.8 kv
MA" and "B” buses.

About 1 minute after the turbine trip, both diesel generators-started but diesel

- generator A tripped on overspeed. In Tess than a minute, the "A" and "B" buses
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were manually transferred to the startup transformers "01" and "02", which provided-
the required redundant power sourees. ’

This occurrence was determined to be a procedure error in emergency;procedure
1202.03, "Turbine Trip Emergency Procedure." The procedure incorrectly called for
tripping the turbihe generator output breaker after a turbine trip; this does not
allow the automatic transfer to occur on 13.8 kv "A" and "B" buses.

-_0ffs1te power was restored in about 11 seconds on "B" bus and in about 25 seconds
on "A" bus.- Decay heat was removed by natural c1rcu]at1on following the incident.

Of special significance during this event is the reduction of pressurfzer level
due to primary coolant volume shrinkage. Inspection and Enforcement Report
50-34/78-06 .documented that pressurizer level had gone off the scale. Also noted
cold went off the scale (less than 520°F) and
that makeup flow mon1tor1ng was limited to makeup flows less than 160 gpm; however,

during the event was the fact that T
‘makeup flow may be. substant1a]]y greater than this value.

On September 14, 1977 an event occurred that is similar in many respects to the

TMI-2 incident. The reactor was. operat1ng at 9% power. A spurious signal resulted
in a half-trip of the steam feedwater rupture control system (SFRCS). This caused
the startup feedwater valve on'the No. 2 steam generator to close. (This is the
normal feed path at Tow power Tevel.) Closure of this valve resuited in a lTow
level in No. 2 steam generator which then resulted in a normal full trip of the
SFRCS for this condition and initiation of the SFRCS. SFRCS initiation closes
both main steam isolation valves and initiates feedwater flow to both steam
generators from their individual steam-driven auxiliary feedpumps.

The half-trip and resulting full trip of the SFRCS caused a reduction in heat
removal from the primary system and a corresponding temperature/pressure rise in
the primary system. The pressure rise in the primary system caused the pressur-
izer power-operated relief valve to lift. This valve then rapidly oscillated
closed-open approximately nine times and remained in the fu]]-open‘position.

The temperature rise in the primary system caused an increase in the pressurizer
level, and the operator manually tripped the weactor because of high pressur1zer
Tevel approximately 2 minutes after the half-trip on the SFRCS occurred.

~ The pressurizer power-operated relief valve, in the full-open position, rapidly

* reduced the primary system pressure, and a safety features .actuation system (SFAS)
trip occurred at the 1600 psi set point of the pr1mary system. The PORV discharge
goes to the pressurizer quench tank, which became overloaded and overpressurized,
and at approximately 4-1/2 minutes after reactor. trip the rupture disc in this
tank relieved due to'overpressure;‘thereby venting into the containment. Approxi-
mately 20 minutes after reactor trip, the operators diagnosed the reason for the
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primary syspgm‘depressurization as being the -PORV dnd, from the control room,
closed the motorized block valve ahead of the PORV, terminating the blowdown of
primary coolant to-the containment. ' '

- Subsequent operator action using makeup pumps and high-preséure injection pumps
stabilized the primary system pressure and pressurizer levél and a controlled
shutdown to cold shutdown conditions followed.

Concurrently, No. 2 steam generator went dry. This resulted from the failure of
the No. 2 auxiliary feedpump to come up to full speed:fo110wing the SFRCS trip.
This feed pump came up to approximately 2600 rpm and stayed at this Tevel with no
flow to the steam generator until approximately 12 minutes after reactor trip when
the operators placed the control in manual and brought it up to full speed
(commencing feedwater flow to the steam generator).

The depressurfzation of thevprihary system resulted in saturated conditions in the
primary system, but evaluation has shown there was no appreciable boiling in the
core. The pressure/témperature transients in the primary system components _
including the steam generator, reactor coolant pumps and fuel were severe, but
analysis and subsequent pump test1ng indicated that the trans1ents exper1enced on
the primary system d1d not damage pumps or fuel.

Failure of the PORV to close fo]Towing actuation can be attributed at Teast in
part to human error because the seai-in relay had been removed from the syétem.
This relay holds the PORV open until reset pressuré (2205 psig) is reached,. at
which time the PORV closes. Without the relay on the system, the PORV reseated
below the set pressure of 2255 psig and thereafter oscillated open and closed
‘approximately nine.times and finally jammed in the open position. ‘

The Davis-Bgsse 1 event is similar to the accident at TMI-2 of March 28, 1979,
with several notable differences: initial power level (9% vs 98%), operating
history (dne éffective full power day versus infinite irradiation), and decay heat
removal (auxiliary feed to one steam generator versus none).

Analyses were performed by the licensee and B&W. concerning this event in late 1977
and 1978. These analyses were generally based upon existing models used for
feedwater types of‘transients using bounding assumptions. They did not consider
the sort of additional failures later experienced in the TMI-2 accident which led
to voiding in the RCS. In addition, Tong-term cooling by natural circulation was
not included in the analysis. i

~In addition to the event summarized above, Toledo Edison reported four additional

incidents in their reply to IE Bulletin 79-05A. Their discussion is included in
Appendix R. ’
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3.2

Arkansas Nuclear One, Unit 1’(ANO-1)

' Review‘of'feedwater-re]atéd inéidents at ANO-1 described in LERs didbnot result in
‘any significant transients. Arkansas Power and Light Compary (APLC) in their -

reply to IE Bulletin 79-05A cited- two incidents that involved momentary loss of
pressurizer level following a reactor trip from 100% power. Subsequent tuning of

i

the integrated control syétem apparently solved the problem.

APLC also reported that a PORV failed to close after actuation during plant start-
up testing in 1974. This was attributed to improper venting. The venting was
corrected and, on the several Tater occasions when ‘the PORV lifted, it closed
properly. They are discussed .in Appendix S. ’

v

Summary of B&W Experiehce with Power-Operated Relief Valves

)

A review was made of operating experiehce with B&W préssurizer power-operated
relief valves (PORVs). Other reactor plants also use PORVs. A survey of licensee
event reports (LERs) indicates that B&W plants have experienced six actuations of

"~ PORVs that resulted in, or were a result of, a violation of/plant Technical
‘Specifications. Recent statements by B&W indicate that on about 150 occasions.

PORVs have actuated at B&W facilities. Information on PORV actuations would not
be routinely reported to NRC unless a Technical Specification violation occurs.
The need to consider more effective reporting requirements as well-as the use of -

" the information should be evaluated further.

On several reported occasions, the PORV failed to close when-system pressure was
reduced: (a) one was due to 1mproper venting (ANO-1'during startup testing in '
1974); (b) one was due to equ1pment failure (Oconee 3, June 13, 1975); (c) one
resulted from an overpressure transient with a human error (Dav1s-Besse 1,
September 24, 1977); (d) one was due tojdeenergizatioh-of a vital bus (TMI-2,
Ma}ch 29, 1978); and (e) one is of unknown cause at this time (TMI-2, March 28,
1979). Considering the TMI-2 accident scenario, items (b)'and (c) can be safd to
be precursor type events;. thus, there are three failures of PORVs. that lead to ‘

- conditions requiring HPI actuation such as at TMI-2.

Based on this experience, the estimated failure rate from all causes is 2 x 1072

per demand (one expected failure for every 50 actuations). Preliminary failure

‘rate estimates made by the NRC Probabilistic Analysis Staff (PAS) are consistent

with this number. Consideration should be given to the merits of upgrading the
valves and associated control and power equipment per GDC-14; or, as an alternate,
consideration should be. given to closing the relief valve and block valve during

power operations.

PORVs used at B&W plants are 2-1/2" x 4" Dresser valves except at Davis-Besse 1,
which uses a 2-1/2" x 4" Crosby valve. These valves used by B&W for pressurizer.
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procedure may not have been appropriate.

relief cannot be tested without removing them from the pressurizer and placing them’
in a special test facility. There is currently no requirement -to' test the valves.

NRC has required flow testing of PORVs on some Westinghousé plants as a result of

" overpressure protection reviews, but to date has not required testing at any B&W

p]ants_' It is our understanding that npnemof\the B&W_PORV§ have been tested since

initial installation. However,-the actuating solenoid may have been tested by

energizing with the block valve closed in some instances. In general, PORVs are

not rated for tw0jpha5e or water-solid discharge conditions.

A review of LERs submitted on Westfnghouse'and C-E plants showed no instances of
PORV actuation during transients in which a Technical Specification was exceeded.

. Summary Comments on B&W Feedwater Transients

The events reviewed involved Many differeht types of equipment malfunctions or’

“errors that resulted in some perturbation of the feedwater system. Many of the.

eqUipment failures that initiated transients resulted in degraded performance of
the main feedwater system or emergency. feedwater system.

In some of the transients reviewed, both the main feedwater and emergency feedwater
operated as designed (i.e., responded to other plant equipment malfunctions), but
the primary system still was subjected to a pressure trans{ent, which in some

cases resulted in safety injection or 1ifting of power-operated relief valves..

Feedwéter anomalies that’contribute‘to,severe primary system transients in many
cases represent expected feedwater system responses to other plant equipment
failures. S

~The instances of PORV lifting and subsequent failure to close are uhaccehtab]y

high since a small break LOCA is created by such a failure (about one failure for
each 50 actuations based on experience to date). Although procedures dealing with
stuck-open PORVS exist, it is not clear thét such procedures have been used in a
timely way because of operator failure to recognize that a valve was- stuck open.

The depressurizatidn of the primary system and subsequent HP1 fnﬁtiatiqn, either
from overfeeding steam generators or from inventory loss, results in RCS transients
that are-difficult for the operator to control. 1In those instances in which the

operator was responding to increasing pressurizer levels, his transient response

Although emergency feedwater is necessary to cool down the primary system following
a loss of main feedwater, it has a small effect on the initial (primary) transient,
i.e., even though-AFw system works normally, PORV actuation and/or high-pressure
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injection can occur. Recent actions by licensees in résponse to IE Bulletin 79-05B
would reduce the. potential for PORV actuation due to raising its set point and
Towering the reactor trip set point. L

The outcome of the incidents that include -equipment failure is'dependént on timely
and proper operator action. For feedwater trips without further equipment failures,
no operator action is required. This means that the operator must recognize an

abnormal system response.

As noted in the'discdssiéh of the Septémber 24, 1977, event at Davis-Besse Unit 1
(Section 3;1.6) and the June 13,_1975, incident at Oconee 3 when the RCS pressure
reduced to 800 psi, a feedwater transient (partial or full loss) plus a.PORV stuck
open can result in void formation in the RCS.

In addition, a study should be made by NRC of the entire reporting and data-assembly
processes followed to accumulate and assess the significance of operating .plant
data. " In particular, means should be deve]opéd to identify events of such recurring
frequency that merit prompt attention by NRC; i.e., those events that frequently
challenge the safety systems.
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4.0 OPERATOR TRAINING AND ACTIONS

General Training

Training programs for operator and senior operator licenses vary depending upon

“whether the app]1cant will be licensed prior to or after initial cr1t1ca11ty of the.

fac111ty

Precritical Applicants

The training programs- for precritical applicants of B&W-designed power plants
follow the same patterns as training progréms for all other precritical.
applicants. The programs described beiow are for individué]skwith no previous
nuclear experience. Training programs for individuals with nuclear experience
are modified as appropriate.

-In the first phase of training, the applicants are introduced to (a) the nuclear-

and chemical processes that occur in an operating reactor, (b) radiation and its
effects, and (c) the necessity vaoperafing a reactor in a responsible manner.

The programs last for 12 weeks énd conclude with each applicant participating in a
1-week laboratory course at a research reactor. This training includes operation
of therresearch reactor.

In the second phase, the applicant attends a design lecture series where he learns
the generic product lines and operating characteristics of the type of fac111ty he
will operate This program lasts 6 weeks.

In the third phase, the applicant operates the controls of a nuclear power p]aht
simulator during normal, abnormal, and emefgehcy conditions. As part of this
training, the applicant resides at an opérating poWer plant to observe day-to-day
plant operations beyond those that can be taught in the simulated control room.

This part of the program lasts 4 1/2 months. At the conclusion of the éourse the

applicant must successfully comp]ete a written exam1nat1on and an operating test
similar to an NRC exam1nat1on '

In the final phase of training, the abp]icant returns to his facility to attend
classes on the design features of'the_facility, write operating procedures, pérform
construction check outs and.rdn preoperational tests of equipment. This phase
lasts épproximate]y 1 year. Just prior to taking an NRC examination, the applicant

returns to the simulator training center for a 1-week refresher course.
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~ Post-Critical Applicants

Individuals who- apply for licenses after thé facility has obtained criticality

-normally receive all of their tréining at the site. The programs are. similar in

scope to the programs for the precritical applicants. They«inc]ude'3~months of
control room experience. Individuals who participate in preoperationa] testing
and startup testing do an normai]y attend a simulator course,. although some may
attend a 1- or 2-week simulator course. Most of these‘individué1s have been at
the plant for 3 or 4 years going through the normal job progression prior‘to
sitting for the NRC examination. ' ' o

During the training programs, described in Sections 4.1.1 and 4.1.2, the applicants

.are impressed with the need to use and adhere to written procedures for normal,

abnormal, and emergency operations. The training programs, however, are also
designed so that the individuals became intimately .familiar with their plant and .
its operation so that they may reason their way through various trénsientAsitua-
tions and take appropriate action while remaining within the boundaries of the

operating procedures and other administrative directives.

N
\

Requalification Programs - o . - : : )

Licensed personnel ‘are required to participate in requalification programs. These
programs consist of annual examinations, continuous and preplanned lecture series,
control manipulations, review of emergency procedures and changes to facility

design,'procedures,and the license. An_appropriate simulator may be used for

control manipulations.

Training programs for plant personnel are already. rigorous and comprehensive. The
NRC-administered examinations require the applicant to display considerable

" detailed knowledge of his facility, its operating characteristics, as well as
~normal, abnormal, and emergency procedures for the facility.

.However, there are apparent weak areas in the training programs. A thofough'

review of the programs conducted at simulator training facilities is necessary.

In the present training programs, when the simulator is initialized for a particular
training demonstbation, all systems, valves, pumps, etc., are in thée correct position
for that mode when the student enters the scene. The student is not required to

verify or.realign the various components.

During exercises that involve abnormal operations, both during training and

“examining, emergency systems are actuated and perform as expected every time.

Instrumentation also responds in the correct manner during the course of an abnormal
or emergency operation. However, abnormal operation of emergency equipment during

normal and abnormal events is not stressed.
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Operator and senior operatdriapp]icants receive essentially the same training

except that the senior operator is expected to demonstrate a better understandfng
of operat1ng character1st1cs fuel handling; and adm1n1strat1ve procedures.

Little emphas1s is p]aced on evaluating the senior applicant's ab111ty to manage
an abnormal and/or emergency condition.

Requalification programs permit operators and senior operators to execute all of

i their control manipulations at the’faci1ity."The'vést majority of these are -

normal manipulations. Therefore, the majority of the operators walk ‘through
abnormal and emergency procedures. Consideration should be given‘to requirjng all
operators to receive simulator training as part of the requalification programs.

A1though all current PWR training programs and operating procedures are geared
toward the prevention of void formation in the RCS, these procedures may- be
1nadequate to (a) alert the operator to the s1gn1f1cance of void formation in the
RCS, (b) tell the operator what parameters to monitor as 1nd1cators of the presence
of voids in the system, and (c) instruct the operator in positive actions to
suppress or accommodate voids in the system. Until very recent]y, s1mu]ator

models did not include RCS .responses w1th void formation.

It is especially the areas of 5bhorma1 or emergency proceddres‘ihat_shou1d be
addreesed during the review of training programs.. With this is mind, a reevalua-

tion of ‘existing training programs will be performed for all-nuclear power plants.

As part of the actions that will be taken at all the B&W plants recently shut down,

’each.operating crew will complete retraining on the B&W simulator for the TMI-2
accident. - ' '

General Operating Procédures

Operating prdcedures are prepared in accordance'with'Regu]atbryvGuide 1.33,

Appendix A, Quality Assurance Program Requirements (Operation), and Sections 5.3.2,
5.3.9,.and 5.3.9.1 of ANSI N18.1/ANS 3.2 entitled, "Administrative Controls and
Quality Assurance for the Operationa1‘Phase‘0f Nuclear Power Plants."  The operating
procedures are written by'the facility operating staff. The reactor vendorisupplies-
reference material to serve as a basis for the procedures. - The procedures are
reviewed by the Plant Operatibns Review Committee.or a similar review group comprised
of senior supervisory personnel. The procedures are then approved by the plant
superintendent."The procedures are forwarded to the NRC regional I&E ﬁnspector‘

for review prior to loading the fuel into the reactor: The NRC Operator Licensing
Branch (OLB) uses the procedures to develop questibns for examinations. -If OLB
examiners determine any 1nadequac1es in the procedures they inform the I&E
1nspector of their concerns. ' ‘



4.3

It is clear from the TMI-2 accident that facility procedures should be reviewed td
assure that they realistically assist the operators in coping with an .abnormal or
emergency condition. .

NRC should also exp]oré means for improving the procedure system. Particular
emphasis should be placed on indexing, ease of retrieva],Ac1arity‘0f inétrucﬁions,
and updating provision.

The adequacy of safety-related operator action procedures Shoh]d be determined on
an apprqpriate simulator as .part of the.review process. Review of procedures
should be more c]oseTy coupled to the knowledge gained from4unanticipated events.
Aids to assist the operator to_diagﬁose instrument response should be part of the
emergency procedures; for example, pump head versus flow curves coqu be of use at .
the console. ' ' ‘

A new section of emergency procedures should be developed that addresses shutdown
operation with degraded equipment ahd_jnstrumentation. These procedurés should be

included in Regulatory Guide 1.33.

Human Factors

WASH-1400, the Reactor Safety Study (RSS), and the critique of the report per-
formed by the Risk Assessment Review Group (NUREG-CR/0687) addressed the role of
the operator during the course of an accident.

To quote from the RSS:

"On the basis of interview, observation, a visit to a training center, and
review of training materials, the level of training of nuclear power plant
personnel was judged to be outstanding. For examb]e, interviews with control
. room operators revealed a clear understanding of normal reactor operation.
They can readily describe the events occurring in normal on-line opeﬁation
and have a clear conceptual picture of the procesées involved. (In one
iﬁterview an operator who was considered by his supervisor to be 'below
.éverageﬁ for operétors at the site demonstrated the above thorough under-
Astanding.)' Therefore, for routine maintenance, ca]ibraﬁion, and control room’
operations, a high degree of trained-in excellence has been assumed with

. associated high estimates of human re]iabiﬂjty."

However, the RSS indicates something less than qomp1ete satisfaction with operator
response to emergency situations.based on "talk-through" of responses. to simulated
emeﬁgencies. As a consequence, the report assigned relatively hiéh error rates to
operator actions required soon after a major emergency such as a 1arge LOCA.

Since there were no nuclear power plant human re]iqbi]ity data available at‘the
time'of the report, data from other studies were used fo assign average operator
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error rates. The results of two of the studies indicated that assignment of high
error rates to operator actions during a stress situation was appropriate[_

"Two studies that merit mention here are both considered classics in the'area

of human factors. 1In one study by the American Institutes of Research critical
incidents were collected from Strategic Air Command aircrews after they
survived in-flight emergencies (such as loss of engine on takeoff, cabin

fire, tire blowout on landing, etc.). -The critical incident average error rate
was 0.16; that is, 16% of the time, the critical actions of the aircrews in
such. stress situations either made the situation worse or did not provide
relief.

"In the second study, conducted by the Human Resources Research Organization,
Army recruits were‘subjected to simulated emergencies such as the increasing
proximity of falling mortar shells in their command posts. The recruits were
exposed to these simulated emergencies in such a way .that they believed the
situations to be real.. As many'as one third of new recruits fled in panic,
rather than perform the assigned task that would have resulted in a cessation
of the mortar attack. These studies have yielded indications of the devasta-
ting effects that very high stress levels can have on the performance of even
thoroughly trained, reliable persqnnel.”' ‘

The Risk Assessment Review Group recognized the difficulty of incorporating operator
error into-fault tree analysis. However' the Groun believed that the RSS underrated -
the role of operators and other employees in m1t1gat1ng or contro111ng some potent1a1
accident sequences, particularly those that requ1red a reasonab]y 1engthy time to
degenerate.

In response to the. f1nd1ngs and recommendations in these reports and because of
.other NRC concerns, several stud1es exam1n1ng exam1n1ng operator response are
presently under way.

NRC is sponsoring a safety-related operator action study to‘determine, with better
precision,‘the times required for operator response. - A second study sponsored by
NRC addresses human reliability based on a'detai]ed review of Licensee Event
Reports (LERs) to develop reliability numbers for risk assessment studies. F1na11y

we are sponsor1ng a human re11ab111ty study regarding maintenance and instrument -
calibration tasks.

" In addition to these NRC studies, the Electric Power Research Institute (EPRI)is
sponsoring studies on human engineering in the control room, an assessment of
advanced contro] rooms, and conducting performance measurements.

The applicable results of all these studies w11] be factored into the regu]atory
process as they become available. '



4.4
4.4.1

4.4.2

Operator Actions During Recovery from Loss of Feedwater Transient

_ General Procedures

Operator response to a loss of feedwater transient consists of.verifying certain
automatic actions and performing séVera] immediate manual actions. Thesevare
specified in operating procedures. The immediate automatié and Mahuai actions are
specified in the emergency procedures and are committed to memory by licensed
operators. In the case of a feedwater transient that leads tb a reactor trip, the

~operator would be expected to pefform the emergency procedures for a reactor trip

and for loss of feedwater. In additibn, the operator wouﬁd_examine the written
emergency procedures and verify thatﬁa]]'immediate actions -had been performed.
After this verification, the operator would follow the Tong-term instructions as
provided in the station procedures. A ' '

If a situation such as the one that developed at TMI-2 were to recur, it is clear

- that the operators would need to recognize ‘the situation (i.e., a stuck-open PORV)

and utilize existing procédurés for a stuck PORV and a small break LOCA. From the
discussion in Section 3.0 and the TMI-2 accident, it is not clear that this was

done in a timely way during previous events.

Operator Actions in Response to.the TMI-2 Transient of March 28; 1979

The following discussjon.is based on preliminary information and is subject'fo

~change in the Tight of information still being developed. 'Fo110wing loss of main

feedwater supply to the steam generators, the initial indication to the TMI-2
operators was a turbine-generator trip and 8 seconds later a reactor trip-dde to

“high pressure. The turbine trip occurs 'automatically on loss-of both main feedwater

pumps. When the turbine trips, pressurizer Tevel and pressﬁre begin to increase.
Thé ICS should begin to run the plant back by driving in control rods and clésing
the main feedwater regulating valves:. Also, the power-operated relief:valve on
the pressurizer opens at 100 psi above the primary system pressure of 2155 psig.
These automatic features are designed to enable the reactor to continue to operate
following a turbine trip." In tﬁis'case, the pressure increase was too rapid and a
reactor frip occurred at 2355 psig. ,

The operators at this point apparently believed it was a typical reactor trip and
were fo]iowing their emergency procedure for this event. In addition to their
verifications, the operators were required to close the reactor coolant system
(RCS) Tetdown isolation valve and start a second makeup pump. These actions were
apparently performed. ‘Steam generator levels automatically decrease to 30 inchés
on the startup range. '

There are no flow indications for auxiliary feedwater flow in the control room.

During the first minute into this transient, the operators apparently believed

“that there were no problems with the auxiliary feedwater because the steam



generator 1eve1s were decreas1ng as designed and the three aux111ary feedwater
pumps were running.

After approximately l'mfnute, the pressuriier level began to rapidly increase.

"This was an unusbal indication to the operator. Both training and the reactor

trip procedure usually alert the operator to maintain pressurizer level because it
normally drops considerably following a reactor trip. At this point, two makeup
(high-pressure injection) pumps were running and the power-operated relief valve
was still open.. The only position indication on this relief valve is a light that
shows if the solenoid that actuates the valve is energized or de-energized. Once.
system pressure dropped below 2205 psig (where the valve should have closed), this

-light appareht]y'went out.

When the pressurizer-1eve1 was at 385 inches, the bperators attempted to control
it first by thrott1ing the injection valves and then by tripping qhe of the HPI
pumps. This was done about 5 minutes into the event. Saturation conditions in
the RCS were reached and the pressurizer level went.off the scale short]y there-
after. The pressurizer level remained off the scale for several minutes and the
operator stopped the second HPI pump. This was a significant operational error
because system pressure was a]ready 100 to 200 psi-below the actuation pressure

‘for safety injection.

{

A caut1onary statement in the fo]]owup actions of the Loss of Reactor Coolant
System Pressure procedure states

"Continued 0perat1on (of safety 1nJect10n) depends upon the capability to
_maintain pressurizer level and RCS pressure above the 1640 ps1g Safety
Injection Actuation setp01nt."

This statement appears in the procedure for the situation in which safety
injection was manually initiated. - It does not éppear later on in_the procedure
under automatic safety injection (SI) initiation, which occurred during this
accident. The operators, however, appeared to'be_concerned with a water so}id

-

pressurizer‘and paid insufficient attention to RCS pressure.

During this period of time, the operators were also becomin§ aware, that steam
generator levels were being'indicated-signif{cant1y below their control set point
and pressures wete decreasing. Eight minutes into the incident the operators
discovered that the emergency feedwater injection block valves EF-V12A and EF-V12B
were shut and opened them from the control room panels resu]ting in auxiliary
feedwater flow to the steam generatorsA When feedwater was initiated to the steam
generators, a heat s1nk was prov1ded for the RCS which further decreased pr1mary .
system pressure.

i



-

There is no evidence at this time that the operators were consulting any procedure
other than-the reactor trip procedure. The Loss of Steam Generator Feed Emergency
Procedure directs operators to verify that emergency feedwater valves EF-V11A and
EV-V11B are in automatic and controlling steam generator levels. When the block
valves, EF-V12A and EF-V12B, were opened, EF-V11A and EF-V11B should have received
a wide-open signal from the ICS. ' '

Based on. preliminary evidence, it appears possible that a clear supervisofy role
had not been established during this period in order to assess the overall plant
situation. The personnel involved seemed to have concentrated on a specific

system or abnormal parameter. The actual reason for the system pressure decrease

was not adequately addressed.

From 4:20 a.m. to 5:00-a.m. fhe operators allowed the RCS to stabilize at saturated -
conditions of 1015 psig and 550°F; They were then beginningvtd experience problems
with the reactor coolant pumps, i.e., decreasing flow and high vibratijon. At

5:14 a.m., both pumps in loop B were tripped. This appears to have been a .joint .
decision by the personnel in the control room. “There is evidence that supervisory
personnel were present at this time and the decision to stop the pumps was not

made solely by the operators. The concern was that the phmps were not meetihg the
net positive suction head requirements. After observing the flow fluctuate for
about 27 minutes, the remainihg two RC pumps were stopped.

During this time, the B steam generator was isolated because the operators believed
it was leaking steam into containment: . The level in A steam generator was increased

to promote natural circulation.

Because supervisory personnel were present in the control réom at this time, the
decision-making process was no longer solely the responsibility of the shift opera-
ting crew. Up to this point, the significant human errors appear to include the

following:

1. The prior closure of emergency feedwater valves EF-V12A and EF-V12B and the
' failure of all control room personnel to be aware of and correct this

situation;

2. The termination of high-pressure injection flow when system pressufe was

significént]y below the actuation point;

3. The apparent lack of attention to decreasing system preésure and failure to

systematically observe plant parameteérs to determine the reason for this
pressure- decline (the power-operated relief valve stuck open);

4. The decision to stop the reactor coolant pumps and the failure to vefify or

ensure natural circulation flow;

4-8
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4.5

5.

6.

The apparent lack of use of the appropriate émergency procedures (i.e., loss
of steam generator feed and loss of reactor coolant system pressure); and

The failure to fo]qu thé‘procedure for a stuck-open PORV.

General Comments

In addition to those follow-up actions identified in earlier parts of Section 4.0

above, the foT]owing recommendations should be considered.

1.

If ECCS actuation occurs, operators must allow sufficient time for the system
to respond prior to défeating the system. Other guidance for minimum ECCS
operating time has been provided through IE Bulletin 79-05.

Other potential methods for coping with a loss of the primary'heat'sink
should be investigated. Analyses and procedures should be developed for use

-of pressurizer relief and safety'Va]ves and high-pressure injection as heat

sinks.

Consideration should be given to using tape recorders that. record operator(s)
conversations when a-trip occurs. It will help the operators to write logs
and provide for -a real time record. ' '

IE Circular 76~07, Inadequate Performance By Reactor Operating'and Support
Staff Members, should be reviewed and reissued, if necessary. This circular
addresses the need for utility management to review and take appropriate
action on LERs that involve facilities similar to theirs.

Y .
Therezwi]1 always be a residuum of possible but ndt postulated and ana1yzed
situations. To address this, and as an attempt to extend the defense-in-depth
concept, we should study ways to make the operator a more effective recovery
agent or incident/accident mitigator. Such a study.-should Took for ways to

" (a) prevent (inhibit) inappropriate actions and (b) promote productive inter-

vention. An element of the study that could serve both purposes would be an
investigation of methods that would furnish the operator with correct, current,
digestible information regarding principal plant conditions (i.e., processes,
systems and equipment). The means by which the operator would best use this
information should also be considered, however, such means should not be so
rigid as to preclude expedited ahd_improvised actions for the operators for

unanticipated phenomena.
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5.1

5.0 LICENSING BASIS AND.REGULATIONS

Licensing Overview

The NRC makes the determination before a license is granted that there is-reasonable
assurance that the facility can be.operated without undue fisk to the health and
safety of the pubiic. A body of requirements has been provided for the design
and operation of nuclear power plants to ensure safety. The principal elements
of these requirements are contained in the Code of Federal Regulations; Title 10
Part 50 especially in Appendix A, General Design Criteria (GDC). License app1i-ﬁ
cants are required to include the results of ‘a safety evaluation covering the
significant design features of the reactor plant for revfew by the NRC prior to
construction and operation. These are called the pre]iminafy and final safety
analysis reports (PéAR and FSAR). In order to organize the PSAR or FSAR for each
plant into a document treating all requirements, a Standard Format.and content
guide (NUREG-75/094) was deve]oped‘to'specify information requirements for the
Safety Analysis Reports. To-assure. a consistent review of each plant's Safety
Analysis Report by NRC, a Standard Review Plan (NUREG-75/087) was developed.

In addftioﬁ, Regulatory Guides have been developed to more specifica]]y'provide
interpretations of the GDC acceptable to the: NRC staff for the design of nuclear .
power plants. ' :

v

A defense-in-depth approach to safety is embodied in the regulations. This leads

to multiple barriers against the release -of radioactive material. Simf]af]y,
reactor and p]ént‘systems important to safety are constructed and tested to
criteria consistent with their importance to safety namely, the -fuel cladding,
the primary system pressure boundary, and the containment building. Then
engineered safety systemé'are-provjded to mitigate the consequences of various
postulated events. -Safety systems are required to'be designed to accdmmodate
single active failures ih theseASystemslin additfon_to the effects of .the
initiating event without loss of thejr safety function. Some passive failures
also have to be considered. Not all safety systems in older plants meet the
single failure criterion as it .is now applied, e.g., the auxiliary feedwater
system at Oconee is not single failure proof. '

Preoperational and startup tests ére performed on each plant to assure that the
plant and its safety systemé are operatibna] and can perform_aS'désigned.

Technical Specifications identifying and limiting conditions for plant operation
are added as an appendix to-the Operating License. Maintenance, inspection, and

.. operational considerations are subjects of interaction between the NRC and the

licensee thrdughout theA1ife of the plant.
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5.2

The operators of nuclear power plants are subject to-licensing reouirements _
specified by NRC. The licensing process includes initial training in nuclear
technology, understand1ng of generic designs, and simulator. training Subse-
quently, final tra1n1ng takes place at the home fac111ty where actual exper1ence
is obtained, including the use of procedures for normal, abnormal, and emergency
operations. The culmination of this training program is the NRC Reactor Operator'
License Exam which‘must be passed in order to be licensed to operate the plant
(see Section 4.0).

In this section of thé_study, certain aspects of the NRC licensing process will
be evaluated in light of the TMI-2 accident of March 28, 1979. Specifically, the
following will be addressed: -

1. Loss of feedwater events for B&W reactors including a consideration of
initiating events that lead to pressurization of the primary system causing
the safety valves to actuate. ‘(In‘actuality, the relief valves would operate
before the safety valves; however, no credit is inenvfor their actuation.)

2. Status of models used in safety_ana]ysis,»espétia11y with regard to transients
and small breaks. '

3. -Standard Review Plans (SRPs) and their app11cab111ty to trans1ents and small

breaks.

4. Technical Specifications and ‘their requirements for the operators to cope
with transients and/or small break events.

Final Safety'Ana]ysis Reports for Operating B&W Reactors

In general, the loss of feedwater transient analyses that have beén'performed and
reported- in the Final Safety Analysis Reports (FSAR) for B&W reactors have focused
only on a loss of normal feedwater. Loss of all feedwater (i.é.; failure of both
main and emergency feedwater systems) is not considered in the course of a usual
case_review. This is consistent with current and past regulatory practice as it

‘was believed that a Toss of all feedwater could only occur after multiple and

unlikely equipment failures. Human errcr to lock-out a system (such as occurred
on TMI 2) had been considered to be highly unlikely. ’

Loss of feedwater transients are not the on]yvantfcipated occurrences that result

in primary system pressure transients. Some others are a loss of off-site power,
a turbine or generator trip, certain small break events, and events that would
result in a Toss of secondary system heat removal, e.g., a main steam line break

or a rupture of a steam generator tube.

A



Although not specifically required by regulations, some ana]yses for .a total loss
_of feedwater accident have been performed in part on.occasions. These were
- performed as part of the staff's review of‘related transients (e.g., see Appendix
V for Three Mile Is1and; Unit 1, Design Review for Consideration of Effects of
Piping Systems Breaks Outside Containment, FSAR Supplement 2, Part IX) and in
response to specific ACRS questions.

Fo]]ow1ng is a brief discussion of an example of each of the types of ana]yses of
feedwater events that have been performed.

(
5.2.1 Loss of Normal Feedwater

As stated above, a loss of normal feedwater is the design basis feedwater transient
required to be addressed in the ana] Safety Analysis Report. This type of
analysis wesAperformed for Three Mile Island, Unit 2, and the resu]ts.are typicel

"~ for all B&W plants (a copy of the TMI-2 analysis is provided in Appendix T of
this report). ' - '

Since this transient is considered to be an.overpressure event, assumbtions are
made in the analysis to accentuate the overpressurization. Specifically, neither
power runback nor PORVs are assumed to operate. During the transient, the Toss
of main feedwater reduces the capabi]ity to dissipate heat-flow from the primary
to secondary system. The primary system heats up, the safety valve is actuated,
and the reactor trips on overpressure in the primary system The emergency -
feedwater system refills the steam generators and dissipates the decay heat. The
reactor core remains covered, no fuel damage occurs and offsite doses .are well
within the guidelines of 10 CFR 100. -The actual analysis presented spans about a
20-second period.' In this time, it 1nd1cates that core power and primary system
pressure are mdving in a safe direction relative to fuel damage and system over-
pressure. : ‘ 4 '

The analysis that was performed did not assume opening of the power-operated
relief valve nor its subsequent failure to close when the pressure decreased.-
Such an assumption was cons1dered to be conservative because it would result in
ca]cu]at1ng a maximum pressure in the pr1mary system. On the other hand, the

. failure of a PORV to operate properly was not evaluated completely. .Although the
PORV is designed to open on loss of normal feedwater, the staff .may not have paid
sufficient attention to the possibility it could stick open because. of the.attentjon
given to assuring that a conservative pverpressure would .be ca]cu]ated. The
Standard Review Plan indicates that there should be no loss of function of -any
barrier other than the fuel cladding for such a transient, even when.accbmpanied
by a single failure. This aspect will have to be reconsidered in future ana]yses.
In addition, consideration will have to be given to the valve design with regard
to its abiiity to function under dynamic conditions including two-phase flow.
The contro] system associated with the valve actuator is also to be evaluated as
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. to possible upgrading.to a safety grade requirement. The dynamic effects of

depressurization and the potential for voiding in the reactor coolant system will
need-to be evaluated in future studies. These matters are discussed in Section 2
of this report. ' ' '

The TMI-2 accident started with a 1055 qf feedwater transient and, because of the
stuck-open poyér operated relief valve, a small break loss-of-coolant accident
resulted. According to the Standard Review Plan, such a sequence should have

been analyzed in the licensing process, but it was not. It may have been considered
to be bounded by othervsmall break LOCA ah&]yses. ' '

With:regard to the small break analyses, B&W gehera]]y performs such.calcu1ations
down to about an area of 5 square inches at locations in the primary loop other
than the pressurizer, and for relatively short time periods between 100 .and 200
seconds. Further work will be ‘necessary to review smaller breaks of the type
that might be postulated based upon the TMI-2 experience. The,]ong;term cool-
ability of the plant will need to be evaluated especially with regard to natural
circulation cooling which would be necessary for a 1oss-of46ffsite power event. A
A natural circulation test was not conducted on TMI-2 during étértup testing
because of a test performed on the Oconee p]aht which is of the same general
design as TMI-2. It is noted however, that natural circulation cooling was
accomplished at TMI-2 on April 27, 1979.

'The models that are used for small break analyses conform to‘Appendix K (10 CFR 50) °
~ requirements; e.g., loss4of-offsite power, minimum core cooling, and no short-term
- operator actions. More realistic studies of the reactor plant dynamic respnse

will be needed to ensure proper tracking-and,understanding of the event being

. analyzed. These matters are now being discussed with B& as part of the recent

shutdown actions. The B&W Company submitted a letter dated April 30, 1979 deétrib-
ing its actions with regard to the evaluation of tranéients and small break LOCAs
(Appendix U). ‘

5

Steam Line Break Outside Containment Building Resulting in Complete

Loss of Feedwater

This accident was analyzed for Three Mile Island, Unit -1, which is similar to
Unit 2. The main difference between a steam line break and -a feedwafer line:
break (or loss of feedwater) is that'ddring the initial transient, the steam
génerator blows down (depressurizes) and over-cools the primary system. The
reactor trips on low primary system pressure. The analysis assumes that the
primary system does not depressurize to the 1600 psi set point for ECCS actuation
but rather repressurizes due to decay heat-after the reactor trip. The failed
steam line and associated steam generator are assumed isolated. A failure of the
emergency feedwater system to-supply the remaining steam.éeneratOr is usually
assumed.
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‘The'operator is giVen credit for controlling the makeup system and starting a
second HPI pump after 15 minutes. This results in the primary system going solid
with water and with mass and energy being released through the pressurizer valve.

The core would remain covered and cooled in this mode until the water would be
depleted from the borated water storage tank (BWST). Prior to BWST depletion,
the operator would initiate emergency feedwater in the remaining steam generator
and.-initiate cooldown.- ’

" Analysis indicated that there would be some voiding in the core, and no signi-
ficant fuel damage was predicted with the design power distribution. The pro-
Tonged release through the code safety valve resulted in high containment pressure
and subéequent containment isolation, and actuation of the ECCS 38 minutes after
the event. A copy of the TMI-1 Analysis- of this event is presented in Appendix V

of this report. _ ’T/r1 Q{,PQ%
5.2.3  Loss of All Feedwater o . M

During the course of the ACRS review of the Pebble Springs Nuclear Plant (a B&W

plant) Construction Permit application, it was requested that the licensee consider
certain questions related to a complete loss of feedwater transient. The response
of the licensee, Portland General Electric Company, is included in Appendix W of
this report. As in the case of the above steam 1ine break analysis, the complete
loss of feedwater transient is mitigéted by relying on high-pressure injectioh
.drawn from the borated water storage tank to maintain- pr1mary system inventory

and pressure in 11eu of the steam generators

The Pebble Springs Nuclear Plant reactors are larger than the reactors at Three
Mile Isiand. "However, the system configuration is-similar and therefore would
respond in a similar manner to transients analyzed in accordance with license -
application guidelines. The results of the ana]ysis of loss of feedwater illus-
trates that voiding is expected to occur in the system in addition to the void in

the pressurizer.

5.2.4 Summary of FSAR Analyses

For most PWRs, including B&W plants, the safety analyses are carried out in time
only long enough to indicate that pertinent parameters relative to core damage or
overpressurization are proceeding in a safe direction. Analyses are seldom

-pursued out in time to evaluate .operator aétions, inactions, or error in judgment,
or the course of naturai circulation coo]ihg in the event of a loss-of-offsite
power. A "bounding" analysis is normaT]y presented which covers a number of
possible initiating events in combination with potential additional single failures.
The TMI-2 accident raises the question of whether the bounding analysis approach
results in a loss of accuracy in tracking individual events where possible
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new insights could be obtained, e.g., not including a PORV in the analysis because
it is not safety gfade and then allowing system pressure to rise to the safety
valve setpoint. Analyses performed in 1977.and 1978 by the Davis-Besse licensee
and B&W regérding the September 24, 1977, event were indicated to be conservative
aha]yses; however, the modeling of the event led to a shortcoming. of hot analyzing
phe phenomenon of voiding in the core and long-term natural tircd]ation cooling.

 As discussed previously, such factors as the interrelationship between a transient

and a small break need to be given consideration.” The question of reliance on
safety vs. non-safety grade equipment to terminate transients deserves further
study because the design requiréments-and operational reliability of non-safety
grade equipment are not specified by NRC. It has long been'recognized that new .
criteria are necessary to specify requirements for contrd]ﬂgrade equipment.

Status of Models Used in B&W Safety'Analyses

Presently, B&W uses the TRAP-2 code for seébndary side transient analyses.

TRAP-2 is similar .to the CRAFT code used in LOCA ana]yées, but has been modified
to include a more detailed steam generator model. A recent (August'1978) NRC
inspection of vendor quality assurance procedures for computer codes revealed
that B&W lists the TRAP-2 code as a conditionally certified code, meaning that
the verification of the code has not yet been completed to B&W's satisfaction.
The code was submitted for NRC review in 1976. The information provided in
support of the code was not sufficient to complete the review. Additional informa-
tion was requested in January 1979. The outstanding questions are primarily
concerned with the adequacy of the pressurizer model to.calculate pressures
correctly for insurges,'and the exberimenta] verification of the model. Even
though the TRAP-2 code is not fully reviewed and not verified at the present
time, it is still the best tool available to B&W for feedwater transient analysis.
Other codes Tike POWER TRAIN, which was previously used fqr-feédwater transient

- .analysis, are still under review by NRC and are known to give nonconservative

results compared with TRAP-2 at least for some events. (See, for example, the
TMI-2 steam line break analysis submitted in December 1977.) Thus, all future
feedwater transient analyses should use the TRAP-2 code. Reliance should be
placed on older codes Tike POWER TRAIN and CADD only for certain transients which
are determined to be within their scope. These codes only model the primary
system in-a single-phase fluid condition. In addition, the transient analysis
provided by B&W has been usually limited to the first few minutes of the event.
The staff is presently meeting with B&W (and other PWR vendors) to discuss the
models and codes used for transient aﬁd small break'ana]yées inc]udﬁng natural
circulation cooling. This activity has been included as part of the recent
shutdown actions taken with the B&W plants. Because of the generic nature of
this review, further consideration of models and codes should a]so_inc]ude the
GE-BWR plants.

5-6.



A report entitled, "Decay Heat Removal During a Very Small Break LOCA for a
B&W 205-Fuel-Assembly PWR," by C. Michelson (January 1978) has recently been
provided to the staff. In this report Mr. Michelson described concerns régarding
small breaks (0.05 ft2 range) and the ability of the piantis heat removal. systems
to remove adequéte decay heat to prevent syétem repressurization in the event of
a loss of natural circulation or break isolation by operator action. -He has also
discussed concerns on slug or two-phase flow through a pressurizer safety va]ve.\

This report.is presently being reviewed by the staff and will be reported on
separately. ' : . \

5.4 Standard Review Plans

The Standard Review Plan requirements for the Toss of feedwater and other anticipated
transients have been reviewed to determine how differences in the present require-

" ments would have led to a better anticipation or understanding of the events
associated with the TMI-2 accident. There are two areas that would have an
impact on the NRC‘s capability to predict or correct what occurred at TMI-2.

1. Under the "Afeas of Review" and also the "Review Procedures" subsections of
the Standard Review Plan Section 15.2.7, it is stated that "transients are
reviewed to the point where a stabilized condition is achieved."

As noted during the discussion of the analyses presented in the FSAR, the
staff has accepted analyses wherein the critical parameters had entered a
stable region and were so continuing.: This interprétation of "a point where
stabijlized conditions have been achieved" should be a subject of reassess-
ment especially with regafd to achieving natural circulation cooling.

2. The Standard Review Plan (Section 15.1) states that "An incident of moderate
frequency in combination with any single active component faiture, or single
~ operator error, should not result in a loss of function of any barrier other
than fuel cladding. A limited number of fuel rod cladding pekforations is
acceptab]e."I '
/The staff has been aware that Anticipated Operational Occurrences (A0Os) plus a
single failure are not rigorously pursued, especially with regard to a- stuck-open
relief valve during a.transient. Such events were considered either to be within
the capabi]ity of the makeup system or were covered by small break analyses;
however, only a limited number of small break analyses for B&W plants were
.previously provided or'required'for staff review, and none corresponding to the
stuck-open PORV.

A reassessment of moderate freqUency and infrequent events and their treatment by

the NRC is necessary. In this case, it is apparent that greater awareness of the
review areas and assumptions is necessary. In no case, however, would the present
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5.6

SRP require that mu]tipTe\faiIUreS‘simi]ar to those apparently associated with
the TMI-2 event be considered as a design basis accident. Greater attention will
be needed in considering consequential failures and operator actions based upon
TMI-2. ' B

General Design-Criteria

Feedwater transients are énticipated operational occurrences (A00s), since they

are expected to occur one or more times during the life of a nuclear p]anf. The -
basic requirements for A00's are given in General Design Criteria (GDC) 10 and

15. GDC-10 requires that specified acceptable fuel design limits not be exceeded
during AOOs. GDC-14 and GDC-15 require that the design of the reactor coolant
pressure boundary should preclude abnormal leakage and the design-conditions of

the boundary should not be exceeded during A00's. Additional requirements specified
jn GDC-13 are: "Instrumentation shall be provided to monitor variables and

. systems over their anticipated ranges...for anticipated operational occurrences...as

appropriate to assure adequate safety.... Appropriate controls shall be provided
to maintain these variables and systems within prescribed operating ranges."
GDC-20 states the general requirements for protection systems, including the
following: - "The protection system shall be designed (1) to initiate automatically

.the operation of appropriate systems including the reactivity control systems, to

assure that specific acceptable fuel design limits-are .not exceeded as a result

of anticipated operational occurrences...."

In the light of the TMI-2 experience, it is apparent that app]icab1e.criteria
were not met. Clearer guidance and implementation of these criteria by NRC are
necessary. This action can generally be accomplished through revisions to the
Standard Review Plan or the issuance of'new Régu1atory Guides following the
development of the specific actions required; however, theAcriteria’themse1ves
should be reviewed for impfovement or clarification. Interim actfons'at the
present are being taken by issuance of the IE Bulletins (79-05, 79-05A, 79-05B,
79-06, 79-06A,'and 79-08) to the licensees of light water reactor plants. These °
deal with placing greater reliance on a variety of plant equipment and operating
parameters,:rather than emphasis on one parameter only as was apparently the case

for pressurizer level in the early minutes of the TMI-2 accident.

\

Technical Specifications

A brief study was made of the possible interaction of Technical Specifications

and the Three Mile Island Unit 2 accident. Two categories are identified, the

first includes those that may be overly prescriptive and that may have contributed
to the course and severity of the accident. The second category involves viglations
that appareht]y led to or contributed to the severity of the accident at TMI-2.




In the first category, Teéhnica] Speci;ication 3.4.4 of the Standard Technical
Specifications requires that the pressurizer be operable with a steam bubble and

a sbecified water level when the reactor plant is in Modes 1, 2, and 3 (power
operation, startup, and hot standby). This specification may have influenced the
operator t6 emphasize the maintenance of -pressurizer level and not sufficiently
emphasize primary system inventory and pressure.

: There are indications that Technical Spec1f1cat1ons were.violated at TMI-2. For

examp]e Technical Specification 3.7.1.2 requires that three emergency feedwater
pumps be available dur]ng normal reactor operation (one may be unavailable for

short periods of time associated with surveillance testing or maintenance). When
the incident occurred, . all three pumps were isolated from providing flow to the
steam generator by closed valves. This violation 1éd to compiete blowdown (dry-out)
of the steam generator and contributed to PORV action in the primary system. The
stuck-open relief valve caused system depressurization and ultimate voiding in

the reactor core.

The foregoing is an example of the interaction of the Technical Sbecifications'
and the TMI-2 accident. A preliminary review of the Technical Specifications in
the light of recent TMI-2 experience indicates further consideration should be

‘given to improving these requirements to cover off normal situations, improved

reporting requirements, and improved means to ensure that proper p]ant system
conf1gurat1ons are maintained dur1ng power operation.
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6.0 OTHER PRESSURIZED WATER REACTORS

Design

Representative Combustion Engineering (C-E) and Westinghouse (W) PWR designs have
been compared with the Babcock & Wilcox PWR design to assess the relative

reactor system dynamic behavior that would result from a complete loss of main
feedwater. A summary of pertinent design information used in this comparison is
given in Table 10. .

Further review is being made ¢f the C-E and W reactor plant designs in light of
the TMI-2 accident. The staff has met with fepresentatives of the NSSS designers
to distuSs»re]ated analyses, tests, and plant features dealing with small break
LOCA, anticipated transients, operator training and procedures, and reliability of
the auxiliary feedwater systems including associated controls and natural circula-
tion capabiiity. The results.of the staff review will be presented in separate

‘reports.

Combustion Engineeriﬁg

The Combustion Engineering plants selected were Palisades and Millstone Unit 2.
Relevant design data for these plants, which were collected from the plant FSARs
and Technical Specifications, are given in Table 10. .

‘As Table 10 shows, there is a relatively small difference in the total reactor

coolant system volume between the C-E plants selected and a typical B&W reactor.
The volume is about 10 percent larger for a typical B&W plant; thus, corres-
pondingly greater coolant mass is available to store energy whenever a loss of
normal heat sink occurs. Thus, all else being equal, the temperature and pressure
rise (fall) in the primary system will be faster for a C-E plant than for a B&W
plant for a given reduction (increase) in steam generator heat removal capability.

However,‘as the table shows, there is a substantially larger invéntory of water
stored on the secondary side of the C-E and W steam generators than in the B&W
once-through steam generator (0TSG) design. Boil-off, at hot full power, will
not occur for more than 1%)minutes for the Palisades p]aht and about 2 minutes
for the Millstone - unit. This heat sink storage is approximately three to four
times greater than a typical once-through steam generator B&W plant. The substan-
tially ]afger heat transfer buffer afforded by this larger inventory results {n a
relatively gradual pressure and temperature rise in the primary,system wheneyer
normal feedwater supply is lost. In addition, as seen from the table, both of
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TABLE 10- COMPARISON OF KEY CHARACTERISTICS OF OPERATING B&W PLANTS

Characteristic
Thermal rating, Mw+
Trip from secondary
Rx press trip, psig*
RCS volume, ft3-x 10-3
Pressurizer vol./RCS vol.
PORV capacity, 1b/hr MW

Set point, psig*

Oper. ﬁargin, psi
SV- capacity, 1b/hr Mwt

Low set point, psig
Steam gen., minutes to

_inventory, boil-off @ FP
Aux. FW cap motor
% of design rating turbine
High-press inject/dead head, psi
Charging cap gpm @ des. press.
gpm @ 1600 psig

“RCP vapor trap geom
Hot leg/S.G. vapor trap geom
Pressurizer loop seal geom
Internals vent valves

249
2450

0.45.

2@ 2.0ea
1@3.8
2820
20300 ea
| 20450 ea
Yes

Yes

Yes

Yes

*To be revised per IE Bulletin 79-05B

W

IP-3 D.C. Cook

3025
Yes -
2385
11.3
0.15
118.
2335
100
416

- 2485

6-2

1.22
2.@1.3ea
102.6
1463

0

0

No

No

No

No

3250
Yes
2385
12.6
0.14
194
2335
100
388
2485

1.17
201.6ea
103.2
1560/2590
400/150
o/

“No

No
No

~No

WITH C-E and W PLANTS FOR THE LOSS OF FEEDWATER TRANSIENT

C-E )
Palisades Millstone 2

2530 2560
Yes Yes
2240 2385
10.9 -10.8
0.14 0.14
121 Mg

. 2385 ¢ 2385
150 150
272 231
2485 2485

- 1.5% 1.94
1@1.53 201.1
101.53 182.2
1214 . 1192
300
0
No No
No
No

"No
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2

the C-E plants incorporate an anticipatory reactor trip on low steam generator water

“level. This trip causes termination of the pressure and temperature rise in the

primary system before an excessive loss of steam generator heat removal capability
occurs.

Moreover, the margin between. normal pfimary system operating pressure and the 1ift
set point of the PORV is 150 psi. This pressure margin is- about 80 psi more than
originally provided in a B&W plant (B&W operating plant margins will be increased
during the current shutdown). The additional margin allows for a 1arger transiént
pressure and temperature rise in the RCS before PORV actuation/ The most recent
analyses_of the loss of feedwater transient for these plants show that tpe rela-
tively gradual pressure and temperature rise in the primary system is termiqated
by the anticipatory reactor trip in time to avoid 1ifting the PORV."

In summary, the large water inventory in their steam generators makes the loss of
feedwater event a slower transient for a C-E PWR than for a B&W PWR. The slow

~rate of the pressure and temperature rise in the primary system coupled with the

anticipatory (fasterﬁ reactor trip and relatively high actuation pressure of the
PORV.makes the 1ifting of these valves unexpected. Thus, the probability of a
stuck-open PORV during the cooldown or depressurization phase of a loss of feedwater
event is smaller for a C-E plant than for a B&W OTSG plant.

Analyses by C-E show that when Palisades loses normal feedwater the early reactor
trip will cause sufficient water to be left in the steam generators, with no
makeup, to remove stored and decay heat for about 16 minutes. Thus, substantial

“time is available for the operator to manually establish auxiliary or normal

feedwater. Also, an analysis provided as part of a power uprating request for

the Palisades shows- that, if auxiliary feedwater were supplied during the post
reactor trip period, primary system pressure would be Timited to 2162 psi, thereby
avoiding the 1ifting of the PORV (2400 psi set point).

A similar analysis performed by C-E for Millstone Unit 2 shows that PORV actuation
would not occur if auxiliary feedwater was established within 13 minutes. From .
this it can be seen that these typical C-E plants ‘are much less susceptfb]e than
a B&W plant to the failures and subsequent problems that occurred at TMI-2 (gee
Table 10.)

Westinghouse

The Westinghouse PWRs selected were Indian Point Unit 3 and D.C. Cdok Unit 1.
Despite some minov differences to the RCS designs, the response of these plants -
to a loss of feedwater transient is similar. Relevant design data for these
plants, which were collected from the plant FSARs and Technical Specifications
are given in Table 10.



As was the case for the C-E plants, Table 10 shows that there.is a relatively

small difference in total reactor coolant system volume between the W plants

selected and a typical B&W reactor. Thus, all else being equal, the temperature

and pressure rise (faT]) in the primary system will be quite similar for a W or

B&W plant for a given reduction (increase) in steam generator heat removal capabﬁlity.

As the table shows, the'inventory of watef (in terms of minutes to boil-off at full
power) on the secondary side of the steam generators is two to three times larger. for
these W plants than for a B&W plant (although not as large as that for a C-E ‘
ptant). The substantially larger heat transfer buffer afforded by the larger
inventory of water in a Westinghouse steam generator results in a slower pressure

and temperature rise in the primary system whenever normal feedwater supply is

Tost. However, the rate of rise of pressure and temperature would be expected to

be somewhat faster than that for a C-E plant that has an even larger steam

generator water inventory. As for the C-E plants, the reviewed Westinghouse

plants incorporate an anticipatory reactor trip that, on low steam generator

water Tevel, will cause termination of the pressure and temperéthre rise in the
priméry‘system'before aﬁ excessive loss of steam generator heat removal

capability can occur. _
The margin between normal reactor coolant system operating pressure and the 1ift’
setting for the PORV is 100 péi. This is also somewhat higher than the 70 psi
margin for a B&W plant although it is not as large as the 150 psi margin for the"
C-E plants considered. '

For these Westinghouse plants, the auxiliary pumps start automaiica]]y on several
5conditions, inc]uding Tow steam generatdr water level or trip of the main feed pumps.
FSARs state that the auxiliary feed pumps will maintain sufficient heat transfer
through the steam generators during the transient to prevent actuation of the

PORVs. Thus, the susceptibility of Westinghouse plants to 1ifting the PORV is

+ less than for a B&W plant.

Although the analyses assure automatic actuation of auxiliary feedwater supply,

its availability would not be necessary to prevent PORV actuation during the

initial heatup phase. Auxiliary feedwater supply is necessary to preclude sub-
sequent lifting of_the'PORV after reactor trip when decay and stored heat must be
removed. The 1argér steam generator inventory of these W plants would result in a .
significantly longer period of time before auxiliary feedwater would be required

to prévent 1ifting the PORV after reactor trip. A review of actual loss of
feedwater transients that have occurred at operating W plants confirms these
transient characteristics for other W reactors.

From the preceding discussion, it can be seen that these typical W plants are

also less susceptible than a B&W plant to the failures and subsequent problems
that occurred at TMI-2 on March 28, 1979 (see Table 11.)
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TABLE 11. SUSCEPTIBILITY TO PORV VALVE LIFT FOR B&W, C-E, AND W. PWRs
AS A RESULT OF A LOSS OF FEEDWATER EVENT

Susceptibility to PORV Valve Lift*

NSSS Before Reactor Trip ) After Reactor Trip

) . Aux. Feed. Aux. Feed
Supplier Aux. Feed No Aux. Feed Immediately  after 10. min.
B&W " Very high Very high L low Very high
C-E Very low ~ Very low Very low Low
W . Very low Very low ' , Very Tow Low

*These findings are subject to reconsideration following licensee actions in response to
IE Bulletin 79-05A and shutdown of the B&W plants. '

6-5






7.1

7.2
7.2.1

7.0 INSPECTION AND_ENFORCEMENT BULLETINS (TMI-2)

General

The NRC has a formal program within the Office of Inspection and Enforcement (IE)
to feed back information to all licensees regarding events of safety significance
at operating reactors. When an event at an individual plant is of such safety
significance as to require action by other licensees, an IE Bulletin is issued.

As a result of the TMI-2 accidenf, a number of IE Bulletins were issued. A listing
of the bulletins that have been issued to date is provided in Table 12. These
bulletins are provided for reference in Appendix X.

The followup actions required of the licensees in response to these bulletins can
be separated into two categories: (a) those that required reviews of information
provided in the bulletins and assessments by the}iicehsees as to the need for
changes at the plants; and (b) those that required implementation of chénges to
specific design features or operating procedures at the plants. Each of these
categories of actions is discussed separateiy in the following sections. A summary
of NRC evaluation to date of the'actions taken by the .1icensees in response to the

‘bulletins is provided in Section 7.3.

Actions Required by IE Bulletins
Review Actions ’

IE Bu]]etin-7§-0§ was the first bu]]étin issuéd.in connectibn with the Three Mile
Island accident. The bulletin was issued on April 1; 1979, and provided a des-
cription of the initiating events and the subsequent course of the incident.

The primary focus of IE Bulletin 79-05 was to provide information to a}] Ticensees
and to initiate a review by B&W plant licensees of the need for changes at their
plants. The later bulletins (i.e., 79-05A, 79-05B, 79-06,v79-06A, 79-06B, and
79-08) initiated similar reviews by all the licensees and identified more specific'
corrective measures to be taken. The following is a 1isting of the general review
actions required by the bulletins. Actions required by the bulletins that involve
specific changes to the plant design or operating procedures are discussed in
Section 7.2.2. '

1. Review operating procedures to assure that they acknowledge the possibi]ity of
forming voids in the primary coclant system large enough to compromise core
cooling, and that they ideﬁiify (a) the operator actions required to prevent



‘Bulletin
79-05-

79-05A

79-06

~

79-06A

79-068B
- 79-08

79-06A

(Rev. 1)_

79-05B

TABLE 12 LISTING OF IE BULLETINS FOR
THREE MILE ISLAND ACCIDENT ‘

Subject

Nuclear Incident at
Three Mile Island

Nuclear Incident at
Three Mile Island -
Supplement

Review of Operational Errors
and System Misalignments
Identified During the Three
Mile Island Incident

Review of Operational Errors
and System Misalignments
Identified During the Three
Mile Island Incident :

Review of Operational Errors
and System Misalignments
Identified During the Three
Mile Island Incident

Events Relevant to Boiling
Water Power Reactors ‘
Identified During Three
Mile Island Incident

Review of Operational Errors
and System Misalignments
Identified During the Three

. Mile Island Incident -

Nuclear Incident at Three
Mile Island '

A
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Issue Date

Issued to Licensees

4/1/79
4/5/79

4/11/79

4/14/79

4/14/79
4/14/79

4/18/79

4/21/79

A1l B&W power reactors
with an OL for action
and all other power
reactors for information

A11 B&W power reactors
with an OL for action
and all other power
reactors for information

\

Ai] PWR power reactors

~ with an OL except B&W

for action and all
other power reactors for
information '

A1l Westinghouse power
reactors with an OL

for action and all other
power reactors for
information

A11 C-E power reactors
with an OL for action
and all other power
reactors for information

A11 B&W power reactors
with an OL for action and
all other power reactors
for information

A11 Westinghouse power

- reactors with an OL for

action and all other
power reactors for

information

A11 B&W power reactors
with an OL for action and
all other power reactors
for information



the formation of such voids, and (b) the operator actions required to ensure
continued core cooling in the event voids are formed.

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

Review all safety-related valve positions and procedures for positioning
valves following maintenance and testing to assure that they are and will
continue to be in the correct position.

Review the operating modes and procedures for all systems designed to transfer
potentially radioactive gases and 1iquids out of the containment to assure
that the transfer will not occur inadvertently.

Review reporting procedures for serious events to assure proﬁpt notification
of the NRC. '

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

In addition to the above requests for reviews by all the reactor licensees, B&W
plant licensees were specifica]iy reauested to review any transients that had
occurred in the past that were similar to the Three Mile Island events and report
any significant deviations from expected performance along with a safety analysis
and a description of any corrective actions taken. .

Also in connection with the bulletins, the following two requests for information
were submitted to licensees with boiling water power reactors:

Describe the actions, both automatic and manua1; necessary for proper function-
_ ing of the auxiliary heat removal systems (e.g., reactor core isolation
cooling) that are used when the main feedwater system is not operable. For
any manual action necessary, describe in summary form the procedure by which
this action is taken fn a timely sense.

Describe a11 uses and types of vessel level indication for beth automatic and
manual initiation of safety systems. Describe -other redundant {nstrumentatjon
which the operator might have available to give the same information regarding
plant status. Instruct operators to utilize other available information to
initiate safety systems.



7.2.2

Changes to Plant Design Features and Operating Procedures

In the days immediately following the issuance of IE Bulletin 79-05, the NRC )
received additional preliminary information that allowed it to identify six
potential human, design, and mechanical failures that had resulted in the core
damage and radiation releases at Three Mile Island. To assure that all the
licensees were fully informed of these'factors, a series of followup bulletins was

issued beginning with IE Bulletin 79-05A on April 5, 1979.

In contrast to IE Bulletin 79-05, these later bulletins not only proVided informa-
tion for the licensees to review but also identified specific action to be taken to
lessen the 1ikelihood of a repeat of the events at Three Mile Island. ‘The follow-
ing is a listing of the_mdst'significant types of actions to be taken:

1.  The specific conditions under which the automatically initiated high-pressure
injection (HPI) system should not be qverriddén by the operators were speci-
fied and the licensees were required to modify existing oberatfng procedures
and training instructions accordingly. ' '

:

2. The licensees were required to modify existing operating procedures if
necessary to assure that (a) at least a minimum specified.numbef of RCPs would
remain operating in the event of an HPI initiation with reactor coolant pumps
running, and (b) the oberators'wou]d not rely éole]y upon pressurizer level
indication alone without considering other plant parameters jn evaluating
'plant conditicns such as water inventory in the reactor primary system.

3. >Specific actions with regard to containment isolation system design features
and procedures to prevent the release of kadioactivity from the cqntainment‘

. t
were required.

4. Specific actions to improve the availability of auxiliary feedwater sysfems
were required.

5. The licensees were required to modify maintenance and test procedures as
necessary to require specific actions that would assure no removal of
redundant safety systems from service as a result of testing or maintenance.

6. The Ticensees were reqﬁired to modify reporting procedures for pfompt NRC
notification to assure that the NRC is notified within one hour of the time
that a reactor is not in a controiled or expected condition of operation.
Further, at that time, an open continuous communication channel with the NRC
was required to be established and maintained. '
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10.

n.

12.

13.

14.

Licensees with B&W plants were required to provide for NRC approvél'a design
review and schedule for implementation of a safety grade automatic an-
ticipatory reactor trip for loss of feedwater, turbine trip, or significant
reduction inlsteam generator level.

Licensees with B&W plants were required to provide an analysis and'propose

" modifications to design features and operating procedures to assure a

reduction in the likelihood of automatic actuation of the pressurizer
power-operated relief valve during anticipated transients.

Licensees with B&W plants were required to provide procedures and training to
operating personnel for a prompt manual trip of the reactor for transients
that result in a pressure increase in the reactor coolant system.

Licensees with B&W plants were required to develop procedures and train opera-
ting personnel on methods of establishing and maintaining natural circulation.

‘Specific precautions to be included in the instructions were specified.

Licensees with B&W p]ants'were required to implement procedures immediately
that assure that two 100 percent independent steam generdtor auxiliary
feedwater flow paths remain available or the reactor be shut down within a
specified period of time. - '

Licensees with plants with pressurizer power-operated relief valves were

"required to prepare and implement immediately specific procedures identified

to assure that the operators would be aware of a stuck-open valve and would
take action to secure it at pressures below the set point.

Licensees with plants that use pressurizer water level coincident‘with pres-

surizer pressure for automatic initiaiion of safety injection into the reactor
coolant system were required to trip the 1ow‘pressurizer level set point
bistables such that, when the pressurizer pressure reaches the low set poiﬁt,
safety injection would be initiated regard]ess of the pressurizer level. 1In
addition, operators were instructed to manually initiate safety injection when
the pressurizer pressure indication reached the actuation set point whether or
not the level indication had dropped to the actuation set point.

Licensees with plants where the auxiliary feedwater system is not automati-
cally initiated were instructed to prepare and implement procedures immediately

- that require the stationing of an individual (with no other assigned con-

current duties and in direct and continuous communication with the cpntrd]
room) to promptly initiate adequate auxiliary feedwater to the steam
generator(s) for those transients or accidents the consequences.of which can
be Timited by such action.



7.3

Evaluation of Licensee Responses to IE Bulletins

The NRC staff evaluation of all of the licensee responses to the Three Mile Island
IE Bulletins is.sti]l ongoing. To date, the major NRC effort has been directed
towards completing the review of responses by B&W plant licensees to IE Bulletin
79-05A, and this review is now complete. IE Bulletin 79-05A contains all

of the main points relevant to B&W plants identified in Section 7.2 with the
exception of those dealing with natural circulation and measures to reduce the
1ikelihood of actuating a power-operated relief valve during anticipated opera-
tional occurrences. These two exceptions were a part of IE Bulletin 79-OBB and are
stil1l under review. ‘

A separate safety evaluation report has been prepared for each B&W plant licensee's
response to IE Bulletin 79-05A. These reports state that, although certain areas
have been identified in which additional information and clarification is needed,

} the licensees have correctly interpreted IE Bulletin 79-05A and demonstrated their

understanding of the salient ‘concerns arising from the Three Mile Island incident
in reviewing the implications on their own operations, and have provided added
assurance for the protection of the public health and. safety during plant
operation. On this basis, the staff believes that the principal objective of IE
Bulletin 79-05A has been satisfied. Future staff efforts in connection with the
bulletins will be directed toward reviewing the B&W b]ant']icgnsees' responses to
IE Bulletin 79-05B and the other licensees' responses to the other bulletins.



8.1

8.0 GENERAL CONCLUSION - FINDINGS AND RECOMMENDATIONS

General Conclusion

Findings and recommendations are presented for consideration and action by the
reactor vendors,.]icensees,'and the NRC based on the results of the review per-
formed‘by the task group. The task group evaluated the generic aspects of feed-
water transients for B&W plants in the light of operating experience including
the TMI-2 accident. PDesign features, operationa] aspects, and the Ticensing

basis are the principal areas reviewed~by'the task group and discussed in this
report. ’

As stated, the purpose of this report was to make an early assessment concerning
those measures that might be necessary to prevent a recurrence of the TMI-2 event
at other B&W facilities; however, the results of this short-term review indicated

that many of the findings and recommendations are also applicable to the other

PWR vendors (i.e., Westinghouse and Combustion Engineering) and, in certain

cases, are appropriate actions for the BWR plants designed by the General Electric
Company (e.g., in the areas of training and analyses). Many actions have been
taken since the TMI-2 event by the staff and industry toc ensure that recurrence

~ would not take place, including the shutdown of the B&W facilities for short-term
corrective actions. It is .also realized that there are ongoing activities to
‘further improve. the safety margins in these plants as this report is being pub-

lished. Thus, this report is to be treated as a status report on those matters
related to the feedwater transient aspects that were identified in the initial
period after March 28, 1979, and is not to be considered a complete and final set
of recommenaedméctions."'lt is quite certain that otherﬁactions will bé required

as the overall review of the TMI-2 accident progresses.

On the basis of the results of this interim review, the general conc]usion can be
reached that certain design improvements and other actions already being implemented .
on B&W are necessary before plant operation is resumed. These actions will be
specified in shutdown orders that resulted to varying degree from this generic
review; e.g., reactor trip on secondary side of the plant, operator training,
auxiliary feedwater reliability, and the need for further analyses of small break
loss-of-coolant accidents. In addition, the staff find that longer term improve-
ments are required with regard to training and actions; equipment reliability,

and the evaluation of transients and small break LOCAs. The staff believes
implementation of the recommendations stated in this report would further increase
the safety margins in the B&W PWR p]énts.



8.2
8.2.1

Plant Design
Plant Comparisons

Finding

A preliminary comparison of plant design features shows similarity among the

" currently Ticensed B& reactors. Given the sequence of events that occurred at

TMI-2, the task group finds no basic design deficiency alone that would have

precluded the occurrence of similar degraded conditions in the other B&W plants _
without the equipment malfunctions and human errors involved in the TMI-2 sequence
of events. ‘ ‘

There are Tocations in the primary system where steam or other gases can accu-
mulate if the primary system is perﬁitted to depressurize to saturation condi-
tions. These locations are in the upper reactor vessel, “in the région of each
reactor coolant pump, and in the upper levels of the hot legs and steam generators.
There appears to be no specific reason for voids to accumulate only’ 1n the pres-
surizer under these conditjons, although during normal operation only ‘the pres-
surizer is operated at saturation conditions.

Recommendations

Various anticipated trans1ent events with the potential for depressur1zat1on and

_flashing in the pr1mary system should be evaluated generically with special

attention directed to understand1ng the sens1t1v1ty of their consequences as a
function of equipment malfunction or human error. Methods for improving the
likelihood of success in dealing with such transients should be‘1nvest1gated by
the NRC and B&. These include (a) actions already under way for B&W plants
following the bulletins and the confirming shutdown orders (e;g., operating
procedures and plant instrumentation); (b) development qf impﬁoved instrumentation
to indicate éubcod]ing in the primary system so that a more reliable indication
of water level in the reactor vessel would be provided to the operators (see
Section 8.2.7); (c) improvement of automat1c actions of protect1on system,
engineered safety features, and other safety-related equipment to decrease the
dependence on operator actions especially during the early part of the transient;
and (d) a basic study of the B&W p]ént design with regard to interaction between
the 0STG, ICS and the sizing of tﬁe pressurizer/surge line. :

] Consfderétion should be given to means that would 1imit the pressure achieved

during refill to remove operator concern about overpressure potential from HPI
when core cooling is required.



8.2.2  Steam Generator and Feedwater Systems

Finding

Only the bypass controls for demineralizers were compared in detail, but this
area alone indicates some variation in potential for loss of feedwater events
among the B&W plants. There are, however, other initiations due to human error
or equipment failure that would Tead to a loss of feedwater transient. The B&W
once-through steam generators have much smaller water inventories than those
associatéd with Combustion Engineering and Westinghouse plants. As a result, the
'B&W steam generators boil off on loss of,feedwater much more quickly. This leads,
to a more rapid increase in primary pressure on loss of main feedwater in B&W
plants and therefore requires greater performance and reliability of the AFW
delivery.

The auxiliary feedwater system tends to 1imit the overpressure excursion by
providing some continuation of heat rejection capability to the steam generators.
Actions-giVen in IE Bulletin 79-05B should prevent. subsequent overpressure and
reduce the loss of primary system inventory through the PORV and permit the HPI
to refill and depressurize the primary system more quickly.

Recommendations .

Once-Through Steam Generator (0TSG)

The safety aspects of the OTSG'for B&W plants should be defined and included in
operating procedures that deal with transients and small break LOCAs. Included
should be the results of a sensitivity study of the water inventory and time for
boiloff to consider the potential benefit of increasing the operating water level
in OTSGs for B&W plants. '

Main Feedwater Systems

Feedwater transiehts have been initiated from a variety of human and equipment
failures. Although some improvements'can_and‘shoqu be made to feedwater system
reliability and to identify and correct design deficiencies, the occurrence of
feedwater transients cannot be eliminated. Thus, the emphasis should be on
coping and mitigating the consequences of feedwater transients.

 Auxiliary (Emergency) Feedwater Systems

Goals should be established by NRC and means developed to make the auxiliary
feedwater system more reliable. Short-term action is required by the recent:
shutdown orders and IE bulletins and should belfd110wed by a longer term reevalu-
ation of system reliability and interactions. Increased surveillance should be
considered for all PWR plants. ' '



8.2.3

Plant Control Systems

Finding

The design requirements and criteria for plant process controls are not well
defined in NRC regulations. Furthermore,‘the interaction of these features,
especially in the B&W integrated control system and the auxiliary feedwater
system, have not been thoroughly explored in previous NRC licensing reviews. The
plant control systems play an essential part in plant operations and the control.
of transient situations that would otherwise introduce challenges to the plant
safety system. ‘

- Failure of controls could initiate a transient or could inhibit the control of a

transient otherwise mitigated.
Recommendation

1. The role of control systems in all plants, and their significance to éafety,
should be reéva]uated by NRC and the vendors. The evaluations should be
performed by the industry with guidelines developed by the NRC. Considera-
tion should be given to establishing criteria regarding the rate at which
transients challenge the plant safety systems. Such transients should
include (a) those initiated by control failure plus (b) those initiated
outside the control system that are not successfully mitigated by the control
system. The plant monitoring instrumentation should be included in this
evaluation. Failure mode and effects should be utilized to identify
realistic plant interactions resulting from failures in non-safety systems,
safety systems, and opekator'actions.

‘

2. As a result of the TMI-2 accident, the evaluation of monitoring systems
should focus extra attention on certain specific‘monitofing systems, such as
the pressurizer level indication discussed in Section 2.2.9 of this report.
The pressurizer level ﬁndicator has been used, sometimes incorrectly as at

.. TMI-2, as a direct indicator df the adequacy of water inventory in the
reactor vessel. A more direct and more easily interpreted indication of
water jnventory in the primary system would make operator inference and
actions more reliable. Alternate monitoring methods for evaluating adequacy
of reactor vessel water level, such as the primary inventory control system
discussed in Section 2.2.9, should alsc be evaluated in the recommended
study. Specifically, one approach can be characterized as instrumentation
to measure and directTy display to the operator such derived quantities as
the subcooling in the reactor outlet, or the quantity of and energy'content
of cooling water in the core. Also, an assessment of the balance between
additional automation versus. improved operator response to maintain adequate
plant conditions should be made.
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3. Criteria should be defined and established by NRC for equipment and systems
that are important to safe plant operation but are not required.to be Class 1E.
This effort would follow the completion of the evaluations described in
Items 1 and 2 above. Although the need for "Class 2E" classification of
" equipment has been recognized by the staff, the industry, and standards
organizations, appropriate standards have not yet been déve]oped.

8.2.4 Power-Operated Relief Valve

Finding

-A171 B&W plants except for Davis-Besse 1 have Dresser power-operated relief valves
(several different models). Davis-Besse 1 has a Crosby Model HPN-SN valve.
Failures have occurred on both the Dresser and Crosby valves and improvements

" have been made in the valves and their controls. At the moment, the staff has no
basis for rating one better than the other.

As related to the TMI-2 accident, the failure of the PORV to close changed a loss-
of-feedwater transient into a small loss-of-coolant accident. This was not
immediate]y apparent to the operators. . The effects of/two-phase'f1ow have not
yet been fully evaluated.

Interim measures have been taken to reduce the number of times the PORV would be
requifed to operate during the life of a plant by IE Bulletin 79-05B and the
shutdown provisions that inc]ude (a) installation of an anticipatory reactor trip
or turbine trip, (b) improving the reliability of the auxiliary feedwater, (c)
lowering the reactor trip pressure set point, and (d) raising the set points for
the PORV. Other actions may be necessary before subsequent start-up of the B&W
plants. T

Recommendation

A more direct and positive indication of valve position is needed. Consideration
also shouid be given to the merits of hpgrading valves and the associated control
and power equipmént to safety grade, thereby achieving greater valve reliability;
or, as an alternate, cohsideration should be given to the merits of closing the
relief and block valves during power operation. In addition, an evaluation and
possib]é testing of the PORV with regard to two-phase flow conditions should be
made. These actions should be taken by NRC and B&W.



8.2.5 .

8.2.6

“Data From Operating Plants

Finding

- A review of the LERs dealing with feedwater types o% transients has indicated

that three events have occurred in B&W plants in which a power-operqted_re]ief
valve (PORV) stuck opén during the event. There have been about 150 occasions in
which the pressurizer relief valves have actuated yielding about.an arrival rate
of 2x]0-2 per event and a probability of a small break LOCA of about 0.1 per
reactor year, which is excessive. This is an example of the type of information
that can be derived from a study of experiences in operating plants to identify
those equipment malfunctions and/or events that lead to situations of significant
frequncy that challenge the plant safety feétures.

Recommendation

A study should be made by NRC of the entire reporting and data-assembly processes
followed to accumulate and assess the significance of operating plant data. In

- particular, means should be developed to identify events of such recurring frequency

that they merit prompt attention by NRC; i.e., .those that frequently 6ha]1enge the
plant safety systems. '

(

Containment Isolation System

Finding

" The experience gained from the TMI-2 accident indicates that automatic containment

isolation was not initiated by safety injection actuation. - This led to a signifi-
cant release of contaminated 1iquids from the containment to the auxiliary building

S

~where an overflow occurred.

Recommendation

1. Requirements should be revised by NRC to reflect the importance to safety of
'isolating all nonessential lines penetrating the containment in the event of
an accident. Nonessential lines are those lines that, upon isolation, do
not degrade core cooling capability and do not have a post-accident safety
function; e.g., sump lines. 4

2. Administrative procedures should be strengthened to ensure the correct
positioning of all manual and remote manual containment isolation valves
under administrative control.

3. The plant parameters to be monitored for the initiation of containment
' isclation should be evaluated by NRC; e.g., containment pressure, containment



radiation level, and those parameters 'relied on to initiate safety injection
cooling of the reactor core. The parameters sensed for the safety injection
signal should be evaluated in terms of their validity and ‘reliability for
use in initiating containment isolation.

4. Systems that are capable of transfer of potentially radioactive liquids and
gases out of the containment should be identified; and the containment
isolation system, including operating modes and pfdcedures, should be evaluated
to assure that inadvertent transfer of fluids will not occur. In this
regard, the automatic actuation of these systems does not appear to be
desirable, and'interlocks may be required to prevent an automatic transfer
erm occurring when a high radiation level exists.

5. The impact on containment isolation system performance of resetting engi-
neered safety features actuation signals following an accident should be
evaluated for all plants.. '

8.2.7 Residual Héat Removal System
Finding

For reasons not yet understood, the low-pressure heat removal system was not
placed into operation during the early (first 12 hours) stéges of the accident.
The operators attempted to reduce system pressure after approximately 7 1/2 hours
(see Figure 2); however, the pressure never was low enough to cut-in the residual
heat removal (RHR) system (about 300 psig). Subsequent long-term heat removal by
the RHR was not carried out because of the high ]evelé of contamination in the
reactor coolant system water and an apparent question of the leak tightness of
~the RHR system outside of the containment.. o

Recommendation

The NRC, licensees, and designers should reexamine the design basis and adequacy
of the RHR system in the light of the TMI-2 experience in which the reactor
coolant system became highly contaminated due to significant core damage. This
should include access capability and location of equipment for the operator.

8.2.8 Design Features to Improve Operator Response
Finding
The number and complexity of possible event sequences for nuciear power reactors

make it impossible to assure that operators are specifically trained to respond
correctly to each and every off-normal or accident condition.



Significant .core damage at TMI-2 would not have occurred only because of the loss of
main feedwater, late initiation of auxiliary feedwater, or the occurrence of
a'stuck-opén relief valve. It probably could have been averted even with all

three. Significant core damage occurred because primary system conditions were
permitted to degrade by overriding an automatic HPI safety system resulting from

an indication of pressurizer water level rather than more direct knowledge of the
water inventory in the reactor vessel.

NRC preliminary review of the chronology of events during the TMI-2 accident has
revealed that several deliberate operator actions may have contributed to the
severity of the accident and that several opportunities for action to intervene
productively in the progression of events were not recognized. The staff believes
" that -the defﬁciency in operator action at various points in the accident sequence
was at least partially the result of the inability to diagnose the situation in a
real time frame and the -inability to assess or predict confidently the effects of
remedial actions before they were taken. It appears that the operators were
following existing operating procedures for the type of event believed to have
occurred. .

Recommendation

An overriding priority for plant conditions to be pursued following a transient

or accident must be established so that, regardless of other concerns, no actions
on the part of the operator or automatic systems should be contrary to maintaining
core cooling. '

The condition to be pursued is a full primary system inventory, full primary
system pressure, and maximum subcooling. This condition should be pursued by
knowledgable operator response and supported by the safety system design, control
system design, Technical Specifications, and operating procedures. Should other
considerations place a limit on pursuing such a course, automatic safety actions
should be provided to satisfy those secondary concerns within the limits of

retaining a coolable core.

There will always be a residuum of possible but not postulated and analyzed
situations. To address this, and as an attempt to extend the defense-in-depth
concept, the NRC staff should study ways to make the operator a more effective

' recovery agent or incident/accident mitigator. Such a study should Took for ways
to (a) prevent (inhibit) inappropriate actions and (b) promoté productive inter-
vention. An element of the study that could serve both purposes would be an
investigation of ways to furnish the operator with correct, current, digestible
information regarding principal plant conditioné (processes, systems, equipment).
The means whereby the operator would best employ this information should also be
considered; e.g., on-line real-time analysis. The work in this area at the-
Halden reactor in Norway on disturbance analyses could provide a useful point of
departure for this study.
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8.3
8.3.1

Operations-

Training

Finding
Operator training programs have evoived over the last 10 to 15 years from a
concentrated on-the-job training, with 1ittle time allotted to formal training,

or to the present structured, formal, NRC—apprbved programs.

The staff believes that training simulators have had a significant effect on the

_ quality of operator training since they permit the operator to experience abnormal

and emergency events. The NRC has conducted examinations utilizing simulators
for about 4 to 5 years and finds that this examination is much more demanding on
the person being examined (as well as the examiner) than avnormal "wa]k-through“
dialogue. = Consequently, a better evaluation of an individual's competency can be
made using a simulator; howéver, the extent of the improvement in evaluation
potential in each case will depend on the degree of similarity between the simula-

tion and the plant that the individual will operate.

Training programs have underemphasized the possibility of failures in various
systems, nonstandard passive conditions (misaligned systems), possible failure of
engineered safeguard equipment when cailed upon, and even the effects of multiple
failures. While the merits of ‘the single failure criterion may be significant as
a design basis, it is not clear that it should be considered as a']imiting'basis'
for training purposes. Training aspects include the technical staff.

Recommendations

1. Simulator training programs should be reviewed by NRC and the vendors as to
scope and-content to assure that they address human errors such as those
that contributed to the TMIfZ accident and should also incorporate training
to respond to multiple failures and safety system malfunctions. A1l simulator
training programs should include drills on the following:

a. Natural circulation to the time of cold shutdown
b. ECCS actuation failures with programmed malfunctions

2. Simulator models should be modified by the PWR vendors to include flashing,
single failure of various system, the effects of muitiple failures, and ECCS

malfunctions.

3. Ways should be studied by NRC that would better evaluate a senior operator's
ability to direct activities during abnormal or emergency operations.
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4. Training on protecting the core should be emphasized at all plants. This
includes providing means to recognize whether an adequate heat sink, primary
system inventory, and intact primary and Secondary systems exist.

5. Refresher training on emergency procedures should be increased. .The technical
staff 'should also be included with this activity. Requalification programs
should require simulator training; criteria should be developed in this
regard. Emphasis in requalification programs should be placed on evaTuating
operator and senior operator response during abnormal and emergency conditions.

8.3.2 Operating Procedures

Findings

Operating and emergency procedures are developed in accordance with Regulatory
Guide 1.33, Appendix A, Quality Assurance Program Requirements (Operation) and
Sections 5.3.2 and 5.3.9 of ANSI 18/ANS 3.2; entitled "Administrative Controls
and Quality Assurance for Operation of Nuclear Power Plants." '

Normal operating procedures inVo]vé the use of checklists and function as con-

trolled evaluations with final conditions as the goals to achieve. Abnormal and
: emérgency procedures are completely different. When abnormal or emergency condi-

tions occur, the operator is working with automatic responses and may have to

take manual- actions.

Recommendations

Emergency procedures shoh]d be written in real time as an aid for the operator to
study and memorize. The procedures should be'developed in conjunction with simulator
studies and results available from analyses to promote proper understanding of

the event sequences,'margins.availab1e to the operator, and critical decision

points. Such action may include on-line real-time computers. When real incidents
occur, operators must be able to critique themselves and the procedures used

after stable conditions have been achieved. This will give credence to the
procedures and allow all operatorﬁ to gain additional knowledge from the event.

Procedures that address single failures as well as the effects of multiple failures
should be written to accommodate events similar to those at TMI-2. Examples
include (a) complete loss of power, (b) loss of power to ICS on B&W p]énts, (c)
loss of vital instrumentation and power supplies, (d) reactivity anomalies, (e)
complete Toss of feedwater, and (f) anticipated transients without scram.

_Procedures must be readily available for the operator to use; emergency proce-
dures should be indexed for quick retrieval and use.
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8.3.3

An’additiona] task should be a review of operating procedures that deal with
implementing Technical Specification requirements to ensure that overly restric-
tive requiréments are not established that would inhibit operator improvisation
under abnormal conditions; e.g., concerns on system pressurization and pressurizer
level as discrete parameters rather than the interrelationship te void formation
during a transient or small break LOCA. '

~

Human Factors

Findings

The operator has been trained to rely on his instrumentation. He will continue
to do so until he suspects an erroneous readihg; however, he must be trained not
to rely solely on a single indication since it may be erroneous or m%s]eading.
under certain conditions. -

If the operator has too many additional manual functions to perform, he may reduce
his observations on other. system parameters, which may lead him to have "tunnel
vision." Subject to further understanding, it appears at this time that in the
TMI-2 accident the operator apparently kept relying only on the high pressurizer

" Jevel.

Human factors engineering has not been sufficiently emphasized in the design and
Tayout of the control rooms. The location of instruments.and controls in many

" power p]ants often increases the likelihood of operator error or, at the least,

impedes the operator in efficiently carrying out the normal, abnormal, and emergency
actions required of him. o : ' ' '

Recommendations

Operator and technical staff training should be revised as necessary to improve
the operater's understanding of his responsibilities during abnormal and emergency
conditions. The design basis for the plant has provided that, in the event of
emergencies, suitable actions will be aufomatica]]y initiated by the safety

‘systems. The-operator's initial responsibility is to monitor the pafameters of

interest and verify that appropriate safety systems actuations have taken place.
If the appropriate actuations have not occurred, the operator.must intercede and
perform whatever action is necessary to effect them. The entire control board
should be monitored and all parameters of concern evaluated. In'conjunction with
the evaluation, it is recognized that the operator has been trained to believe

his instrumentation, but he must not do so biindi}. Almost every parameter of
interest that s monitored can be validated by appropriate checking of other
instrumentation. He must.perform this cross-check to verify jnstrgment display
and must not develop "tunnel vision" in which one display is relied on exclusively.
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8.4
8.4.1

Other automatic means of recording events during emergencies must be used. A
voice tape recorder should be used to provide-a record for the events.

Critiques should be made- immediately after any major events have occurred. This

' shou]d include all recorder charts and alarm printouts. The individuals involved

should prepare their reports before leaving the station.

More emphasis on human factors engineering should be placed on the design and
layout of control rooms. System identification and location of instruments
should be analyzed to improve operator response during an abnormal or emeréency
operation.

Licensing Basis and Regulations

Analysis of Feedwater and Other Transients

Finding

The analysis of feedwater and other anticipated operational transients has been
found to be somewhat idealized in terms of the TMI-2 acéident. The models are
simplistic and do not always include provisions to considér‘sing1e failures and
progregsive]y degraded conditions based upon human error and/or equipment

" malfunction. .Even though analyses may not be able to track all events and possible

courses, general insight and understanding of the transient and reactor system
behavior can be realized from sensitivity studies.  Such information would be
helpful to the operator by incorporating the essential information into the

procedures.
Recommendation
The analysis of feedwater and other anticipated operational transients should be

performed by B& on a more far-ranging as well as a more realistic basis to
include interactions of the control systems, consequential failures of equipment

" not designed to cope with the event, single failures of safety features, and
operator actions and/or errors based upon available information on plant parameters
and procedures. For example, the availability of 'a train of the auxiliary feedwater

system is presumed in the analysis, which thus does not consider possible failure
modes that might preclude its availability. It is also recognized that some

" equipment availability may or may not be included if the objective of the analyses

is to arrive at a bounding condition; e.g., no auxiliary feedwater and neglect of

* the PORV would lead to a high-pressure condition in the reactor system. However,

the failure of a PORV leading to a small event LOCA would be overlooked. In
additibn, the models should include the cépabi]ity to predict voiding in the
reactor coolant system under dynamic conditions. The effects of a loss of either
offsite or onsite power should be explicit in the analyses. . The analyses should
be extended to the time that stable reactor cooling is assured including the
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8.4.2

natural ‘circulation cooling mode where appropriate. In addition, sensitivity
studies should be performed to clearly define the significance of the steam
generator as a heat sink, as to whether it is to be relied upon for all breaks,

. or that adequate cooling of the reactor can be achieved without the steam genera-

tors by way of "bleed-and-feed" in the reactor system using the PORV and HPI
system. This should also deal with the question of degraded heat transfer due to
the presence of non-condensibles in the systems. The B&W plants should be
reanalyzed according to the above in terms of recent B&W shutdown actions. This
also applies to the other PWR vendors as well as to BWR vendor where applicable.
The results of the sensitivity studies of essential equipment and systems should
be evaluated and used for the development of emergency procedures.

Small Break LOCA Analysis

Findings

Small break LOCA events have been exfended down to the range of approximately
0.05 ft2. It was believed that smaller breaks were well within the capability of
the available coolant makeup systems and were not limiting. Recent preliminary
calculations of the TMI-2 accident performed at Idaho Nuclear Engineering Labora-
tory (INEL)vshow evidence that suggests voiding in the coolant system can occur
in conjunction with a rising water level in the pressurizer. This is also

predicted from new studies performed by the PWR vendors.

The TMI-2 acciident indicates that the poséib]e effects on .core coolability for
smaller breaks are not cohp]ete]y understood. In this regard, the concern deals

‘with such matters as the sensitivity of break location, reliance on the steam

generator as a heat sink, the effects of delays in the availability of the
auxiliary feedwater system, and long-term cooling using natural circulation.
Furthermore, based on the experience gained from the TMI-2 accident, the effects

_ of equipment malfunction and human error have not been studied in sufficient

detail.
v Recommendation

The B&W plants should be reanalyzed according to the ébove finding in accordance
with the recent B&W shutdown actions. This also applies to the other PWR vendor
as well as to BWRs where applicable.

Additional ana]ysés of small breaks should be performed in the very small break
range (i.e., less than 0.05 ftz). - The evaluation shou]d’inc]ude consideration of
input assumptions regarding such aspects as the auxiliary feedwater system,
offsite and onsite power, equipment operabi]ity under accident modes; operator
actions based upon available information on plant parameters, and procedurés.

8-13



8.4.3

8.4.4

Tﬁe calculational codes should include the capabi]ityvto predict voiding in the

. reactor coolant system under dynamic conditions.

The analyses of small breaks should extend to the period during which the p7ént

is being cooled in a stable mode (e.g., cold shutdown) either by natural circula--
tion or other.means such as the HPI, and should include other eveﬁts such as a
small break in a main steam line or a steam generator tube rupture. As indicated -
in Section 8.3.1, the sensitivity of the steam generator as a heat sink needs to
be evaluated. '

Analysis Codes
Finding

The computer codes generally used for transient and small break LOCA analyses are
complex and do not always include provisions for extending the calculations to
cover the event duration through the time period until stable cooling (e.g., cold
shutdown) is achieved. In some cases, conservative bounding types of assumptions
and models are used that may mask out realistic system and equipment behavior.

In addition, many of the vendor codes have not been reviewed in detail by the

" NRC.

Recommendation
B&W should review-and modify as appropriate its computer codes to ensure that
they can perform full spectrum analyses using realistic models. This action is
also recommended for the other PWR vendors. GE should- also be squected to a
similar review with regard to the BWR plants. Furthermore, the codes together
with their experimental verification sﬁou]d be submitted for review by the NRC.
It is expected that such efforts might take several years to complete. In the
interim,. existing codes should be used but with more realistic input parameters
and model assumptions to ensure proper tracking of the events; e.g., using installed
equipment and systems as well as associated control systems.

Audit Calculations by NRC

Finding

The NRC presently has only a limited independent capability to perform audit

. calculations for transients and LOCA events. While reliance has been placed oh

the results of staff review of licensee calculations, some audit calculations

were performed by the staff and by NRC contractors. Efforts are under way to
correct this shoftcoming, but current LOCA capability is 1imitéd to performance

of analyses on only portions of the event with reliance placed on hand calculations
for the balance of the event. The present staff analysis capability is limited

to PWRs with U-tube-type steam generators.
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-Recommendation

The NRC should expeditiously complete its development of independent capability
to perform quick engineering types of calculations for transients and small-break
LOCAs. This effort should be coordinated with the research group on a short-term
basis. Consideration should also be given to natural circulation cooling in
these code deve]opment efforts. Audit calculations should be performed for
selected transients and for the small break LOCA for represéntative samples of
operating PWRs and BWRs.

8.4.5 Standard Review Plan (SRP)

- Findi ng

The applicable SRPs provide only general guidance for the calculation of feedwater
types of transients. Based on the TMI-2 experience, more explicit guidance is
necessary. Furthermore, there is insufficient guidante given for the calculation

- of small breaks. Sensitivity studies and long-term coolability are not included
in all sections.

Recommendation .
The SRP should be reviewed with regard to the evaluation of transients and small
break. LOCA based on TMI-2 experience and recent discussions with the PWR vendors.

BWR plants should also be considered.

8.4.6 General Design Criteria (GDC)

Finding‘

'The applicable GDC for anticipated'transients (e.g., GDC 10, 13, 14, and 15)

appear to reasonab1y encompass the necessary requirements for‘blént.design features.
Although the GDC may be adequate, their general nature leads to broad interpretation
of specific requirements. ~ The matter of defining a passive failure, as noted in
Appendix A to 10 CFR 50, and its application to ‘such failures as the PORV or

other valves leads to misunderstanding as to their treatment in transient and
accident analyses.

Recommendation

Regulatory Guides should be developed expeditiously to provide greater guidance
on design requirements for anticipated transients for interpretation of GDC
(e.g., 10, 13, 14, and 15). '
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In addition, better guidance should be provided for the proper treatment of the
failure of a PORV or .other valve in transient and accident scenarios with regard
to active or passive fai]urés and whether PORV failure should be combined with
other failures.

8.4.7 Technical Specifications

‘Findings
There are Technical Specification requirements that appéar to place excessive
“reliance on single parameters,vsuch as pressurizer level control, and do hot include
the significance of other parameters that the operator should be considering
while making plant adjustments and action decisions. Reporting requirements
appear to be too narrowly constrained to violations of Technical Specifications.

- Recommendation

Little can be done in the writing of Technical Specifications to ensure compliance.
There needs to be serious reexamination of the fundamental regulatory philosophy
of reliance on Technical Specifications and the concern of enforcement action to
assure safety. However, greaﬂer attention can be.focused on surveillance dnd
testing requirements to ensure the operability and proper a]ignment of plant
safety systems.

The standard Technical Specifications should be reviewed to ensure that greater
attention is paid to plant alignment and safety éystem operability. A review
should be made to ensure that important plant parameters are specified in the
Technical Specifications. Consideration should be given te reporting requirements
that should include unb]anned events that occur in the plant even thodgh they do
not result in conditions that exceed existing Technical Specifications.
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UNITED STATES ' L )
NUCLEAR REGULATORY COMMISSION APPENDIX A
‘ADVISORY COMIMITTEE ON REACTOR SAFEGUARDS .
VIASHINGTON, D. C. 20555

April 7, 1979

Honorable Joseph M. Hendrie .
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555

SUBJECT: INTERIM REPORT ON RECENT ACCIDENT AT THE THREE MILE ISLAND
NUCLEAR STATION UNIT 2

- Dear Dr._Hendrie

During its 228th meeting, April 5-7, 1979, the Advisory Committee on
Reactor Safeguards reviewed the circumstances relating to the recent
accident at the Three Mile Island Nuclear Station Unit 2. During this
review, the Committee had the beneflt of discussions with the NRC
Staff.

-Our study of the accident at Three Mile Island has shown that it is
very difficult for a PWR plant operator to understand and properly
control the course of -an accident involving a small break in the
‘reactor coolant system accompanied by other abnormal conditions.,

The Committee recommends that further analyses be made, as soon as.pos-
sible, of transients and accidents in PWRs that involve initially, or

at some time during their course, a small break in the primary system.
The computer codes used for these analyses should be capable of predict-
ing the conditions observed during the accident at Three Mile Island,
including thermal-hydraulic effects and clad and fuel temperatures.

The range of break sizes considered should include the smallest that
could be deemed significant, and should consider a range of break loca-

tions.

The Committee believes that the analyses recommended above will demon-
strate, as has the accident at Three Mile Island, that additional
information regarding the status of the system will be needed in order
for the plant operator to follow the course of an accident and thus be
able to respond in an appropriate manner. As a minimum, and in the
interim, it would be prudent to consider expeditiously the provision



.Honorable Joseph M. Hendrie -2 - April 7, 1979'

of instrumentation that will provide an unambiguous indication of the
level of fluid in the reactor vessel, Early consideration should be
given also to providing remotely controlled means for venting high
points in the reactor system, as practical.

The foregoing recommendations apply to all pressurized water reactors.

. s
The recommendations in IE Bulletin 79-05A, dated April 5, 1979, are be- .
lieved to be generally suitable for Babcock and Wilcox facilities, on
an interim basis. However, the Committee believes that the actions
listed in Item 4b. under the heading, "Actions To Be Taken by Licen-
sees," may prove to be unduly prescriptive in view of the uncertainties.
in predicting the course of anomalous tran51ents or accidents involving
small breaks in the primary system.

With regard to Three Mile Island Unit 2, the Committee believes that
decisions should be made expeditiously with regard to contingency meas-
ures which may be prudent concerning containment and reactor cooldown
as a backup to the currently planned cooldown procedure.

The Committee is continuing its review of these and other concerhs
arising from this accident and will prov1de further advice as it is

developed
Sin erely, W M A

'Max W. Carbon
Chairman
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2l _§ ADVISORY COLIITTEE ON REACTOR SAFEGUARDS .

& VIASHINGTON, D. C. 20555 - '

April 18, 1979

MEMORANDUM FOR: Chairman Hendrie
' Commissioner Gilinsky
Commissioner. Kennedy
Commissioner Bradford
Commissioner Ahearne

FROM: - R. F. Fraley, Executive Director
Advisory Committee on Reactor Safeguards

Attached for your 1nformat10n and use is a copy of the recomnenda—v
tions of the Advisory Committee on Reactor Safeguards vhich were
~orally presented to and discussed with you on April 17, 1979 re-
garding the recent accident at the Three Mile Island Nuclear Sta-

tion Unit 2.
' R F. Fraley
Executive Dlrector '
.Attachment-

Recommendations of the NRC Adv1sory Committee
on Reactor Safeguards Re. the 3/28/79 Accident
at The Three Mile Island Nuclear Station Unit 2






April 17, 1979

_'RECOVMENDATIONS OF THE NUCLEAR REGULATORY  COMMISSION ADVISORY COMITTEE
O REACTOR SAFEGUARDS RoGARDING THE MARCH 28, 1979 ACCIDENT AT
THE THREE MILE ISLAND NUCLEAR STATION UNIT 2

Presented orally to, and discussed with, the NRC .
Commissioners during the ACRS—-Comnissioners Meeting
' on April 17; 1979 - Washington, D. C. :

Natural circulatiqn is an important mode of reactor cooling, both as
"a planned process and as a process that may be used under abnormal
circumstances. . The Committee believes that greater understanding of
~this mode of COOllng is required and that detailed analyses should -
. be developed by licensees or their suppliers. The analyses should be
- supported, as necessary, by experiment. Procedures should be de-
veloped for initiating natural circulation in a safe manner and for
providing the operator with assurance that circulation has, in fact,
been established. This may require installation of instrumentation to
measure or indicate flow at low water velocity. :

The use of natural circulation for decay heat removal following a loss
of offsite power sources reguires the maintenance of a suitable over-—
pressure on the reactor coolant system. This overpressure may be
- assured by placing the pressurizer heaters on a qualified onsite
power source with a suitable arrangement of heaters and power distri-
bution to provide redundant capablhty. Presently operating PaR
plants "should be surveyed expeditiously to determine whether such
arrangeménts can be provided to assure this aspect of natural circula-

tion capability. ,

The plant operator should be adequately informed at all times con-
cerning the conditions of reactor coolant system operation which
might affect the capability to place the system in the natural circu-
lation mode of operation or to sustain such a mode. Of particular
importance is that information which-might indicate that the reactor
coolant system is approaching the saturation pressure corresponding:
"to the core exit temperature. This impending loss of system over-
pressure will signal to the operator a possible loss of natural
circulation capability. Such a warning may be derived from pressur-
izer pressure instruments end hot leg temperatures in conjunction with
conventional steam tables. A suitable display of this information
should be provided to the plant operator at all times. In addition,
consideration should be given to the use of the flow exit tempera-
tures from the fuel subassemblies, where available, as an additional

indication of natural circulation.



The exit temperature of coolant from the core is currently measured
by thermocouples in many PWRs to determine core performance. The
Comnittee recommends that these temperature measUrements, as currently
available, be used to gquide the operator concerning core status. The
range of the information displayed and recorded should include the
full capability of the thermocouples. It is-also recommended that
other existing instrumentation be examined for its possible use in

assisting operating action durihg'a transient.

The ACRS recommends that operating power reactors be given priority
with regard to the definition and implementation of instrumentation
‘which provides additional information to help diagnose and follow the
course of a serious accident. This should include improved sampling
procedures under accident conditions and technigues to help provide
improved guidance to offsite authorities, should this be needed. The
Comnittee recommends that a phased implementation approach be em-
ployed so that techniques can be adopted shortly after they.are

judged to be appropriate.

The ACRS recommends that a high priority be placed on the development
and implementation of safety- research on the behavior of light water
reactors during anomalous transients. The NRC may find it appropriate
to develop a capability to simulate a wide range of postulated tran-
sient and accident conditions in order to gain increased insight into
.measures which can be taken to improve reactor safety. The ACRS
wishes to reiterate its prev1ous recommendations that a high prlorlty-

be given to research to improve reactor safety.

Con51deratlon should be given to the de51rability-of additional
equipment status monitoring on various engineered safeguards- features
and their supporting services to help assure their avallablllty at

all t1mes.

The ACRS is continuing its review of the implications of this accident
and hope to provide further -advice as it is developed.



UNITED STATES e :
. NUCLEAR REGULATORY COMMISSION - APPENDIX C
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS - '
WASHINGTON, D. C. 20555

April 20, 1979

Honorable Victor Gilinsky

Acting Chairman

U. S. Nuclear Regulatory Comm1551on
Washington, DC 20555

Dear Dr. Gilinsky°

This letter is in response to yours of April 18 1979 which requested
that the ACRS notify the Commissioners 1mmed1ate1y if we believe any of
our oral recommendations of April 17 should be acted upon before our
next regularly scheduled meeting at which'we could prepare a formal
letter. The Committee discussed this topic by conference telephone
call on April 19 and offers the following comments.

All of the recommendations made by the ACRS in its meeting with the
Commissioners on April 17, 1979, are generic in nature and apply to all
PWRs. -None were intended to require immediate changes in operating pro-
cedures or plant modifications of operating PWRs. Such changes should
be made only after study of their effects on overall safety. Such stud-
ies should be made by the licensees and their 'suppliers or consultants
and by the NRC Staff. The Committee believes that these studies should
be begun in the near future on a time scale that will not divert the
NRC Staff or the industry representatives from their tasks relating to
the cooldown of Three Mile Island Unit 2. However, the Committee be-
-lieves that it would be possible and desirable to initiate immediately
a survey of operating procedures for achieving natural circulation, in-
cluding the case when offsite power is lost, and the role of the pres-
surizer heaters in such procedures.

At its meeting on April 16 and 17, 1979, the Committee discussed .with
the NRC Staff the matter of natural circulation for the Three Mile Is-
land Unit 2 plant. The Committee believes that this matter is recelv-
ing careful attention by the NRC Staff and the licensee.



Honorable Victor Gilinsky =~~~ -2 - ‘April 20, 1979

The Committee's own recommendations to the Commission on April 17 were
not intended to apply to Three Mile Island Unit 2.

We plan to write a further report on these matters at our May 10, 1979
meetlng.

Slncerely,

x W,
Chalrman



April 26, 1979

Duxe Power CoMPANY : APPENDIX D
Powen Buritpine ‘

422 SouTn CHunclt STREEeT, CitanrorTE, N. C. onzas

3 N

L ;ﬁ = _5{

Mr. Harold R. Denton _ k - BEE & s

Director : ‘ 220 ;

Office of Nuclear Reactor Regu]at1on £2eats = =

USNRC - 2 o g

Washingtor, DC 20555 =) ‘ S

o | @ e -
Re: (OQCONEE NUCLEAR STATION :

DOCKET NOS. 50-269, 50-270 and 50 287

" Dear Mr. Denton,

Supplementing my letter of April 25, 1979 and providing additional in-
formation responsive to Staff safety concerns identified as items a.
through e. on page 1-7 of the ONRR Status Report to the Commission of
April 25, 1979, Duke Power Company proposes following actions:

a. Install automatic starting of the interconnected.emergency-
feedwater system so that all three pumps will receive a
start signal from any affected unit, and test the system for
stab111ty

b. Develop and implement operating procedures for Tnitiating
and contro]]ing emergency feedwater independent of ICS control.

C. Imp]ement a hard-wired control-grade reactor trip on loss
of main feedwater and/or ‘turbine trip.:

d. Complete analyses for potential small breaks and develop and
implement operating instructions to define operator action.

e.

Station in the cortrol room an additioral full-time SRO (or
previously licensed SRO with TMI training) for each operating
unit to assist with guidance and possible manual action in
case of transients until items a. through d. are completed.

7904270 YOL
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Oconee Unit 3 will be shutdown on April 28, 1979, in advance of
~its annual refueling, and will not be restarted until item a.
thrOugh d. are completed. :

Another Oconee unit will be shutdown on May 12, 1979 if item a.
through d. have not been previously accomplished and will remain
»shutdown.until completion of items a. through d.

The remaining Oconee unit will be shutdown on May 19 1979 if
item a. through d. have not been previously accomplished and will
remain shutdown until comp1etion of itemsa. through d. :

The sequential shutdown of the 3 units is most 1mportant for a number
of reasons. As a safety consideration, with one unit in a shutdown
mode its emergency feedwater capabi]ity is available for use by the
other units with nc requirement on its own unit. Each emergency feed-
water pump is sized for 150% of its unit's requirements. We also
need to arrange for hard-to-get fuel o0il (which Duke seldom uses and.
has no allocation for this contingency) which may be necessary to
operate combustion turbines to replace Oconee generation. With one
very large gererator and a number of others now in forced outage,
sequential skutdown will reduce the potential for involuntarily in-
terrupting power supply to the pub11c

Duke further commits to additional 1mprovements in aséuring‘safety'
related to items a. through e. the same Staff report as follows:

- a. For even greater assurance of emergency feedwater supply, we
are proceeding with two motor driven pumps for each Oconee
unit as more particularly described as Part III in

W. 0. Parker's letter to you of yesterday. We will be sub-
m1tt1ng this system concept and analyses to your Staff for
review. .

b. The failure mode and effects analysis of ICS is underway with -
high priority by B&W and will be supmitted as soon as practicable.



‘Harold R. Denton a3 C Mpril 26, 1979

c. These trips will be revised to safety grade.

d. A more complete description of -the transient analyses is
‘provided in the attached entitled "Guidelines for the
Development of 0perat1ona1 Procedures for Safe Management -
of Small Breaks in the Reactor Coolant System Pressure
Boundary." .

e. We will continue operator training and drillinc of response
procedures as a part of our ongoing program to assure the
high state of readiness descr1bed by the I&E staff to the
Commission yesterday

We are conf1dent that these steps will meet your Staff concerns anc
provide add1t1ona1 assurance of . pub11c safety.

Sincerely,

"President _
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GUIDELINES FOR THE DEVELOPMENT OF OPERATIONAL

PROCEDURES FOR SAFE MANAGEMENT OF SMALL BREAKS

IN THE REACTOR COOLANT SYSTEM PRESSURE BOUNDARY -
Opérationa1 gufde]ines will be prepared for the safe handling of
" small breaks as an extension of and addition to previously issued
guidelines and IE Bu]]etin’79-05A. These guidelines will include

provisions for operator recognition of small breaks and discrimina-

tion of other accidents which might produce similar symptoms.

The guidelines will include expected system responselinsofér as
required to assure effective operator}understanding and actibn.

The guidelines will include necessary precautions and will describe-
those actions Which the operator must take to.assure safe management
and mitigation of.sma]]_break'events, including natural circulation

cooling where it is predicted to occur in the course of the'accident.

These guidelines will specifically cover cases in which RCS stabili-
zation will occur with a partially filled reactor coolant system for
both the case with the reéctqr,coolant pumps on and the reactor coolant
pumps off. Delay in the initiation of auxiliary feedwater up to 20
minutes will be considered. System conditiohs covefed will assume
availability of ECCS systems at fu11’design flow.in the event that
auxiliary feedwater is not available or with single failure in the

ECCS systems in the event that auxiliary feedwater is available.



-2- April 26, 1979

The guidelines will be based_on existing ané]yses and &y gpecific4'
édditional'computef calculations. These calculations will be pér—
formed to define system resbonse‘to re-start of.reacfor qoo]ant .
pumps in a partially fi]]éd system and responée of the partia11y

. \
" filled system to re-start of auxiliary feedwater.

These guide]ineslw111 be developed by B&W and réviewed by the NRC
staff in time for implementation of the corresponding procedures

by Duke Power Compary on or before May 15, 1979.

APRIL 26, 1979



APPENDIX E

ARKANSAS POWER & LIGHT COMPANY
POST OFFICE BOX 551 LITTLE ROCK, AHKANSAS 72203 (501 371-4422

| May 3, 1979 .
WILL_IAM CAVANAUGH It

. Vice President
Generation & Construction

1-059-1 X

Dr. Harold R. Denton

Director, Nuclear Reactor Regu]at1on
1717 H Street North West

Washington, D. C. 20555

Subject: Arkansas Nuclear One - Unit 1
Docket No. 50-313
License No. DPR-51
(File: 1510)

~ Dear Mr. Denton:

In response to the staff safety concerné'identified as items a. through '
e. on pages 1-7 of ONRR Status Report to the Commission of April 25, 1979,
Arkansas Power and Light proposes the fo11ow1ng actions: ‘

(a) Upgrade of the t1me11ness and re11ab111ty of the. Emergency
Feedwater (EFW system by perform1ng the 1tems specified
in Enc]osure 1.

(b) Develop and 1mp]ement operating/emergency procedures for
initiating and controlling EFW independent of Integrated
Control System (ICS) control.

(c) Implement a hard-wired control-grade reactor trip on loss
of main feedwater or on turbine trip.

(d) Complete sufficient small break LOCA analyses to develop
and implement necessary operator instructions in the
emergency procedures.

(e) At least one Licensed Operator who has had TMI-2 training
on the B&W simulator will be assigned to the control room
(one each shift).

Arkansas Nuclear One - Unit 1 (ANO-1) is currently shutdown and

will not be restarted until the items a. through e. -above are
completed.

MEMBER MIDOLE SOUTH UTILITIES SYSTEM



Mr. H. R. Denton L -2- | May 3, 1979
1-059-1

To prov1de an increased margin of safety the f0110w1ng “Long—
term" items will be 1mp1emented

1) The items in Enclosure 2 will be implemented during our
next outage (following completion of the design change
engineering) to cold shutdown conditions which is of
sufficient length to accommodate the change but no later
than the next refueling outage. Further we will provide .
a schedule for implementing any other modifications iden-
tified as necessary as a result of our reviews shown on
Enclosure 1.

2)  The failure modes and effects analysis (FMEA) of the ICS
is underway with high priority. and will be submitted as
soon as practicable. .

3) The hard-wired trips addressed 1n [tem c. above will be
‘ upgraded to safety grade.

4) Complete the ECCS small breaks analyses as outlined in
- Enclosure 3. .

5) We will continue)operator training and dri]]ing of
response procedures as a part of our ongoing program
to assure the high state of readiness and safe operation
at ANO-1.

 AP&L is confident that these steps will resolve the Staff concerns
and provide an additional degree of assurance of pub]ic;sqfety.

Veny truly yours,. /)
/////i 7 L ff/ “

WC:JTE:vb

Enclosures



ENCLOSURE (1)
EMERGENCY FEEDWATER SYSTEM UPGRADE

Review procedures, revise as necessary and conduct training

to ensure timely and proper starting of motor driven emergency
feedwater (EFW) pump from an engineered safeguards ‘bus upon
loss of offsite power.

.- To assure that EFW will be aligned in a timely manner to in-
ject on all EFW demand events when in the surveillance test
mode, procedures will be implemented and training conducted
to provide an operator at the necessary valves in communica-
tion with the control room during the surveillance mode to
carry out the valve alignment changes upon EFW demand events.

Write and implement procedures for the manual initiation and
control of the EFW System following failure of the Integrated
Control System.

The EFW pumps will be verified operable in accordance with
the ‘ANO-1 Technical Specifications and Surveillance Procedures.

Review'énd revise, as necessary, the procedures and conduct
training for providing alternate sources of water to the suc-
tion of the EFW pumps.

In the event emergency feedwater is necessary and offsite
power is available, an auto start signal will be provided to
the motor driven emergency feedwater pump.

Procedures will be developed and implemented and training
- conducted to provide guidance for timely operator. verifi-
cation of any automatic initiation of EFW.

Verification that Technical Specif1cat1on requirements for’EFw
capacity are in accordance with the accident ana]ys1s will be
conducted.

Modifications will be made to provide verification in the control
room of EFW flow.



ENCLOSURE (2)

EMERGENCY FEEDWATER SYSTEM UPGRADE .

. Connect the. motor driven Emergency Feedwater (EFW) pump to a
_ vital AC power supp]y

'Modify the suction piping to improve system separatidn

Modifications w111 be made to prov1de verification in the
control room of EFW flow to each steam generator

Provide control room annunc1at1on for all auto start cond1t1ons
of the EFW system.



ENCLOSURE (3) May 3, 1979

GUIDELINES FOR THE DEVELOPMENT OF OPERATIONAL PROCEDURES
- FOR SAFE MANAGEMENT OF SMALL BREAKS IN THE
REACTOR COOLANT SYSTEM PRESSURE BOUNDARY

.Operational guidelines will be prepared for the safe handling of small
breaks as an extension of and addition to previously issued guidelines
and IE Bulletin 79-05A. These guidelines will include provisions for -
operator recognition of small breaks and discrimination of other acci-
dents which might produce similar symptoms.

The guidelines will include expected system response insofar as required

to assure effective operator understanding and action. The guidelines

will include necessary precautions and will describe those actions which
the operator must take to assure safe management and m1t1gat1on of small
break events, including natural circulation cooling where 1t is predicted
. to occur in the course of the accident. :

These guidelines will specifically cover cases in which RCS stabiliza-
tion will occur with a partially filled reactor coolant system for both
the case with the reactor coolant pumps on and the reactor coolant pumps
off. Delay in the initiation of auxiliary feedwater up to 20 minutes
will be considered. System conditions covered will assume availability
of ECCS systems at full design flow in the event that auxiliary feed-
water is not available or with s1ng1e failure in the ECCS systems in the
event that auxiliary feedwater is available.

The guide]ines will be based on existing analyses and by specific addition-
al computer calculations. These calculations will be performed to define
system response to restart of reactor coolant pumps in a partially f111ed
system and response of the part1a]1y filled system to restart of

aux111ary feedwater.

These guidelines will be developed by B&W and reviewed by the NRC staff
~in time for implementation of the corresponding procedures by Arkansas
Power & Light on or before May 15, 1979.
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A 15830 |
SMUD SACRAM.ENYO MUNICIPAL UTILITY DISTRICT, 62]01 S ST, P. 0. BOX XX SA(FRAMENTO 11. CALIFORNIA, GL 2-3211
April 27, 1979 : ' =3
Mr. Harold R. Denton : : - -
Director - -- _—
Office of Nuc]ear Reactor Regu]at1on - o =
USNRC : 7 - 5

Washington, D. C. 20555 : . Y A

‘Re: Rancho Seco Nuclear Station'
Docket No. 50-312

Dear Mr. Denton:

In response to the staff safety concerns identified as items a. through
e. on page 1-7 of the ONRR Status Report to the Commission of April 25,

1979, the Sacramento Municipal Utility District proposes the following
act1ons

(a) Upgrade of the timeliness and reliability of delivery’
from the Auxiliary Feedwater System by carrying out
items 1 through 9 identified in enclossre 1.

(b) Develop and imp1ehent operating procedures for initiating
and controlling auxiliary feedwater independent of ICS control.

(c) Implement a hard-wired controT-grade reactor trip on loss
of main feedwater and/or turbine trip.

(d) Complete analyses for potential small breaks and develop and
implement operating instructions to define operator action.

(e) The District will provide for one Senior LicenSed Operator
assigned to the control room who has had TMI-2 training on
the B&W simulator.

Rancho Seco will..be shutdown on April 28, 1979 and will not be restarted .
until item a. through e. above are comp1eted

The District further commits to the following additional actions for
improvement and in assuring safety that is related to items a. through
e. in ONRR Status Report of April 25, 1979:

904300269



‘Mr. Harold R. Denton 2 April 27, 1979 -

(a) The District will provide a proposed schedule for .
implementation of identified design modifications which
specifically relate to items 1 through 9 of enclosure 1
and would significantly improve safety.

(b) The failure mode and effects analysis of ICS is underway with

high priority by B&W and will be subm1tted as soon as pract1-
cable. .

(c) The hard-wired trips Wi]] be revised to safety grade.

(d) A more comp]ete description of the transient analyses is
provided in enclosure 2 entitled "Guidelines for the
Development of 0perat1ona] Procedures for Safe Management

of Small Breaks in the Reactor Coolant System Pressure
Boundary

(e) The District will continue operator training and drilling
and will have a minimum of two licensed operators per shift
with TMI-2 simulator training at B&W by June 1, 1979. There-
after at least one licensed operator with TMI-2 simulator
training at B&W will be assigned to the Control Room. A1l

training of 11censed personnel will be completed by June 28,
1979. : |

The District is confident that these steps will meet your Staff concerns
and provide additional assurance of public safety.

79- e
-

YJ. Mattimoe
Assistant General Manager
and Chief Engineer



ENCLOSURE (1)

Auxiliary Feedwater System Upgrade

Review procedures, revise as necessary and conduct training to ensure
timely and proper starting of motor driven auxiliary feedwater (AFW)

pump(s) from vital AC buses upon loss of offsite powerQ

To assure that AFW will be aligned in a timely manner to inject on all .

Afw demand events when in the surveillance test mode,.procedures will

" be implemented and trainihg conducted to provide an operator at the

necessary valves in phone communications with the control room during

the surveii]ance mode td-carry out the valve alignment changes upon

AFW demand events.

Procedures will be developed and implemented and training conducted to

provide for control of steam generator ]evé] by use of safety grade

_AFW bypass valves in the event that ICS steam generator level control fails.

Verification that Technical Specification requirements of AFW capacity

~are in accordance with the accident analysis will be conducted. Pump

'capacity with mini flow in service will also be verified.

N

Modifications will be made to provide verification in the control room

of AFW flow to each steam generator.

Review and'revise, as necessary, the procedures and training for pro-

viding alternate sources of water to the suction of the AFW pumps.



ENCLOSURE (1)
-2-

Design review and modification, as necessary, will be conducted to

provide control room annunciation for all auto start conditions of the

AFw'systém.

Procedures will be developed and implemented and training conducted

to provide quidance for timely opefator verification of any automatic

initiation of AFW.

Verification will be made that the air operated level control valves (a)
Fail to the 50% open positfon upon loss bf electrical pawer to the
electrical to pressure converter, and (b) Fail to the 100% open position

upon loss of service air. The AFW bypass va]ves are safety gfade.
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ENCLOSURE (2)

GUIDELINES FOR THE DEVELOPMENT OF OPERATIONAL

PROCEDURES FOR SAFE MANAGEMENT OF SMALL BREAKS

IN THE REACTOR COOLANT SYSTEM PRESSURE BOUNDARY -

~ Operational guidelines will be prepared fof the safe handling of
small breaks as an extension of and addition to previously issued
guidelines and IE Bulletin 79-05A. These guidelines will include
provisions for operator recognition of small breaks and discrimina-

tion of other. accidents which might'produce similar symptoms.

The gujde]ines will include expetted system response insofar as
required to assure effective operator understanding and action.

The gufde]ines will include necessary precautions and wi]i describe
those actibns which the operator must take to assure safe management -
and mitigation of small break events, including naturai circulation

'cooling where it js predicted to occur in the course of the accident.

These guidelines will specificé]]y cover cases in which RCS stabili-
zation wi]]lbccur with a partially filled reactor coolant system for
both the case with thevreactor coolant. pumps on and the reactor coblant
pumps off. Delay in the initiation of auxiliary feedwater up to 20
minutes will be considered. System éonditions covered.wi11 assume
availability of ECCS systems atvfu11 design flow in the event that
auxiliary feedwater is not available or with single failure in the

ECCS systems in the event that auxiliary feedwater is available.:



ENCLOSURE (2)
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\

The guidelines will be based on existing analyses and by specific
additional cohputer calculations. These calculations wii] be per-
formed to define system response to re-start of reactor(too]antv
~pumps in a partially fi]]ed system and responée of the partially

filled system to re-start of auxiliary feedwater.

'These guide]inesfwi11 be developed by B&W and reviewed by the NRC
staff in time for imp]ementation of the corresponding procedures:

by the Sacramento Municjpa] Utility District on or before May 15,
1979. |

APRIL 27, 1979



APPENDIX G

Florida
Power

coaraPATION

B.L. Gritfin, PE.
Senior Vice President
Engineering & Construction

May 1, 1979 ' _ ' ' _ : |

Harold R. Denton, Director

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Crystal River Unit 3
Docket No. 50-302
Operating License DPR-72

Dear Mr. Denton:

In response to Staff safety concerns identified as items a. through .e.
on.page 1-7 of the ONRR Status Report to the Commission of April 25,
1979, Florida Power Corporation proposes to implement the following
1nter1m actions until further analysis of these concerns can be
’comp]eted

(a)  Upgrade of the timeliness and reliability of delivery from
: the Emergency Feedwater System by carrying out items 1
through 9 identified in Enclosure 1.

(b) We have developed and implemented operating procedures for
initiating and controlling emergency feedwater independent
of ICS control.

(c) Imp]ement a hard-wired control- -grade reactor tr]p on 1055 of
main feedwater or turbine trip.

(d) Complete analyses for potential small breaks and develop and
implement operating instructions to define operator action.

(e). A]l Control Room operdtors have completed TMI-2 training on
the B&W simulator.

Crystal River Unit 3 is shutdown for maintenance and refueling and

Florida Power Corporation has committed -in our April 27, 1979, letter Lo
- you to resolve and implement items a. through e. prior to startup which.
- is currently scheduled for June 1, 1979,

3201 Thirty fourth Street South « P O. Box 14042, St. Petersburg. Florida 33733 » 813 86u H151



Harold R. Denton Page 2 ' May 1, 1979

FPC further commits to the following ongoing/long term act1ons for
improvement and assuring safety at Crystal River Unit 3:

(a) The failure mode and effects analysis of ICS is underway
’ with high priority by B&W and will be submitted as soon as
practicable.

(b) Upon completion of a detailed design and supporting analy- -
sis, the hard-wired trip will be revised to a safety grade
system.

(c) Modifications w111 be made to prov1de ver1f1cat1on in the
control room of EFW f]ow to each steam generator.

(d) A more complete descr1pt1on of the small breaks transient
' analyses is provided in Enclosure 2, entitled "Guidelines
for the Development of Operational Procedures for Safe
Management of Small Breaks in the Reactor Coolant System
Pressure Boundary."

(e) We will continue operator training and drilling of response
procedures as a part of our ongoing program to assure the
high state of readiness and safe operation at CR3.

We are confident that this action will meet your Staff concerns and pro-
vide additiona] assurance of the health and safety of the public.

Very tru]y yours,

5/ /‘f,//“”‘

B. L.-Griffin
PYBekcSO1
D65

Enclosures



STATE OF FLORIDA

COUNTY OF PINELLAS

B.L. Griffin states that he is the Senior Vice President, Engineering
and Conﬁtruction, Florida Power Corporation; that he is authorized on
the part of said company to sign and file with the Nuclear Regu]at&ry
VCommission fhe information attached heretd; and that all such stateﬁents
made and mattérs set forth therein are true and correct Lo the bestlof_

his knowledge, information and belief.

T ’/.‘ -
A TN
)

B L. Griffin

Subscribed .and sworn to before me, a Notary Public in and for the

Stafe and County above named, this lst day of May, 1979.

““Notary Pu émjﬁ\“‘“

‘Notary Public, State of Florida at Large,.
My Commission Expires: July 25, 1980
(Notary 1 DI12)






ENCLOSURE (1) S May 1, 1979

- AUXILIARY FEEDWATER SYSTEM UPGRADE

Review procedures, revise as necess ary and conduct training to en-
sure timely and proper starting of motor driven emergency feedwater
(EFW) pump from engineered safeguards bus A upon loss of offsite -
power. .

To assure that EFW will be aligned in a timely manner to inject on
all EFW demand-events when in the surveillance test mode, proce-
dures will be implemented, and training conducted to provide an
operator at the necessary valves in communication with the controgl
room during the surveillance mode to carry out the va]ve a11gnment
changes upon. EFW demand events

Emergency feedwater bypass valves are normally in the open posi-
tion. Procedures have been developed and implemented to require
the operator to take control of these valves upon failure of the
ICS steam generator level control. 1If the ICS level control does
not fail the operator will close the bypass valves. Those valves
in the LFW system not locked in position are verified to be in the
proper position on a daily basis. Training will be conducted on
these revised procedures prior to June 1, 1979.

The EFW pumps will be verified operable in accordance with- the CR#3
Technical Specifications and Survelllance Procedures

Review and rev1se, as necessary, the procedures and traininy for
providing alternate sources of water to the suction of the LFW
pumps. :

Remove the interlock which prevents _the turbine-driven emergency
feedwater pump operation when the motor driven emergency feedwater
pump is runn1ng

In event emergency feedwater is necessary and offsite power is
available, an auto start signal will be provided to the motor
driven emergency feedwater pump.

Design review and modification, as necessary, will be conducted to
provide. control room- annunc1at10n for auto start conditions of the
EFW system. ' :

Verification has been made that the air operated level control
valves (a) fail to Lhe 50% open position upon loss of power to the
electrical/pressure converter, and (b) fail to the as is position

~upon loss of instrument air and electrical power to the air lock.

At full load these valves are in.the full (100%) open positions and
at low power levels (below 15%) they are partially open controlling
flow. If these valves were to fail closed, feedwater flow would be.
controlled using the EFW bypass valves as descrlbed in Item 3
above,

PYBekcSO1(D65)
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ENCLOSURE (2) May 1, 1979

GUIDELINES FOR THE DEVELOPMENT OF OPERATIONAL PROCEDURES
‘ FOR SAFE MANAGEMENT. OF SMALL BREAKS IN THE
REACTOR COOLANT SYSTEM PRESSURE BOUNDARY

Operational guidelines will be prepared for the safe handling of small
breaks as an extension of and addition to previously issued guidelines
and IE Bulletin 79-05A. These guidelines will include provisions for
operator recognition of small breaks and discrimination of other acci-
dents which might produce similar symptoms.

The guidelines will include expected system response insofar as required
to assure effective operator understanding and action. The guidelines
will include necessary precautions and will describe those actions which
the operator must take to assure.safe management and m1t1gat1on of small
break events, including natural circulation cooling where 1t is predict-
ed to occur in the course: of Lhe accident.

These gu1de11nes will spec1f1ca11y cover cases in which RCS stabiliza-
tion will occur -with a partially filled reactor coolant system for both
the case with the reactor coolant pumps on and the reactor coolant pumps
off. Delay in the initiation of auxiliary feedwater up to 20 minutes
will be considered. -System conditions covered will assume availability
of ECCS systems at full design flow in the event that auxiliary feed-
water is not available or with single failure in the ECCS systems in the
event that auxiliary feedwater is available.

The quidelines will be based on existing analyses and by specific addi-
tional computer calculations. These calculations will be performed to
define system response to restart of reactor coolant pumps in a partial-
ly filled system and response of the partially f1lled system to restart
of aux111ary feedwater.

These guidelines will be devloped by B&W and reviewed by the NRC staff

in time for implementation of the corresponding procedures by Florida
Power Corporatlon on or before startup.

PYBekcSO1(D65) , ' o ot



APPENDIX H

TOLEDO

TELECOPIED o | EDISON

LOWELL E. RoOE
April 27, 1979 ' Vice President

Facilities Oevelopment
(419} 259-5242
, .

Docket No. 50-346
License No. NPF-3
Serial No. 497

Mr. Harold R. Denton, Director

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. ‘20555

Dear Mr. Denton:

In your meeting of April 24, 1979 with representatives of Babcock & Wilcox
and four licensees, including Toledo Edison, who have B&W nuclear steam
supply systems, a number of concerns were expressed by you and your staff
regarding certain features of the. B&W plants. These concerns were further
detailed in your NRR Status Report on Feedwater Transients in B&W Plants
of April 25, 1979. In this report, on page 1-7, certain suggested steps
were outlined which, if taken, would provide assurance to you that the

B&W plants could continue to operate without undue risk. ‘

While we feel that a number of design features already incorporated in the
Davis-Besse Unit 1 fully meet or exceed the criteria you are requesting -
and that Davis-Besse can be operated without undue risk, we are proposing
the following actions:

A. Auxiliary Feedwater System Reliability and Performance .

The auxiliary feedwater system for the Davis-Besse Unit 1 is a
reliable full safety grade system with redundancy for meeting the
single failure criteria. The principal features are detailed in
Table 2.1 of your report. S ‘

We, however, will continue to review all aspects of this system to
further upgrade components for added reliability and performance.

One such item is an installation of dynamic braking on the auxiliary
feed pump turbine speed changer to further minimize level fluctuation
in the steam generator when on auxiliary feed.

B. Integrated Control System (ICS) Influence on -Auxiliary Feedwater Control

The Davis-Besse auxiliary feedwater control system is a full safety
grade system completely independent of ICS. The auxiliary feedwater
master control is capable of being switched to ICS for a backup means
of control, but this option is to be removed immediately by administra-

tive procedureg. " G6043800 L‘,qlf

THE TOLEDO EDISCN COMPANY EDISON PLAZA 300 MADISON ‘AVENUE TCLEDO, OHIO 43852



Mr. Harold R. Denton, Director
Page 2
April 27, 1979 .

C. Anticipatory Scran'of Reactor

t

Pt

Addition of a hard wired control grade reactor trip on loss of main
feedwater or turbine trip.

D. Small Break Analysis

Work with B&W to complete the analyses for potential small breaks and
develop and implement any necessary operating procedures to define ,
operator action.

E. Operating Procedures and Operator Training

All procedures needed to be developed or modified by actions A thru D
will be completed and training of the operators in the procedures
will be done. All licensed shift operators will have received B&W
simulator training on the TMI-2 incident.

All of the proposed actions outlined in A thru D above would be taken prior
to start-up from the current maintenance outage. »

Toledo Edison will continue efforts to provide additional improvements
related to A thru D as follows:

A. Continue to review performance of the system for assurance of reliability
and performance:

B. The failure mode and effects analysis of ICS is under way with priority
by B&W and will be submitted as soon as possible.

C. The reactor trips will be revised to safety grade as far as possible.

D. Continuing attention will be given to transient analysis and procedures
- for management of small breaks.
E. Continue operator training and retraining as a part of our ongoing
program to continue to assure the high state of readiness of our
operating staff,

We are confident that these actions on our part will satisfy your concerns
and provide additional and full assurance for public safety.

Yours very truly,

.Lowell E. Roe

Vice President

Faciljities Development
The Toledo Edison Company

LER.r



~ APPENDIX I

Metropolitan Edison Company
Post Office Box 480

Middletown, Pennsylvania 17057
717 944-4041

April 16, 1979
GQL 0527

Office of Nuclear Reactor Regulation /
Attn: Mr. Harold Denton, Director - : ' '

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Dear Sir:

Three Mile Island Nuclear Station, Unit 2 (TMI -2)
Docket No. 50-320 .
License No. DPR-73

Attached is a Preliminary Sequence of Events spanning the first approximately
twenty hours following the TMI-2 accident which was initiated at 4:00 a.m. on
March 28, 1979.

For this chronology of events, a reference clock was established with the time

of the turbine trip, 0400:37, defined as. time zero. The time of each event in the
sequence is given as the number of hours, minutes and seconds relative to 0400: 37,
followed in parenthesis by the real time using a 24-hour clock. .For example,
1:52:43 p.m. on March 28 would be written "9:52:06 (1352:43)". Depending upon the
accuracy of the source of data for .each event, the times appear alone or w1th the
notation "approximate".

The sequence has been reconstructed from various information and data sources,
including control room logs, strip chart recorders, alarm printouts and reactimeter
printouts. Please note, however, that the alarm printer was out of service from
01:13:27 (0513:59) to 02:47:31 (0648:08) and during the course of the.accident

was running well behind the actual time of events. Efforts to annotate this chrono-
logy and to develop graphs of various plant parameters as a function of time are
underway. This additional information will be provided as soon as it is available
and we will keep you informed of our progress.

Sincerely,

. G. Herbein ,
Vice President-Generation -
JGH:RAL:djh .

Enclosure

Metronolitan Fdison Comnanv is a Member nf the General Puhlie | h'iiitioc Qvetem






-00:05:00
(0355:36)

PRELIMINARY SEQUENCE OF EVENTS
~TMI 2 ACCIDENT OF MARCH 28, 1979
Issued April 16, 1979

Three Mile Island Unit. Two was at 972 power with the Integrated

-Control System in full automatic. Rod groups one thru five were

fully withdrawn, rod groups six and seven were 957 withdrawn

and rod group eight was 27% withdrawn. Reactor Coolant System

total flow was approximately 107.5% of design flow and ihe Reactor
Céoiant System pressure was 2155 psig. Reactor Coolant Makeup Pump

B (MU-P-1B) was in service supplying makeup and Reactor Coolant

Pump Seal injection flow. The Reactor Coolant System soluble boron
concentration was approximately 1030 partsAper.million. Pressurizer
Spray Va1§e (RC-V1) and the pressurizer heaters were'in manuai

control while spraying the pressurizer to equalize'boron concen-

‘trations between the preQSurizer and the remainder of the Reactor

Coolant System. Normal Reactor Coolant System letdown flow was

established.

~ Steam Generator parameters were as shown in the following table:

Steam Generator A Steam Generator B.
Loop'feedwater 5.7459 MPPH* - 5.7003 MPPH*
Operating Level ‘ 56% o 57.4%
Startup Level 158.8 inches 163.4 inches
Steam Pressufé 916 psig 889.6 psig

Feedwater Temperature 462.7F v : 462.7F

* MPPH is Million Pounds Per Hour



-00:00:01
(0400:36)

=00:00:01
(0400:36)

00:00:00
(0400:37)

00:00:00
(0400:37)

00:00:03
(0400:40)
Approximate

00:00:08
(0400:45)

00:00:08
(0400:45)
Approximate

00:00:13

Steam Generator Feedwater Pumps (FW-P-1A and FW-P-1B) were in
service, Condensate Booster Pumps (CO-P-2A, CO-P-ZB and CO-?-ZC)
were in service, and Condensate.PumpsA(dO—P—lA and CO-P-1B)
were in service. An attempt was being made to clear a clogged
resin transfer line in the standby demineralizer.

Condensate Pump A.(CO-P—lA) stopped.

Feedwater Pumps (FW-P-1A and FW-F-1B) stopped at essentially the
same time resulting in a loss of feedwater flow to both steam

generators.

Main Generator*was;trippea followd by a turbine trip.

' Three Emergency Feedwater Pumps (=F-P-1, 2A, 2B) started.

The Electromatic Relief Valve (RC-RV2) opened at the setpoint
of 2255 psig.

Reactor tripped on high pressure zt 2345 psi. Setpoint is 2355 psi.

The operator placed the Pressurized Spray Valve (RC-V1) and pres-

surizer heaters under automatic ccatrol.

The operator started the Reactor foolant Makeup Pump A (MU-P-1A),
opened High Pressure Injection Isclation Valve A (MU-V16A) and

isolated 1etdo§n flow in anticipazion of the ‘expected pressurizer

level decrease.



00:00:13
(0400:50)
Approximate

00:00:14
(0400:51)

00:00:15
(0400:52)
Approximate

00:00:30
(0401:07)

\¥

00:00:38
(0401:15)
Approximate

00:00:39
(0401:16)

00:00:40
(0401:17)
Approximate

00:00:41
(0401:18)

The Electromatic Relief (RC-RV2) solenoid de-energized giving
a non-open indication to the control room operators. The Elec—

tromatic Relief Valve (RC-RV2) should have resezted at about this

‘time (closure setpoint of 2205 bsig).

The Emergency Feed Pumps (EF-Pl, 2A and 2B) achieved normal dis-

charge pressure.

Water hammer in the condensate piping occurred.

Pressurizer Safety Valve (RC-RVIB) and Electromatic-Relief Valve

" (RC-RV2) discharge line temperature alarms printed out.

1

Steam Generator A level reached the 30-inch setpoint where the
Emergency Feedwater Valves (EF-V11A and EF-V11B) open. Feedwater
was not admitted because Emergency Feedwater Block Valves (EF-VIZA

and EF-V12B) were shut.

Reactor Coolant Makeup Pump A (MU-P~1A) was stopped.

Steam Generator B level reached the-30-inch.sétpoint where the

Emergency Feedwater Valves (EF-V11A and EF-V11B) open.' Feedwater

was not admitted because Emergency Feedwater Block Valves (EF-V12A

i

and EF-V12B) were shut.

Reactor Coolant Makeup Pump A (MU-P-1A) was restarted. With
Reactor Coolant Makeup Pumps A and B (MU-P-1A and MU-P-1B) oper-

ating, pressurizer level rate of decrease slowed.



00:01:00
(0401:37)
Approximate

00:01:00
(0401:37)

00:01:26
(0402:03)

00:01:45
(0402:22)
Approximate

00:02:01
- (0402:38)

00:02:04
(0402:41)

00:03:12
(0403:49)
Approximate

00:03:14
(0403:51)

00:03:26
(0404:03)

00:04:38
(0405:15)

00:04:38
(0405:15)
Approximate

Pressurizer level started increasing. Reactor Coolant System hot

leg and cold leg temperatures reached 575F. Reactor Coolant Drain

Tank pressure was increasing.

The - Pressurizer SafetyKValve (RC-RV1A) high discharge line temper-

ature alarm was received.

\

Reactor Coolant Drain Tank temperature normal alarm printed out.-

Steam Generators A and B héve_boiled dry at this time.

Reactor Coolant Makeup Pump B (MU-P-1B) was stopped due to Y

Engineered Safeguards actuationm.

. High Pressure Injection Pump C (MU-P-1C) started automatically.

Reactor Coolant Drain Tank Relief Valve (WDL-R1) lifted at 120 psig.

i

"High Pressure Injection-portion of Engineered Safeguards was manually

bypassed. Both Reactor Coolant Makeup Pumps A and C (MU-1P-1A

and MU-P-1C) were operating.

\

Reactor Coolant Drain Tank high temperature alarm received at 127.2F.

Reactor Coolant Makeup Pump C (MU-P-1C) was stopped.

The operator throttled the High Pressure Injection Isolation Valves

(MU-V16's).



00:04:52

(0405

:29)

00:04:58
(0405:35)

00:05:06

(0405

00:05

:43)

:15 -

(0405:52)

00:05
(0406

Approximate

00:05
(0406

00:06
(0407

- 00:07:

(0408

00:08
(0408

Approximate

00:08

(0408

00:08:30

(0409

00:10
(o410

:50°
:27)

:54
:31)

:58
:35)

31
:06)

:00
:37)

:15
:52)
:07)

: 00
:37)

Intermediate Closed Cooling Pump (IC-P-1A) started.
First alarm indication received that letdown had been sacured.:

Presurizer level stopped its sharp increase at 376 inches and
began to turn down. It reached a minimum of 372 inches and then

started back up at 5 minutes, 21 seconds into the transient.
Condensate Booster Pump B (CO-P-2B) tripped.

Reactor Coolant System pressure stopped its sharp decrezse and began
to turn up. Minimum value reached was approximately 1350 psig.

Pressurizer level increased beyond the range of the inszrument

indication.

Letdown flow of 71.4 gallons per minute was re-esﬁablished.
Reactor Building Sump Pump A (WDL-P-2A) started..

Emergency Feedwater Block Valves (EF-V12A and EF-VI?B) wvere opened. .

‘

Reactor Coolant System hot leg and cold leg temperatures began to

decrease.

Reactor Coolant System pressure began to decrease.

Pressurizer level came on scale.

-5 -



00:10:19 Reactor Building Sump Pump B {WDL-P-2B) started.
(0410:56) ‘

00:10:24 Reactor Coolant Makeup Pump £ (MU-P-1A) tripped.
(0411:01)
. 00:10:27 'Reactor Coolant Makeup Pump t (MU-P-1A) was started.
(0411:04) ' '
00:10:28 Reactor Coolant Makeup Pump £ (MU-P-1A) tripped.
(0411:05)
00:10:40 Reactor Building Sump high level alarm received. Setpoint 1is
(0411:25)

4.650 feet. -

00:11:40 Reactor Coolant Makeup Pump £ (MU-P-1A) w&s started.

(0412:17)

00:14:50 The Reactor Coolant Drain Tarx rupture diaphragm (WDL-U26) failed.
(0415:27) Co ' -

00:24:58 \ ~ The operator requested computzsr printout of the Electromatic
(0425:35

Relief Valve (RC-RV2) outlet :zemperature. The reading was 285.4F.

00:25:00 Intermediate Cooling System high radiation alarm- annunciator
(0425:37)
Approximate received at the Radiation Monitor Panel.

00:36:08 Emergency Feedwater Pump 2B (IF-P-2B) was stopped.

(0436:45)
00:38:10 Reactor Building Sump Puup A (WDL-P-2A) was stopped.
(0438:47) .

-00:38:11 Reactor Building Sump Pump 3 :{WDL-P-2B) was stopped.
(0438:48) ' '
01:10:54 Reactor Building air cooling zoils emergency discharge alarm

(0511:31)
: . printed out.



01:13:29
(0514:06)

01:13:42
(0514:19)

01:13:27
(0513:59)

-01:20:31

01:40:37
(0541:14)

01:40:45
(0541:22)

01:42:00
(0542:37)

Approximate

01:54:00
(0554:37)

Approximate

02:00:00
(0600:37)

Approximate

02:00:00
(0600:37)

02:12:00
(0612:37)

" Reactor Coolant Pump 2B (RC-P-2B) was stopped.

Reactor Coolant Pump 1B (RC-P-1B) was stopped.
The alarm printer became unavailable at this time and remained
out of service until 02:47:31 (0648:08).

Operator requested printout of the Electromatic Relief Valve

(RC-RV2) outlet temperature. The reading was 283.0F.

Reactor Coolant Pump 2A (RC-P-2A) was stopped.

Reactor Coolant Pump.lA (RC-P-1A) was stoppe&.

Operator started raising Steam Generator A level from 30 inches

on the Startup Range to 50 on Operating Range. Reactor Coolant
Svstem Loops A and B cold leg temperatures both started decreasing.

Reactor Coolant System pressure started decreasing. -

Reactor Coolant System Loop A hot leg temperature began increasing.
Steam Generator A level reached 50% on Operating Range.

Bzactor Coolant System Loop B hot leg temperature began increasing.

Rzactor Coolant System Loop B hot leg temperature increased to

oifscale at 620F,



- 02:17:33
(0618:30)

02:22:30
(0622:37)
Approximat -

02:30:00
(0630:37)

02:45:00
(0645:37)
Approxinate

02:45:90
(0645:37)
Approxinate

02:45:30

(0645:37)

Approxipate

- 02:50:C0
(0650:37)
Approxirnate

02:51:37
(0652:34)

02:53:19
(0653:33)

02:54:C9
(0654 :45)

02:54:43
(0655:25)

Operator requested Electromatic Relief Valve (RC-R2) outlzt

temperature;. The reading was 228.7F.

The Electromatic Relief Block Valve (RC-V2) was shut.

Operator started increasing Steam Generator B from 30 inczes m

Startup Range to 50% on Operating Range.

/

Several radiation alarms were received.
Reactor Coolant Makeub Pump C (MU-P-1C) was stoppéd.
Operator opened Main Steam Isolatior Valves (MS-V4B and MS-V7Bl.

Site Emergency was declared. Notifications to offsite auticri:ies

and organizations were initiated.

t

Operator attempted to start Reactof Coolant Pump 2A (RC-P-2A).

Pump would not start.

Operator attempted to start Reactor Coolant Pump 1B (RC-P-IB).

Pump would not start.

JOperator started Reactor Coolant Pump 2B (RC~P-2B).

Jigh Pressure Injection Engineered Safeguards actuation lec:zic

reset on increasing Reactor Coolant System pressure.



02:56:19 Steam Generator B was isoiated. Main Steam Isolation Valves
(0656:56) . (MS-V4B and MS-V7B) were shut.
Approximate . '

03:00:00 Reactor Coolant System pressure increased to 2130 psig.
(0700:37) ' '
- Approximate

03:03:39 - Sfeam Generator A pressure control was shifted from the Turbine Bypass
(0704:16) - o :
Approximate Valves (MSV-25A and B and ‘MSV-26A and B) to the Power Operated

. Emergency Main Steam Dump Valves (MSV-3A and B).

03:10:27 Emergency Feedwater Pump 2A (EF-P-2A) was stopped.
(0711:04)

03:12:28 Electromatic Relief Block valve (RC-V2) was opened.
(0713:05) '
Approximate

03:12:53 Reactor Coolant Pump 2B (RC-P-2B) was stopped.
(0712:53)

03:20:13 Reactor Coolant Makeup Pump C (MU-f-IC) was started. Reactor Coolant
(0720:41) o ‘ , '
Makeup Pumps C and A (MU-P-C and A) were operating.

03:23:23" General Emergency was declared. Notifications to offsite
(0724:00) ' .
Approximate authorities and organizations were initiated.
., ' .
. "”~5‘634§9:00 Electromatic Relief Block Valve (RC-V2) was shut.

(0730837} -

Approximate \
\
|

03:35:08 ﬁmergency Feedwater Pump 2A (EF-P-2A) was started.
(0735:43) | ' ‘ .

.03:37:00 " Reactor Coolanf'Makeup Pump C (MU-P-1C) was stopped.
(0737:37)

03:51:00 Electromatic Relief Block Valve (RC-V2) was opened.
(0751:37) ,

Approximate



03:55:39 - Engineered Safeguards actuated on low RCS pressure. Setpoint is
(0756:16) '

1640 psig.
. 03:55:39 The Reactor Building high pressure isolation sigﬁal actuated
(0756:16) L A '
and isolated the Reactor Building.” The Reactor Building isolation
set point is 4 psig.
03:56:04 Reactor Coolant Makeup Pump C (MU-P-1C) was started.
(0756:41) |
03:59:23 Reactor Building ﬁmergency Cooler B was shutdown.
(0800:00) '
03:59:53 Reactor Building Emergency Cooler B was started. :
(0800:30) , " ,
04:06:00 Electromatic Relief Block Valve (RC-V2) was shut.
(0806:37) :
04:08:37 Reactor Coolant Pumple (RC-P-1A) was started.
(0809:14) ' : o '
04:09:14 Reactor Coolant Pump 1A (RC-P=1A) was stopped.
(0809:51) :
04:17:17 Reactor Coolant Makeup Pump A (MU-P-1A) was stopped.
(0817:54) - : ' '
04:17:22 Reactor Coolant Makeup Pump C (MU-P-1C) was'stopped.”,Np”ﬁhkéﬁi
(0817:59) . K /
pumps operating. ,{

. - }. )
04:18:17 = Operator attempted to start Reactor Coolant Makeup Punp A (MU-P-14A).
(0818:54) ‘ ' _ \ C

The pump would not start. « ’
04:18:30 Electromatic Relief Block Valve (RC-V2) was‘opened.
(0819:07)
Approximate

- 10 -
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04:21:53
(0818:30)

04:26:59
(0827:36)
Approximate

04:30:00
(0830:37)-
Approximate

04:30:45

- (0831:22)

04:30:45
(0831:22)
Approximate

04:54:00
(0854:37)
Approximate

05:18:00

(0918:37)

05:54:00
(0954:37)
Approximate

07:30:00
-(1130:37)
Approximate

08:11:26
(1212:03)

08:30:00
(1230:37)

Power Operated Emergency Main Steam Dump Valve (MS*V3A5 was shut.

¢

" Reactor Coolant Mékeup Pump B (MU-P-1B) was started.

Feactor Coolant Makeup Pump C (MU-P-1C) was started, tripped,

and was restarted.

1

The Electromatic Relief Block Valve (RC-V2) was shut.
Condenser Vacuum Pumps 1A and 1C (VA-P-1A and VA-P-1C) were
stopped and vacuum was broken.

Power Operated EmergencylMain Steam Dump Valve (MS—VBA) was opened.

The Electromatic Relief Block Valve (RC-V2) was opened.

- The Electromatic Relief Block Valve' (RC-V2) was shut.

Operator commenced filling Steam Generator A to 99% on the Operating

Range instrumentation.

Electromgtic Relief Block Valve (RC—V2),and the Pressurizer Spray

Valve (RC-V1) were opened.

Core Flood Tank A high level alarm was received.

\

-.11 -



08:31:
(1231

08:54

(1255:

09:04:
(1304:

09:49
(1350:

09:49:
(1350:

09:49:
(1350:

109:50:
(1351

09:55:
(1356:

09:56:
(1357:

10:24:
(1424

Approximate

06

:43)

:56 .

33)

18
55)

144

21)

50
27)

58
35)

24
:01)

30
07)

58
35)

00
3n

v

Decay Heat Removal Pumps 1A and 1B (DH-P-1A and DH-P-1B) were

-started.

Core Flood Tank A alarm printed out at a level of 13.13 feet.

Reactor Coolant Makeup Pump C (MU-P-1C) was stopped.

Reactor Building Isolation and Containment Spray were actuated by

Engineered Safeguards. Engineered Safeguards actuation started .
Reactor Coolant Makeup Pump C (MU-P-1C) and Reactor Building Spray

Pumps A and B (BS-P-1A and BS-P-1B).

Reactor Building Spray Valves (BS-V1A and BS-V11B) opened.

Reactor Coolant Pumps 1A and 1B (RC-P-1A and RC-P-1B) inlet air
temperature high_alarms annunciated and Pressurizer Safety Valves
(RC-R1A and RC-R1B) discharge line temperature high alarms annun-

ciated.

'Reactor Coolant Makeup Pump C (MU-P-1C) was stopped.

Reactor Building Spray Pumps A and B (BS-P-1A and BS-P-1B) were

stopped.

_ Decay Heat Removal Pumps A and B (DH-P-1A and DH-P-1B) were

stopped.

Reactor Coolant System hot leg Loop A temperature decreased to

within the instrumentation range.
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10:31:25 Reactor Coolant Makeup Pump C (MU-P-1C) was started. Reactor
(1432:02) : ' : '

Coolant pressure was approximately 440 psig.

10:35:55 Reactor Coolant Makeup Pump C (MU-P-1C) was stopped.
(1436:32) ' ' . '

11:06:00 Pressurizer level started decreasing.
(1406:37) |
Approximate

. 11:12:00 Reactor Coolant System cold leg Loop A temperature started to.
(1512:37) , : :
Approximate increase from 200F to 400F. Reactor Coolant Svstem hot leg Loop A

‘temperature decreased from above the instrument range to S60F.

11:18:34  Reactor Coolant Makeup Pump C (MU-P-1C) was started.

(1519:11)

11:24:00 Pressurizer level stopped decreasing at 180 inches and started
(1524:37) '

Approximate increasing, going off_scale_dhring the next nour.

-

11:28:12 Reactor Coolant Makeup Puﬁp C (MU-P-1C) was stopped.

(1528:49) . , .

11:32:37 Reactor Coolant Makeup Pump C (MU-P-1C) was started.

(1533:14) '

11:35:48° - Reactor Coolant Makeup Pump C (MU-P-1C) was stopped.

(1536:25) ' -

11:36:00 Operator commenced-filling Steam Generator B to 97% on the Operating’
(1536:37) '

Approximate Range instrumentation.

12:00:00 Steam Generator A level was 97% on the Operating Range.

(1600:37) ) - . . :
Approximate

12:48:00 Preséurizer level came on scale.

(1648:00)

Approximate



13:02:23
(1703:00)

13:08:22
(1708:59)

Approximate

13:13:10
(1713:47)

{

13:23:04
(1723:41)

16:43:15
(1843:52)

14:54:00
(1854:37)
Approximate

15:24:00
(1924:37)

15:24:10

(1924:47)

Approximate

16:04:00
(2008:37)

22:15:00
(0215:37)
Approxinate

Condenser Vacuum Pump 1C (VA-P-1C) was started.

Normal steam generator feedwater shpply was put in service.

Condenser Vacuum Pump 1A (VA-P-1A) was started.
Reactor Coolant Makeup Pump C (MU-P-1C) was_starﬁed.
Reactor Coolant Makeup Pump C (Mﬁ-P—lC) was stopped.

RCS pressure reached 2350 psig.

Reactor Coolant Pump 1A (RC-P-1A) was started.

Reactor Coolant Pump 1A (RC-P-1A) was stopped.

Reactor Coolant Pump 1A (RC-P-1A) was started.

Reactor Coolant System and Steam Generator conditions weré:

Reactor éoolant'System pressure = 1065 psig. |

PressurizerbTemperature = 551F (pressurizer heaters maintaining
temperature).

Pressurizer Level = 397 iﬁches.

Reactor Coolanf System cdld leg Ldop A temper#ture = 288F .

Steam Generator A steaming to the Main .Condenser.

- 14 -



Steam Generator B isolated.
Reactor Coolant Makehp.Pump B (MU-P-1B) operating to

Reactor Coolant Pump sealminjec;ion flow.

Reactor Coo}ant System cold leg Loop A témperature

Reactor Coolant System cold leg Loop B temperature

Reactor Coolant System hot leg Loop A temperature =

i.e.,less than 520.0F.

Reactor Coolant System hot ieg Loop B temperature =

"i.e.,less than 520.0F.

- 15 - .

shpply

256.4F.
252.4F.

off scale low,

~

off scale low,






APPENDIX J
COMMENTS ON CRYSTAL RIVER FEEDWATER SYSTEMS
Introduct1on

These comments were compiled durlng the week of April 15, 1979 from information
in the FSAR and from telecons with. the 11censee : ‘

- Summar) A _ ,
Concerns about the design of Crystal River's auxiliary feedwater'system»are;

(1) Seismic event could cause Tloss of all AFW pump suction sources.
(2) The AFW pumps may not self-vent becéusé of the syétemvgeometry.
(3) The AFW pump auto start logic is not single failure- proof

(4) Vacuum breaker valves on main condenser can cause Toss of suction to '
| both AFW pumps from hotwell. -

(5) For several scenarios with s1n§1e'fa11ures, operator action would be
required to get auxiliarv feedwater to the steam generators.. '

Normé] Feedwater

Two turbine driven pumps with steam sources from (1) reheat steam; (2) main
steam; and (3) auxiliary steam. Shutoff head = 2550 ft. No strainers in
feedwater system. Condensate demineralizers are automatically bypassed by
an air-operated valve on high differential pressure across the demineralizers.
(This valve could fail in any position on loss of air because it uses air as
its motive force in both directions.) There are no automatic bypasses around
FW heaters. Feedwater ‘s shut off to the faulted steam generator when its
steam pressure < 600 psig. ~

Auxi]1ary Feedwater (AFW) Qéurces

Normal supply: condensate storage tank; first backup supply: condenser hotwell;
second backup: demineralized water from the fossil units.. Switchover: from the
normal supply to the first backup can be performed from the control room in
approximately 1 minute. Concern: There is no seismic category 1 source of
aux111ary feedwater. ' : '

Auxiliary Feedwater Pumps : o

Two -pumps, 1 motor driven and 1 turbine dr1ven, 740 gpm each. Shutoff head:
3400 ft (motor) and 3500 ft (steam). Concern: The pumps are not the low
point in the system and may not be self-venting. -

Auxiliary Feedwater Pump Drives »
The motor is on a Class 1E power supply. Steam is supo]1ed to the turbine
driver from two main steam lines upstream of the main steam isolation valves.

;hg turbine dr1ven pump is operable with steam pressure at 1east as low as
- 20 p51g v

AFW Pumps Auto Start

The motor driven pump has no auto start s1qna]s It must a]ways be started
by the operator. Turbine driven pump auto starts on loss of both: main_ FW
pumps (as sensed by low o0il pressure on both pumps). (Does not start on
safg%y fe§Eures actuation signal,) Auto start signals are not redundant
“or Class



Automatic Trips of AFW Pumps

Turbine driven: overspeed i
Motor driven: motor protective trips
: closed suction valve

concern: If taking suction on the hotwell (first backup), the suction valves
are interlocked with the condenser vacuum breaker valves. If they are closed,
the suction valves close and you lose suction 'to the AFW pumps. Only the
motor-driven pump trips on suction valve position. Ihg‘turblnefdr1ven pump
could be damaged before-it trips on overspeed. SR :

AFW Indication

Turbine driven: steam stop valve position
Motor driven: motor on-off lights, ammeter C /
Common: flow*in startup FW line (would require valve realignment to use).

Level Control

On loss of main FW pumps, the ICS controls level at 30" after the operator
closes a valve that bypasses the FCV. If all 4 reactor coolant pumps are
lost, the ICS controls level at 250"after operator closes FCV bypass.
Operating procedures and practice require the operator to maintain these
levels if the ICS fails to do so. '

Independence of AFW Trains -

_'Appear to be independent with the fo]]owing exCeptiOns:
(1) common, non-seismic suction source'KCOhdensate:storage tank).
(2) 1CS inputs. to flow control valves of both trains.

(2) suction valves from main condenser to AFW pumps are closed by common
signal (see concern under "Automatic Trips of AFW Pumps").

'Effect of SurVei]1ance‘Teét on System

To test one pump, its motor-operated discharge valve is closed and recirculated
to condensate storage tank through the mini-flow line. -Operator action would
be required to open the discharge valve before that pump would deliver water

to the steam generators. (Note that only 1 AFW pump starts on auto.)

‘ Common'Mdde Failures That WOuld'CaUSe Loss of Main FW and Auxiliary FW
None identjfied.(excépt seismic event).

Seismic Event

(1) There is no seismic source of suction to the auxiliary feedwater
pumps. Therefore, a seismic event_cou]d cause total loss of feedwater.

(2) The initiating logic for AFW pump is non-seismic. .  Therefore, the
pump may not auto-start even if suction source is available. '



Loss of Offsite Power

‘Would cause almost immediate loss of both main FW pumps. Only the turbine-
driven AFW pump would auto start. Operator action would be required

to start the motor-driven AFW pump on the diesel generator. Several emergency
loads may have to be stripped to allow starting of this pump on. the diesel
generator,

Loss of Offsite Power with Single Fai]ure

(l) Worst identified single failure is loss of turbine-driven AFW pump.
This would require operator action to start motor-driven pump. Other
emergency loads may have to be str1pped before start1ng AFW pump. on
diesel generator.

(2) 1cS - Have not 1nvest1gated whether s1ng1e fa11ure can cause both
AFW flow control valves to close after the operator has closed the
FCV beypass va]ves. . : : .

System Design Response to LOCA

" ‘None.

Alternate Cooling Mode Without‘Main FW or AFW
None identified. = - ;







APPENDIX K
COMMENTS ON RANCHO SECO FEEDWATER SYSTEMS

Introduction ‘ : : .
These comments were compiled during the week of April 15, 1979 from
information in the FSAR and from telecons with the licensee, '

Summar _ _

(T) Loss of offsite power with a single failure in the turbine driven

: pump train requires operator action to'provide water to the steam
generators. : '

(2) For a loss of main feedwater (or loss of all reactor coolant pumps)
while performing surveillance test on one train, it would require
operator action to realign the train being tested to provide flow
to the steam generators.

(3) We don"t know if there are single failures in the ICS that could
cause loss of both main and auxiliary feedwater or both trains of
auxiliary feedwater. . : '

(4) We are not certain that each train of auxiliary feedwater has the
capacity assumed in the generic LOCA analysis. R. C. Jones of B&W
informed us on April 22, 1979 that the analysis assumes 500 gpm per
steam generator (1000 gpm total) at 1050 psig. ' We need the pump -
head curves ‘to evaluate this. ' -

Normal Feedwater

2 turbine driven pumps with-steam sources from (1) reheat steam; (2) main
steam; (3) auxiliary steam. Shutoff head = 2750 ft. No strainers in feedwater
(FW) system. No automatic bypasses for condensate demineralizers or feedwater
heaters. Feedwater is shut off to the faulted steam generator whén its steam
pressure <435 psig. ' ‘ ' :

Auxiliary Feedwéter Sburces

Normal supply: condensate storage tank (seismic category 1); first backup
supply: canal (non-seismic); second backup: reservoir (non-seismic). There
is a manual switchover from normal to backup that takes approximately 5
minutes. -

Auxiliary Feedwater (AFW) Pumps -

Two pumps - 1 motor driven and 1 with both a motor and a turbine driver,
840 gpm each. Shutoff head, with steam 3050 feet, with motor 3100 ft.

7/

AFW Pump Drives

Steam supplied from main steam lines. The motors are on Class 1E power
supplies. - Steam driven pump has been demonstrated operable with steam pressure
to the turbine drive as low as 213 psig. ' '




AFW Pumps Auto Start
Both pumps start on ‘either of the fo]]ow1ng

(1) Lloss of both main feedwater pumps as sensed by d1scharge pressure,
each main FW pump <850 psig

_(2) All reactor coolant pumps off as. sensed by the power monitor.

‘The turbine driven pump only also starts on Safety. Features Actuation
Signal (SFAS). Electrical power to all initiating signals is from
Class 1E sources. «

Automatic AFW Pump Trips .
Motors: electrical faults {breaker). Steam turbine: overspeed.

AFW Indication

Motors: on-off 1ights, ammeters. ,
Steam supply valve position. (3 at separate contro] room 1ocat1ons)

/

‘Level Control

On Toss of main FW pumps, ICS controls at 30 inches. On,loss of all reactor
coolant pumps, ICS controls at 318 inches. 0perat1ng procedures and practice
require operator to maintain these levels using manual control if ICS fails
to do so. On SFAS, the AFW flow control valves are bypassed, delivering

full flow from AFW pump(s) to the steam generators. (Only the turbine

driven pump starts automaticaldy on SFAS. )

Independence of AFW Trains

'Appear to be 1ndependent with ‘three except1on5'

'(l) They have a common suct1on source (se1sm1c category 1 condensate
storage tank).

(2) Cross-tie valves between the d1scharges are normally open (remote
manual MOV's from.Class 1E power supply).

(3) 1cs inputs to both flow control valves.

Effect of Surveillance Test on System

To test one system, the discharge cross-tie valve and flow control valve
are closed from the control room. Operator action would be required to.
get AFW to that steam generator if auto demand signal was - rece1ved

Common Mode Fa11ures That Would Cause Loss of Main FW and AFN

The ICS is not Class 1E. There may be single failures that would cause the '
. main FW flow control valves and the AFW flow control valves to close and
‘remain: closed. (ICS does not 1nh1b1t SFAS controls.).

/



Seismic Event

Only effect on AFW system would be that if offsite power were lost as a
result of the earthquake, only one AFW pump would auto start on demand.
The operator would have to manually start the motor driven pump on the
diesel generator.

Loss of Offsite Power

Would cause almost immediate loss of both main FW pumps Only the steam
driven AFW pump would start automatically.. Operator action wou]d be requ1red
to start the motor driven pump on the diesel generator.

Loss of Offsite Power»w1th Single Failure

Worst identified single failure would be loss of steam driven AFP.. This
would require operator action to restore AFW by starting motor driven
pump. Questions on ICS - Have not investigated whether single failure
can cause both AFW flow control valves to close.

AFW System Design Response to LOCA

When SFAS is initiated, the turbine driven AFW pump is started (regard]ess
of whether main FW pumps or reactor coolant pumps are tripped). SFAS also
opens bypass valves around the AFW flow control valves, thereby allowing the
. AFW pump to put=420 GPM into each steam generator. When steam generator .
Tevel exceeds 30™ (or 318" if operator has tripped RCP's), the auxiliary FW
flow control valves are closed by the ICS.

A]ternate'Coo1ing Mbde.Withput Main FW or AFW
Nuclear Service Cooling Water System.







APPENDIX L
COMMENTS ON OCONEE FEEDWATER SYSTEMS

Introduct10n
- These comments were compiled during the week of April 15, ]979 from
information 1n the FSAR and from telecons with.the licensee.

Summar ' ' : , o
(1) Seismic event cou]d cause loss of all 3 un1ts emergency feedwater
' pumps..

(2) Several scenarios could result in feedwater not being supplied to the
- steam generators for 10 minutes or longer while operator manually
realigns systems from other units or the auxiliary service water pump.

(3) Auto start signal is not single failure proof or seismic Category 1.

(4) There is only one EFW train per unit. R. C. Jones of B&W informed
us on April 22, 1979 that the generic LOCA analysis assumes 500 gpm
per steam generator (1000 gpm total) at 1050 psig. Apparently this
one train does have that capacity; however, there is no redundancy. -

(5) EFW injection valves are powered by non-Class 1E batteries.

(6) Technical specifications don't have operability requirements for other
units' EFW systems. :

‘Normal: Feedwater

Two turbine driven main FW pumps with steam” sources’ _from (1) extraction steam,
(2) main steam; (3) auxiliary steam. Shutoff head = 1253 psia. There are
suction strainers for the hotwell pumps. The condensate demineralizers are
automatically bypassed by air-operated valves (fail open) on high differential
_pressure across the demineralizers (40 psi). There is no automatic actijon to
isolate a staem generator on break of main steam or feedwater Tines.

Emergency Feedwater Sources - o

Normal supply: upper surge ‘tank; first backup main condenser hotwell; second
backup: other units' upper sruge tanks (all sources non-seismic category 1).
Switchover from normal to first backup is remote manual and requires
approximately 1 minute.

Emergency Feedwater (EFW) Pumps : ' ~ >
One pump per unit - turbine driven. Capacity = 1080 gpm at 1050 psig.
Shutoff head = 1465 psia. ‘ -

EFW Pump Drive .
Steam supply to turbine driver is from main steam Pump will operate with
steam/pressure to drive at least as Tow as 300 psig.




EFW Pump Auto Start : o

(1) Loss of both main FW pumps as detected by low header discharge
pressure <750 psig or by main Fw pump turblne stop valve p051t1on
on both pumps.

(2) EFW pump does not start on SFAS. ‘
(3) Auto start 51gnals are from non- C]ass 1E sources.

Automatic EFW Pump Tr1ps
(1) Overspeed

(2) Low hydraulic pressure

EFW Indication
(1) Pump discharge pressure

(2) Flow

‘Level Contr01 . ‘

On Toss of main FW pumps, the ICS controls steam generator Tevel at 25". On
Toss of all reactor coolant pumps, the ICS controls level at approximately
260", Operating procedures and practice require operator to ma1nta1n these
~ levels using manua] contro] if the ICS fa1ls to do so. :

Independence of EFW Trains - v : o : R
- Not applicable: only 1 train. Time required to align EFW from another unit
is 10 minutes or ]onger. ' , ~

- Effect of Surve1]1ance Test on System '

Close manual block valves. Would require operator to reopen. “manual va]ves
and close recirc valve to get EFW to steam generatons if demanded dur1ng
-surveﬂllance test: :

Common Mode Failures That Would Cause Loss of Main FW and EFW

ICS is not Class 1E. There may be single failures that would cause the
control valves that normally would feed both main FW and EFW to the steam
generators to close. Operator action would be required to open an a1r

. operated valve in a ]1ne which bypassed the flow control va]ves

Seismic Event _ , .

It appears that a seismic event could fail all three units' EFW pumps because
of their location in a non-seismic Category 1 bu11d1ng, and- fa1] all sources .
of suction for the EFW pumps. :

Loss of Offsite Power h ,
Could cause almost immediate loss of both main Fw pumps The EFW pump would
start automatically 1f ma1n FW pumps tripped. s ' :




Loss of Offsite Power with Single Failure

Assume single failure is the EFW pump for that unit. It wou]d require.
operator at least 10 minutes to get water to the steam generators by
manually realigning part of the EFW flow from the other un1ts or.to
manual]y start the aux111ary service water pump.

AFW System Design Response to LOCA
None.

~ -Alternate Cooling Mode Without Main FW or EFW ° _ : .
Auxiliary service water pump. One pump for the site. 3000 gpm. at 75 psig.
- Shutoff head = 100 psig. Must be started manually. Takes suction from’
circulating water inlet line. Located in se1sm1cal]y designed aux111any
building. Powered from Class 1E source.







APPENDIX M
COMMENTS ON DAVIS-BESSE UNIT 1 FEEDWATER SYSTEMS

Introduction

These comments were'compiled during the week of April 15, 1979 from information
in the FSAR and from telecons with the licensee. '

S ummary

(]) A single fa11ure in an AFW train would require operator act1on to
prov1de water to both steam generators.

(2) Apparent]y, each train of the AFW system has. 1ess capaC1ty than
- - assumed in the LOCA analysis. (R. C. Jones of B&W informed us on
April 22, 1979 that the ana]ys1s assumes 500 gpm per steam generator
"~ (1000 gpm total) at 1050 ps1g )

(3) Suction strainers on both AFW pumps could possibly be blocked following
seismic event by debris from the common, non-seismic category 1 SJct1on
source. : ,

Normal Feedwater (FW)

Two turbine driven pumps with steam supplies from (1) reheat steam, (2) main
steam, (3) auxiliary steam. Shutoff head = 2560 ft. .Condensate pumps have
suction strainers. Main FW is isolated from both steam generators when one.
is faulted (steam and feedwater rupture control system). This system also
starts the aux1]1ary FW pumps and aligns both to the good steam generator.

Aux111ary Feedwater Sources

~Normal supply:. condensate storage tank (non-seismic category 1) first backup
- supply: deaerator (non-seismic category 1); second backup: fire water system
(non-seismic category 1); seismic category 1 supply: service water pump
discharge. Auto transfer of either pump's suction to the seismic category 1
source when on any of the other sources and get 1ow suct1on _pressure.
(Redundant Class 1E pressure switches. )

- Auxiliary Feedwater (AFW) Pumps

Two pumps, both turbine driven. Each 1050 gpm at 1050 ps1g (250 gpm of this
is recirc flow each pump).. Shutoff head = 3150.ft.

Auxiliary Feedwater Pump Drives

Steam supplied from the main:steam lines upstream of MSIV s.. Pumps demonstrated
operable down to T = 280°F (Psat 50 p51a) :



AFW Pumps Auto Start
Both AFW pumps start on any of the fo]]ow1ng signals:

(]) Steam pressure greater than feedwater pressure by 170 p51 (for feedwater
break or loss of FW pumps).

(2) Steam generator Tow level.
(3) Loss of all reactor coolant pumps (sensed by RPS.power monitor).
(4) Low main steam line pressure (GOdtpsig); »

_ AFW Pump Auto Trips
Either pump trips on:

(1) .ouerSpeed

(2) low suction pressure _

(3) low steam (to turbine drive) after 25-seconds
AFW_Indication | |

- (1) Discharge pressure each pump.

F(Z), Speed indication each pump.

:Leve] Control

Auto essential level control system contro]s at 120“ However, operating
instructions require operator to control at 35 inches- if there is no SFAS
' (unt1] dua] Tevel setpo1nt is 1nsta11ed)

Independence of AFW Trains
Appear to be 1ndependent with the exception of

- (1) The suction source (non-seismic condensate storage tank). However,
' each pump auto transfers to se1sm1c category 1 redundant sources on

low suction pressure.

'Effect of Surveillance Test on System

No effect on normal valve lineups. -A pump is started and the mini-flow ' rec1rc
'is aligned to the sump as usual. If a demand signal is received during the
surveillance test, the injection valves open and normal emergency injectien.
begins.




Seismic Event

(1) 0n1y effect would be loss of the norma] suction source to both pumps.
The suction for each pump automatically transfers to the seismic
category 1 source on low suction pressure.

(2) The seismic event could possibly damage the condensate storage tank
in a manner that could cause b]ockage of the suction sStrainers on

both AFW pumps.

Loss of Offsite Power:

Could cause almost immediate loss of both main FW pumps. Both AFW pumps
would start automatically after diesel generators are started.

Loss of Offsite Power with Single Failure

Worst identified single failure is loss of one train of AFW. Operator
action is required to deliver water to both- steam generators from one
AFW pump (open cross- tie MOV's from control room).

S

AFW Design Response to LOCA

Does not start directly from SFAS. LOCA analysis assumes AFW flow. The
AFW pumps would be started by dlfferent s1gnals on many accidents which
initiate SFAS.

Alternate Cooling Mode Without Ma1n FW or AFW
Startup FW pump 250 gpm at 1050 psig.

-






v APPENDIX N
COMMENTS ON ARKANSAS UNIT 1 FEEDWATER SYSTEMS

Introduction

These comments were compiled during the week of April 15, 1979 from 1nformat1on
“in the FSAR and from telecons w1th the 11censee.

Summ

a

, . , o
(T} There is no auxiliary steam Supply to the main feedwater pump turbines.

(2)

(3)

(4)

(5)

(6)

(7)

(8)

If both emergency feedwater pumps inoperable, must rely on aux111ary

feedwater pump to get to cold shutdown. Auxiliary. feedwater pump is-
not seismic category 1 and is not Class 1E. ‘

.Several components in the emergency feedwater system are not powered

by a.Class 1E source. The pump motor is not normally powered by a Class
1E source but can be manually a]1gned to a Class 1E source. Add1t1ona11y,
some of the system instrumentation is not Class 1E. '

For any, demand sequence, 2 single failure of the turbine driven EFW
pump would require operator action to get emergency feedwater into the

. Steam generators because the motor dr1ven pump does not auto start
by design.

It is quest1onab1e whether each tra1n of emargency feedwater has the
capacity assumed in the generic B&W LOCA analysis. (R..C. Jones of
B&W informed us on April 22, 1979 that the ana]ys1s assumes 500 gpm -

- per steam generator (]000 gpm tota]) at 1050 psig.)

We don't know if there are single failures of the ICS that could
cause loss of both emergency FW trains or simultaneous loss of
main and ‘emergency feedwater.

The emergency feedwater pumps do not d1rect1y start on ECCS initiation
signal. (However, the turbine driven EFW pump would be started by
other signals for many of the acc1dents which initiate ECCS signal.)

Portiens of the aute start 1nstrumentat1on are not redundant.m Concern
is for single fa11ures.

The pressure switch on EFW pump suction that alerts operator to switch
to backup suction source (of water) is not redundant



Normal Feedwater (FW)

~ Two turbine driven pumps with steam sources from (1) reheat steam, (2)
main steam. Shutoff head= 109Q psig. The condensate pumps have suction
strainers. No automatic bypasses around demineralizers or FW heaters.
The Steam Line Break Instrumentation and Control (SLBIC) system isolates

main FW to both steam generators if the pressure in either is less than
600 psig. ' '

'Emergency Feedwater (EFW) Sources

 Normal supply: condensate storage tank (non-seismic Category 1); backup
‘source: service water pump discharge (either of two) (seismic Category 1).
Switchover to backup source is by remote manual MOV's and can be done in
seconds from control room. However, the pressure switch which gives Tow

. suction pressure alarm is not redundant or Class 1E.. The valves which
must be realigned are Class 1E. » . ’ '

EFW Pumps , v . \ _ : : :
Two pumps, one tufbine ‘driven and one motor driven. Fach pump 780 gpm at
1112 psig Shutoff head unknown. o _
EFW Pump Drives

(1) Motor - not normally powered.from a Class 1E source but the licensee is
currently evaluating this possibility. I

.(2) Turbine - supplied by main steam upstream of MSIV's.

EFW Pumps Auto Start
(1) Motor - no auto starts

(2) Turbine - auto starts on any of the following signals: (a) SLBIC
(steam generator pressure less than 600 psig). This is a C1as§ 1E
signal; (b) loss of FW (as sensed by ‘governor latch on both main
FW pumps) coincident with low discharge pressure of the "auxiliary"
FW pump (signal from ICS); and {c) loss of all reactor coolant pumps
(sensed by breaker position). Note: does not start on SFAS.

(3) With exception of SLBIC, the start signals are not Class 1E.

Automatic EFW Pump Trips

Motor - electrical faults
Turbine - overspeed

EFW Indication _
Discharge pressure each pump.




Level Contro]

On loss of main Fw pumps , ICS controls level at 20 inches in one steam
generator; 24 inches in the other. 0On loss of all reactor coolant

pumps, the ICS controls level at 50% on the operating range (approximately
300 inches). Operating procedures call for the operators to 'manually
control level to control reactor coolant system temperature.

Independence of EFW Trains
Appear to be independent with the except1on of the fol]ow1ng

(1) Normally open cross- -ties valves between discharge lines.

-(2) Common normal suct1on source (non- se1sm1c Category ] CST) and suction
11ne

(3) Common suction line from backup source (service water).

(4) Non-redundant pressure switch that.alerts operator to switch suctions
~on loss of normal source.

(5) 1ICS inputs to flow control valves of both trains. There may be single
- failures of the ICS that would cause valves in both trains to close.

Effect of Surveillance Test on EFW System

Operator opens manual recirc valve on train being tested InJect1on'va1ves are
normally closed. If EFW is needed, operator must c]ose recirc valve to align
full EFW flow to the steam generators.:

,Common Mode Fa11ures that WOu]d Cause Loss of Main FW and Emergency FW -

The ICS is not Class 1E. Neither is some of the EFW system instrumentation.
Failure modes may exist which would cause the main FW valves to close and
prevent the EFW injection valves from opening. Operator action would be
required to open the EFW injection valve bypass valves (MOV's).

FSe1sm1c Event
A seismic event could cause 1oss of the normal suction source. Debris from
the non-seismic category 1 condensate storage tank could.cause damage to

both emergency feedwater pumps if it entered both pumps. (This is not unique
to this facility.)

Loss of Offsite Power : .
Could cause almost immediate loss of both main FW pumps. Only the turbine
driven EFW pump starts automatically. Operator action would be required to
start the motor driven pump on the diesel generator. (Operator action
required to start motor driven pump with offsite power available also.)




Loss of Offsite Power w1th S1ng]e Failure
Worst identified single failure is loss of the turbine driven EFP train.
This would require operator action to restore EFW by starting motor - ‘
driven pump. Questions on ICS: We have not investigated whether single
failure can cause both EFW flow control valves to close. -

EFW System Design Response to LOCA

System will not start automatically on ECCS initiation. LOCA analysis
assumes flow. (However, the turbine driven EFW pump would be started
by other signals for many of the accidents which initiate ECCS signal.)

Alternate Cooling Mode Without Main FW Pumps or EFW Pumps
. Auxiliary feedwater pump. 1150 gpm at 1000 ft.




APPENDIX 0
'CRYSTAL RIVER, UNIT T
FLORIDA POWER CORPORATION

X Resbonse to Item 2 of I&E Bulletin 79-05A

Each Licensee for a B&W operating p]aht was requested to respond to

Ttem 2 of IE Bulletin 79-05A. Item 2 was stated as follows:

"Review any transients similar to the Davis-Besse event
(Enclosure 2 of IE Bulletin 79-05) and any others which
contain similar elements from the enclosed chronology
(Enclosure 1) which have occurred at your facility(ies).
If any significant deviations from expected performance
are identified in your review, provide details.and an
analysis of the safety significance together with a de-

- scription of any corrective actions taken.. Reference
may be made to previous information provided to the NRC,
if appropriate, in responding to this item.,"



Trip: 79-1 ‘ : :

Date: January 6, 1979 . ' ' S
Event: Excessive Cooldown Rate Due’ to Stuck FW Block Valve
Initial Conditions: 714 RPT, 595 MWe

DESCRIPTION

At 0242 on January 6, 1979, the turbine tripped and feedwater block valve
FWV-30 stuck in an open or partially open position. Control room operators-
took action to shut the main feedwater cross-connect valve, FWV-28, and .
trip feedwater pump "A". At this point feedflow was stopped to "A” steam
‘generator and "B" feedwater pump was supplying "B” steam generator. When
steam supplying the "B" feedwater pump turbine automatically shifted from
reheat steam to main steam (a normal occurrence due to loss of rcheat steam
pressure when the main turbine tripped), the feedflow to "B" steam
generator decreased and Tyye increased to 600°F. Reactor coolant pressure
peaked at 2255 psi when the electromatic pressurizer relief valve opened
momentarily.'Pressurizer/level peaked at 307 inches. The reactor was
manually tripped by the control room operator and the turbine driven - .
emergency feedwater pump was started to restore feedwater flow. FWV-30 was
found to be stuck on its backseat and was taken off the backseat manually
and closed. FWV-~-28 was reopened.  The cooldown transient, which resulted
when the reactor was tripped and emergency feed initiated, resulted in a
loss of pressurizer level indication (low) for approximataly 2 minutes.
Reactor coolant system pressure decreased to 1600 psi during the same time
frame and T,ye decreased to 521°F. At 0615, FWV-30 was proven operable by
surveillance procedures and auxililary steam had been brought in to restart
normal feedwater pumps: Plant parameters of interest are shown in the
‘attachments.

SIGNIFICANT DEVIATIONS - '

There were no deviations from expected performance except for the failure
of FWV-30 to shut. This failyre had no impact on-safe shutdown of the
plant since feedflow could be stopped by shutting FWV-28, and tripping "A"
feedwater pump. -Redundant emergency feedwater Systems were available and
operable. ‘

" Simpson (NRCI0)
D63



Trip: 77-33 _

Date: April 16-23, 1977

Event: Shutdown From Outside Control Room TLSt ] .
Initial Conditlons. 15% RTP _ } S

DESCRIPTION : _ . oo

The shutdown from outslde the control room test slmulated an cwergency
situation requiring evacuation of ‘the control room. All plant countrols
were left in automatic unless remote indication required.taking them into
manual modes of operation. The purpose of the test was to demonstrate that

the unit could safely be broughc to hot standby condltions from out31de the
control room.

- The test was started from 15% power. Letdown ‘flow ‘was stopped and the

control room evacuated by the normal shift complement of operators. The
operators manned their remote shutdown stations as shown in the attached
table. ‘A complete second set of operators was left in the control room to
assume plant control if the test failed. ,The reactor was tripped remotely
and the plant allowed to come to hot standby autowmatically. The operators
outside the control room were to take control of various equipment 1f it
was not performing adequately in automatic. :

On April |6, 1977, the first run at shutdown from‘qutside the éontrol'room
was attempted and aborted after approximately 18 minutes due to feedpump AP

- oscillations. Main feedwater pump- speed control had been shifted to hand

by the operators in the control room early in ‘the test, After the reactor
trip, high leakage through the startup valves resulted in overfeeding both

-steam generators. The test was terminated due to loss of steam generator

level control and greater than desired cooldown of the primary plant. As a
result of this experience, the ‘plant emergency procedure for shutdown from
outside the control room was changed to require tripping the main feedpump
remotely. This would allow the steam driven emergency.feedwaterApump to
start ‘and take over steam genarator feed requirements.

On April 22, 1977, the test was repeated with.the above modifications.
This run was stopped after approximately 9 minutes due to low levels in
both steam generators. Subsequent investigation revealed that initial
conditions for steam pressure to the steam driven emergency feedwater pump
were not met. This resulted in both steam generators being dry* until flow
was established by the electrical driven emergency feedpump. The plant
emergency procedure was’ modified to requlre the operator to check the steam
driven pump und {0 'thnt {8 'not operatling properly, dtart the electrical
driven pump. o C S ' '

* The steam generators were designed for 20 allowable thermal cyéles‘
equivalent to being boiled'dry.

Simpson (NRC10)
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‘Trip: 77-31
Date: April 21, 1977
Event: Partlal Loss of Power to the ICS
Initial Conditions: 46% RTP, 323 MWe

DESCRIPTION

At 0430 on April 21, 1977, the "X"ipOWer supply to the integrated control
system (ICS) was lost, resulting in the following events:

A. The ICS saw an erroneous zero reactor coolant flow.cdndition (no
reactor coolant pumps running) and signaled the feedwater system
to maintain steam'generator level at 50% in the operating range.

B. An ensuing increase in turbine header pressure caused all turbine
) "bypass valves and atmospheric dump valves to openh

C.” _The main feedwater block valves went shut and emergency feedwater
block valves opened in response to ICS demand.

'D. © As a result of decreased steam flow to the main tﬁfbine, Megawatt
electric output decreased to the point where the control. room

operators opened the generator output breakers and tripped the
turbine.

E. The control room operator manually opened the. startup block
valves and maintained minimum required feedwater flow.

At this point, power was restored to the ICS when the electricians replaced
a blown fuse. A normal plant recovery followed. Minimum and maximum
pressurizer levels attalned during this transient were 40 inches and 270

"inches respectively. "Other plant parameters of interest aru shown on the
attachments.

SIGNIFICANT DEVIATIONS

There were no deviations from expected performance.

'OTHER COMMENTS

e

An earlier transient of this type was experiénced during reactor trip 77-13
on March 2, 1977, when Inverter "B" tripped, causing a similar ‘loss of ICS
power. There was a concurrent loss of a main feedwater pump necessitating
‘'use of the emergency feed‘system_for;steam generator level control.

Simpson (NRCILD)
" D63



On April 23, 1977, the test was run successfully.  The control room was
evacuated with the plant at 15% power. The running main feedpump was
tripped remotely (which trips the main turbine). The reactor, however, was
not tripped until at least one minute later, recsulting in low stcam
generator levels. The operators started the electric-driven feedwater
pump, took manual control of both feedwater startup valves and restored
level in both steam generators.. Twenty minutes into the test, an operator
remotely added water ‘to the makeup tank, otherwise the plant remained in-a
fully automatic mode of operation and came to a hot standby conditon. The.
test was allowed to run for thirty ininutes to verify that the .operators.
-outside the control room had complete control of the plant. At this time,

plant parameters were at or near their final steady state values and the
‘test was ended.

Although- level and feedflow indication did not show zerg, post test.
analysis indicated that the steam generators were dry in about scven
minutes. This occurred because of a combination of problems with reference
legs, flows, and/or calibration errors. - This could be verified by noting
that during the dry period,'main steam pressure was below the \turat}on
pressure and recovered as soon as feedflow.was re-established.

Charts of significant. plant parameters are shown in tpe attachneqts. Worse
case transients were experienced during the aborted tests on Aprll 16 and
April 22, Test results on April 23 were acceptable. ‘

SIGNIFICANT DEVIATIONS

Deviations from expected performance were“experienced on Aptil 16 and April.
22 as discussed above. Corrections were made to the emergency procedure
governing this evolution and the test was completed satisfactorily.

The test proved that the reactor can be brought to and maintained in a safe
hot standby condition from locations out31de the control .room by the normal
shift complement of operators.

Simpson (VRCIO)
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Trip: 77-35

Date: April 23, 1977 .

Event: . Loss of Offsite Powcr Test
Initial Conditions:

The Loss of Offsite Power Test consisted of ‘two (2) parts. The first part’
approximated a total plant blackout from 15% reactor power; the second part
was performed from a shutdown condition and verified a diesel ggnerator s
ability to start and pick up certain vital loads.

DESCRIPTION

With the plant at 15% power, the reactor and startup transformer were
simultaneously tripped. This immediately reduced total plant power to the
emergency batteries and the above mentioned dicsel generator. The 3A
diesel generator was timed as it ‘started, came up to speed aud’ ‘picked up-
certain pre-determined loads on .its ES Bus.  After allowing the plant to
operate in this condition for fifteen minutes, the stdrtup transformer was
re-energized. Loads considered necessary to allow plant equipment to '
survive the test were shifted from the 3B to 3A diesel generator. - The 3B
diesel was then stopped and the startup transformer again trlppLd- This
allowed the timing of the 3B diesel as it came up to speed.and picked up
its pre-selected loads. At that point, the test was complete. However, it
was observed that there was a large imbalande in feedflow. Subscquent
investigation and evaluation revealed the following sequence of events:

EVEVT

Tripped power, both feedwater pumps stopped, and all fcedther
flow was lost:

Steam driven emergency feedwater ‘(EFW) pump automatlcally up to
speed and feedlng both steam generators.

Operator started electricd-driven emergency feedwater pump. -
steam generator is being preferentially f;d but both are 5et:t1nb
water. :

Operator stopped steam-driven EFW pump. "A" steam generator is
being filled (startup level indication), "B" steam generator -
startup and operating range level indicators are both apparently
at the bottom of their range. - This can be verified by noting’

that loop “B" hot and cold leg temperatures.indicate that llttlc .
or no heat transfer 1s occurring through "B” ~loop. '
(Figure &4.15-1)

"B" loop startup feedwater flow indication is at the bottom of
its range. (This was confirmed by a zero calibration check of
the instrumént made on 5/11/77. This check showed the zero had
shifted to [.5 x 102 Lbm/Hr. A similar check of “B" startup flow
made on 5/11/77 showed its zero shifted to .95 x 109 Lbm/Hr.)

Simpson {NRC10)
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- Trip: 77-48

Date: October 26, 1977 ,

Event: Loss of Inverter "A"/Loss of Vital Bus "A"
Initial Conditlons: 100Z RTP, 838 MWe'

DESCRIPTION

At 0427 on October 26, 1977, Iuverter "A" tripped causling a loss of power .
to Vital Bus "A". As a subsequent result, the maln turbline tripped,
Feedwater Pump "A™ tripped and Feedwater Pump "B" ran back to:winlmum
speed.  EHxcess heat production resulted in hipgh reactor coolant. systew
pressure and a reactor trip. The control room operator started both
emergency feedwater pumps. Atmospheric dump valves, which opencd to
relieve excess steam from the steam generators following turbine trip,
failed to close at the expected design setpoint but did closc at a lower
pressure.. With the high steam generator feedrate and the late closing of
the atmospheric steam dumps, an excesslve rate of cooldown was experienced.
Pressurizer level, decrecasing due to reactor coolant system cooldown, was -
malntained in the indicating range using manual control of the high
pressure. injection system. Minimum and maximum pressurizer levels achieved
during the transient were 35 inches: and 245 inches respectively. Other’
plant parameters of interest are. shown on the attachments.

SIGNIFICANT DEVIATIONS

The only deviation from expected performance was the failure of the
atmospheric dump valves to close at the prescribed design sctpoints:
Although this failure occurred-and contributed to an excessive reactor
coolant system cooldown rate, it was not considered to be a critical
failure since the dump valves are only sized to pass 7.5% of rated steam
flow. Even 1f the valves stuck open for the entire transient, the cooldown
rate, which would have been experienced, would be insignificaut when
compared to a main steam line break accident. Each atmospheric dump valve
can be manually isolated by an associated upstream rcot valve. '

Simpson (NRCIO)
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Operator restarted steam driven EFW pump, started feeding "B”
steam generator again.

-Operator opencd parallel valve (EFV-162) in the feedwater traln
to "A" steam generator by mistake.

Opefator shut EFV-162 and opened a parallelvvalve (EFV—lGl)‘in
the feedwater train to "B” steam generator.

"B" steam generator filling, on its way to recovery

SIGNIFICANT DEVIATIONS

The plant should have responded automatically by starting the steam-driven
emergency feedwater pump within | minute and filling each steam generator
to -50% on the operating range. However, with one pump feeding both steam
generators any imbalance in steam pressure will result in one generator
getting more feedwater than the other. After primary flow has coasted down
(approximately two minutes), the cold feedwater cools the primary water in
the steam generator. This results in a continuing. lowering of the pressure
in the steam generator already being fed, thus increasing its fecdflow.
This feédback effect allows one steam generator to be underfed unt{l the
other one reaches a level of 50% at which point its feed valve will shut.
The emergency procedure for loss of offsite power has been' changed to .
require the operator to monitor levels and keep the feedflow shared between
steam generators.

Simson (NRC10)
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Trip: 79-2

Date: January 17, 1979 :

Event: Turbine Bullding klooding/Loss of Feedwater
Inftial Counditions: 100% RTP, 848 MWe

DESCRIPTION

At 1010 on January 17, 1979, a solenoid failure was experienced on CWV-2
(inlet seawater block valve to secondary- services heat exchanger "A")
causing it to fail open. The assoclated secondary services heat exchanger.
was opened at this time for cleaning. When CWV-2. opened, sea water flowed
out .of the open heat exchanger onto the 95 ft. elevation of the Turbine
Building. Control room operators were alerted by flooding reports from
maintenance personnel on the scene. Attempts were made to close CWV-2 but
‘were unsuccessful. At 1015, the circulatlng water pump, which was the
source of flooding, was secured. lnput of seawater stopped but water
‘already in the bullding continued to flow across the floor. -At 1018, both
condensate pumps tripped due to water contacting and shorting local control
switches. At 1020, the main turbine was manually tripped. At 1021, feed-
water booster pumps and main feedwater pumps tripped due to a low deaerator
level. At 1022, the reactor was manually tripped due to increasxng
.pressurizer level and reactor coolant system pressure.

Maximum reactor coolant pressure was maintained below 2270 psi.  The tur-
bine-driven emergency feedpump started automatically. At 1030, the control
room operator started the motor-driven emergency feedwater pump and secured
the turbine-driven pump. At 1040, the plant began to recover from the
transient. Reactor coolant pressure reached a minimum of 1760 psi and was
restored to a stable reading of 2150 psi by 1100. At 1110, electrical
power to the condénsate pumps was restored. During the transient, pres-
surizer level was maintained between 80 inches and 300 inches. Plant
parameters of interest are shown on the attachments.

SIGNIFICANT DEVIATIONS

This transient was controlled by the emergency feedwater svstem within .the
intended design envelope. There were no deviations from expected perform-
ance. The initiating event (i.e., seawater coutacting and shorting out
local coidensate pump controllers) was corrected by relocating the local
condensate pump controllers to higher elevations above floor level.

Simpson (NRC1O)
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Trip: 79-3

Date: January ‘30, 1979 ,

Event: Loss of Feedwater Flow to the "B" OSTG
Initial Conditions: 100% RTP, 845 MWe, Full ICS Auto.

DESCRIPTION

At 0515 on Januvary 30, 1979, a reactor trip occurred due to a loss of feed
from the "B” main feedwater pump. '~ The feedwater pump did .not éctually trip
but F.W. flow had reduced qtgniflcantly in the "B" loop. The F.W.
‘crossover valve, FWwVv-28, did not open since FWP-2B did not trip. This
caused a loss of fegdwater to the "B" steam generator which resulted in-
excessively high reactor coolant pressure and a degradation of OTSG header
pressure. The turblne reacted to the reduced header pressure by rapidly
reducing MWe in an attempt to regain plant stablility. The control SVQLLh
reacted to reductlon in MWe and commenced running the plant back to a lower
power level. A short tlme iuto the runback the operator took action to
restore F.W. flow to the "B” OTSG by opening FWV-28. This resulted in
overfeeding the OTSG's for the immediate power level which induced a rapid
RCS cooldown and outsurge of the préssurizer. The resultant reduction of
RCS pressure tripped the reactor on low R.C.S. pressure. Thie excessive
feed rate and subsequent cooldown was terminated by the ICS function of
closing all F.W. control \alves following the reactor trip. RCS pressure
degraded to slightly less than 1700 psig but high pressute injection was
not actuated. Pressurizer level maximum and minimum aghlevcd during this
transient were 290 in. and 38 in. respectively.

SIGNIFICAKTVDEV1ATIONS

‘There were not 815n1f1cant deviations. from expected systuﬂ per‘ormance
durlng this transient.

Simpson (NRCIO)
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APPENDIX P
- RANCHO SECO, UNIT 1
SACRAMENTO MUNICIPAL UTILITY DEPARTMENT

Response to Item 2 of I&E Bulletin 79-05A

Fach Licensee for a B&w'operating plant was .requested to respond to

Item 2 of IE Bulletin 79-05A. Item 2 was stated as follows:

"Review any transients similar to the Davis-Besse event
(Enciosure 2 of IE Bulletin 79-05) and any others which
contain similar elements from the enclosed chronology
"(Enclosure 1) which have occurred at your facility(ies).

If any significant deviations from expected performance
are identified in your review, provide details and an
analysis of the safety significance together with a de-
scription of any corrective actions taken. Reference

‘may be made to previous information provided to the NRC,
if appropriate, in responding to this item.," —






Iten 2

Review any transients similar to the Davis-Besse Event {Enclosure
ulletin 79-05) and any others which contain similar elerents from
sed chronalogy {Enclosure 1) which have occurred et your facility.
grnificant deviztions from expected performance are idantified in
view, previda datails and an auaiv;1s of the safety significance

with & descreiption of any correttive actions tazkem: Beference

previous information provided t¢ the HRED, if easpropriete,
g this item.

Response to Item 2

The District has reviewed transients at Rancho Seco Unit No. 1A'
in order to determine any having similar elements tp the chraonology of
everls 31 Three Mile Island Unit 2 and Dayis-Besse Unit 7. We have not



R. H. Engelken o e- | Asril 11, 1973

found eny transients which are similar, however, we have reviewed one
transient with a cooldown which resulted in operation outside the Technical
Specification pressure-temperature limits. This has been reporied
pre«xo.sly es a reportab!e occurence as follows:

R 78-01 ‘ March 33, 1978 ant
. March 31, 1578

This event was anzlyzed by B&N, the NSSS vendor. The analysis
concluded no dafage occurred which would affect further operation of
Rancho Seco. The District’s Management Safety Review Committes evaluated
1is event end has approved the following corrective actions to be irnlemented
at Rancho Seco Unit No, 1 by the end of the next refue?xnn oata,-.

1. A nonconducting foam rubber plug has besn develeped to
“insert in the back 11 hted push button module whenaver
- the lamp bulb section “of the module is Jifted out. '

2. Testing has been perforrmed on the existing KRRI-Y power
supply system {0 determine the trip point cof tha psefr
supply manitors, the tise delay of the trip circy
breakers, the current 1151t1ng goint of the cwér €u~#.xe\
the transfer voitagz2 paint of the AC automatic transfer
switch, the performance characteristics of the power supply
fuses, and verification of original trip ;osé;»ions on
the powar supplies.

3. Lowsr rated fuses will be 1nsta1?ed in each gr;gp of scdules
- where analysis has shown this can bz done safely,

4. The power supplies will be improved to minimize the awber
of caxmporents afiected by a power failure.

5. Procedures have been changed and instrumentation will be
installed to provide control room 1nd1caticn of the critical
h*' X or NNI-Y signals.

The safety significance of this transient is due ocaly to the
structural integrity of the reactor coolant systes and possible equipsent
damage, Neithar condition posed any threat to the fusl. Voids were not
for=ed. Pressurizer level did decrease below visible indifcation upsn
safety features actuation but was restored with high pressure injection.
Swbrooling in the rexctor coolant system (excluding the pressurizer) was
e=intained at a minim= of 35°F. Reactor coolant flow was maintained
#ith 2 minzmum of one pump per loop at all times during the transient.



'APPENDIX Q
OCONEE, UNITS 1, 2, AND 3
DUKE POWER COMPANY

Response to Item 2 of I&E Bulletin 79-05A

Each Licensee for a B&W operating plant was requested to respond to

Item 2 of IE Bulletin 79-05A. Item 2 was stated as follows:

"Review any transients simitar to the Davis-Besse event
(Enclosure 2 of IE Bulletin 79-05) and any others which
contain similar elements from the enclosed chronology
(Enclosure 1) which have occurred at your facility(ies). .
If any significant deviations from expected performance
are identified in your review, provide details and an
analysis of the safety significance together with a de-
scription of any corrective actions taken. Reference

may be made to previous information provided to the NRC,
if appropriate, in responding to this item."



Response

Based on initial information relative to the recent Three Mile Island Unit 2
occurrence, Duke Power Company initiated on March 29, 1979 a review regarding
similar transients at Oconee Nuclear Station. On March 30, 1979, a summary
of this early review was provided verbally to NRC/OIE, Region II. Subse-
quently, the review of Oconee transients was continued, particularly to
address additional TMI-2 information as such became available. At the
present time, Oconee transients considered applicable for purpose of the
subject review are categorized as follows:

(a) Feedwater Transients Resulting in Reactor Trip
(b). Pressgurizer Relief Valve Stuck Open
(¢) Loss of Offsite Power

With regard to feedwater tranSients,resulting in reactor trip, Oconee has ex-
- perienced approximately 42 such incidents as tabula;ed below:

UNIT - . ‘ YEAR
1973 1974 1975 1976 1977 1978 1979
1 11 3 3 2 2 0
2 P 1 0 3 0
3 N/A 2 1 1 0 2 1

As can be séen,'the greatest number of these transients (per unit, per yéar)
occurred during the initial operation of Unit 1l in 1973. Subsequent ex-

perience is counsistent with classification of this event as one of moderate
frequency. ’

Eleven of theabove 42 incidents occurred at or near full power (Unit 1-7,
Unit 2-2, Unit 3-2) and demonstrate the ability of the Oconee units to safely
respond to such events. Several feedwater transients which resulted in
reactor trip have been-identified however as involving deviations from
expected performance. These and transients in categories (b) and (c) are
summarized, in chronological order of occurrence, below:

(1)- On January 4, 1974 while operating at 757% full power, Unit 2 tripped due
to a loss of off-site electrical power. The reactor coolant pumps (RCP)

* tripped, and natural circulation cocoling was established. RCP seal injec-
tion and component cooling were lost for approximately 31 seconds at the



(2

(3)

ITEM 2
(Continued)

time of the trip. Both were again lost for 15 seconds about 25 minutes

after the trip. Subsequently, because pressurizer level was increasing

due to excessive makeup flow, an attempt was made to initiate letdown flow,
but no flow was indicated. High Pressure Injection (HPI) was secured, and
all seal return valves closed in order to reduce makeup volume. A leak was
discovered which was the result of a blown gasket on the upstream side of

the letdown flow indicator.” The letdown line was isolated to control leakage,
and the emergency makeup valves were closed. During this time, HPI was turned -

‘on again for approximately a minute, then secured again. When the seal return

valves were closed, RCP seal cavity pressure went .to system pressure. Seal
injection flow resumed about 20 minutes later when HPI was once again started.

No design or Technical Specification limits were exceeded during this
transient, and the event was not considered to have any safety signifi-
cance. Hardware and procedural changes were made, however, to provide
better monitoring and control during future similar incidents.

On June 13, 1975 while Unit 3 was operating at 157 full power, a feedwater
transient resulted in an RCS pressure transient which resulted in the
pressurizer power operated relief valve (PORV) opening. The PORV failed
to close when pressure decreased and the subsequent RCS depressurization -
was terminated by closure of the PORV block valve. by operator actionm.
Additional information regarding this incident is provided in Mr. William
0. Parker's letters of June 27, 1975 and August 8, 1975 to Mr. Norman C.

- Moseley, Director, NRC/OIE, Region Il - see Enclosure 2-1.

On July 12, 1976 while Unit 2 was being shut down in order to repair a_
main turbine steam leak, the ICS induced an oscillation in feedwater
parameters. The feedwater pumps tripped on low feedwater pressure,
causing a turbine trip. The trubine trip caused RCS pressure to rise
sufficiently to open the pressurizer PORV, relieving pressure to the
quench tank. The quench tank rupture disc burst. The PORV reclosed
properly when RCS pressure decreased. This RCS transient was of short

~ duration and not observed by the operators who were responding to the

‘turbine trip. The alarm typer, another source of plant equipment status,

was out_of service. The unit was shut down and turbine repairs were

effected, but the quench tank rupture disc was not replaced since its
rupture had not been noted. The unit was operated until July 27, 1976,
when it was shut down to repair a reactor coolant pump. At that time
the burst rupture disc was discovered and replaced. '

No design or Technical Specification limits were exceeded during this
transient, and the event was not considered to have any safety
significante. Operations personnel were subsequently instructed, how-
ever, to observe quench tank instrumentation more closely following
transients in order to note indications of high quench tank pressure or

_a burst rupture disc.



ITEM 2
(Continued)

(4) On December ‘14, 1978, an electrical short.in the Unit 1 ICS RCS average
temperature (Tave) recorder caused the temperature indication to be

approximately 13°F low. To compensate for the low Tyye indication, the
ICS initiated an increase in power (from approximately 98% full power),

but operations personnel had been instructed not to allow power to
increase above 99% full power until an earlier problem had been resolved.
Therefore, manual control of the reactor was assumed, causing the ICS to
‘switch Tzye control from the reactor master to the feedwater master.
Feedwater flow decreased to compensate for the -13°F error in the ICS.
Upon observing increa31ng hotleg temperature, decreasing reactor power,.
and decreasing feedwater flow, operations personnel placed the feedwater
master in manual and began increasing feedwater flow. However, before
the increasing RCS temperature could be corrected, the reactor tripped on
high temperature. Feedwater flow was decreased as rapidly as possible,
and the resulting high dischargebpressure-caused both feedwater pumps to
trip. The emergency feedwater pump was started and ran until the feed-
water pumps were reset and started. However, the levels in the two

steam generators continued to decrease; level in the 1A steam generator
reached a low of six inches, while steam generator 1B went dry. Opera-
tions personnel opened the feedwater valves and the emergency header block
valves in order to feed the steam generators through the emergency feed
header. Level was partially restored, although steam generator 1B level
remained significantly lower than that of steam generator 1lA. This was
probably due to the failure of the 1B emergency header block valve to
open fully. 'In order to increase the 1B steam generator level, the
emergency feedwater pump was restarted and fed through the emergency
header. RCS preéssure dropped rapidly due to the quick cooldown of steam
generator 1B, causing the feedwater pumps to trip on low suction pressure,
and removing feedwater flow from steam generator lA. Flow was re-established
to that steam generator by lining up the emergency feedwater pump to feed
it. HPI was initiated when an Engineered Safeguards actuation signal was
received due to 1ow RCS pressure. All ES components operated properly.’

Additlonal information regarding this incident is prov1ded in Mr. William
‘0. Parker's letter of January 15, 1979 to Mr. James P. o' Rellly, Director,
NRC/OIE Region II - see Enclosure 2-2.

(5) On December 25, 1978, Unit 1 was at approximately 10% full power and
increasing in power following a reactor trip when power to the ICS was
lost as a result of blown fuses. When ICS power was lost, both feed-
water pumps tripped. The emergency feedwater pump was started, but
Control Room instrumentation indicated a discharge pressure of less than
100 PSIG. Personnel were dispatched to increase the discharge pressure
to its normal range of 950 to 1000 PSIG. The pump indicated a discharge
pressure of 600 PSIG, and it was later determined that the control room
instrumentation required approximately five minutes to provide an accurate'
indication.



ITEM 2
(Continued)

Approximately one minute after the feedwater pumps tripped, the reactor
tripped on high RCS pressure. When ICS power was lost, the normal feed-
water startup header valves began to close and the emergency header block
valves opened. Level in steam generator lA was restored, but 1B went dry.
it appears that the block valve failed to open fully. The feedwater pumps
were reset and restarted, and flow to the 1B steam generator resumed
through the normal feedwater header. The steam generator was dry for
approximately 15 minutes. -

‘The reason the emergency header block valve failed to open fully has not
~been determined. The governor control valve on the emergency feedwater _
pump has been checked to. assure that it is properly set. Operations person-
nel have been instructed as to actions to take to supply flow to the affected
steam generator if flow cannot be established through the startup feed valve
and  auxiliary feedline immediately after the loss of main feedwater pumps.

A procedural change, applicable for all units, has been made requiring operators
to bypass the block valve in the event the block valve fails to open. The
operator can, from the Control Room, operate one valve to provide emergency
feed flow bypassing the block valve to the affected steam generator. The
eme:géncy feedwater pump discharge pressure instrument has been adjusted to
decrease its response time. This event was not considered to have any safety
significance.






APPENDIX R
DAVIS-BESSE, UNIT 1

'TOLEDO EDISON ELECTRIC COMPANY

Response to Item 2 of I&E Bulletin 79-05A

Fach Licensee for a B&MW operating plant was requested to respond to

Item 2 of IE Bulletin 79-05A. Item 2 was stated as follows:

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






. Davis-Besse, Unit 1

Response to Item 2 .
- T . § .

A1l transients that have occurred at-DB-1 that have been initiated by

either a loss of feedwater flow or excessive feedwater flow have been

reviewed to.determine if any. s1gn1f1cant dev1at1ons from expected per-

formance “occurred. During this review. the fo]]ow1ng information became

ev1dent regard1ng the f1ve s1m11ar trans1ents d1scussed below:

a) Out of the five s1m11ar trans1ents, found the f1rst four. occurred
during the first year of operation prior to the time that:the final
. tuning of the Integrated Control System (ICS) was completed.. ICS
"~ controls the main feedpump turbine speed and the main feedwater
control valves.

b) "No offs1te rad1at1on re]eases resulted from any of these events

The Davis- Besse Un1t 1 event referenced 1n Enclosure 2 of IE Bu]]et1n 79-
05 occurred on November 29, 1977.  This event was addressed in previous
information provided to the NRC, reference Reportable Occurrence NP-32-
77-20 on the Davis-Besse Unit 1 docket .dated December 12, 1977. At the
time of the occurrence the Unit was in Mode 3. The loss. of power aspect
of this event is discussed in Reportable Occurrence NP-33-77-98 dated
December 16, 1977. The corrective act1on modified the emergency procedure
to prec]ude manual tr1pp1ng of the generator main breakers on a turbine
trip.

With respect to Item 3 on page 2 of Enc}osure 2 to IE Bulletin 79-05,
reference is made to "A special analysis has been performed concerning
this event. This analysis is attached as Enclosure 1." The Enclosure 1
referred to is a letter from L. E. Roe to R. W, Reid dated December 22,
1978, Serial No. 475. This letter analyzed postulated Davis-Besse
‘Unit 1 transients resulting from the operator not controlling steam
generator level at 35 inches in accordance with current operating pro-
cedures. The two overcnoling transients examined are a loss of offsite
power and a loss of feedwater. The loss of feedwater transient results
in the greater volumetric contraction of the reactor coolant system
because the forced coolant flow with reactor coolant pumps operating.
~causes a faster rate of heat rejection to the steam generators.

On September 24, 1977 a depressurization of the Davis-Besse Unit 1
reactor coolant system occurred that contained some similar elements to
the chrono]ogy of Enclosure 1 to IE Bulletin 79-05A. At the time, the
Unit was in Mode 1 with power at 268 MWT with the turbine off the line.
The details of this event are included in Supplement to Reportable
Occurrence NP-32-77-16 dated November 14, 1977. System and equipment
modification and testing actions are 1nc1uded in that report.
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On December 11, 1977 Davis-Besse Unit 1 was tripped for the 40% reactor
trip test. During recovery from the trip with the Unit in Mode 3 (power .
ato MWT), control of both auxiliary feed pumps was lost. Modifications
‘were made to the controls and surveillance testing was modified to :
demonstrate operab111ty See Reportable Occurrence NP-33-77-110 dated - -
January 3, 1978. . :

On April 29, 1978 Davis-Besse Unit 1 had one high pressure injection

pump injéct water for two minutes while the RCS pressure was below

1700 psig. The Unit was in the process of shutting down from 420 MWT

for maintenance. The cause of the occurrence was the sensitivity of the
feedwater controls while on three reactor coolant pump operation,. and
improper operator action in taking manual control of the feedwater.

This resulted in overcooling the reactor coolant system. . HPI .actuation .
was according to design. Corrective action was comp]eted per Reportab]e
Occurrence NP-30-78-01, Letter No. 1- 23, dated July 28, 1978. :

On January 12, 1979 an accidental ground caused the loss of a 120 VAC
essential bus due to an improper fuse in the 120 VAC switchgear. The

loss of this 120 VAC essential bus caused a loss of level indication

on steam generator (SG) 2. After the reactor tripped, the Tevel in SG 2
fell Tow enough to cause a full Steam and Feedwater Rupture Contro]l

- System trip and isolation of both steam generators. Steam.generator 2
level was restored . in about 5 minutes by operation of auxiliary feed

pump 2, which had been out of service for surveillance .testing as required
by the DB-1 Technical Specifications. Auxiliary feedwater was supplied

to steam generator 1 normally. -The improper switchgear fuse was replaced.
See Reportable Occurrence NP-33-79-13 dated February 9, 1979. At the
time of the occurrence, the Unit was in Mode 1 at 2772 MWT.
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" APPENDIX S
ARKANSAS NUCLEAR ONE, UNIT 1
ARKANSAS POWER & LIGHT COMPANY

Response to Item 2 of I&E Bulletin 79-05A

Each Licensee for a B&W operating plant was requested to respond to

Item 2 of IE Bulletin 79-05A. Item 2 was stated as follows:

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






Arkansas Nuclear One - Unit.1

Response to Item 2

We have rev1ewed s1m11ar trans1ents at ANO-1 1nc1us1ve of Loss of
Offsite Power, Loss of Feedwater, Turbine Trip, Load Rejection,
and Reactor Trip. For all transients, ANO-1 performed as expected
with no significant deviations with the following exception.

Following a reactor trip from 100% power in December, 1974, (start-
up testing) and again following a reactor trip from 100% power in
May, 1975, ANO-1 experienced a momentary loss of pressurizer level
indication. The loss of indication ranged from approximately 20 to
40 seconds. Following these occurrences the Plant Safety Committee
(PSC), the Safety Review Committee (SRC), and B&W thoroughly ana]yzed
the situation.

The results of the analyses indicated that pressurizer level had
dropped only approximately 8 inches below 0" indicated.
Approximately 96" of actual pressur1zer water Tevel remained in the
pressurizer.

- It was further determined that the level drop was due to RCS shr1nkage
from coo]1ng '

Following 1nvestigation, we determined that RCS Tave following a

- reactor trip was slightly lower than design. We further determined
that by fine tuning the Integrated Control System (ICS) runback.
of feedwater and setpoints of steam relief and bypass valves we
could maintain an approx1mate1y 2F higher Tave which would reduce
shrinkage such that pressurizer level indication would no Tonger
be lost following a reactor tr1p

ICS runback of feedwater and setpoint adjustment of the steam
bypass valves were subsequently adjusted in early 1976 and in
early 1977 setpoint adjustment of the steam relief valves was
subsequently adjusted to increase Tave. As a result, level,
indication has not been 1ost on any subsequent trans1ents

The results of the PSC, SRC, and B&W reviews 1nd1cated that the
momentary loss of pressurizer level indication was not a safety -
issue. The loss of indication was not an anomaly of the system,

but was due to a Tack of fine tuning of the system. The two
occurrences compared favorably, that is, pressurizer level re-
sponded approximately the same in -both instances. ‘Further, should
pressurizer level have decreased further, Safety Injection would .
have been automatically initiated at approximately 1500 psig. 1500
psig in the RCS would have been reached considerably before pres-
surizer level dropped out of the pressurizer. Therefore, level
indication would have been restored by HPI and, as desired, the
steam bubble would have remained in the pressurizer.



Further, the NRC recently raised this issue on another B&W unit.
In-a February 14, 1979, meeting in Lynchburg, Virginia, with the
NRC Special Investigative Team, B&W owners and B&W, we presented
information on the ANO-1 occurrences and analyses. .-

We have reviewed our analyses of 1975, and maintain that our coh: '
clusions at that time were and are still valid.



APPENDIX T °
EXCERPT FROM TMI-2 FSAR
15.1.8 LOSS OF NORMAL FEEDWATER

15.1.8.1 Identification of Causes

A loss of feedwater accident results from either a reduction in or the complete
loss of normal feedwater flow to the steam generators. With loss or reduction
of feedwater to the steam generators, the capability of the secondary system to
remove the heat generated in the reactor coolant system is impaired. - Reactor
trip, however, occurs before the steam generator heat transfer capability is
significantly reduced. Since the emergency feedwater system is also available
to remove the decay heat generated following reactor trip, fuel and reactor
coolant system boundary system damage will not occur. Loss of feedwater may re-
sult from abnormal closure of a feedwater valve, pump failure, or a feedwater
line break. '

15.1.8.2 Analysié of Effects and Consegquences
-15.1.8.2.1 Safety.Evaluation Criteria

" The safety evaluation criteria for this accident are:

a. ‘The core thermal power shall not exceed 112% of rated power.
b. " Reactor coolant system pressure shall not exceed code pressure limits.
15.1.8.2.2 Methods of Analysis

' (14)

A BE&W digital computer code ~was used to determine the characteristics of
this accident. Included were a complete kinetics model, pressure model, aver-
age fuel rod model, steam demand model with secondary coastdown to decay heat
level, coolant transport model, and a simulation of the instrumentation for
pressure and flux trip. The initial conditions were normal rated power opera-
tion without automatic control. Only the Doppler and moderator coefficients
of reactivity'were used as feedback. The nominal values used for the main pa-
rameters in evaluating this accident are given in Table 15.1. 8-1. TFor trip,
the minimum control rod worth that satisfies the criterion for a shutdown mar-
gin of 1% Ak/k at the hot ~standby condltlon is used through the analy51s.A

15.1.8.2.3 Results of Analy51s

For a loss of feedwater accident due to a feedwater valve failure, feedwater
pump failure, or feedwater line break upstream of the first feedwater line up-
stream check valve, the complete loss of normal feedwater has been analyzed as
this is the most conservative case. The sequence of events (see Table 15 1.8-2)
and the evaluation of .consequences are as follows:

a. Termlnatlon of all feedwater results in a reductlon in secondary sys-
tem heat removal capability.

115.1.8-1  Am. 43 (7/15/76)



b. Increased reactor coolant system pressure results in a reactor trip
which causes the turbine to trip.

c¢.. . The turbine trip closes the turbine stop valves,

d. The turbine driven and the electric driven emergency feedwater pumps are’
started on loss of main feedwater pumps, loss of all 4 RCP's or low feed-
line/steamline dp,

e, , 'Following closure of the turbine stop valves,‘secondary system steam
is relieved through the turbine bypass and steam safety valves.

f. Steam will be vented to the atmosphere untll the turbine bypass valves
can handle all excess steam generated. :

8. Eventually, thermal equilibrium is reestablished; i.e., the heat re-
' moval rate (steam flow through the turbine bypass valve) is equal to
the heat input (core decay heat).

h. " Decay heat removal and cooldown_of the reactor coolant system is then
provided by steam relief to the condenser through the turbine bypass
valves with the feedwater being supplied by the emergency feedwater

system.
. Figure 15.1.8-1 shows neutron power, thermal power, reactor coolant
: system pressure, and core average moderator temperature for the tran-

31ent.

Since the core thermal power does not exceed 112% and the reactor coolant sys-
tem pressure does not exceed design llmlts the safety evaluation criteria are
met. ' '

15.1.8.2.h Environmental Consequences

The loss of normal feedwater due to a feedwater line break between the first
feedwater line upstream check valve and the steam generator results in doses
no worse than those reported for the steam line bresk accident, Table 15.1.15-h.
The loss of feedwater due to equipment malfunction or feedwater line break up-
streem of the first feedwater line upstream check valves results in doses no
worse than those reported for the loss of AC power accident, Table 15.1.9-1.
For either situation the resultant doses are well within the guidelines of 10
CFR 100.

15.1.8.2.5 Reactor Building Pressure

For the reactor building pressure evaluation, the worst conditions following a
feedwater line break occur as a result of a break in the main feedwater header
to a steam generator. This break location results in the fastest steam genera-
tor blowdown and thus the fastest high enthalpy mass release to the reactor '
building.
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The flow from the feedwater system side of the break was computed using the
RELAP 3 computer code (USAEC Report IN 1321). All main feedwater flow was
assumed to bypass the steam generators and exit through the break to the

- reactor building.

A digital computer program(18) was used to determine the affected steam genera-
tor blowdown characteristics. This multinode model permitted the detailed pro-
gramming of the steam generators and their interconnecting piping and valves
within the main steam system. The following assumptions were made:

a. The main steam isolation valves and turbine stop valves were left open.

b. Flow, to the turbine is cut off as soon as the secondary pressure drops be-
low the turbine steady-state value (this forces the mass/energy that would
have gone to the turblne to go out the break)

c. Provisions were made to allow the inventory in the unaffected‘steam genera-
- tor feedwater line to boil off and pass through the steam generators and

out the break {this effect begins when the pressure drops below the sat-
uration pressure of the feedwater).

After the blbﬁdown, the'building s cooling eepabiiﬁty is adequate to handle the
residual heat removal from the RC .system by auxiliary feedwater flow to the
affected steam generator.

The mass and energy released to the reactor bulldlng are given in Table 15.1.8-3.

Reactor building pressure calculations were made ‘using the CONTEMPT code des--
cribed in 6.2.1.3.2.

Using these methods, the peak contalnment pressure is 35 ps1g, assuming that
passive heat sinks and two emergency fan coolers are available. ‘Thus, the
results of the containment pressure analysis for the feedwater line break

acc1degﬁ are within those predicted by the DBA (see 6.2.1. 3 2) and the reactor
building design pressure of 60 ps1g :

15.1.8-3 © Am 43 (7/15/76)



: TABLE 15.1.8-1
LOSS - OF NORMAL FEEDWATER ACCIDENT PARAMETERS

_Doppler coefficient at rated power (BOL),

077 Mk/x/F o . .22
Moderator coefficient atlrgtéd power (BOL), _
107" Ak/K/F . | : - ¥0.9

Trip parameters

Delay for high-pressure trip, s 0.5

Delay for high-flux trip, s 0.3

Control rod travel time to 2/3 insertion, s 1.}

TABLE 15.1. 8—2
SUMMARY OF 10SS OF NORMAL FEEDWATER ANALYSIS_

Reactor‘trip,bs' » L o 13.%
Emergency feedwater initiation, s o L0
‘Maximum reactor coolant system pressure, psia - 2515
Maximum core thermal power, % ‘ _ . . 100

15.1.8-4 - - Am, 20 (9-27f7b)



Table'15.1.8—3. Feedwater Line Break Transient Mass and
Energy Realease Rates :

. Time after
rupture :
! during SC Mass release .Energy release
blovdown, s rate, 1b/s rate, Btu/s
o] .0 . . [+]
0.1 1.01+4 5.67+6
0.2 1.0L+k 5.7146
0.3 1.0b+k " 5.69+6
0.4 _ 1.03+k 5.65+6 .
0.5 1.01+4 5.60+6
0.6 9.88+3 5.5L46 )
0:7 9.65+3 _ 5.48+6
0.8 9.69+3 5. 4846
0.9 9.53+3 5.43+6
1.0 9.10+43 5.3246
1.2 9.37+3 . 5.L0+€
1.k 9.17+2 5.35+6
1.6 9.10+3 5.34+6
1.8 9.22+3 5.38+6
2.6 §.03+3 n 5.2946
2.2 9.20+3 . 5.3946
. 2.4 9.2143 5.39+6
2.6 8.98+3 5.32+6
2.8 9.03+3 5.33+6
3.0 9.19+3 5.3846
3.2 8.80+3 : 5.27+6
3.k 8.96+3 5.31+6
3.6 8.80+3 '5.27+6
3.8 8.86+3 5.30+46
L.o 8.65+3 5.22+46
4.6 8.3L+3 5.15+6
5.0 8.03+3 5.0k+6
5.2 T.T343 L.gk+6
5.4 . T.28+3 L 7646
5.6 6.67+3 L.5646
5.8 6.05+3 L,3246
6.0 5.56+43 h.1h+6
6.2 5.1343 L0 +6
6.4 L.81+3 3.9 +6
6.6 L.60+3 3.8L+6
6.8 L_ho+3 3.77+6
‘7.0 b.19+3 3.69+6
1.2 ° 3.96+3 3.60+6
7.4 3.7h+3 3.52+6
7.6 3.57+3 3.Lk546
7.8 3.k +3 3.39+6
8.0 3.26+3 3.3346
8.2 3.12+3 3.26+6
8.1 3.00+3 ) 3.2146
8.6 2.89+3 3.18+6
8.8 2.81+3 3.1k+6
9.0 2.7k+3 3.1246
9.2 2.69+3 - - 3.09+6
9.4 2.63+3 3.07+6
9.6 2.59+2 3.0546
9.8 2.58+3 . 3.0L+6
10.0 T 2.54+3 3.06+6
11.0 2.51+3 3.1k446
12.0 2.51+43 3.15+6°
13.0 2.49+3 3.1k+6
k.0 2.47+3 3.1146
15.0 2.43+3 3.07+6
16.0 2.38+3 3.0146
18.0 2.29+3 2.90+6
20.0. 2.18+3 2.77+6
22.0 2.07+3 2.63+6
2h.0 1.94+3 2.U6+6
26.0 1.83+3 2.33+6
28.0 1.69+3 2.1546
30.0 1.60+3 2.03+6
32.0 1.h9+3 1.9o+6(a)
52.0 1-19"‘3(3) 1.!424'6( )
Th _1.19+3 1.42+46'%7
TOTALS 163.7+43 167.246

(‘)Extrapclntcd.
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TABLE 15.1.8-3

FEEDWATER LINE BREAK TRANSIENT MASS AND
ENERGY RELEASE RATES (CONT'D)

Time after , Mass release . Energy release
rupture, s. . rate, 1lb/s rate, Btu/s

Feedwater Piping Release

-1706 (3)

- 0.0 - 0.1 5 2.0739 (6)
0.1 - 0.2 5.7439 (3) 2.3007 (6)
0.2 - 0.3 5.7097 (3) 2.2862 (6)
0.3 - 0.} 5.6962 (3) 2.2801 (6)
0.4 - 0.5 5.6935 (3) 2.2782 (6)
0.5 - 0.6 5.6933 (3) 2.2TT4  (6)
0.6 - 0.7 5.6835 (3) 2.2727 (6)
0.7 - 0.8 5.6714 (3) 2.2670 (6)
0.8 -0.9 5.6592 (3) 2.2614 (6)
0.9 - 1.0 5.6472 (3) 2.2558 (6)

1.0 - 1.1 5.6352 (3) 2.2503 (6)
1.1 - 1.2 5.6235 (3) 2.2448 (6)
1.2 - 1.3 5.6125 (3) 2.2396 (6)
1.3 - 1.4 5.5996 (3) 2.2337 (6)
1.k - 1.5 5.5946 (3) 2.2309 (6)
1.5 - 1.6 5.5862 (3) 2.2267 (6)
1.6 - 1.7 5.5776 (3) 2.2225 (6)
1.7 - 1.8 5.5692 (3) 2.2184 (6)

1.8 - 1.9 5.5606 (3) 2.2141 (6)
1.9 - 2.0 5.5521 (3) 2.2100 (6).

2.0 - 2.5 5.5264 (3) 2.1974 (6)
2.5 - 3.0 5.4826 (3) 2.1759 (6)
3.0 - 3.5 5.4372 (3) 2.1538 (6)
3.5 - 4.0 © 5.3903 (3) 2.1311 (6)
4.0 - 4.5 5.3410 (3) 2.1070 . (6)
4.5 - 5.0 5.2913 (3) 2.0835 (6)
5.0 - 5.5 5.2373 (3) 2.0578 (6)
5.5 - 6.0 '5.1833 (3) 2.0323 (6)
6.0 - 7.0 5.0931 (3) 1.9901 (6)
7.0 --8.0 L.96L45 (3) 1.9265 “(6)
8.0 - 9.0 4.8190 (3) 1.8648 (6)
9.0 - 10.0 L.6545 (3) 1.7916 (6)
10.0 - 12.0 L.3704 (3) 1.6675 (6)

12.0 - 14.0 3.9281 (3) 1.4773 (6)
14.0 - 16.0 3.4667 (3) 1.2868 (6)

16.0 - 18.0 3.1987 (3) 1.1680 (6)
18.0 - 20.0 2.977h (3) 1.0680 (6)
20.0 - 22.0 2.8682 (3) 1.0087 (6)
22.0 - 24.0 2.6894 (3) 0.9255 (6)
24,0 - 27.0 2.2193 (3) 0.7418 (6)
27.0 - 30.0 1.8091 (3) 0.58509 (6)
31.0 - 40.0 1.4706 (3) 0

45196 (6)
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-+ TABIE 15.1.8-3
FEEDWATER LINE BREAK TRANSIENT MASS AND
ENERGY RELEASE RATES (CONT'D)

Time after ~ Mass release Energy release.
‘rupture, s rate, 1b/s rate, Btu/s_

Feedwater Piping Release

A

.3h60 (3)".

41.0 - 50.0 1. _ 0.39547 . (6)
51.0 ~ 60.0 1.2969 (3) 0.36483 (6)
61.0 -~ 70.0 1.2765 (3) 0.34301 (6
-71.0 - 80.0 1.2478 (3) 0.31969 (6)
.81.0 - 90.0 1.3528 (3) 0.33303 (6)
91.0 - 100.0 1.4351 (3) 0.33252 (6)
- 101.0 - 110.0 - 1.3108 (3) 0.28811 (6)
111.0 - 120.0 1.1257 (3) 0.23583 (6)
121.0 - 130.0 0.9215 (3) 0.185215 (6)
131.0 - 140.0 1.0393 (3) 0.20153 (6)
141.0 - 150.0 0.8766 (3) 0.16458 (6)
2 8.29007 (7)

Total releases

.1693 (5)

-~
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" Pawer Generation Group

P.0. Box 1260, Lynzrburg, Va. 24565 -
 Telephone: (804 284-5111.

. April 30, 1979

Dr. R. J. attbcn

Director, D1v151on of Systems Safet/'
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Comw1551on
Washlncton, D C 20555

Subject& Bébcock § Wilcox Company's Commitmenté
Dear Dr. Mattson

Attached is a summary of the Babcock & WllCOX Conpany s -
commitments that have resulted from various. ‘meetings and
correspondence over the past few weeks; this is a complefe

list of our commitments as I see them. I have indicated-the
date by which B&W intends to complete. each commitment; however,
no allowance has been made for prior review of these qubnlutals
by the licensees. Should they require prior review, submittal v
to the Nuclear Regulatory Commission could be delayed <110bt1".-
It should be noted that some of the dates have been extended
beyond those originally discussed with the staff because of

the very significant work effort required in connectl n with
the small break- guldnllnes and procedures._, S

Also attached is a copy of the meeting mlnutes from the
. April 26 1979 meetlno with the NRC staff.

If ydu have any,questlons, please call me (Ext.v5817).
Very truly yours,

e xz/“//(,//

‘James H. Taylor
“Manager, Licensing

JHT :nw
Attachments

bcec:- E)A*_uomack
o (ijQ“W1stQL,
. D W LuBelle :
B.M. Dunn
“D.H. Roy
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2 TEDIDVATOR TRILISIENTS I
R | .“___J l“ul\ Y i H

B&YW PL&ENTS" OF APRIL 25, 1979

Perform ca ~ulat¢oxs, worst-case break without AFW
for 30 minutes. : :

Due: April 21, 1979

Submitted: Anrll 21, 1979

Outstanding: . Detalled results discussed with staff

- on April 26, 1979. Detailed report to be submitted
May 21, 1979. (See ReFeYence 2, Iten 5.) '

Document natural circhlation“tests conducted at

Davis Besse and Oconee.

Due: May 7, 1979

Document all® occurrences of natural circulation which
happened inadvertently; include a description of .
unexpected behavior. 3

Due: May 7, 1979

Document natural circulation analytical methods.

‘Due: 'May 16, 1979

Summarize and document sensitivity in key parameters

(not to be started until release of R. Tedesco report)

Due: ' Eight weeks following receipt of Tedesco report.



F. Deleted

_ G. Define and document thermal. shock criteria for operation
©at low termpercture with HPI pumps running and no
natural c;rculat ion. S ' : :

Due: Two weeks following receipt of Tedesc&o report.

H. Assessment of the safetfy concerns ralsed in the report
of Dr. Michelson. : : -

Due: May 7, 1979

Outstandlng Ba51s fer concludlnq that Michelson concerns
do not invalidate 10CFR50.46 analyses for small brea 'S
were dlscussed with staff on April 17, 1979 (See
Reference 1, page 7} and on Aprll 25 1979.

Commitments in Taylor to Mattson Letter of Aprll 25, 1979
(Reference 2)

A. CRAFT Analyses
l. Item 1-(Reference-2f
Due: May 4, 1979

Status: Some detalled results submltted

herewith Figures 28-30.
Remainder to be submitted May 21, 1979.

2. Item 2
Due: May 4, 1979

Status: “Details discussed with and some :
results submitted to NRC staff on’April 16, 1979.

. Fiqures 17-21 submitted herewith.
Remainder to be submitted May 21, 1979.

3- Item 3

Due: May 4, 1979
‘ To be comblned w1th Item 4.

4. Item 4
Due: May 4, 1979

Sone detailed results discussed with

staff on April 26, 1979. Fiaures 6-11 submitted
herewith. Remarngor to be submitted May QL, Iv79,



 CADDS Analyses

5. Item 5

Due: Mavy 4, 1979 .

Subw1t ed: See Item I.A. above
6. Item 6

Due: May 4, 19793 .

To be submitted May 21, 1979.
7. Item 7

Due: May 4, 1979

_ ‘Detail results discussed with staff on
April 26, 1979. Figures 22-27 submitted Herexlth
Remalnder to be submluted May 21 1979.

8. Item 8

Due: May 4, 1979
To be submitted May 21, '1979.

- 1., Item 1.(Réferénce 2)

Due: May 4, 1979

Detail results discussed with staff on
~ April 26, 1979. Figures 1-3 submitted herewith.
‘Remainder to be submltted May 9, 1979.

2. Item 2.a.-
Due: May 4,‘1979
4 Detail results discussed with staff on

Aprll 26, 1979. Figures 4-5 submitted herewith.
Remainder to be submitted May 9, 1979..

_ 3.‘,Item 2.b..

bue: May 4, 1979 |
To be Submitted May 9, 1979.



4. Ttem 2.c.
Due: May 4, ‘1979
o

To be submitted May 9, 1979.

5. Item 2.d.

Due: May 4,'1979
To be submitted May 9, 1979.

III. Commlements in Roy to Mattson Letter of April 26, 1979
(Reference 3) - : ‘

-

A. Details of results of the analyses descrlbed in
‘ Reference 2. ‘

Due: o _
Submitted: ‘ - See 11 Above
Outstanding: : '
" B.. Details of B&W's evaluation of the:MiChelson report'
Due:
Submitted: o -
Outstanding: ' ~See I.H. Above

C. System response to total loss of steam generator
heat 51nP ‘

To be submitted Mey 25, 1979.

D. Sen31t1v1ty study of system response to aux111ary
feedwater flow rate

To be submitted May 25, 1979f'

E. Effect of anticipatory trip on loss of main feedwater

See II.B.2 above

Iv. staff Requesﬁs for Additioral Analyses. at B&W/NRC Meeting
: of April 26, 1979 (Reference 4)

A. Benchmark analysis of sequentlal auxlllary feedwa*er-
flow to OTSG's for LOMFW.

To be submitted May 21, 1979.



VI.-

B.  -System response to PORV and code safety valvr
actuction.

To be subm Lttno June ‘1, 1979.

C. Ideas on benchmarking of natural circulation modes oZ cooling
CRAFT II. : :

To be subm1~*eg July 2, 11979.

D. Evaluation of Alcnelson report concerns and outline of
operatlrc crlterla for 'sm all breaks.

Due: See I'H. above,and‘V.A.‘below.

E. Worst case small break with no aux111ary feed”ater £low
and single ECCS failure ' :

'To be submitted July 2, 1979.

Analysis Commitments in MacXillan to Denton Letter of

‘April 26,1979 (Reference 5)--Reliability Analysis of ICS

Due:." -

Submitted: o o S _
Outstanding: - Scope and schedule were . submitted on April 28,
1979, by letter J.H. Taylor to H.R. Denton. : .

Analysis Commitments in W. S. Lee to H. R. Denton Letter of
. Aprll 26, 1979 (Reference 6) o

A.-'Operatlng 1nstructlon for management of small breaks

Due: May 15, 1979 (procedures in control room)
Submitted:-

Outstanding: B&W to subnit ouldellnes for developing
- procedure, approved by NRC, to Duke Power Co. on
or before May 12, 19789.
B.  ICS FMEA

Due: See V above



II.

B&W ENGIU E?RILG (OTHBR THAMN
AN ALYTICAL) COMMITHENLTS PRESPCHZIVE TO
NRC ST2FF S‘“Prf CONCERNS IDENTIFIED
IN "NRR STATUS PEPSET O FEEDWATER. o
TRANSIE!ITS Id B&W PLnJTS" OF APRIL 25, 1979

Commitments in ecllllan to Denton Letter of April 26, 1979
(Reference l)-—“evelo, Means for Decoupling Auxiliary oo
water Control from ICS ‘ C o

Submitted: April 28, 1979.

Commitments in MacMillan to Denton Letter of Aprll 26, 1979
(Reference 2)

A, More positive 1ndlcatlon of the p051t10n of the pllot—

operated rellef valve
Due: May 28 1979

.Completlon on thlS date consists of transmlttal of
technical. hardware description to ooeratlng plant
owners. . .

" B. - Saturated condition 1nd1cator for reactor coolanL

Due. - May 30,-1979

Completion on this date consists of transmittal of
technical hardware descrlptlon to operatlng plant
owners. A e
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April 26, 1979

Mr. Harold R. Denton, Director

Office of Nuclear Resactor Regulation -
Nuclear Regulatory Commission

7920 liorfolkx Avenue

Bethesda, Maryland 20555

Dear Mr. Denton:
Subject: Integrated Controllsystem

This letter documents the commitment of Babcock & Wilcox to
undertake a reliability analysis of the Integrated Control System
(ICS) which will include a failure mode and effects analy51s.

This analysis will identify sources of transients, if any, _
initiated by the ICS and develop recommended design’ improvements
which.may be necessary to reduce’the frequency of these transients.

In addltlon means will be developed for decoupllng of the
auxiliary reedwater control of steam generator :water level from
the ICS. This modification will provide control of feedwater
under emergency condltlons 1ndependent of the ICS.»‘

The 'scope of the rellablllty analy51s and schedule for both -

the analysis- 'and development of 1ndependent feedwater control w1ll
be prov1ded w1th1n 48 hours._

Slncerely,

\:Ekllgan

Pre51dent
r Power Generatlon :
Division '

cc: W. S Lee
: Duke Power Company
John Mattimoe '
; Sacramento Mun1c1pal Utlllty DlStIlCt
William -Cavanaugh
Arkansas Power & nght
William Griffin ’
Florida Power Corporatlon
John Herbein
‘ Metropolltan Edlson Company
Lowell Roe _
Toledo Edlson Company

-

S OoL Lk 8 Wiear Pamaanu § Fetablichad 1RGT



- . 1725 K Street, N, "-".'a;',h!r.;‘-,f’:rﬁ.'.D.C. 20055
abeeckeiiilcox o ' . Telephone: (202) 250350 .

April 26, 1979 ' >

Mr. Harold R. Denton, DlIECtO*
Office of Nuclear Reactor- regulatlon
Nuclear Regulatory Ccrmmission

7920 Korfolk Avenue

Bethesda, Maryland 20555

Dear Mr. Denton:
Subject: Near-Term Design Imorovements

- In the April 16, 197° mee+1ng with the ACRS I identified

several near-term actions which Bahcock & Wilcox was committed:
to undertake. Two near-term design improvements which evolved
from our evaluation of the TiMMI-2 ac01dent are a more pOSlthe
indication of the position of the power operated relief valve
and a saturated temperature condition indicator for the reactor
coolant system. These instruments will provide additional '
information to the operators which improve their ability to
1dent1fy an open relief valve and maintain subcooled temyera»ures
in the reactor coolant system to prov1de adequate core cooling.
These improvements are currently in the design and development
. .phases. . The schedule for completion. is consistent with the six

week commltment 1nd1catec at the ACRS meetlng. S

Slncerely,

.

H., MacMillan

Nuclear Power Generation
"Division

~cc: W. S. Lee
‘ Duke Power Company
John Mattimoe - _
Sacramento Mun1c1pal Utlllty District
William Cavanaugh
‘Arkansas Power & nght
William Griffin
Florida Power Corporatlon
John Herbein
Metropolitan Edison Company
Lowell Roe
‘Toledo Edison Company



MINUTES OF THE MEETING
N V v B . OL‘ ¢
B&LZBCOCK & WILCOX AD THE HUCLEAR REGULATORY CO'-»VIq iCu
DISCUSSION Cli -SMALL LCCA Z’n‘YSIS
- April 26, 1979 '

Short Term Transient Analysis

CADD-S

See CEDDS studies list (P.4), April 25, 1979
B&W letterd : ; ' o

- General Model Characteristics

o Used for analyses up until time system becomes 2-phase

e Suitable for Sensitivi;y analyses for delays of auxiTiary_
feedwater, variation in feedwater flow, Varlatlons in
reactor trip mode or setpoint. o

® System actions which will be- 1nvest1gated (out to -
about 8-10 mlnutes) are: : :

Reactor trip time

Peak pressures achieved in initial pressurlzatloh
- Time and valve of repressurlzatlon

- 'Time to flll pressurl"er

® Code-Limitations

- Not valid for 2—Dhase, saturated conditions.
(use CRAFT)

- HPI not prec1sely modeled (use CRAFT)

- One loop. .

T™MI-2 Benchmark

(Case #1 of Ref A CADDS study)

Curves of pressure, oressurlver level comparlson to
TMI-2 transient of March 28 1979, are in Attachment 1,
Figures 1-3. :

.Sen51t1v1ty of Repressurization to Auxlllarv Feedwater
Inltlatlon Tlme

(Case #2,-CADDS study)

Curves of pressure and pressurizer level for three
representative cases are in Attachment 2, Figures 4-5.



Staff Recuest 1l: Show benchmark to plant data (e.g.,
Davis Basse or eguivalent) £ or case whera2 generators
fill in seguence. ' '

Staff Reguest 2: Exanwne Da*ame+rlc behavior: of PORV s
' and Cafety valves on pressurlzer.

- What is cter@tlng experience with” ﬂa-ety valves
' opening and clecsing?
- Why not consider failure of the safety valve as a
single failure?-
- What are the eonsequevces and evoececu behav1or of
a stuck open pressurizer safety valwve?
- Consider steam’ and 2-phase flow discharg -
~ Define basis of and treatment justlfzcatlonvfor flow
model throuch the valves. Include guench tank back
. pressure effect assessment. ' S

Long Term Transient Analysis
 CRAFT-2 |
See CRAFT analyses, April 25, 1979, BsW letterl

Model Used-

® Noding as described in Figure 12 -
® . Model handles three modes of natural circulation -

- Solid water A
- 2-phase mass movement
‘= Boiling/recondensation ' -

® Natural circulation model of B&W is believed to account
correctly for these effects, and is similar to Commis-
sion audit models.- Data for benchmark to  actual-system
conditions is avallable only for. solxd water mode. '

Staff Request #3 Further dlscu531ons w1th the ‘aim of
developlng benchmarks, are needed. :

Mlchelson-Report‘

B&W considers 1nterruoted natural c1:culat10n as an
acceptable coollng mode.

Staff Request #4: Provide a descrlntlon of thlS coollng mode
‘and outline of emergency operatlng criteria for the opurator
to handle it..




TMI-2 Bonechmark

(Case £#4 of Ref. 1)

..See attachment, Fiqures 6-11. - - -

Conclu51on——35istinc cocdes are caoablc of handling phencrmena
seen 1in TiI-2 caze and similar transients. '

Loss of Feedwater in Conjunction with 0.01 sg. ft. break

(Case %5 of Ref.,1l)

e Break size selected to be the larcest which' would not
automatica’lj initiate ECCS high pressure injection
in the initial deDYeSSLrlzqtlon transient. _ , :
e Shows that core damage will not occur in the first 20 -
' minutes of operation in the follewing mode
- No auxiliary feedwater
- 'No ECCsS ;njectlon
- 0. 01 ft.¢ break

‘Action within 20 minutes to éestablish either auxiliary
feedwater* or HPI will avoid core damage for all plants’
except Dav1s Besse. At Davis Besse, feedwater would
have to be restorea, but time available to accomplish
this without core uncovery will be somewhat longer due’
to loop configuration. (*Initiation of AFW will result
in ECCS HPI initiation automatically. )

© For breaks larger than 0.01 ft.2, for which ECCS will
automatically initiate, there is no need for auxiliary
feedwater so long as ECCS function is unlmpalred See
attachment, Flgures 12-16. '

V'Staff Request #5: Analyze worst case-small break-assuminéﬁ
a single failure in the ECCS and no AFW. (B&W noted that
this would be a very low probablllty event.)

Presented ‘Loss of Feedwater with Stuck Open PORV

Case with RCS pumps running witthFW (Case 42 of Ref. 1)

- 'AFW on in 40 seconds. : :
- . PORV stuck open on 1n1t1al pressure tran51ent.

" Date in attachment, Flgures 17-21.
Results: No core damage

Presented Stuck Open PORV as the Initiating Event

(Case #7 of Ref. 1)



See attachment, Figures 22-27.
‘-ResultS: No core damage

Not Présented:

Case #1 of Ref. 1 , see CRAFT analysest

See attachment, Figures 28-30.
REFERENCE

1. B&W letter to

Dr. Roger J. Mattscn, Director, Division
of Sysbemo.ca‘et§, Office of liwclear Reactor Regulation,
U.S. Nuclear Regulatory Commission; from James H. Taylor
Manager, Licensing at B&W;. April 25, 1979.



CADDS Simulation Of

3/28/79 TMI-2 Transient
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Reference:

CATTACHMENT 2

Letter from J.H. Taylor to R.J.

April 25, 1979.

Case'4vResuLts}
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Reference: Letter from J. H. Taylor to _
R. J. Mattson, April 25, 1979.

_Case-No. 2 Results
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Reference: Letter from J. H. Taylor to
R. J. Mattson, April 25, 1979.

Case No. 7 Results
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Reference: Letter from J, H. Taylor to
R. J. Mattson, April 25, 1979.

Case No. 1 Results
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. Table 1. chuence d{’ z:"C"tS.i 1 O 2 O |

Main feedwater pumps trip at time = 0.0 seconds.

Note: A11 ‘RC pumps remain powered throughout the transient.
Pressurizer EMOV valve open at 6.0 seconds and remains open (stuck).

Reactorvscrams at 12.0 seconds.

Auxiliary feedwater starts at 40.0 seconds after loss. of main feeduater
(auxillary feedwater level is set at 30 inches). ' '

At 1365 p51a, ESFAS actuation occurs, resulting in two HPI pumps inJect-
ing 1nto the cold 1egs at 155 seconds. :

Long term cooling establlshed at-155 seconds.

Pressurizer gbes.solid at approximately 425 seconds.

FIGURE 28
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o APPENDIX V
k.5 COLD SHUTDOWN CAPABILITY

EXCERPT FROM TMI-1 FSAR

The adeauacy of the borated water storage tank as an interim heat 51nk for
the Three Mileé Island Nuclear Station, Unit 1, reactor coolant system has been
evaluated for the following set of assumptlons'

a. Steam line break occurs inside the intermedlate or ourblne bulldlng
during rated power operatlon

b. Reactor trips
c. Loss of all feedwater to both steam generators occurs

d. Loss of off-site pover occurs

In addition to this set of assumptions, this evaluation is valid for any situatlon .
where reactor coolant system energy removal through the steam generators is no
longer available.

-

There are three primary areas of concern for this condition. These areas are
prevention against core uncovering, protection against excessive reactor
building pressure, and the ability to achieve cold shutdown condltlons.

The B&W dlgltal computer code CRAFT (10) was used to determine the characteristics

of this accident with regard to core uncovering and mass energy releases to the con-

~ tainment. The mass and energy release data from CRAFT was used in the digital _
computer code CONTEMPT (11) for reactor building pressure calculations. The assumptiors

and results of the analysis are summarized in Table 6. A single steam generator blow- -

down was considered as the most conservative case since for a double blowdown the HPI

pump would be started almost instantaneously on low reactor coolant system pressure

actuatlon (1500 psig) meaning a lower probability of core uncoverlng.

Core uncovering is prevented by pumping ‘water from the borated water storage tank via
the maskeup and purification system (EPI) into the reactor coolant system. With one

~ makeup and purification (HPI) pump started 15 minutes after the break, the minimum
coolant level in the reactor vessel occurs at approximately 140 minutes and at no
time falls below the top of the core. Operator action is assumed to occur 15 minutes
after the break in startlng the makeup and purlflcatlon pump (hlgh pressure 1njectlon)

' The building pressure increases during the transient as boiloff occurs through the
pressurizer safety valves (2515 psia). Assumlng the boiloff goes directly to the
building atmosphere with no credit for the quench tank, the building pressure reaches’
the reactor building cooler and high pressure injection setpoint (4 psig) 38 minutes
‘after the break. With one building cooler operative at this time, the building
pressure reaches & maximm value of 24 psig and never exceeds the design pressure limit.
Furthermore, the reactor spray actuation setpoint (30 p51g) is not reached and a

single building cooler provides adequate protection throughout the tran51ent agalhst
excessive reactor bulldlng pressure. :

ngh pressure 1njectlon of BWST water continues until the BWST is depleted (apnroxl-
mately 24 hours assuming one HPI pump is operating.). At this time further cooldown
is achieved by using the decay heat (low pressure injection) pumps drawing from the
reactor building sump to supply suction to the makeup and purification (HPI) pumps..
The sump recirculation continues until the decay heat removal system (LPI) can be
actuated to reduce the system to cold shutdown. Cold shutdown is then achieved by

venting the system pressure and actuating the decay heat removal system to recirculate
the reactor coolant through tﬁe decay heat coolers.

Supplement 2, Part IX -8- Am. 43 (11-1-73) -



5.0

EMERGENCY PROCEDURES

The emergency procedures below are general‘in nature since it is deemed
appropriate to allow for assessment of the incident prior to ultimately
bringing the reactor to cold shutdown.

5.1

SYMPTOMS (STEAM LINE BRFAK)

Rapid decrease of secondary steam pressure.
A steam line break detection system actuated alerm._
Megawatts generated reducing rapidly.

Decrease in pressurlzer level, reactor coolant pressure, and cold leg
temperature. :

For a rupture outside the reactor building noise will be heard in the
control room or a report made from personnel outside the control room.

IMMEDIATE ACTION

Automatic Actlon

1. Steam line break feedwater shut—off system actuates (< 600 psl) and

the low load control valves FW-V-16A and l6B main feedwater valves .
FW-V-1TA and 17B, and emergency feedwater valves EF-V-30A and SOB

close.

2.  Reactor.trips .

3. 'Turbiﬁe triﬁs.

4, High pressure 1nject10n 1n1t1ates 1f low reactor coolant pressure of
1500 psig or resctor building pressure of psig is reached.

- 5. Reactor bulldlng cooler: actuatlon due to h psig in the reactor

building, .

~

Manual Acfion

~
1. Verify that the reactor has tripped; if not, trip it.

2. Verlfy the turbine has trlpped (main stop - valves closed),llf not,
trip it. : '

3. Notify shift foreman that the reactor has tripped.

- Supplement 2, Part IX ‘. -0- ' ’ Am. h3 (11_1_73)



L. Determine which steam generator has suffered the rupture from the
steam line break detection system in the control room.

5. . Verify that low load control valves FW-V-16A or 16B, main feedwater
- valves FW-V-1TA or 17B, and emergency feedwater valves EF-V-30A or
30B on the affected steam generator are in the closed position.

6. Initiate emergency feedwater supply to the unaffected steam generator.
T. Determine if'theemakeup'and purification system (high pressure
injection) has started. -Manually initiate it if both steam generators

are inoperative and pressure setpoints have been exceeded.

- 5.3 LONG TERM ACTION (Emergency Feedwater)

If there are indications that the emergency feedwater system is not worklng
nroperly, enter the intermediate building as soon as possible. Inspect ‘the
emergency feedwater system to determine if it has experienced any damage.
Line up the undamaged emergency systems to supply water to the unaffected
steam generator. Open steam dump valves on the unaffected steam generator.
. The valves may have to be operated using handwheels if the cabling has been
damaged by the break. When the emergency feedwater valves have been lined
up, start the emergency feedwater pumps. Throttle the feedwater control
velves to maintain.high level in the steam generator.

.When the. reactor coolant system pressure has decreased suff1c1ently initiate
the decay heat removal system.

5.k LONG.TERM ACTION (Feed and Bleed)

When the contents of the borated water storage tank are depleted as detenmlned
from the borated water storage tank low-low level alarm in the control room,

shift suction of high pressure injection from the borated water storage tank to
the reactor building sump by opening valves DH-V-TA and 7B, DH-V-6A and 6B, and
closing valves DH-V-S5A and 5B (all remotely controlled from the control building).

When reactor coolant system temperature is below 440 F, close the ‘core flood
line discharge valves CF-1A and 1B, secure the makeup and purification pump (HPI) ‘
and depressurize the reactor coolant system by opening the pressurizer electro-
matic relief valve or pressurizer sample line (both remotely controlled from

the control building). To initiate decay heat removal, open valves DH-l DH—2
and DH-3 (normal decay heat let-down line).

6.0  SUMMARY AND CONCLUSIONS

The results of this design review are summarized as follows:

a. A rupture of the high energy piping systems is considered Highly unlikely.
The systems have been conservatively designed in accordance with the
criteria in the B31.1.0 Code for Power Piping. Materials, fabrication,
.and quality assurance requirements of the code have been utilized. 1In
addition, the main steam piping has been subject to 100 percent radiography
of welds from the steam generators to the turblne stop valves, and the

Supplement 2, Part IX - -10- Am. b1 (7-16-T3)



‘TABLE 6

CHRONOLOGY OF EVENTS FOR HIGH ENEFRGY PIPE BREAK

Time (seconds) ' ‘ Event
o : Double-ended break of a 24 inch diameter steam
: line on the secondary side ‘ )
1 ' .. Reactor trip on variable low pressure; turbine
' stop valves close isolating the unaffected steam
generator
L7 "Damaged steam generator blows dry
k50 o . Unaffected steam generator pro#ides no more heat

sink; minimum system pressure of about 1550 psia
is reached -

900 v Operator action starts one HPI pump
1200 Primary loop. becoﬁes solid.with subcooled water;
: ' X ' pressurizer code relief valve opens at setp01nt

of 2515 psia

2300 : ' Reactor building cooler actuatidn setp01nt of k4
‘ psig is reached

5T00 o Steam first appears. in the core

Ny

8500 Mlnlmum coglant level in reactor vessel is
» reached; core remains covered

8800 | : Contalnment building pressure reaches the max1mumv‘
' value of 2k psig

Supplement 2, Part IX -29- . Am. 43 (11-1-73)
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APPENDIX W
_ PORTLAND GENERAL ELECTRIC COMPANY
Responses to ACRS Quest1ons on Pebble Spr1ngs
A preliminary assessment has indicated that the doub}e-ended
rupture of up to 3 tubes during a'LOCA would not seriously impair
.the capabzllty to reflood and cool the core in accordance with

; the conservatlve requzrements of Appendix K to 10 CFR Parc 50.
QUESTION 5

What is the maximum secondary sysfem ptessure7develo§ea aftér
‘turbine trip with first subseduént,rapﬂéﬁ failure being loss
of maiﬁ‘feedwatgr.flov control leading to flooding of super—

heat section of steam generators. Assume cﬁrbine trip’wi:hout
bypass (loss of condenser vacuum). ’ ' ‘

"Response to Question 5

—Ihe-makimum secondary side pressure developed, assuming Eu:biﬁe
trip vithouc'bypass and a subsequent loss of main feedwater flow
' control, is equal to the setpoint of the main steam safety valves.

There are two banks of safety valves. The "hlgh" bank setpoxnt is

about 1315 psxa which xncludes 3 accumula:zon. The maximum

allowable steam genera:or pressure is 1375 psxa.
" QUESTION 6

Does applicant know that timefdeﬁéndént levels will occur in
pressurizer,‘steam generator and reactor vessel after a rela-
tively sﬁaii.ptimary'coblan; break which causes coolant to
approach or even partly‘uﬂcovér fuel pins?  What does operator
do in resﬁect to ince:preting level in pressurizer?.

Duriné primary system refill from high pressure injection pumps
theére is some period when neither cdndenSacion nor'uaturél»
convection is present to effect heat tramsport to secondary

‘side. How is transitiom to nmatural couvection without assistance

from primarv coolant pumps cbtained.

'—6-



Response to Question 6 -

v

Ihete are two overriding concerns with any LOCA:-

~

(1) Initial removal of fuel?stored heat.

(2) Continoous-removel'of.core fission product decay heat.
)

For small bteaks; fuel-stored heat Is removed during the first few
seconds of blowdown. The B&W ECCS system, using xnternal vent
valves, precludes tbe interruption of decay heat removal for
all accidents within the range of relatlvely small breaks (break size
<0. 01 ftz) ‘ 3reak location, ECCS LnJectlon, coolant phase separatzon,
Reactor Coolant System (RCS) mixture levels and steam generator ¢onden-

sation have been considered 1n_artIV1ng at this conclusion.

"As we understand the question, the concern is related. to possible
iotertuption of steam condensaticn within a steam generator due

to refxlllng of the primary system. In general, such a sxtuatlon can
occur only at extended times durlng the final recovery stage of a LOCA
when steam condensation is no longer requxred. However, even if thls
" situation occurred earlxer in tlme, the performance of the vent valves
would be to. equallze vater levels between the hot and cold reglons of

the primary system, thereby as;urlng continuous fluid coverage of the

core with no adverse cousequences.

This is substantlated by a more detazled examination of the fluld
conditions dur1ng a relatzvely small LOCA. Such an accident can be
viewed as a very slow trensxent du:1ng whlch,‘at any partitular |
time, the system is not oeaningfolly different from steady-state
eonaitioos. The RCS can then oe ptopetly deectibed as a sealed manmo-
.meter. For the B&W system, because of the vent valves, this manooeter’
is double looped as illustrated in :lgure 6~l with important volumes

1dent1f1ed by letters.
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Many experiments have been run thch show that as 1ong as a fluid -
(quality less than, say, 70%) covers the core, no adverse core
temperature excursiom cam occur at decay heat power levels. Thus,
the design problem associated with small LOCAs is to achieve ’
sﬁeady mass and energy balances which assure that the core remains
covered. This means that mass injection equal to mass loss, and
energy removal.equal to decay heat is achieved. FOt'a spectrum of
break sizes apptopriate for relatively small LOCAs, con;ervative
énalysis assures that no uncovering of the core occurs prior to
achieving excess mass injection.A Thus, any coucerns with very
small-break LOCAs deal with the energy Balance once excess

injection has been achieved.

?of certain small breaks, the steam generator would act as an
‘eﬁergy removing device. Enefgy removal occﬁrs through a three-step
sequence: initially, a solid flow—-forced convection process would
control heat removal, later a two—-phase natural circulatdn‘process

involving both comvection and condensation heat transfer would
control, and finally a pure condeusation mode would result. 1In
this latter mode, fluid has fallem to approximaﬁély'level B on
' Figure 6-1. As steam is produced in the core through boiling, it
travels through D, F; and G and is condensed in the lower regioms
of H. Concerns over the impact of noncondensible gases have been

examined for this phase and the following points apply:

(1) Insufficient noncondemsibles are-available;iﬁ the
initial RCS fluid to block the flow of steam at G

(this-is a 3-ftidiameter pipe).

(2) Beat transfer coefficients with noncondensibles

K present are sufficiently large to condense steam in
the lower regions of H. Even if the heat transfer
vere momentarily inadequate, this would merely cause
a.pressure increase and resultant temperature increase

‘ ug:il the temperature difference compensated fdr the

lower heat transfer coefficient.



~

(3)‘ The open manocmeter paths D, F, G, H, and B assure
that hydrostatic balances exist between regions H
and A, and between regions K and A. If these

balances do mot exist, fluid movement ﬁill»occur to
produce them. '

After excess mass injectiom is achieved, the RCS starts to refill.
‘Dutieg refill, a rising water level in region H mayveliminate
condensing heat transfer. Note that a rise of level in H also
means a rising level in K aed A. Thus, no'immediate core concerﬁ
exists. Steam pockets will be formed at J and C. 1If the level -
continues to rise, a two-phase mixture will be forced into D and
F. This will occur through the necessity of ma1nta1n1ng a hydro—
static Balance with H. HoveVer, if condensation ceases, the »
energy balance is no longer maxntazned. As emergy is not being

_adeaua:ely removed from the system, the system must repressurize.
Two mechanisms are now possxble'

(1) The break flow increases until it removes enough

energy,'or the break allows removal of enough mass

. . [
to reestablish condensation, or

(2) Repressurization»éodtinues until energy removal
'is brought about through the pressurizer relief .
valve path E.

Most likely, mechanism (1) will repeat for several cycles prior to
mechanism (2) occurring. In any case, uncovering of the core can-
'not‘take place. Again, if the core fluid .level isllowered then the
fluid level in H must be low and condensationm is a credible phenomenon.
The flow pattern in D, the horizontal sectiom of the hot leg, -is of
interest during fepressurization. This is illustrated in Figure 6-2
along with the pressures within the system.

‘The following hierarchy
of pressures exists:

o <P3 <Py <Py

-
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" QUESTION 26 -

Considering~su¢h matters as (1) off-site power failure, (2) con-
denser vacuum fallure, (3) sputlous main feedwater valve closure
(see item 21 preceding) and recent 1nc1dents of failures in
aulexary feedwater systems it appears that slngle fallure
criteria notwithstanding, at least short term fallures of the
auxiliary feedwater system must ‘be considered to-estimate the

‘needed reliability of such system.

What, for instance,'would be the peak primary system -pressure,
consequences to prlmary coolant system safety and. relief valves

and rate of primary-coolant loss follow1ng fallure of the Aulelary

Feedwater pumps when needed? - LT

Response to Question 26

The feedwater systems are designed to currént NRC regulations.
Since these regdlation; include criteria for design and énalysis
assuming one’single'failure, and the safety-grade Auxiliafy _
Feedwater System‘coptéinélmultiple redundant traias (four 50%-size
capacity pumps are installed with independent power sources), the
. Pebble Springs design complie§>with the latest rdeirements.
Postulation of an event whereby all fgedﬁatef 1s lost requires

sultiple failures in the main and auxiliary feedwater systems.

Nonetheless, a preliminary analysis has been made to determine the
event sequence, assuming that dll feedwater is lost instan:aheously‘
without régéfd'for a realistic mechanism. The following is an

estimate of the seqdence of events expected:



Time

0 sec
+ 7 sec
<10 sec
v 2 min
<10 min

JﬁS min

Long term

‘High-ptegsure ECCS injectiom flow heat removal.

Event

All feedwater is lost and the RCS bégins to

increase in pressure.
Reac:gr trips on high RCS pressure.

Pressurzzer begxns to relieve decay heat via

steam to the RC drain tank at the pressurlzer

safety valve se;poxnt of 2500 psig (RCS pressure

_abodt 2740 psig).

- Reactor coolant expansion causes the

pressurizer to become water solid, and water

relief to the RC drain tank begins (RCS

pressure about 2500 psig).

'Contalnment pressure increases to the ‘ESFAS

setpoint (&4 psxg), and hlgb—pressure ECCS coolant

injection to the core starts automatically.

rate is about equal to the decay heat generation
rate. Prior to this cime, boiling has occurred in
the core; and after this time, it will dlmxnlsh.

A coolable geometry is maintained at all times.

ECCS hxgh—pressure LnJectlon will continue

to provide coolan: from the borated water
storage ‘cank (BWST). When the BWST low-level
signal is reached, the operator, can switch the
ECCS high~pressure coolant injection to the
reéirculatioﬁ‘mode, if auxiliary or main
EeedwaCer has not been restored (see Pebble

Springs Sectiom 6.3.1.4.1 for a discussion

_on this mode).

=52=-"
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UNITED STATES -
: NUCLEAR REGULATORY COMMISSION
A OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555 :

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

NUCLEAR INCIDENT AT THREE MILE ISLAND
- Description of Circumstances:

On March 28, 1979 the Three Mile Island Nuclear Power Plant, Unit 2
experienced core damage which resulted from-a -series of--events which-
were initiated by a loss of feedwater transient. Several aspects of the
intident may have general applicability in addition to apparent generic.
app]1cab111ty at operating Babcock and Wilcox reactors. This bulletin
is provided to 1nform you of the nuclear 1nc1dent and to request certain
actions. :

Actions To Be Taken By L1censees

(A]though the specific causes have not been determ1ned for 1nd1v1dua1
sequences in the Three M1]e Island event, some of the fo]low1ng may have
contributed).

- - -For-Babcock and Wilcox pressurized water . reaEfor‘Tac111t1es w1th an -
. operating license:

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

" These reviews should be directed at assess1ng_the adequacy of your
reactor systems to safely sustain cocldown transients such as
these.

2. Review any transients of a similar nature which have occurred at

' your facility and determine whether any significant deviations from
expected performance occurred. If any significant deviations are
found, provide the details and an analysis of the significance and
any corrective actions taken. This material may be 1dent1f1ed by .
reference if previously submitted to the NRC.
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Review the actions required by your operating procedures for coping
with transients. The items that should be addressed 1nciude

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

. b. Operator action requ1red to prevent the ‘formation .of such
voids. v _

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

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

Review all safety reiated va]ve positions and positioning require-
ments to assure that engineered safety features and related equip-

- ment such as the auxiliary feedwater system, can perform their
intended functions. Also review related procedures, such as those
for maintenance and testing, to assure that such valves are returned
to their correct positions.following necessary manipulations.

Review your operating modes-and procedures for all systems designed
to transfer potentially radioactive gases and liquids out of the -
containment to assure that undesired pumping of radioactive 1iqu1ds
and gases will not occur inadvertently.

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

a. Whether interlocks exist to prevent transfer when high
radiation 1ndication exists and,

. b.  Whether such systems are isolated by the containment isolation
Signal ,

. - Review your prompt reporting procedures for NRC notification to
assure very eeriy notification of serious events. '
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‘ The deta11ed results of these reviews sha11 be submutted w1th1n ten
(10) days of the receipt of this Bu]]et1n '

Reports should be submitted to the Director of the appropriate NRC
Regional Office and a copy should be forwarded to the NRC Office of
Inspection and Enforcement, Div1s1on ‘of Reactor Construct1on Inspection,
washington, D.C. 20555,

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

Approved by GAO, B180225 (R0072), clearance expires 7-31-80. Approval
was given under a b]anket -clearance spec1f1ca11y for 1dent1f1ed gener1c
problems.

-

Enclosures:
1. Pre11m1nary Notifications
"~ Three Mile Island -
" PNO-67 and 67A, B C D,
E, F, G
2. Eva]uat1on of Feedwater
Lo Transients w/attachment
3. List of IE Bulletins issued
: in last 12 months
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‘Enclosure 1 - :

PN No. 79-67 and Subsequent °
Revisions :

PRELIMINARY NOTIFICATION | |
| | R _ March 28, 1979
PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PNO-79-67

This preliminary notification constitutes EARLY notice of event of
- POSSIBLE satety or public interest Significance. The information.

'gresented is_as _initially received without verification or evaluation
an S basically a that 1s known by 1E staff on this date. _

Facilityi Three Mile Island Unit 2
o " Middletown, Pennsylvania
{Docket No. 50-320)

‘Subject: - RFACTOR SCRAM FOLLOWED BY A SAFETY INJECTION AT THREE MILE
ISLAND - UNIT 2 S MLE

-

The 1icensee notified Region I at approximately 7:45 AM.of an incident at
Three Mile Island Unit 2 (TMI-2) which occurred at approximately 4:00 AM
at 98% power when ‘the secondary feed pumps tripped due to a feedwater
polishing system problem. This resulted in a turbine trip and subse-
- quent reactor trip on High Reactor Coolant Pressure. A combination of
Feed Pump Operation and Pressurizer Relief - Steam Generator relief
valve operation caused a Reactor Cuolant System é?CS) cooldown. At
1600 psig, Emergency Safeguards Actuation occurred. ATl ECCS components
startad and operated properly. Water level increased in the Pressurizer
and Safety Injection was secured manually approximately 5 minutes after
actuation. [t was subsequently resumed. The Reactor Coolant Pumps were
secured when low net positive suction head limits were approached.

About 7:00 AM, high activity was noted in the RCS CEmclant Sample. Lines
(approximately 600 mr/hr contact readings). A Site Emergency was then
declared. At approximately 7:30 AM, a General Emergency was declared .
based on High Radiation levels in the Reactor Building. At 8:30 AM site
boundary radiation levels were reportad to not be significant (less than

1 mr/hr).. "The source of activity was stated to be”.failed fuel as a
resylt of the transient, and due to a kmown prevfous™rimary to secondary

leak in Steam Generator B.

The Region I Incident Response Centar was activated at 8:10 AM and

" direct communications with the licensee and IE:Headquarters was estab-
lished. The Response Team was dispatched at 8:45 AM and arrived at the
sita at 10:05 AM. -

At 10:45 AM the Reactor Coolant System Pressure was being held at 1950
psig with temperature at 2200F in the cold leg. By 10:45 AM, radiation
levels of 3 mr/hr had been detected 500 yards offsite. .

CONTINUED
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) There 7s sigriificant media interest at the present time because of
concern about potential offsite radiation/contamination. The Commonwealth

of Pennsylvania and EPA have been informed. Press contacts are being
mada by the Hcensee and NRC .

- Contact: Gxixngler, IE x28019 FNolan, IE xzso19 SEBryan, IE xzsa19 g

Bus
Distribution: - Transm'stted H St ine?é—- ‘ E
Chairman Hendrie Commissioner Bradford. S. J. Chilk, SECY
Commissioner Kennedy - Commissioner Aheamme C. C. Karmerer, CA
Commissioner Gilinsky : ' (For Distribution)
Transmitted: MNB8 35U P. Bldg 3740 J. 6. Davis, IE
L. V. Gossick, EDO “H. R. Denton, NRR ' Reg'lon = =¥ §g
H. L. Ornstoin, EDO R. C. DeYoung, NRR —_
~J. J. Fouchard, PA o -R. J. Mattsaon, NRR ,
N. M. Haller, MPA Y. Stello, NRR (MAIL) . '
“R. G. Ryan, OSP -~ . R.S. Boyd NRR : J. J. Cummings, OIA
H. K. Shapar, ELD ' S8 8ldg 252 " “R. Minogue, SD°

W. J. D1rcks, NMSS '

PRELIMINARY NOTIFICATION
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March 29, 1979
PRELIMINARY NOTIFICATION QF EVENT OR UNUSUAL 0CCURRENCE--PHO-79 67A
This preliminary notification constitutes EARLY nctice of event. of
POSSIBLE safety or public interest significance. 1he information
resented 1s as 1nitially received without verification or evaluat1on
and 1s basically all that 1s known by IE staff on this date. v
Facility: Three Mile Island Unit 2 = |
' Middletown, Pennsy]van1a (DN 50-320)
Subject? NUCLEAR INCIDENT AT THREE MILE ISLAND - UNIT 2 '
_ This supp'!ements PNO-79-67 dated March.28, 1979.

As of 3:30 p.m., on March 28, 1979, the plant was being s]owly cooled
down with Reactor Coolant System (RCS) pressure at 450 psi, using normal

" letdown and makeup flow paths. The bubble has been-collapsed in ‘the A
Reactor Coolant Loop hot leg, and some natural circulation cooling has
been established. Pressurizer lavel has been decreased to the high -
range of visible indication, and some heaters are in operation. The
secondary plant was being aligned to draw a vacuum in the main condenser
and use the A Steam Generator for heat removal. The facility plans to
continue a slow (3°F/hr) cooldown, until the Decay Heat Removal System
canIge1p1aced in operatuon at 350 p51 RCS pressure, 3500F RCS temperature
in 15-18 hours.

As of 3:30 p.m., a p1ume approximater }s mile wide and reading generally
1 mr/hr was moving to the north of the plant. The ARM's helicopter is
being used to define the length of the plume. Airborne fodine Tevels
of up to 1 x 10-8 uCi/m] have been detected in Middletown, Pennsylvania,
which is located north of the S1te. ,

Media intarest is cont1nu1ng The Conmmnwea1th of Pennsy1vania is being
, kept informed by plant personnel. _

Contact: GKlingler, IE x28019 FNo]an, 1E x28019 SEBryan, IE x28018

Distribution: Transmxtted H St @4'%{% O 3(

(hairman Hendrie Commissioner Bradford = S. J. Chilk, SECY
Commissioner Kennedy Commissioner Ahearne C. €. Xammerer, CA
Comissioner Gilinsky E f} 5342\ : (For Distr1bution)
Transmitted: MNBB 0"&5 ~P. Bldg LG J. G. Dayis, IE
. V. Gossick, EDOI H. R, Denton, NRR Region }L,.ESEE
H. L. Ormstein, EDO R. C. DeYoung, NRR _ -
J. J. Fouchard, PA R. J. Mattsen, NRR
N. M. Haller, MPA V. Ste1lo, NRR : (MAIL
R. G. Ryan, OSP ' . R. Bo_Ydﬁ NRR . . CUnm1ngs 0IA
H. K. Shapar, ELD - . SS 'ldg L' 'gg R, M1nogue SO
‘ _ - - W. J. Dircks, NMSs -
S R A WSSy T N ST A T
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* PRELIMINARY NOTIFICATION

' March 30, 1979
PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PNO-79-678

This preliminary notification constitutes EARLY notice of event of
POSSTELE safety or pubiic interest sianificance. The information
presented is as initially received without verification or evaluation
and s basically all that is known by IE staff on this date.

Facility:. Three Mile Island Unit 2
Middletown, Pennsylvania (DN 50-320)

Subject:" Nuclear Incident 2t Three Mile Is]ahd

Plant Status

Three Mile Island Unit 2 is continuing to remove decay heat through
A-loop steam generator using one reactor coolant pump in that loop for
coolant circulation. The reactor coolant pressure and temperature were
! stable and under control throughout the night of March 29. There has
been some difficulty in maintaining coolant letdown flow due to resistance
in the purification filters. The licensee notified IE at about 11:00
p.m. on March 29 that they expected to remain in this cocling mode for
at least 24 hours. o -

The licensee's engineering staff was requested by NRR to obtain a better
estirate of the volume of the noncondensible "bubbles" in the reactor
coolant systém. There are apparently two such bubbles.  one in the
pressurizer that has been intentionally established for control of "
prescure and level, and cne in the reactor vessel head caused by the
accumulation of noncondensible cases from failed fuel and radiolytic
gecomposition of water. . i1he estimate is to be obtained by correlating
pressurizer pressure and level indications over the past hours of stable
oreration. The volume of the bubble 'in the reactor vessel is of interest.
{n assuring that sufficient volume remains in the upper head for collection
¢cf more noncondensible gases arising from continued operation in the . '
g-esent ccoling mode as well as.to assess the potential for movement of
tn2 bubble during a switchover to decay heat removal operation. '

T.e licensee believes it is prudent to remain in the present couling
-~:de due to the potential for leakage of highly radioactive coolant from
t-2 ducay heat removal system into the auxiliary building, movement of
rcncindensible gases inte the reactor coolant loop, and boiling in the -
csre whan the reactor coolant pump is shut down. '

e — —— , | CONTINUED
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Fuel Damage -

Preliminary assessment of the extent of fuel damage from a reactor
coolant sample taken at approximately 5:00 p.m. on March 29 indicates
s]gn1f1cantxre1eases of iodine and noble gases from the fuel. A 100
milliliter samle taken from the primary coolant system via-a letdown
line was measured at about 1,000 R/hr on cuntact (70-80 R/hr at cne foot
and 10-30 R/hr at three feet). Preliminary analysis of a diluted sample’
in the IE mobile laboratory indicated fission product concentrations of
about 8 X 105 microcuries per milliliter. The sample will be flown to
Bettis Laboratory for further analysis. ' , .

~  Thermocouple readings of coolant temperature at the outlet of the
instrurented fuel assemblies indicate potential local core damage,
possibly in one quarter of the total of 177 fuel assemblies and generally
in the center of the core. Of the 52 readings at 5:00 a.m. on March 30,
one was above the coolant saturation temperature of about S5500F, 7 were
above 3500F, and 2 were off-scale, indicating temperatures higher than -
7000F. Upon request of NRR, Babcock and Wilcox is developing a proce-
dure for use by the licensee in taking direct potentiometer readings:
from the off-scale thermocouples since the temperature scale limitation
of 70COF is controlled by the process computer, not the thermocouple

itself,

Reactor Coolant System {RCS) Parameters

The RCS parameters have remained relatively stable during the period.
Gradual RCS cooldown continued to about 1:30 a.m., March 30, when tempera-
. ture was slightly increased to allow additional margin between RCS
operating parameters and Technical Specification minimum pressurization
limits. Following are the primary system parameters over this period:

10:00 a.m. 7:00 p.m.12:01 a.m. 3:00 a.m. 5:00a.m.
3/28/78  3/28/79 3/30/79 3/30/79  3/30/79

Pressurizer Level (inches) 288 - 32) 326 342 354
Frecsurizer Pressure (psi) | g63 - 945 - 1023 1055 1053
Pressurdizer Temperature (OF) 529 . 542 551 - 556 557
lcop A Core _ R . ' '
Inlet Temperature (°F) . - 281 277 275 278 . 274
Lezp 3 Core ‘ _
Intet Texcerature (OF) ' 281 277 275 278 274

e O T L

- . CONTIKUED
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~ Continued , PNO-79-67B

EnV1ronmental Status

Two aerial surveys were conducted during the evening of March 29. The
first flight was made about 8:15 p.m. during which measurements were
taken in 8 circle around the site with a radfus of about eight miles. No
defined plume of radioactivity was detected, but residual pockets of
radioactivity were identified at various points where the measured
levels ranged from .025 to .050 millircentoens per hours. (Natural
background levels are about ,005 to .015 milliroentgens per hour.)

“ During the second flight, at about 10:30 p.m., 2 plume was detected
northwest of the plant with a width equal to and confined within the
boundaries of the river. The plume was touching down about one mile
from the plant at Hill Island and then splitting into two parts - one on
each side of Hill Island. Measurements at the east shoreline of the ,
river, opposite Hi11 Isalnd indicated about four milliroentgens per hour
and at the shoreline on mile north of Hill Island near Olmstead Afr
Force Base zbout one milliroentgen per hour. Additional mesdsurements at
five miles from the.plant were on the order of .010 m1]11roentgens per
hour and are in agreement with the earlier f]ight..

During the early mcrning hours of March 30, an NRC monitoring team took
radiatien measurements from a vehicle traveling both sides of the
Susquehanna River from 10 miles south of Three Mile Island to 4 miles
north. kadiation Tevels were highest near Cly, a community just south
of the facility on the west side of the river. The level at Cly was
.0.15 m{11{roentgen per hour. A1l other locations had levels less than
0.05 miliiroentgens per hour. : ' CL _

)

Qther Infonnation

At approximately 4: 00 sp.m. on March 29, two employees of Metropolitan

- £dison Co. received radiation exposures in excess of the quarterly 11m1t
of 3 rems. The employees, an operator and a chemist, entered the
auxilfary building to collect a sample of primary coolant. Present
estimates are that the operator received 3.1 rems and the chemist 3.4
FL"“S

The 11censee released less than 50,000 gallens of s]1ght1y contaminated
industrial wastes on March 29, 1979 This release was terminated at hRC
request at approximately 6:00 p.m., March 29, 1979, becz2use of concerns
expressed by state representa;1ves At about 12:15 a.m. on March 30,
WAC gave the licensee permission to resume releases of.the slightly
contaminated industrial:wastes to the Susquehanna River, This action
w28 coordinated with the office of the Governor of Pennsylvania and a
press rlease was issuerd by the State.  Representatives of the news mzdia
expressed concern that they were not 1nforﬂed of the planned resunpt1on
of the release pricr to permission having been granted.

CORTINUED
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Continued . : ‘ ' PNO-79-67B

At 8:40 a.m., on March 30 ﬁhe licensee began venting frem the gase’ods
waste tanks. The impact of this operation 1s not yet known.

Contact: DThempson, IE x28111; Edordan, 1E x 28111

Distribution: - Transmitted HStZYS9 =~ o
Cha{rman Hendrie A Commissioner Bradford S. J. Chilk, SECY

Commissioner Kennedy - Commissioner Ahearne - C. C. Kammerer, (A
Cormissioner Gilinsky : : {For Distribution) .
Transmitted:  MNBB /p;0 2 - P Bldg /2 2 J. G. Davis, lE

L. V. Gossick, EDO- H. R. Denton, HRR - Region .

H. L. Ornstein, EDO. . R. C. DeYoung, NRR - _

J. J. Feuchard, PA - R. J. kattson, NRR —

N. M. Haller, MPA V. Stello, NRR. (MAIL)

R. G. Ryan, 0SP " R. S. Boyd, NRR R J. J. Cumings, OIA
H. K. Shapar, ELD " (SS Bldg R. Minogue, SD

W. J. Dircks, NMSS

Attachments (7):
Aerial Survey (6)
- Ground-Level Survey (1)

N
h
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2, 1373 4:30 p.m.

Mum= in a N to NE direction, about 30° sector.
Frizarily X2-133. At distance of about 16 miles,
rezistion rezsurements in the plume were ebout 0.1 mr/hr.



_PRELIMINARY NOTIFICATION

PREiIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PN0O-79-67C
Th1$ reliminary notification constitutes EARLY notice of event of
‘POSSIBLE safety or public interest significance. 1he information
presented 15 as initially received without verification or evaluation
and 1s basically all that 1s xnown by IL staff on this date.

Facility: Three Mile Island Unit 2
. Middletown, Pennsylvania (DN 50-520)

Subject: NUCLEAR INCIDENT AT THREE MILE ISLAND
Plant Status

There have been intermittent uncontrolled releases of radioactivity into
the atmosphere from the primary coolant system of Unit 2 of the Three
Milte Island Nuclear Power Plant near Harrisburg, Pennsylvania. The -
licensee is attempting to stop the intermittent gaseous releases by -
transferring the radicactive coolant water into the primary containment
building. The levels of radicactivity being measured have been as high
2s:.20 to 25 millirem per hour in the immediate vicinity of the site at
ground level. O0ff-site levels were a few milliroentgen.

‘Atiabout 11:30 a.m. EST, the Chairman of the NRC has suggested to Governor
Thornburg of the Commonwealth of Pennsylvania that pregnant women and
pre-schoocl children in an area within five miles of the plant site be
evacuated. Members of the NRC technical staff are at the site and
efforts to reduce the temperatures of the reactor fuel are continuing.
These temperatures have been coming down slowly and the final depres-
surization of the reactor vessel has been delayed. There is evidence of
severe damage to the nuclear fuel. Samples of primary cocolant containing
high-levels of radioiodine and instruments in the core indicate high

fuel temperatures in some of the fuel bundles, and the presence of a
large bubble of non-condensible gases in the top of the reactor vessel.

Bacause of these non-condensible gasec, the possiblity exists of
interrupting coolant flow within the reactor when its pressure is
further decreased and the contained gases expand. Several options to
reach a final safe state for the fuel are under consideration. In the
meantime, the reactor is being maintained in a stable-condition.

Contact: SEBryan, IE x28188 ELJordan, 1E x28188

- Distribution: Transmitted H St o o
Chairman Hendrie . Commissioner Bradford  S. J. Chilk, SECY

" Commissioner Kennedy - Commissioner Ahearne - C. C. Kammerer, CA

Commissioner Gilinsky : - - (For Distribution)

Transmitted: MNBB: . P. Bldg &) I:Z o J. G. Davis, IE
L. V. Gossick, EDO - H. R, Denton, NRR Region"2__ 4.3
H. L., Ornstein, EDO R. C. DeYoung, MNRR : . «
J. J. Fouchard, PA R. J. Mattson, NRR :
"N. M. Haller, MPA V. Stello, NRR (Al
R. G. Ryan, OSP R. S. Boyd, NPR - J.J. Cummings, OIA
H. K. Shapar, ELD : SS Bidg _____- - R. Minogue, SO
: ' v ‘ W. J. Dircks, HMSS

O . st
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PRELIMINARY HOTIFICATION

March‘30 1979
‘ELIFILﬁRY NOrIFICATION OF EVENT OR UNU)UAL OCCUQPE\CE--PHO 78+~ 670

Thie prz 11n1naty notitication constitutes FARLY notice of an event of
PCSEIBLE safoty or puolic interest significance.  The intoraation
' :re;ent;d {s as Initially recaived without veritication or =va1u t1cn
“ad 3s bcs1c’llv all that 1 ic known by IE staff on tﬁis date.

Fecility: Thiee Mile Island Unit 2 :
- - liiddletown, Pennsylvania (DN‘SO-BZO)

Subject: NUCLEAR INCIDENT AT THREE MILE ISLAND

~ Plant Status

€rceous radioactivity from the primary coolant system letdoin has ‘bsen.
cnhﬁained in weste gas decay tanks since the last gaseous release at
pproximz tely 2:50 p.m, March 30, 1979. At the present.reactor coolant

1ctdown rate of approximately 20 gpm. 1t may be necessary to make a
planned release of radicactive gas tomorrow to prevent gas decay tank
rzl{ef valve operation at its setpoint of 100 psi. The licensee has
jistalled a teaporary line from the gas decay system back to reactor
~ceateinmant which is under evaluation before being placed in operation.
Contairmant pressure is being ma1nta1ned s]ight1y negative: (-1 psi) as a
r-sult of fan coo1cr oper=t1on. \ :

P::ctor caoTQnt tempura;ure measured at fifty-two locat1ors at the
" out1et of the core have continued to come down slowly. Three futlet
itoonerature 1nstrUHents continue to indicate above saturation tonperature.

The NRC staff was in‘ormed by the licensee on Friday morning that ex-m1r=t1un
¢f cenisigncnt pressure data for March 28 indicates a pressure spiiie up
~ to approximately 30 pst occurred at approximetely 1:50 p.m. KRC pzrsornnel
g.c evaluating the possibility that a hydrogen explosion vas the czuse
tie conteirment internal pressure sp1Pe. Co

The rzactor cuolant path s through one reactor ceclant pump and cre
t:.n cenarator. The stezm generator is being fed by an auxiliary feed-

ruap.  Scecral options for depressurizing the reactor and coatinuing

ccc!dc:n via tiie residual heat removal system are under considzration.

o R T CREETE TS LS TREE ) U MW
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The v01u1~ of non-condensible gases in the reactor vessal has been -
estimated to bo approximataly 1000 to 1500 cubic fedt at 1000 psi.

This voluna s estimated to result in & water level of several feet

over the top of the fuel. The rate of growth of the bubble in the

gfactar vessel s estimated to be Tess than 5C cubic feet per day at
VOQS'I. .

Tha D.rﬁcgor of tha Cffice of Nuclear Peactor Regulation, the Director

of th2 Rzgion I Office of Inspection and Enforcement and the Director

o7 {he Divis cn of Q0p cra;1ng Reactors arrived at the site at approximately
p.m. tclzy to 01,-ct vAC ectivities at the site-and site vicinity.
pre'cntrt1ves of HEY and EFA are providing coord1nat1on and assm<tance

2 the KRC at the Incidant Fosponse Center. . :

‘3 [AS A

1.5 personnel assembled at the TMI site and v1c1n1ty in additfon to the
voper manacement personnel cons1st of the fo]?owing

| RI RII  RIIl  Hq
fzzctor Inspectors (1E) - | o - 8 5 .4

keslth Pysfctsts (IE) 12 12 0

alth Physictsts (P) - e
Fublic Afrairs S - 1 | 1 1
f.cctor System Analysté (KRR) o « o ' 13:
R;dition Haste'§pecialis£s (NRR) - ‘ : 4
he21th Physicists (N3R) c L ', , SRR
Cnavatirg ’1cﬂr<1no (NRR) - . S 2

- Total Staff ' S : ~‘-,.f.a;.;
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The folleing eQJ*pvent has bzen assembled at or near the site
for support of HRC cparations:

Ecuiprent » 4 Location

1 KRC Instrument Van with | 'Observation Center
2 tzlephune lines

1 %€ Office Vén - | . u
1 Offica Trailer (Supp1ied by Liéensee) "

260 Fand-Hz21d Fortzble Radios from
Us For est Service

Por<able ”cﬂ]th Phys1cs Instrunentation
3 Halicopters from OOE for survey and
sugpert

2 Laboratory Yans DOE/Béttis

A sophisticated cormunications pod from DOE/NEST will arrive
tennorres.

'LYIRO“‘”YTAL STATUS:

At approximately 3 P.M. on March 30, 19 79 NRC anu1ysis of efght vagetation
samples from the offsite areas showed no dete table activity. At 5.30 P.M.
tha Fcnnty]vanna State Radiation Health Department reported that environmental
tzter and air samples collected in the vicinity of the Three Mile Island

“lant shovzd no detectable activity except for some Xenon-133 and Xenon-135.
itk sainple analysis shou=d no activity levels above background. .

1fsit2 ¢round 1eve1 gumwa surveys in the Middletown and Goldsboro areas ,
totizen 3:00 and 6:00 P.M. on March 30, ranged from .01 to 1 miilirosntgens
n2r hour. An a=ricl survey was made by helicecpter from 4:00 - 6:00 P.M.
ca Yarch 30, the sito was surveyed in concentric circles at arproximately one mile
tervals and at a height of 300 to 1,000 feet. The highest radiation
voadings 2ra cver tie site and measured 8 to 10 millircentgens per hour.
2tz plumz the highect radiation readings were 6 to 8 nilliroentaens
=r heur. Th= plumz Tollowad the river in a northwesterTy direction and
s not dz?“:ta‘a~ baycend five to six miles from the site Site greund 1e¢=1

ucvzysoeonsuctad batieen 7:30 - 8:00 P.H. rangzd from 01 to 1.8
.-.1lr‘:n. :rf per nour, .

P e N L~ 2T Bl L O e T T
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At 4 P.M. March 30, upper level winds were from the southeast. Forecast
irdicates prec1p1.at1on in the form of thunderstorms moving in after
12 midnight, itarch 30. At 5:00 P.M. winds onsite at Thres Mile Island
wore reported ot 2 to 3 mﬂes ‘per hour generally from east to wast.

Contict: Euwaard. TE x28311; EJordar, IE x28111

Discributian: Transmitted H St /i /o a 3/-‘_»/

“Lhairman Herdrie Commissioner Bredford . S, J. Chilk, SECY
Cematssicner Kennedy - Commissioner Ahearne c. C. K.rrr-rnr CA
Cemissicner GiHnsky‘ ' (For D1s;r1but10n)
Trensmitted: MnBS _///7 P Bldg /:!:25 J. G. Davis, IC

L. V. Gcsnck EDO _ H. R. Dentcn, NRR Region __

H. L. Srnstein, EDO ~ R. C. DeYoung, NRR .

J. J. Fcouchzrd, PA R. J. Mattson, NRR

H. 1i. Haller, IPA "V, Stello, NRR (teIL) -

:.. G. Jyan, OSP R. S. Boyd NRR J. J. Cutaings, OIA
. K

Shapar, ELD {SS Bldg /.33 R, Minogue, SD
: W. J D1rcks, Rdss -

thite House Situation Rocaf2iS€an. % /75
EPA — "
FLA/BA

E/EOC .22 an 3,

" hstachazat (1)
i.giation Survey Map
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At approximately. 10:30 am, an NRC
Lsurvey: team taoll: survey measuram4nts
:.from-a:vehic]d tr3ve11ng istu” ]
,Route' A1 -on; the éss{Brnisfdi piiha
er.i: Repdingd vworel dene ru1l' rv*
the raﬂgﬁ pf 3 nr/hr ,r L1e S1’P

L iddIetowng
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. IMMEDIATE
PRELIMINARY NOTIFICATION -

_ “March 31, 1979
PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL-OCCURRENCE--PNO-79-67E
This immediate preliminary notification constitutes an update of event
of safety and public interest significance. The information presented

1S as initially received without verification or evaluation and 1s
basicaliy all that 1s known by.NRC staff at this time. -

 Facility: Three Mile Island Unit 2
-» Middletown, Pennsy1van1a’,(DN 50-320)

Subject: NUCLEAR INCIDENT AT THREE MILE ISLAND
Plant Status

Reactor cooling continues using: the 1A main reactor coclant pump with
steam generator A steaming to the main condenser. Changes to this.
cooling method are not planned for the near tewm. An operability status
of equipment is being compiled for use as backup in the event of failure

of existing operating equipment. '

The hydrogen recombiner {s in an operable status; however, shielding of -
its piping and components is nat fully installed and 1s presently con-

- sidered inadequate. Lead for shielding has been located and will be
moved ta the site on an expedited basis. Calculations of hydrogen 1in
containment show that the presént concentration is less than 4%, the
staff's 1imit on allowed concentration to ensure an explosive mixture is
not obtained.  Attempts are being made to obtain a containment atmosphere

. ~sample. . _ i : ,

The waste gas decay tank pressures were 80 psi at 10:15 p.m. on March 30
"and had been relatively constant for about five hours. The tank is set
to reljeve pressure at 100 - 110 psi. The radiation field (GO-R/hr_at

- contact) prevents resetting reltef points, ~

Reactor coolant temperatures measured by dncore thermocouples at 52
locations presently show only one location above saturation temperature.
Temperatures in the core as measured from outlet thermocouples are
gradudally decreasing. Other system parameters are remaining stable.

. i . .

i

Envirdnmental Status

Three ARMS flights of one-hoﬁf length were conducted beginning at
9:30 p.m. on March 30, and at'midnight and 3:00 a.m. on March 31. At a

CONTINUED

'
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distance of one mile from the plant, maximum readings ranged from 0.5
miliiroentgens per hour (mr/hr) to 1.5 mr/hr. At the 18 mile point,
readings of 0.1 to 0.2 mr/hr were obtained during the two earlier surveys .
and 0.5 mr/hr during the latest, Flights are being made at approximately
three hour intervals. ’ E ' T

Offsite ground level gamma surveys in the Middletown area and north,
between 9:30 p.m. on March 30 and 1:00 a.m. on March 31, indicated

levels from 0.2 to 0.5 mr/hr. These measurements were taken in the
general direction of the plume measured in aerial surveys. '

At 3:00 p.m. on March 29, {prior to the releases of March 30) the 1icensee
pulled thermoluminescent dosimeters from 17 fixed positions located
within a 15 mile radius of the site. The dosimeters had been in place
for three months and had been exposed for about 32 hours after the
incident.” Only two dosimeters showed elevated exposures above normal
levels. The highest reading observed was on Three Mile Island, 0.4
miles north of the reactor at the North Weather Station. At this .
location, the quarterly accumulated exposure was 81 mr, approximately 65
mr above the normal quarterly exposure rate. The other high exposure
was observed at North Bridge, 0.7 miles NNE of the reactor at the -
entrance to the site. At this location, the total quarterly accumulated
exposure was 37 mr or approximately 22 mr above the normal quarterly -

.. exposure rate. ‘ : : - T

 During the evening milking houﬁs on March 30, milk samples were callected
by the Pennsylvania Department :of Environmental Resources at the following
locations: o ' _ :

Harrisburg (2 sites)
York :
Middletown
- Bainbridge
Etters

' _ i s :
Analyses showed no detectable radioiodine. The cows had been fed on
stored feed but had been outside for exericse. - :

The Pennsylvania Department of Environmental Resources also c¢ollected
water samples at filtration plants at Columbia, PA (for the City of ,
Lancaster) and Wrightsville on March 30 in the morning and early afternoon.
Both sample points are downstream of Three Mile Island. No detectable
activity was found. o _ :

tonrrxuso

e :
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Contact: DThompsen, IE x28111 NCMoseley, IE x28111

Distribution: Transmitted;H St. QZi (344

Chairman Hendrie Commissfoner Bradford 5. J. Chilk, SECY
Commissioner Kennedy Commissioner Ahearne C. C. Kammerer, CA .
Commissioner Gilinsky , (For Distribution)
Transmitted: MnBB.C]:(OF  p. BIdg €]1-15 'J. G. Davis, IE .
L. V. Gossick, EDO —. 'H. R. Denton, NRR ~  Region —  _(]: QA4
H. L. Qrnstein, EDO R. C. DeYoung, NRR . -
J. J. Fouchard, PA "R, J. Mattson, NRR
_ N. M. Haller, MPA V. Stello, NRR _ (MAIL)
R. G. Ryan, 0SP R. S. Boyd, NRR - J. J. Cummings, 0IA
H. K. Shapar, ELD ©.§S 81dg ] AL R. Minogue,-SD -
: - - W, J. Dircks, NMSS ' - -
White House Situation Room _ o
. EPA -
FDA/BRA |

Attachment (1) ‘
Radiation Survey Map
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March 31, 1979 ,°4:00'a.m. AERIAL . SURVEY p1ume d1rect1on and radiation readings
’ . shown above ,

-

March 31, 1979 1:00 a.m. -A71 ground level read1n~s were less than 0.1 mr/hr
' A measurements made in- veh1c1e travelling route 441
from about ten miles south of plant to route 76
and south aleng roads on the west side of the river.



IFMEDIATE
PRELIMINARY NOTIFICATION

. o Merch 31, 1979
PRELINIKARY NOTIFICATION OF EVENT OR UNUSUAL 0CCURRENCE--PNO-79 -67F
Th]s_gre]1m1nanx»not1f1cat1on constitutes summary information of an eveﬁt

of safety or public interest sionificance. The inforuation procented is a
summary of 1ntormation as of 5:30 pm date 3/31,79.

Fecilitv: Three Mile Isiand Unit 2 . :
Middletown, Pennsylvania (D 50-320)

Subiect: -4hUCLEAR INCIDENT AT THREE MILE ISLA

P]ﬂrt Ststus

There hes been no change ‘in the method of cooling the reactor since the
prev1ous report (PNO-79-67E). Reactor coolant temperatures measured by
incorc thermocouples at 52 locations have continued to decrease. At present
none of the temperature readings is above saturation temperature for this

B pressure (554°F). System parameters remain stable. There;has’been a slight

orop in pressurizer level from 215 to 191 inches.

"Efforts contlnue to complete installation of components and piping on the

hydrog:n recombiner. Approximately 220 tons of lead shielding in various
shupea and forms has arrived, or is on the way, to the site. Lead sh1e1d1ng
js being installed around the recombiner. A .decision to use. the recombiner
has not yet been made. Two samples of containment atmosphere have been
anzlyzed which show hydrogen concentrations of 1.7 and 1.0%.

Ettorts co~t1nue <o est1mate the volume of the noncondensible gas bubble
above the core, Licensee calculations of the size of the bubble at 2:40 pa
vzs €20 cubic feet at 875 psig. At about 4:20 pm this was recalculated by t -

 licersze to b2 621 cubic feet at 875 p519 ihis is being further eva1uated

Env1ronr ntal St;tus

Three AR'S flights were conducted at zbout 6:00 a.m., 9:00 a.m., and 12:00

‘noon 2a Karch 31, A1l flights reflected a rather stable situation. Maximum

rczdings in the plume were from 1.5 to 2.5 m1111roentgens per hour (mr/hr)

2t a distance of one mile from the plant, from 0.5 to 1.0 mr/hr out to 7

iles, and O T to 0.2 mr/hr beyond 10 miles. The plume width fs about 1-1/2
Lo 2 niies. -No.radioiodines have been detected in the plume. OfF site
around level gzmﬂa surves performed in the predeainant wind direction
indicetad raxinum levels of about 2 mr/hr at about 1/2 mile from the site
“now . Cirection of thz pluma. The wind was from thz ‘SSW at the time of the

" CONTINUED. =
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ARMS fiights. At about 1 PM the winds shifted and are now b1ow1ng ina south
easterly direction.

‘Internat1ona1 Contacts

NRC's Office of International Programs (0IP) has prepared daily status
reports, transmitted by Immediate Department of 3tate telegrams to official
NRC contacts in the 25 forexgn countries with which NRC has regular off1c1a1
relations. OIP is also receiving many fore1gn telephone calls.

Two senior safety experts from the Federal Republic of Germany (FRG) arrived
iate March 30 and were briefed by NRC experts-at the Operatfions Center,
late Karch 30 and during March 31. Two French experts will arrive Apr11 1.

- ¥'ashington Representat1ves or senior visitors of Japan, FRG, and Sweden
21so have been briefed in the Operations Center. OIP also has been briefing
the Presid:nt of the AECB of Canada, who offered to send any AECL or AECB
experts who could be of assistance.’

Contact with Licenseo

“KRC Réo1ona1 Offices are transmitting to the utilities with operating
lucenses sumary 1nformatxon (in the .form of Preliminary Not1f1cat1ons) as
thly are p*cpared

‘Contact: DThommson, IE x28111 EMHoward, IE x28111

Distribution:

- Chairman Hendrie
Comaissioner Kennedy
Coem:xissioner Gilinsky

Transn1tted H St 4. e£3~
Commissioner Bradford
Cornmissioner Ahearne

5. J. Chilk, SECY
C. C. Karmerer, CA
(For Distribution)

Transzitted: NNBB Z2/0n

ol P. Bldg Z./5 J. G.- Davasz E
L. V. Cossick, EDJ - H. R. Denton NRR Region I = ¥: &
. L. Ornstein, €00 k. C. DeYoung, MR Region II
J. J. Fuvchard, PA - R, J. Hattson, NRR Region III
t. e Bidler, HPA ' V. Stello, NRR Region IV
N. G. Nyun, 03F R. S. Bovd NRR Region V=207
' ’ [, 4
E. K. Shepar, ELD . .Ss Bldg YA €Jri¢ (AIL) .
: Y. J. Dircks, NM5GS J. J. Cum=mings, OIlA
: R. Minogue, SD
White Rouse Situztion Room Zu3&o
EPA « s g
FD.’\/::..:f bl
CCE/ECQC
Attzchnant ()
Fadiatien Survey iicp
I TR N SRR ST TS EITE TS Y e, e e — e =T : -

It:EDIATE
< . -PRELIMINARY MOTIFICATICH



. HARRTSEURS '
SN /A
ol o= 0.8=10 "
TN
A Rew

14 M 2 o
\ Cumberland N')

.t
<%

/.S’—Q.K@A

r¢€1?zabethtown
~

Y

Island

APPY. SCALE -

e

Q "5 . 19 '\
’ tiiles B
Jarch 31, 1978 | AER}AL SUPVZY plume direction and radiation

readings shown above conducted at 6:00 & 9:00 AY .
and 12:00. noon. ‘



- IE Bulletin No. 79-05

- Date: April 1, 1979
Enclosure 2 '

- Page 1 of 3

+

EVALUATION OF'FEEDNATER TRANSIENT

- A loss of offs1te power occurred at Davis- Besse on November 29, 1977,
which resulted in shrinkage of the primary coolant volume to the degree
that pressurizer level indication was lost. *A recommendation to convey
this information to certain hearing boards resulted in the attached
discussion and evaluation of the event. This discussion includes a
‘review of.a loss of feedwater safety-ana]ysis'assuming forced flow,
which predicts dispersed primary system voiding, but no loss of core
cooling. During the Three Mile Island event, however, the forced flow
appears to have been term1nated dur1ng the transient.

Attachment:
Discussion and Eva]uat1on of -
Davis-Besse Transients
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IE Bulletin No. 79-05 .=
-Date: "April 1, 1979 "
Enclosure 2, Attachment
Page 2 of 3

EXCZRET TROM H:ﬁOQANDUH EN"ITZ:D "COYV’YING NEW INFORMATION TO LICENSING
BQARDS:- DAVIS-BZSSZ UNITS 2 & 3 AND MIDIAND UNITS 1 & 2", DATED '
JAMY 8’ 1979, nC-& ‘JQSl ms’ﬂm m J-F-. m:&.{. '

'

-

3. - Inospection and Ezxforcemens Repor: 50-346/78-06 doci=ented that
pressu*iza’ lavel had gone cfiscale for approximacely five:
sizutes éuring the November 29, 1977 loss of offsite power evest.

’*e:s are scme {ndicaticms thact other B&W plants may nave prab-—
:lems mziztaiznding pressurizer level inmdizations during t-amsies:ss.
- Iz addiziom, u=
power with the ra2actcr csclant pu=ps Tumsing the pres-
=ay void complecely., A =pec13_ anzlysis has baen per-
formed concerming this eve=nc. is azalysis is ztzached as
Eaclesurz 1. 3Because cf ;:ess;':za: level mzincenance prob=—
lems tha sizi=g of the pressurizar =2y requirs further vaviaiv.

at 100%

smizer

dar ¢e_.*a.n eszdizions suceh as leoss c‘ fesdvazer

cAlso noted during the evern: was the fac: that Tesld wvent cif

scale (less
c2akenp Ilcw

than 520°F). 1= addisicm, it was nc:ec.;ha..:he
zenizating is limitad to less chaz 16C grz= and

that makzup flow =2y be substantiz _ly greater than this value,
Tais irformzzion should bYe exzmised iz lighe cf the reguirce-

sanes of GDC 13.

DISCTSSION AND TVALUAT

0%

The evezst at Dav~s 3esse wihich resulzed in loss c‘ Pressurizer leval
besn revieswed Tty NRER and zhe danclusisn was reached
thas 2o wmrevizwed safety gquesticn axistad. o

indizarica has

The pressurizer, tsge
dasighed o mainmsaiz
their cperatisn

4 »

'\

ther wizh the veacsor ecoelant ==keup sys.._, is

the Primary system prassuTe and wa:=~ leve wit“*

g2l lizizs onlv durisg nor=al cperazing comd :icns.

Cogldowz transiantsz, such as less o’ offsiza power and loss of fsed-

wates, somezla

1t iz prizary pressuce and volume changss tiat -

[

ave beyond zhe aoili:y of this syste= 2o cozusrol. The an elyses cf

» wizh such transients shew, however, that they czn be
sustaiz=ed withou: czm:‘*m.siug the s—‘ety,cf the T=acioT The prinedpel
copmeern caused by such Trznsisszs 43 that they =ight causa veidi=mg in
the prizary cvolant systez that would lead to loss of abiliry to ade-
guately cocel the Teactor core., The safety evaluasion of the losgs of
offsita powes trzasient shows chat. though level indiczation is lest,
2ins in the pressurizer and the pressure does not decTeszse

azd experiencea

some water ~em
below abeouve 16
decTease below
texperature.

00 psi.
the s2

1600 psi

In ordes fui veldiuy tu ucuuil, the pressure must
turation pressure cctTespeonding to the systex
{5 the saturation pressurs correspending to.

o= . . ‘ .
ARS™T, whniek is also the maxirzua 'allowazble core cutles ce-pa:a:u:a.
Veiding in the prizary system (excepting the pressurizer) is precluded

in this case,

since

prassure does ne: decrease to saturTacticn.

1 N
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The safety an alysis for mcre sevars cooldown tramnsisits, such as the .
loss of feedwater event, imdicazes that the:water volume could dascrease
te less than the syste= vulume exclusive of the prassurizar, During
such an event, the emptying of the pressurizer would be fcllewad by
a pressurs reductise below the saturation point and the formation of
szall voids throughout much of the prizary systém. This would act
‘result iz the loss of core cooling becausa the voids would be dispersed
ever a-larze veolume a2nd forvced flow would prevent thez frcu cralescizng
- suffdcdancly to pravent core cooling. The high prassure ceoolaxn:
injection pu=ps zrTe started avetomatically when the prizary pressuTe
decrezses below 1500 psi. Therefsrte, any tressure reductiem whizh is

N

suificienz to allsw voiding will also resuls in wate:’i:ie::ic~ which
will rapidly reszors the primary watar t2 norzel lavels, '

theses reascus, we belisve that the inabilizy =f Hs pressurizer
ner=al zoolant maksur sys 2D eontTol syme transients dces not
sovide a basis Zov rsqui:ing cTe czpacicy iz these sysctems.

Y I ]
H
n o

Cenerzl.Dasizgn Critezicn 13 of Apbend.z A oo 10 CFR 30 qc_res
.ns:‘"—en-z:;cn-C* zonitor variables cva— their an:i__;a ed ranges
fer "amzicizazed vpe*a:z.c:al cezurrances’ ., Such ccsurrances arve
spec_-i:a;ly defined to Znclude loss of a*’ afisize power,  The fact
.a: T colé goes oif sczlie at 520°F is noc comsideresd te be a deviaziom

Tzo. this Teguiremeas cec."se zhis iadiecatez is backediup uv‘w-Je
:ange tempeTztuTe iadicziicn zhat extands to a2 low limdll - 30%7

Nedther do we comsiier t“e zakeup flow monitorizg to devizre si::a

the amcunt ¢f =mzkeup {low iz esxzess of 180 gpu does not 'appear to de
a sign#fizans faszor in tha course ¢f thesa occusrences.

Tze loss of pr.ss"°‘ e water level indicariza cou
deviaze frem GOC 12, decause this levsel indiczztion =
cezns: 9 detarmiming the primary c¢solaxmt imveniory. . However, provisica
of a. levsTUindics:icn thzt would eover all antici i cgzuTTe=ses wa2¥
not be prac=iczl. As discussad above,. :he'°~ss c
lead to 3 mcmenzary conditiea whezeis no =eaﬁ b4

because tha emtire prizary systexz csntzins a .staza v

”~

adwater avent can

evel exists,
: T2z mistusa
It snould be noted thaz tha inz ~aduc’-on 13- A;pend_x A (last pzTagTaph)
:eccg:izes that fulfill=ent of some of the criteria ma2y zot a‘ways e -
appropriate. This introduction also states that departures {rcm the-
Criteria must he identified and justified. The discussicz ¢f GoC 13
iz the Davis 3esse TSAR lists the water level instrumentaticn, but
does,not'men:icz'.he possibility of loss of water level indicaticn
durizg transientis. This apparent ocaission in the safety analysis
~will be sublected o fur:ne‘,rev*ev

e b (¥
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LISTING OF IE EULLETINS'

Subject

"Hydraulic Shock

Suppressor Accumulator
Spring Coils o

ISSUED IN LAST TWELVE MONTHS

Bulletin Date Issued Issued To
No.
78-05 Malfunctioning of - 4/14/78 ‘A1l Power Reactor
Circuit Breaker Facilities with an
Auxiliary Contact Operating License
~ Mechanism - General '(0L) or Construction
Electric Model CR105X Permit (CP)
78-06 Defective Cutler- 5/31/78 A1l Power Reactor
Hammer, Type M Relays _ Facilities with an
‘With DC Coils OL or CP
78-07 Protection afforded 6/12/78 A1l Power Reactor
. by Air-Line Respirators Facilities with an
and Supplied-Air Hoods OL, all class E and F
, ' ‘Research Reactors with
o ~an OL, all Fuel Cycle
Facilities with an OL,
and all Priority I
Material Licensees
78-08 Radiation Levels from 6/12/78 - A1l Power, Test and
: Fuel Element Transfer Research Reactor
Tubes Facilities with an OL
having Fuel Element
_ \ Transfer Tubes
78-09 BWR Drywell Leakage 6/14/78 . A1l BWR Power
- Paths Associated with ' Reactor Facilities
Inadequate Drywell with an OL (for action)
Closures or CP (for information)
78-10 ‘Bergen-Paterson 6/27/78 “A11 BWR Power Reactor

- Facilities with

an OL or CP
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Subject

Examination of Mark I
Containment Torus

- Welds

Atypical Weld Material

in Reactor Pressure
Vessel welds

Atypical Weld Material

- in Reactor Pressure

Vessel Welds

Atypical Weld Material
in Reactor Pressure

* Vessel Welds

Failures In Source Heads
Gauges
Models 7050, 7050B, 7051,
70518, 7060, 70608 7061

of Kay-Ray, Inc.,

and 70618

-Deterioration of Buna-N

Components In ASCO
Solenoids
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“Date Issued

772478

9/29/78

11/24/78

3/19/79

10/27/78

12/19/78 -

April 1, 1979

Issued To

BWR Power Reactor
Facilities with an OL
for action: Peach
Bottom 2 and 3,
Quad Cities 1 and
2, Hatch 1, Monti-
cello and Vermont
Yankee. All other
BWR Power Reactor
Facilities with an
OL for information

- A1l Power Reactor
"Facilities with an

OL or CP

A1l Power Reaétor'
Facilities w1th an
OL or CP

All Power Reactor
Facilities with an

.. 0L or CP

_ A1l General and
- Specific Licensees

with the subJect
Kay=-Ray, Inc
Gauges

A1l GE BWR Faci-

lities with an OL

(for action), and all
other” Power Reactor
Facilities with an OL
or CP (for information)
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79-04

IE Bulletin No. 79-05

Date:

April 1, 1979

Page 3 of 3

LISTING OF IE BULLETINS

ISSUED IN LAST TWELVE MONTHS (CONTINUED)
Subject

Environmental Qualifica-
tion of Class IE Equipment

 P1pé Support Base Plate
Design Using Concrete-
Expans1on Anchor Bolts

Longitudinal Weld Defects
in ASME SA-312 Type
304 Stainless Steel Pipe
Spools Manufactured by
Youngstown Welding and
Engineering Company

Incorrect Weights for
Swing Check Valves
Manufactured by Velan
Engineering Corporation

Date Issued

2/8/79

3/8/79

3/12/79

3/30/79

Issued to

A1l Power Reactor
Facilities with an
OL, except the 11
Systematic Evaluation
Program Plants (for
action), and all

other Power Reactor

Facilities with an
OL or CP (for in-
formation)

A1l Power Reactor
Facilities with
an OL or CP

A1l Pdwer-Reactor

Facilities with.

| an OL or CP

A1l Power Reactor
Facilities with an
OL or CP
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LIST OF LICENSEES AND CONSTRUCTION PERMIT HOLDERS
RECEIVING IE BULLETIN 79-05 FOR INFORMATION

Baltimore Gas and Electric Company Docket Nos. 50-317

ATTN: Mr. A. E. Lundvall, Jr. - ‘ 50-318
-+ Vice President - Supply

P. 0. Box 1475

Baltimore, Maryland 21203

Boston Edison Company M/C Nuclear : Docket No. 50-293
ATTN: Mr. G. Carl Andognini, Manager :
Nuclear Operations Department
800 Boylston Street
-Boston, Massachusetts 02199

Connecticut Yankee Atomic Power Company Docket No. 50-213
ATTN: Mr. W. G. Counsil o
' Vice President - Nuclear
. Engineering and Operations

P. 0. Box 270
Hartford, Connect1cut 06101

Consolidated Edison Company of ' Docket Nos. 50-03
New York, Inc. ) ' 50-247

© ATTN: Mr. W. J. Cahill, d

Vice President
4 Irving Place
New York, New York 10003

Duquesne Light Company - Docket No. 50-334
ATTN: . Mr. C. N. Dunn . : :
Vice President
Operations Division
435 Sixth Avenue -
Pittsburgh, Pennsylvania 15219

Jersey Central Power and Light Company ‘Docket No. 50-219
ATTN: Mr. Ivan R. Finfrock, Jr. o _ . A

Vice President .
Madison Avenue at Punch Bowl Road _ , /
Morristown, New Jersey 07960
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Maine Yankee Atomic Power Company
ATTN: Mr. Robert H. Groce
~ Licensing Engineer
20 Turnpike Road
Westborough, Massachusetts 01581

Niagara Mohawk Power Corporation
ATTN: Mr. R. R. Schneider
Vice President
Electric Operations
300 Erie Boulevard West
Syracuse, New York 13202

Northeast Nuclear Energy Company
ATTN: Mr. W. G. Counsil
‘ - Vice President - Nuclear
Engineering and 0perat1ons
P. 0. Box 270
Hartford, Connecticut 06101

Philadelphia Electric Company
ATTN: Mr. S. L. Daltroff
Vice President
Electric Production:
2301 Market Street
Philadelphia, Pennsylvania 19101

Power Authority of the State of New York
Indian Point 3 Nuclear Power Plant -

ATTN: Mr. J. P. Bayne
Resident Manager

P. 0. Box 215

Buchanan, New York 10511

Power Authof1ty of the State of New York
James A. FitzPatrick Nuclear Power Plant

ATTN: Mr. J. D. Leonard, Jr.
_ Resident Manager

P. 0. Box 41

_Lycoming, New York 13093

Docket No. 50-309

Docket No. 50-220

Docket Nos.

Docket Nos.

50-336
50-245
50-423

50-277
50-278

Docket No. 50-286

Docket Mo. 50-333
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Public Service Electric and Gas Company
ATTN: Mr. F. W. Schneider
. Vice President - Production
80 Park Place
Newark, New Jersey 07101

_Rochester Gas and Electric Company
ATTN: Mr. Leon D. White, Jdr.
Vice President
Electric and Steam Product1on
89 East Avenue
Rochester New York 14649 -

Vermont Yankee Nuclear Power Corporat1on
ATTN: Mr. Robert H. Groce
Licensing Engineer
20 Turnpike Road
Westborough, Massachusetts 01581

Yankee Atomic Electric Company

ATTN:  Mr. Robert H. Groce
Licensing Engineér

20 Turnpike Road -

Westborough, Massachusetts 01581

Duquesne Light Company
ATTN: Mr. E. J. Woolever
Vice President
435 Sixth Avenue ' '
P1ttsburgh Pennsylvania 15219

Jersey Central Power & Light Company
ATTN: Mr. I. R. Finfrock, Jr.
" Vice President
260 Cherry Hill Road
Parsippany, New Jersey 07054

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

175 East 01d Country Road
Hicksville, New York 11801

Docket

Docket

Docket

Docket

Docket

Docket

Docket

No. 50-272

No. 50-244

No. 50-271

No. 50-29

No. 50-412

No. 50-363

Nos. 50-322
50-516
50-517
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Niagara Mohawk Power Corporation
ATTN: Mr. G. K. Rhode
‘Vice President
- System Project Management
300 Erie Boulevard, West
Syracuse, New York 13202

-Pénnsy]vania Power & Light Cémpany
ATTN: Mr. Norman W. Curtis
Vice President

Engineering and Construct1on (N?4)

2 North Ninth Street
Allentown, Pennsylvania 18101

Philadelphia Electric Company
ATTN: Mr. V. S. Boyer
Vice President
Engineering and Research
2301 Market Street
Philadelphia, Pennsylvania 19101

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

Vice President
_ Engineering and Construction
80 Park Place
Newark, New Jersey 07101

Public Service Company of New Hampshire
~ ATTN: Mr. 4W. C. Tallman
President
1000 EIm Street
Manchester, New Hampsh1re 03105

Rochester Gas & Electric Corporation
ATTN: Mr. J. E. Arthur
Chief Engineer
89 East Avenue
Rochester, New York 14649

Metropolitan Edison Company
ATTN: Mr. J. G. Herbein
Vice President - Generation
P. 0. Box 542
"Reading, Pennsylvania 19640

Docket No. 50-410

Docket Nos.

Docket Nos.

Docket Nos.

. Docket Nos.

50-387
50-388

50-352
50-353

50-354
50-355
50-311

50-443.
50-444

Docket No. 50-485

i

Docket Nos.

50-289.
50-320



. UNITED STATES
. NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
- WASHINGTON, DC 20555

-APRIL 5, 1979
' : IE Bulletin 79-05A

'NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT
Description of Circumstances:

Preliminary information received by the NRC since issuance of [E -
. Bulletin 79-05 on April 1, 1979 has identified six potential human,

~ design and mechanical failures which resulted in the core damage and
radiation releases at the Three Mile Island Unit 2 nuclear plant. The
information and actions in this supplement clarify and extend the original
Bulletin and transmit a preliminary chronology of the TMI accident
through the first 16 hours (Enclosure 1).

1. At the t1me of the initiating event, loss of feedwater, both of the
“auxiliary feedwater trains were valved out of service.

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

3. Following rap1d depressurization of the pressurizer, the pressurizer
level indication may have led to erroneous inferences of high -
level in the reactor coolant system. .The pressurizer level indication
apparently led the operators to prematurely terminate high pressure .
injection flow, even though substantial voids existed in the reactor
coolant system

4. Because the containment does not 1so]ate on high pressure injection
(HPI) initiation, the highly radioactive water from the relief
valve discharge was pumped out of the containment by the automatic

- initiation of a transfer pump. This water entered the radioactive
waste treatment system in the auxiliary building where some of it
overflowed to .the floor. . Qutgassing from this water and discharge
through the auxiliary bu11d1ng ventilation system and filters was
the principal source of the offsite release of radioactive nob]e
gases. .

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

Actions ‘To Be Taken by Licensees:

For all Babcock and Wilcox pressurized water reactor facilities with an
operat1ng license (the actions specified below replace those spec1f1ed
in IE Bulletin 79-05):

(Th1s item clarifies and expands upon item 1. of IE Bu11et1n 79-05. )

In addition to the review of circumstances described in Enc]osure 1
of IE Bulletin 79-05, review the enclosed preliminary chronology of
the TMI-2 3/28/79 accident. This review should be directed toward
understanding the sequence of events to ensure aga1nst such an
accident at your facility(ies).

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

'ReView any transients similar to the Davis Besse event (Ehc]osure 2
of IE Bulletin 79-05) and any others which contain similar elements

- from the enclosed chronology (Enclosure 1) which have. occurred at

your facility(ies).  If any significant deviations from expected
performance are identified in your review, provide details and an
analysis of the safety significance together with a deScription of

any corrective actions taken. Reference may be made to previous

information provided to the NRC, if appropr1ate, in responding to
this item.

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

Review the actions required by your operating procedures for coping
with transients and accidents, with particular attent1on to:

a. Recognition of the poss1b111ty of forming vo1ds in'the pr1mary
coolant system large enough to compromise the core cooling
capability, especial1y natural circu]ation capability.

b. Operator action required to prevent the formation of such
- vo1ds ‘

c. Operator action required to enhance core coo11ng in the event
such voids are formed.
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4. (This item clarifies and‘expands upon item 4. of IE Bulletin 79-05.)

Review the actions directed by the operat1ng procedures and tra1n1ng
instructions to ensure that:

a. Operators do not override automatic actions of eng1neered
safety features.

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

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

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

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

d. Operators are provided additional 1nformat10n and instructions
to not re]y upon pressurizer level indication -alone, but to
- . also examine pressurizer pressure and other plant parameter
indications in evaluating p]ant conditions, e.g., water
inventory in the reactor primary system.

5. (This item revises item 5. of IE Bu]]et1n 79-05.)

Verify that emergency feedwater valves are in the open pos1t1on in
accordance with item 8 below. Also, review all safety-related
valye positions and positioning requ1rements to assure that
valves are positioned (open or closed) in a manner to ensure the
proper operation of engineered safety features. Also review
related procedures, such as those for maintenance and testing,

to ensure that such valves are returned to their correct positions
following necessary manipulations.
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- Review the containment isolation initiation design and procedures,

and prepare and implement all changes necessary to cause contaimment
isolation of all lines whose isolation does not degrade core cooling -
capab111ty upon automat1c initiation of safety injection.

For manual valves or manually-operated motor-driven valves which

could defeat or compromise the flow of auxiliary feedwater to the
steam generators, prepare and imp]ement'procedures which:

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

b. require other similar positive position contro1s.

Prepare and implément immediately procedurés'which assure that two

independent steam generator auxiliary feedwater flow paths, each with
100% flow capacity, are operable at any time when heat removal from
the primary system is through the steam generators. When two inde-
pendent 100% capacity flow paths are not available, the capacity
shall be restored within 72 hours or the plant shall bé placed in a
cooling mode which does not rely on steam generators for cooling
within the next 12 hours. :

When at least one 100% capacity flow path fs-not available, the.‘

- reactor shall be made subcritical within one hour and the facility

placed in a shutdown cooling mode which does not re]y on steam
generators for cooling within 12 hours or at the maximum safe

" shutdown rate.

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

Review your'Operatfng modes and procedures for all systems designed

-to transfer potentially radioactive gases and liquids out of the

primary containment to assure that undesired pumping of radioactive
liquids and gases will not occur inadvertently.

Ih particular, ensure that such an occurrence would not be caused )
by the resetting of engineered safety features 1nstrumentat1on. List
all such systems and indicate:

a. _ Whether interlocks exist to prevent transfer when high rad1at1on
1nd1cat1on exists, and

b. Whether such systems are 1so1ated by the conta1nment isolation
.s1gna] .
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10. Review and modify as necessary your maintenance and test procedures
to ensure that they requ1re

a. Ver1f1cat1on by 1nspect1on, of the operab11ity of redundant
safety-re]ated systems pr1or to the removal of any safety--
related system from service.

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

c. . .A means of notifying. involved reactor operating personnel
- whenever a safety- re1ated system is removed from and returned
to service.

11. A1l operating and maintenance personnel should be made aware of the
extreme seriousness and consequences of the simultaneous blocking
of both auxiliary feedwater trains at the Three Mile Island Unit 2
plant and other actions taken during the early phases of -the accident.

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

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

Reports should be submitted to the Director of the appropriate NRC
Regional Office .and a copy should be forwarded to the NRC Office of
Inspection and Enforcement, D1v151on of Reactor Operations Inspection,
Washington, DC 20555.

For- all other reactors with an operating license or construction permit,
. this Bulletin is for information purposes and no wr1tten response is
required. - v

Approved by GAO, B 180225 (RO0O72); cTearance expires 7-31-80. Approval
was given under a blanket clearance specifically for 1dent1f1ed gener1c
problems. .
Enclosures:

1. Pre]iminary Chronology of TMI-2' 3/38/79
Accident Until Core Cooling Restored.

2. 4List ofAIE Bulletins issued'in last 12 months.
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April-5, 1979
PRELIMINARY

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

TIME (Approximate) EVENT | |

about 4 AM » | Loss of Condensate Pump

(t =0) ' Loss of Feedwater

: ' Turbine Trip-

-t = 3-6 sec. | Electromatic relief valve opens (2255 psi)

' to relieve pressure in- RCS
t = 9-12 sec. Reactor trip on h1gh RCS. pressure
' (2355 psi) '
t = 12-15 sec. ‘ : RCS pressure decays to 2205 ps1
N (relief valve should have c]osed)

t =15 sec. RCS hot leg temperature.peaks at

’ 611 degrees F, 2147 psi (450 ps1 over
“saturation)
t = 30 sec. - ‘A]1 three auxiliary feedwater pumps running

at pressure (Pumps 2A and 2B started at_
turbine trip). No flow was injected since
d1scharge va]ves were c]osed

t=1 min.' . ' ﬁ Pressur1zer Ievel 1nd1cat1on beg1ns to '
’ ~ rise rapidly |

t=1min. C - Steam Generators A and B secondary level . -
very low - dry1ng out over next couple of
minutes. ,

t = 2 min. o ECCS initiation (HPI) at 1600 psi

t =4 - 11 min. | " Pressurizer level off scale - hfgh - one 3

’ " HPI pump manually tripped at about 4 min.

30 sec. Second pump tr1pped at about .
10 min. 30 sec.

t =6 min. _ RCS f]ashes as pressure bottoms out at

1350 psig (Hot leg temperature of
584 degrees F)

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



-8 min.

8 min. 18 sec.

= 8 min. 21 sec.

11 min.
11-12 min.
15 min.

20 - 60 min.

1 hour, 15 min.

1 hour, 40 min.

: 1-3/4 - 2 hours

2.3 hour

.3 hours

3.25 hours
3.8 hours

5 hours

5 - 6 hours

EVENT

Aux111ary feedwater flow is 1n1t1ated
by opening closed valves '

Steam Generator B pressure reached minimum
Steam Generator A preSsure starts to recover

Pressurizer level indication comes back
on sca]e and decreases

Makeup Pump (ECCS HPI fTow) restarted by
operators -

RC Dra1n/Quench Tank rupture disk blows at

190 psig (setpoint 200 psig) due to cont1nued

discharge of electromatic relief valve

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

Operator trips RC pumps in Loop B
Operator trips RC. pumps in Loop A

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

'vE1ectromatic relief va1ve isolated by

operator after S.G.-B isolated to prevent
leakage

RCS pressure increases to 2150 psi and
electromatic relief valve opened

RC‘drain tank pressure spike of 5 psig
RC drain tank pressure spike of 11 ps1}-
RCS pressure 1750; containment pressure
increases from 1 to 3 psig
Peak-containment pressure of 4. 5 psig

RCS pressure increased from 1250 psi to
to 2100 psi -



TIME

t = 7.5 hours .
t=28-9 hours

t = 10 hour"

t = 13.5 hours

t = 13.5 - 16 hours
t = 16 hours. |
Thereafter

Now (4/4)

~ EVENT

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

RCS pressure decreases to about 500 psi

- Core Flood Tanks partially discharge

28 psig containment pressuréisp1ke, containment
sprays initiated and stopped after 500 gal. of
NaOH injected (about 2 minutes of operat1on)

E]ectrdmatic_re]1ef valve closed to repressurize
RCS, collapse voids, and start RC pump

- . RCS pressure increased from'650,psi to 2300 psi}

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

. S§/G "A" steaming to condenser

Condenser vacuum re-established
RCS cooled to about 280 degrees F.,
1000 psi

High radiation in containment

A1l core thermocoup1es less than 460
degrees F.

Using pressurizer vent va]ve with small
makeup flow

STow cooldown

RB pressure negative
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LISTING OF IE BULLETINS - S
ISSUED IN LAST TWELVE MONTHS

- No.

Hydraulic Shock
Suppressor Accumulator
Spring Coils

Bulletin Subject Date Issued Issued To
- 78-05 Malfunctioning of 4/14/78 A1l Power Reactor
o Circuit Breaker o _ Facilities with an
Auxiliary Contact Operating License
Mechanism - General (oL) or Construct1on
Electric Model CR105X Permit (CP)
78-06 ‘Defective Cutler- . 5/31/78 A1l Power Reactor
‘ ~ Hammer, Type M Relays . ‘ Facilities w1th an
With DC Coils OL or CP
78-07 Protection afforded 6/12/78 . A]l Power Reactor
by Air-Line Respirators A Facilities with an
and Supplied-Air Hoods OL, all class E and F
: T : Research Reactors with
an OL, all Fuel Cycle . -
Facilities with an OL,
and all Priority I
Material Licensees
78-08 Radiation Levels from 6/12/78 A1l Power, Test and
S Fuel Element Transfer B Research Reactor
Tubes ~Facilities with an OL
having Fuel Element
, - Transfer Tubes
- 78-09 BWR Drywell Leakage . 6/14/78 - A11 BWR Power
~ Paths Associated with - o Reactor Facilities
Inadequate Drywell with an OL (for action)
Closures | or CP (for information)
78-10 Bergen-Paterson - 6/27/78 A1l BWR Power Reactor

- Facilities with
~an OL or CP



Bulletin
No.

78-11

78-12
78-12A
78-128

78-13

78-14

‘ LISTING OF IE BULLETINS
. ISSUED IN LAST TWELVE MONTHS (CONTINUED)

SubJect

Examination of Mark I -
Containment Torus
Welds

"Atypica1 Weld Matefié]-

in Reactor Pressure
Vessel Welds

~Atypical Weld Material
- in Reactor Pressure
Vessel Welds

- Atypical Weld Material

in Reactor Pressure
Vessel Welds

" Failures In Source Heads
- of Kay-Ray, Inc.,
Models 7050, 7050B, 7051,
70518, 7060, 70608, 7061

and 7061B

' Deterioration of Buna-N

Components In ASCO
Solenoids

IE Bulletin No. 79-05A
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Gauges

Date Issued

7/24/78

9/29/78
11/24/78

3/19/79 .

10/27/78

12/19/78

- 2, Hatch 1,

.. Yankee.

Issued Tb

FBNR Power Reaétor‘ _
. Facilities with an OL

for action: Peach

. Bottom 2 and 3,

Quad Cities 1 and
Monti-
cello and Vermont
A1l other
BWR Power Reactor

~Facilities with an
-_'“OL for information

'A11 Power Reactor
_ Facilities with an
0L or CP

A1l Power Reactor'

Facilities with an
OL or CP

_A11 Power Reactor

Facilities with an

0L or CP

A11 General and -
Specific Licensees:
with the subject

- - Kay=-Ray, Inc.

Gauges

~ AT1 GE BHR Faci-

Tities with an OL

- (for action), and all

other Power Reactor
Facilities with an OL

N or CP (for infermation)
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LISTING OF IE BULLETINS .
ISSUED IN LAST TWELVE MONTHS (CONTINUED)

Bulletin Subject _ ~ Date Issued Issued to
No. . : ' _ '
79-01 Environmental Qualifica-  2/8/79 A11 Power Reactor

tion of Class IE Equipment - - Facilities with an -
- - : 0L, except the 11

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

| formation)
79-02 | Pipe Support Base Plate - 3/8/79 - A11 Power Reactor
Design Using Concrete _ Facilities with.
Expansion Anchor Bolts an OL or CP
79-03 | Long1tud1na1 Weld Defects 3/12/79 A1l Power Reactor
in ASME SA-312 Type Facilities with
304 Stainless Steel Pipe an OL or CP
Spools Manufactured by ; ‘
Youngstown Welding and
Engineering Company
79-04 Incorrect Weights for 3/30/79 A1l Power Reactor
N _ Swing Check Valves ' Facilities with an -
Manufactured by Velan OL or CP
Engineering Corporation _ : .
79-05 - Nuclear Incident at 4/1/79 - A1l Babcock and'
Three Mile Island Wilcox Power

Reactor Facilities

with an OL, Except

Three Mile Island

1 and 2 (For Action),
- and A1l Other Power

Reactor Facilities

With an OL or CP

(For Information)






UNITED STATES
NUCLEAR REGULATORY COMMISSION
~OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, DC 20555

APRIL 21, 1979
| IE Bulletin 79-058
NUCLEAR INCIDENT AT THREE MILE ISLAND - SUPPLEMENT |

Description of Circumstances:

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

It appears that natural c1rcu1at1on was not successfu11y achieved upon
“securing the reactor coolant pumps during the first two hours of the
Three Mile Island (TMI) No. 2 incident of March 28, 1979. Initiation

of natural circulation was inhibited by s1gn1f1cant coolant voids,
possibly ‘aggravated by release of noncondensible gases, in the primary
coolant system. -To avoid this potential for interference with natural
circulation, the operator should ensure that the prwmary system is
subcooled, and remains subcooled before any attempt is made to establish
natural circulation.

Natural cwrculat1on in Babcock and Wilcox ‘reactor systems is enhanced by
maintaining a relatively high water level on the secondary side of the ’
once through steam generators (0TSG). It is also promoted by injection

of auxiliary feedwater at the upper nozzles in the OTSGs. The integrated
Control System automatically sets the OTSG level setpoint to 50% on the.
operating range when all reactor coolant pumps (RCP) are secured. However,
in unusual or abnormal:sifuations, manual actions by the operator to
increase steam generator level will enhance natural circulation capability
in anticipation of a possible loss of operat1on of the reactor coolant pumps.
As stated previously, forced flow of primary coolant through the core is
preferred to natural circulation.

Other means of reducing the poss1b111ty of void format1on in the reactor
coolant system are: , _

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

This bulletin addresses, among other th1ngs, the means to ach1eve these
0bJECt1V€S

~ Actions To Be. Taken by Licensees:

For all Babcock and Wilcox pressurized water reactor facilities w1th‘an
operating license: (Underlined sentences are modifications. to, and
supersede, - IEB-79-05R).

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

In the event that these instructions incorporate ant1c1patory f1111no
of the OTSG prior to securing the reactor coolant pumps, a detailed’
analysis should be done to provide guidance as to the expected system
response. The instructions srould include the fo]low1ng precautions:

a. maintain pressur1zer level sufficient to. prevent loss of 1eve1
_ 1nd1cat1on in the pressur1zer. ,

-

b. assure avaj1ab111ty of adequate capacity of pressurizer heaters,
' for pressure control and maintain primary system pressure to
satisfy the subcooling criterion for natural circulation;

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

—

Procedures and tra1n1ng shall also be prov1ded to maintain core cooling
in the event both main feedwater and auxiliary feedwater are 1ost while .
in the natural circulation core. coo]1ng mode .

2. Mod1fy the actions required in Item 4a and 4b of IE Bulletin 79-05A
to take into account vessel integrity considerations.

"4, - Review the action directed by the operating procedures and
“training instructions to ensure that:

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




IE Bulletin 79-058 ‘ . © April 21, 1979
~ Page 3 of 4 o

safety features will result in unsafe plant conditions. For
example, if continued operation of eng;peered safety features
would threaten reactor vesse] integrity then the. HPI should bpe
secured (as noted in b(2) below).

b. Operating proceduresvcurrent1y, or are revised to, specify that
if the high pressure injection (HPI) system has been: automatvca]]y
actuated because of low pressure cond1t1on, 1t must remain in
‘ operat1on until e1ther ‘

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

(2) The HPI system has been <in operation for 20 minutes, and
all hot and cold leg temperatures are at least 50 degrees
below the saturation temperature for the existing RCS
- pressure.  If 50 degrees subcooling cannot be maintained
-after HPI cutoff, the HPI shall be reactivated. The degree.
of subcooling beyord 50 degrees F and the length of time
HPI is in operation shall be limited by the pressure/
temperature cons1derat1ons for the vessel integrity."

3. Fo]]ow1ng detailed analysis, descr1be the modifications to des1gn and
procedures which you have implemented to assure the reduction of the
likelihood of automatic actuation of the pressurizer PORV during
anticipated transients. This analysis shall include consideration
of a modification of the high pressure scram setpoint and the PORV -

“opening setpoint such that reactor scram will preclude opening of
the PORV for the spectrum of anticipated transients discussed by

"~ B&W in Enclosure 1. Changes developed by ‘this analysis shall not
result in increased frequency of pressurizer safety valve operation
for these anticipated trans1ents ‘ :

4. Provide procedures and tra1n1ng to operating personnel for a prompt
manual trip of the reactor for transients that result in a pressure
increase in the reactor coolant system. These transients include:

a. 1955 of main feedwater

b. turbine tfip

c. Main Steam Isolation Valve closure
d. Loss of offsité power

e. Low OTSG Tevel

f. Tlow pressurizer level.
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5. Provide for NRC approval a design review and schedule for 1mp1ehentat1on

of a safety grade automatic anticipatory reactor scram for loss of feed-

water, turb1ne trlp, or significant reduction in steam generator level.

6. The act1ons requ1red in 1tem 12 of IE Bu]]et1n 79-05A are modified as
follows:

Review your prompt reporting procedures for NRC notification to assure
that NRC is notified within one hour of the time the reactor is not in

a_controlled or expected condition of operation. Further, at that time

an open continuous communication channé1 shall be estab]lshed and
‘maintained with NRC.

7. Propose changes, as reggjred to those techn1ca1 spec1f1cat1ons which
must be modified as a resu]t of your 1m9]ement1ng,the above 1tems

Response schedu]e for B&W des1gned fac111t1es'

a. For Items 1, 2, 4 and 6, all facilities with an operat1ng 11cense
respond w1th1n 14 days of receipt of this Bulletin. ‘

b. For Item 3, a]] facilities: current]y operat1ng, respond within 24
hours. A]1 facilities with an operating license, not currently
operat1ng, respond before resum1ng operation. ‘

c. For Items 5 and 7, all facilities with an operat1ng 11cense respond,
in 30 days.

‘Reports shou]d be submitted.to-the’Director of the appropriate NRC Regiona]
~Office and a copy should be forwarded to the NRC Office of Inspection and
Enforcement, Division of Reactor Operations Inspection, Washington, D. C.
20555. _ . -

For all-other power reactors with an operating license or construction
perm1t this Bulletin is for information purposes and no wr1tten response

is requ1red

Approved by GAO, B180225 (R0072), c1earance exp1res 7/31/80 Approva]
was given under a blanket c]earance specifically for identified gener1c :

prob]ems
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THE COWTINUIHG REVIEH OF THE SEQUEHCE OF EVENTS LEADIMG TO THE TNCIDENT AT
THI-2 ON MARCH 28, 1979 SHOWS TIAT ACTION CANl BE TAXEN TQ PROVIDL ASSURANCE
THAT THE PILOT-OPERATED RELIEF VALVE (PORY) #10UNTED O THE PRESSURIZER OF B&M
PLANTS WILL NQT BE ACTUATED 8Y ANTICIPATED TRANSIEHTS WHICH HAVE OCCURRED OR
HAVE A SIGNIFICANT PROBABILITY OF OCCURRING IN THESE PLANTS. THIS ACTIOH IMUST
KOT DEGRADE THE SAFETY OF THE AFFECTED PLANTS WITH RESPECT TO THEIR RESPONSE
TO RORHAL, UPSET OR ACCIDENT CONDITIONS NOR LEAD TQ UNREVIEVED SAFETY CONCERNS.
THE ANTICIPATED TRANSIENTS OF CONCERX ARE:

‘l. {055 OF EXTER'U\L ELECTRICAL LOAD
- TURBINRE TRIP .
3.  LOSS OF MAIN FEEDHATER
5, 0SS OF CONDZNSER YACUUM.
5. IRADYERTENT CLOSURE OF FAIHN STEAM xsoumon VALVES (wsxv)

A UU%BER orF ALTERHﬁTIVES WERE COMSIDERED IN DEVELOPING THE ACTIONS PRO?OSED
‘BELOY INCLUDING: ,

i, RLSTRICTIRG REACTOR POER TO A YALUE ¥HICH WOULD ASSURE NO ACTUﬁTIOﬁ OF
THE PORY. THE. REACTOR PROTECTION SYSTEM, DESIGH PRESSURE AND PORY - SET-
POINTS REMAIHED AT THEIR CURREHT YALUES. .

é._ LOPERIHG THE HIGH PRESSURE REACTOR TRIP SETPOIHT TO A VALUE HHICH HOULD
- ASSURE KO ACTUATION OF THE PORY.. THE DESIGH PRESSURE QF THE REACTOR AND
THE SETPOINT FOR PORV ACTUATION REMAINED AT THEIR CURRENT VALUES.

.VL “ERING THE HIGH PRESSURE REACTOR TRIP SETPOINT AND ADJUSTING TNE‘
QPERATIKG PRESSURE (AND TEMPERATURE) OF THE REACTOR TO ASSURE NQ PORV
ACTUATIGN ARD TO PROVIDE ADEQUATE MARGIN TO ACCORROODATE VARIATIONS IR
OPERATIRG PRESSURE. THE SETPOINT FOR PORV ACTUATION REMAINED AT ITS
CURREHT VALUE. THIS ALTERNATIVE HOULD REDUCE NET ELECTRICAL OUTPUT

4.  ROVUSTIKG THE HIGH PRESSURE TRIP AND THE PQRY SETPOIHTS T0 ASSURE 140
PGV ACTUATION FOR THE CLASS OF ANTICIPATED EVEHTS OF CONCERN. THE DESIGH
PRESSURE OF THE REACTOR REMAINED AT ITS CURRENT YALUE.

Rl ARALYSIS OF THE IMNPACT OF THESE VARIOUS ALTERHATIVES AND THEIR CONTRIDUTION |
TO ASSURING THAT THE PORY WILL NOT ACTUATE FOR THE CLASS OF ANTICIPATED TRANSIENT
OF CORCERN HAS BEEN COMPLETED. THE RESULTS SHOW THAT:

LO4ERING THE HIGH PRESSURE REACTOR TRIP SETPOIHT FROH
2335 PSI6 TO 2300 PSIG

ARD

RAISING THE SETPOINT FOR TME PILOT OPERATED RELIEF VALVE
FRO3 2255 PSIG TO 2450 PSIG |

PFDVID'S THE REQUIRED ASSURANCE. THIS ACTIOM HAS THE FURTHER ADVAHTAGES or:
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9.  REGUCING THE PROBABILITY OF PORY AHD ASHE CODE PRESSURAIZE_R SAFETY VALVE
FCTUATION FOR OTHER INCREASING PRESSURE TRANSIENTS. _ " '

5.  PRESERVING PRESSURE RELIEF CAPACITY FOR ALL HIGH PRESSURE TRANSIENTS.
A, ELIRIRATING THE POSSIBILITY OF INTRODUCING UNREVIEWED SAFETY CONCERNS.

4. REDUCING THE TIKE AT VHICH THE STEAM SYSTER HEAT SINK WOULO BE LOST IN
THE EVENT ENERGENCY FEEOWATER FLOW WERE DELAYED.

A SWESURY OF THE IKPACT OF THE PROPGSED SETPOINT CHANGES ON ALL ANTICIPATED
TRANSIENTS IS GIVEN IN TABLE 1. , S

B&i PLANTS ARE CURRENTLY CAPABLE OF RWHBACK TOU 15% OF FULL POWER UPON LOSS OF
LOAD OR TRIP OF THE TURBINE. THIS CAPABILITY REQUIRES ACTUATION QF THE PILOT-
GPERATED RELIEF VALVES., THE CAPABILITY INCREASES THE RELIABILITY OF POWER
SUPPLY TOQ THE SYSTEM BY RETURWING .THE UNITS TO POYER GENERATIOH MORE QUICKLY
EFTER THESE TRAMSIENTS. THE ACTION PROPOSED ABOVE WILL REQUIRE THAT THE
REACTUR BE TRIPPED FOR TMESE EVENTS: , :

~ NRC NOTE:

The effect of changing the reactor coolant system pressure trip setpoint upon pedk
pressurizer pressure is typified by the attached figure 1. which was developed by .

B&W for a loss of feedwater transient.
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 TABLE 1 . N Enclosure 1
A Page 3 of 4
SUMMIRY OF PROTECTION AGAINST PORY ACTUATION
- PROVIDED BY PROPOSED SETPOINT CHANGES FOR ALL
ANTICIPATED TRAHSIENTS

EXTRACT OF B&W- COMMUNICATION ~ RECEIVED BY NRC 4/20/7&

kNTICIPATED TRAHSIEHTS PHICH HAVE OCCURRED AT B&M PLANTS A0 FHICH NOULD
KDRRRLLY ECTIVATE PORY AT THE CURREHT SETPOINT (2255 PSIG):

A. TURBIKE TRIP
B.  LOSS OF EXTERHAL ELECTRICAL LOAD
€. LOSS OF KAIN FEERIATER

‘. LGSS OF CONDENSER VACUWH

E.  IHADVERTENT CLOSURE OF KSIV -

ENTICIPATED TRANSIENTS WHICH HAVE OCCURRED AT aéw.PLAnrs AD WHICH
UDULD RORMALLY ACTUATE PQRY AT THE PROPOSED SETPOINT (2450 PSIG):

KONE

RRTICIPATED TRANSIENTS VHICH HAVE NOT OCCURRED AT B3H PLANTS (LOW
PRO3ASILITY EVENTS) AND HHLCH HOULD KORNALLY ACTUATE PORY AT THE
CURRENT, SETPOINT (2255 PSIG): | “

A. SOMZ CONTROL ROD GROUP axTanAHALs (rooennrs'ro HIGH REACTIVITY_
WORTH GROUPS. 10T OTHERHISE PROTECTED BY HIGH FLUX TRIP).
8.  EODEZRATOR orLurron

ASTICIPATED TRAHSIEKTS EHICH HAVE NOT OCCURRED AT B&W PLANTS (LOW PROBABILIT
EVENTS) AND WHICH WOULD ACTUATE THE PORV AT THE PRUPOSED SLTPOINT
(2450 PsS16): | | |

A. SOME CONTROL ROD GROUP IITHDRAWALS (HIGH REACTIVITY YORTH hOT

OTHERMISE PROTEtTED BY HIGH FLUXvTRIP).
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

April 11, 1979

{ IE Bulletin No. 79-06
REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING
THE THREE MILE ISLAND INCIDENT.

As previously discussed in IE Bulletin 79-05 and 79-05A, the Three Mile
Island Nuclear Power Plant, Unit 2 experienced s1gn1f1cant core damage
“which resulted from a series of events initiated by a loss of feedwater

transient and apparently compounded by operational errors. Several
aspects of the incident have generic applicability to all light water
power reactor facilities, in addition to those previously identified as
applicable to Babcock and Wilcox reactars.  This bulletin is to identify
certain actions to be taken by all other light water power reactor
facilities with an operating license. Actions previously have been
required of 1 1censees with B&W reactors.

Action to be taken by licensees:

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

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

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

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

c. A1l licensed operators and plant management and supervision

with operational responsibilities shall participate in this

“review and such participation shall be documented in plant
records. :
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2. For pressurized water reactor facilities review tHe actions required
by your operating procedures for cop1ng with transients and accidents,"
~ with particular attention to: :

a. Recognition of the possibility of form1ng vo1d§ in the primary
‘ coolant system large enough to compromise the core cooling
capab111ty, espec1a]1y natural circulation capability.

b. Operator action required to prevent the format1on '0f such voids.

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

3. For pressurized water reactor facilities that use pressurizer water
Tevel coincident with pressurizer pressure for automatic initiation
of safety injection into the reactor coolant system, instruct
operators to manually initiate safety injection when the pressurizer

- pressure indication reaches the actuation set point whether or not
the level indication has dropped to the actuation set point.

4. Review the containment isolation initiation design and procedures,
and prepare and implement all changes necessary to. cause contain-
ment isolation of all lines whose isolation does not degrade core
cooling capability upon automatic initiation of safety injection.

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

6. For all pressurized water reactors, prepare and 1mp1ement
immediately procedures which:

a. Ident1fy those plant indications (such as valve discharge
piping temperature, valve position indication, or valve
discharge relief tank temperature or pressure indication)
which plant operators may utilize to determine that pres-
surizer power operated relief valve(s) are open, and
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_b. Direct the plant operators to‘manua11y c]ose:tne*power

operated relief block-valve(s) when reactor coolant system
pressure is reduced to the set point for normal automatic:
closure of the power operated re11ef valve(s ) and the va]ve(s)
fa11 to close. . ) s

Review the act1on directed by the operat1ng procedures and tra1n1ng

1nstruct1ons to ensure that

-0 Operators do- not overr1de automatic: actwons of engwneered safety

features ‘Wwithout carefu] review of plant cond1t1ons

b. Operators are provided add1t1ona] information and 1nstruct1ons
to not rely upon any. one plant parameter but to also examine
" other re]ated‘1nd1cat1ons 1nmeva1uat1ng plant conditions."

Review all safety-related valve positions, positioning requirements
and positive controls to assure that valves remain positioned (open
or closed) in a manner to ensure the proper operation of engineered .

~safety features. Also review related procedures; such asrthose forv'

maintenance, testing, plant and system startup, and supervisory

~periodic (daily/shift checks, etc.) surveillance to ensure that

such valves are returned to their correct pos1t1ons following
necessary manipulations and are maintained in their proper
pos1t1ons dur1ng a]l operat1ona] modes

‘Review your operating modes and procedures for a11 systems des1gned

to transfer potentially radiocactive gases and liquids out of the

primary containment to assure that undesired pumping, venting or.
. other release of radicactive liquids and gases will not occur .
1nadvertent1y D L

In part1cu1ar, ensure that such an occurrence would not be caused
by the resetting of engineered safety features instrumentation.
Listﬁa11 such systems and indicate: N

a. Whether interlocks ex1st to prevent'. transfer when h1gh
rad1at1on 1nd1cat1on ex1sts, and .

b. - Whether such systems are 1so1ated by the containment isolation
signal. .

"¢c. . The bas1s on which cont1nued operab111ty of the above features

is assured.

Review and modify as necessary your ma1ntenance and test procedures
to ensure that they require:
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a.  Verification, by test or'inspeotion per technioal specifications,
of the operability of redundant safety-related systems prior
to the removal of. any safety re1ated system from service.

b. Ver1f1cat1on of the operab1]1ty of all safety -related systems
when they are returned to service fo]10w1ng ma1ntenance or

testing.

c. Explicit notification of 1nvo1yed reactor operat1ng personnel
whenever a safety- re]ated system is removed -from and returned
to service. :

17, Review your prompt reporting procedures for NRC notification to
assure very ear]y not1f1cat1on of serious events '

For- a11 preSSur1zed water power reactor fac111t1es w1th an operat1ng
license except Babcock and Wilcox reactors, respond to Items 1-11 within
14 days of the rece1pt of this Bullet1n

Reports shou]d be submitted to the D1rector of the appropr1ate NRC
Regional Office and a copy should be forwarded to the NRC Office of
Inspection and Enforcement D1v1s1on of Reactor 0perat1ons Inspection,
Washington, D.C. 20555,

Y

For all other power reactors with an operating 11cense or constructnon
permit, this Bulletin 1s for information purposes and no wr1tten response

s requ1red

Approved by GAO,. 8180225 (R0072), clearance expires. 7/31/80 Approva1
was given under a blanket c]earance specifically. for 1dent1f1ed gener1c

prob]ems
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Bulletin
No.

'78-05

78-06
78-07
78-08

78-09

78-10

" Subject

LISTING OF IE BULLETINS -
ISSUED IN' LAST TWELVE MONTHS

~Malfunctioning of

Circuit Breaker:

Auxiliary Contact
Mechanism-~General
Model CR105X

Defective Cutler- -
. Hammer, Type M Relays
© With DC Coils

Protection afforded
by Air-Line Respirators

and Supplied-Air Hoods

Radiation Levels from
Fuel Element Iransfer

“Tubes

_ BWR Drywell Leakage

Paths Associated with .
Inadequate Drywell

- Closures

Bergen-Paterson

Hydraulic Shock

Suppressor Accumulator
Spring Coils

Date Issued

4/14/78

5/31/78

6/12/78

6/12/78

6/14/79

6/27/78.

-

Enclosure
Page 1 of 3

Issued_To

A1l Power Reactor
Facilities with an
0L or CP

ATl Power Reactor
Facilities with an
OL or CP

A11 Power Reactor
Facilities with an
0L, all class E and F
Research Reactors with

“an OL; all Fuel Cycle

Facilities with an OL,
and all Priority 1 ’
Material Licensees

A1l Power and .
Research Reactor
Facilities with a
Fuel Element
transfer tube and
an OL.

A1l BWR Power -
Reactor Facilities -

with an OL or CP

A1l BWR Power
Reactor ‘Facilities

~with an OL or CP
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| LISTING OF IE BULLETINS |
ISSUED IN LAST TWELVE MONTHS
Bulletin Sﬁbject « o Date Issued .- Issued To
No. - . C
78-11 Examination of Mark I 7/21/78 . BWR Power Reactor
Containment Torus S - . Facilities for
~ Welds - o -action: Peach
_Bottom 2 and 3,
“ Quad Cities 1 and
2, Hatch 1, Monti-
- cello and Vermont
, » Yankee
78-12 - Atypical Weld Material  9/29/78 . A1l Power Reactor
' “ - in Reactor Pressure S .Facilities with an
Vessel Welds S 0L or CP _
78-12A Atypical Weld Material 11724778 “A11 Power Reactor
‘ ~in Reactor Pressure _ : - Facilities with an
Vessel Welds . OoLorCP
78-128 Atypical Weld Material  3/19/79 A1l Power Reactor
' in Reactor Pressure : - Facilities with an
v - Vessel Welds : P - . OLorc(CP
78-13 4 'FaiTures In Source Heads 10/27/78 ' ‘ATT general and
: of\ Kay-Ray, Inc., Gauges ' - specific licensees
‘Models 7050, 70508, 7051, - with the subject
70518, 7060, 7060B, 7061 - ~ Kay-Ray, Inc.
and 7061B » , - gauges.
78-14 ~ -Deterioration of Buna-N 12/19/78 t . A1l GE BWR facilities
P Components In ASCO S - with an OL or CP~
Solenoids ' ‘ B ‘ .
79-01 - Environmental Qualifica- 2/8/79 " -~ A1 Power Reactor

tion of Class IE Equipment . o Facilities with an
' - - 0L or CP ' :
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+ Bulletin

No.

79-02

79-03

79-04

79-05

79-05A

LISTING OF IE BULLETINS

ISSUED IN LAST TWELVE MONTHS

Subject

Pipe Support Base Plate = 3/2/79
Designs Using Concrete :
Expansion Anchor Bolts

Longitudinal Weld Defects 3/12/79

In ASME SA-312 Type 304 _
Stainless Steel Pipe Spools
Manufactured By Youngstown
Welding and Engineering Co.

Incorrect Weights for . 3/30/79

- Swing Check Valves

Manufactured by Velan
Engineering Corporation

Nuclear Incident 4/1/79

at Three Mile Is]and»

‘Nu¢1ear'Inchent at 4/5/79

Three Mile Island

. Date Issued

Enclosure
Page 3 of 3.

Issued To

A1l Power Reactor'
Facilities with an

OL or CP

A1l waer Reactor
Facilities with an
OL or CP ‘

A1l Power Reactor
Facilities with an
OL or CP

A1l B&W Powér
Reactor Facilities °
with an OL

A1l B&W Power
Reactor Facilities
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REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS IDENTIFIED DURING
THE THREE MILE ISLAND INCIDENT

Description of C1rcumstances:

IE Bulletin 79-06 identified actions to be taken by the licensees of all
pressurized water power reactors (except Babcock & Wilcox reactors) as a
result of the Three Mile Island Unit 2 incident. This Bulletin clarifies
the actions of Bulletin 79-06 for reactors designed by. Westinghouse, and -
the response to this bu]]et1n will eliminate the need to respond to
Bulletin 79-06. :

Actions. to be taken by Licensees:

For all Westinghouse pressurized water reactor facilities with an operating
license (the actions specified below replace those identified in IE
~ Bulletin 79 06 on an item by item bas1s) . ‘

1. Review the descr1pt1on of circumstances described in Enclosure 1 of
IE Bulletin 79-05 and the preliminary chronology of the TMI-2
3/28/79 accident included in Enclosure 1 to IE Bulletin 79-05A.

a. This review should be directed toward understanding: (1) .the
extreme seriousness and consequences of the simultaneous
blocking of both auxiliary feedwater trains at the Three Mile
Island Unit 2 plant and other actions taken during the early
phases of the accident; (2) the apparent operational errors
which led to the eventual core damage; (3) that the potential
exists, under certain accident or transient conditions, to

~ have a water level in the pressurizer simultaneously with the
reactor vessel not full of water; and (4) the necessity to
systematically analyze plant conditions and parameters and
‘take appropriate corrective action.

b. .Operational personnel should be instructed to: (1) not override
automatic action of engineered safety features unless continued:
~ operation of engineered safety features will result in unsafe
plant conditions (see Section 7a.); and (2) not make operational
decisions based solely on a single plant parameter indication
when one or more confirmatory indications are available.
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¢. All licensed operators and plant management and supervisors
- with operational responsibilities shall part1c1pate in this -
review and such participation shall be documented in plant
records. _

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

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

b. Operator act1on requ1red to prevent the format1on of such
v01ds - .

c. Operator action requ1red to ‘enhance core cooling in the event
' such voids are formed. (e g., remote venting)

For your facilities that use pressur1zer water level coincident

pressurizer pressure for-automatic initiation of safety injection
into the reactor coolant system, trip the low pressurizer level
setpoint bistables such that, when the pressurizer pressure reaches
the low setpoint, safety injection would be initiated regardless of
the pressurizer level. In addition, instruct operators to manually

“initiate safety injection when the pressurizer pressure indication

reaches the actuation setpoint whether or not the level 1nd1cat1on
has dropped to the actuation setpoint.

Review the containment isolation initiation design and procedures,
and prepare and implement all changes necessary to permit contain-
ment isolation whether manual or automatic, of all 1ines whose

isolation does not degrade needed safety features or cooling capa-

-bility, upon automatic’initiation of .safety injection.

For facilities for which the auxiliary feedwater system is not
automatically initiated, prepare and implement immediately proce-
dures which require the stationing of an individual (with no other
assigned concurrent duties and in direct and continuous communica-
tion with the control room) to promptly initiate adequate auxiliary-

_feedwater to the steam generator(s) for those transients or acci-

dents the consequences of which can be limited by suchaction.
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For your fac111t1es, prepare and 1mp1ement 1mmed1ate1y procedures
which:

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

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

Review the action directed by the operat1ng procedures and tra1n1ng'
instructions to ensure that:

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

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

(1) Both low pressure injection. (LPI) pumps are in operat1on‘
and flowing for 20 minutes or longer; at a rate wh1ch
<wou1d assure stable plant behavior; or

(2) The HPI system has been in operation for 20 minutes, and

all hot and cold leg temperatures are at least 50 degrees
~ below the saturation temperature for the existing RCS .

pressure. If 50 degress subcooling cannot be maintained
after HPI cutoff, the HPI shall be reactivated. The
degree of subcooling'beyond 50 degrees F and the length
of time HPI is in operation shall be limited by the
pressure/temperature considerations for the vessel
integrity.
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c. 0perat1ng procedures currently, or are revised to, spec1fy
that in the event of HPI initiation with reactor coolant pumps
(RCP) operating, at least one RCP.shall remain operating for
two Toop plants and at least two RCPs shall remain operating
for 3 or 4 loop plants as long as the mep(s) is providing:
forced flow. .

d. Operators are prov1ded add1t1ona1 information and 1nstruct1ons
to not rely upon pressurizer level indication alone, but to
also examine pressurizer pressure and other plant parameter
indications in evaluating p]ant conditions, e.g., water,
inventory in the reactor primary system.

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

Review your operating modes and procedures for all systems designed
to transfer potentially radioactive gases and 11qu1ds out of the
primary containment to assure that undesired pumping, venting or
other release of rad1oact1ve ‘Tiquids and gases will not occur:

4_ 1nadvertent1y

In particular, ensure that such an occurrence wouId not be caused
by the resetting of engineered safety features instrumentation.
List all such systems and 1nd1cate

a. Whether interlocks exist to prevent transfer when high -
rad1at1on indication exists, and
b. - Whether such systems are 1solated by the containment 1so1at1on

signal.

c. The basis on which cont1nued Operab111ty of the above features
is assured

Review and modify as necessary your ma1ntenance and test procedures
to ensure that they require: . :

| a. Verification, by test or 1nspect1on, of the operab111ty of

redundant safety-related systems prior to the removal of any
safety-related system from service.
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b. Verification of the oﬁerability of all safety-related systems )
- when they are returned to service fol]ow1ng maintenance or
testing. .

c. Exp]icit notification of involved reactor operational personnel
' whenever a safety-related system is removed from and returned
to service. _

11 Review your prompt reporting procedures for NRC notification to
assure that NRC is notified within one hour of the time the reactor
is not in a controlled or expected condition of operation. Further,
at that time an open continuous communication channe1 shall be ‘
established and maintained with NRC.

12. Rev1ew operating modes and procedures to deal with significant
amounts of hydrogen gas that may be generated during a transient or
other accident that would either remain inside the primary system
or be released to the containment. _

13. Propose changes, as required, to. those technical spec1f1cations
- which must be modified as a result of your implementing the above
1tems

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

Reports should be submitted to the Director of the appropriate NRC
Regional Office and a copy should be forwarded to the NRC Office of
Inspection and Enforcement, DiViSion of Reactor Operations Inspection,
Nash1ngt0n, D.C. 20555.

For all other power reactors with an operating 1ieense or construction
,permit this Bu]]etin is for 1nformation purposes and no written response
is requ1red :

Approved by GAO, B180225 (R0072); clearance expires 7/31/80. Approvai
was given under a blanket clearance spec1f1ca11y for 1dentif1ed generic
problems.

~

Enclosure ,
List of IE Bulletins Issued in Last
Twelve Months -

“
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LISTING OF IE BULLETINS -

ISSUED IN LAST TWELVE MONTHS

Subject -

Bulletin Date Issued Issued To. .
No. '
78-05 Malfunctioning of - 4/14/78 ‘A11 Power Reactor -
' "~ Circuit Breaker : Facilities with an
Auxiliary Contact Operating License
Mechanism - General (OL) or Construction
Electric Model CR105X Permit (CP)
78-06 Defective Cutler- - 5/31/78 A1l Power Reactor
Hammer, Type M Relays : Facilities with an
With DC Coils OL or CP
78-07 Protection afforded 6/12/78 A1l Power Reactor
by Air-Line Respirators - Facilities with an
and Supplied-Air Hoods OL, all class E and F
' Research Reactors with
an-OL, all Fuel Cycle
Facilities with an OL,
and all Priority I
Material Licensees .
78-08 Radiation Levels from 6/12/78 A1l Power, Test and
‘ Fuel Element Transfer Research Reactor
Tubes. Facilities with an OL
having Fuel Element
Transfer Tubes
78-09 BWR Drywell Leakage - 6/14/78 - -A11 BWR Power.
‘Paths Associated with Reactor Facilities
- Inadequate Drywe]l with an OL (for action)
~ Closures or CP (for information)
78-10 Bergen-Paterson 6/27/78 A11 BWR Power Reactor

Hydraulic Shock
Suppressor Accumu]ator
Spring Coils

Facilities with
an OL or CP
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78-11

- 78-12
78-12A
78-12B

78-13

78-14.
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LISTING OF IE BULLETINS -

ISSUED IN LAST TWELVE MONTHS (CONTINUED)

Subject

Examination of Mark I
Containment Torus

. Welds

Atypical Weld Material
in Reactor Pressure
Vessel Welds

Atyp1¢a1 Weld Material
in Reactor Pressure
Vessel Welds

Atypical Weld Material
in Reactor Pressure
Vessel Welds

Failures In Source Heads
of Kay-Ray, Inc., -Gauges
Models 7050, 70508, 7051,
70518, 7060, 7060B, 7061
- and 70618

Deterioration of Buna-N
Components In ASCO
Solenoids

J

Date Issued

7/24/78

9/29/78

11/24/78

3/19/79

10/27/78

12/19/78

Issued: To

'BWR Power Reactor

Facilities with an OL
for action: Peach

Bottom 2 and 3,

Quad Cities 1 and
2, Hatch 1, Monti-

~ cello and Vermont

Yankee. A1l other
BWR Power Reactor
Facilities with an
OL for information

- A11 PoWer Reactor

Facilities w1th an

0L or CP

All Power Reactor
Facilities with an
OL or CP -

A1l Power Reactor
.Facilities with an
OL or CP

A1l General and
Specific Licensees
with the subject
Kay-Ray, Inc.

. Gauges

A1l GE BWR Faci-

- 1ities with an OL

(for action), and all
other Power Reactor
Facilities with an OL
or CP (for information)
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LISTING OF IE BULLETINS

ISSUED IN LAST TWELVE MONTHS (CONTINUED)

- Subject

Environmental Qualifica-
tion of Class IE Equipment

Pipe Support Base Plate
‘Design Using Concrete
Expansion Anchor Bolts |

Long1+ud1na] Weld Defects
in ASME SA-312 Type o
304 Stainless Steel Pipe
Spools Manufactured by
Youngstown Welding and
Engineering Company

Incorrect Weights feor
Suing Check Vaxv~s

f Engjneer1ng Corpo.at1on

Nuclear Incident at

Three Mile Island

Nuclear Incident at

- Three Mile Island -

Supplement

Date Issued

2/8/79

3/8/79

—

3/12/79

3/30/79

4/1/79

4/5/79

Issued to

- A11 Power Reactor

Facilities with an
OL, except the 11.

- Systematic Evaluation

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

A1l Power Reactor
Facilities with
an OL or CP )

A1l Power Reactor
Facilities with

~ an OL or CP

A11'Power Reactor
Facilities w1th an
OL or CP

A11 Babcock and
Wilcox Power

Reactor Facilities
with an OL, Except
Three Mile Island

1 and 2 (For Action),
and A1l Other Power

" Reactor Facilities

with an CL or CP
(For Information)

Same as 79-05

\
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: CLISTING OF IE BULLETINS
ISSUED IN LAST TWELVE MONTHS (CONTINUED)

Subject _ Date Issued

Review of Operational - 4/11/79
Errors and System Mis-.

alignments Identified

During the Three Mile

Incident
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Issued to .

A1l Pressurized
Water Power Reactor
Facilities with an
OL Except B&W
Facilities (For
Action), A1l Other
Power Reactor
Facilities With-an
OL or CP (For :
Information)
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REGION 111
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IE Bulletin No. 79-06A
(Revision No. 1)

REVIEW OF OPERATIONAL ERRORS AND SYSTEH HISALIGNMENTS IDENTIFIED DURING
THE TBREE MILE ISLAND INCIDENT . : :

1E Bulletin 79-06A identified ections to. be taken by the licensees of
all pteesurized vater reactors designed hy Hestinghouse S

Iten No 3 of the ections to be teken, as stated in the original
‘bulletin, was: - o _

© "3, 'For your facilities that use pressurizer wvater level

. coincident with pressurizer pressure for eutometic initia-

. 'tion of safety injection into the .reactor coolant system.,
trip the low pressurizer level setpoint bistables such that,
when the pressurizer pressure reaches the low setpoint,

 -safety injection would be initiated regardless of the pres-
gurizer level. In addition, instruct operators to manually
initiate safety injection when the pressurizer pressure
indication reaches the actuation seétpoint whether or not
the level indication has dropped to the actuation setpoint "o

Information ftom licensees end Hestinghouse has identified that ,
izplementation of this action would preclude the: performance of surveil-
lance testing of the preoeurizer preseure bistables vithout initiating
a safety injection ‘ ,

In order to permit ourveilltnce testing of the pressurizer pressure
bistables, the low preseurizer level bistables that must operate in
coincidence with the low pressurizer pressure bistables may be restored
to normal operation .for the duration of the surveillance test.of that
coincident pressurizer pressure channel. At the conclugion of the
surveillance test of each pressurizer pressure ‘channel, the coincident
pressurizer level channel must be returned to the tripﬁed aode defined
4n Action Item 3 of IE Bulletin 79-06A. : _ , -

As a reeuit. Iten 3 ehould be tevieed as follows:
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"3. For your facilities that use pressurizer water level -~
‘coincident with pressurizer pressure for automatic initia-
‘tion of safety injection into the resctor coolant system, -
trip the low pressurizer level setpoint bistables such that,

vhen the pressurizer pressure reaches the low setpoint, .
safety injection would be initisted regardless of the pres-

~.gurizer level. 'The pressurizer level bistables may be _
returned to their normal operating positions during the .-
pressurizer pressure channel functional surveillance tests.
In addition, instruct operators to manually initiate safety
injection when the pressurizer pressure i{ndication reaches

' the actuation setpoint whether or not the level indication .

' has dropped to the actuation eetpoint.

Item 13 of the actions to be taken. as atated in the original bulletin.
was:

"13. Propose changes, &s required, to those techniceil'
specifications which must be nodified as a result of your
implementing the above items ‘

Long term resolutions of some of these required actions may tequire
design changes. Therefore, " Item 13 of nctions to be taken. nhould
be revised as follows:

"13. Propose changes, as required. to thoce technical
specifications vhich must be modified as a result of your
‘implementing the above items and identify design changes .
necessary in order to effect long term resolutions of these
items. : . : e

For all 1ight wvater reactor facilities degigned by Westinghouse with an
operating license, respond to Items 1-12 within 10 days of the receipt .
of this Bulletin. Respond to Item 13 (Technical Specification Change
proposals and identification of decign chenges in 30 days. )

The other-requirenents of IE Bulletin 79-06A remeiniin effect.

Approved by GAO.vBIBOZZS (i0072). clearance -expires 7-31-80 Approval
was given under a blenket cleerence specifically for identified generic
problems. - : .

Enclosure: Llisting of -
IE Bulletins Issued
in Last Twelve Months
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LISTING OF IE BULLETINS

Bulletin

ISSUED IN LAST TWELVE MONTHS .

Subject Date Issued - 1ssued To
No. : ' . .
79-09 Failure of GE Type AK-2 4/17/79 All Power Reactor
' Circuit Breaker In Safety o ~Facilities with an OL
Related Systems v : '
- 79-08. Events Relevant to BWR . 6/14/79 A1l BWR Power Reactor =
: Reactors Identified During o Pacilities with an OL -
Three Mile Island Incident _ . o
79-07 Seismic Stress Analyqis 4/14/79 All Pover Reactor
of Safety-Related Piping Pacilities with an
v OL or CP
79-06B -Review of. Operational 4/14/79 - All Combustion Engineer- -
Errors and System Mis- : . ing Designed Pressurized
alignments Identified Water Power Reactor
During the Three Mile Facilities with an
Island Incident - Operating Licensee
_79?06A Révieé of Operatiomnal 4/14/79 CAll PreSSufized Water
. Errors and System Mis~- Paver Reactor Facilities
. alignments Identified. of Hestinghouse Design
- During the .Three Mile "with an- OL
1sland Incident
75-06 Review of Operational . 4/11/79 All Pressurized Water
Errors and System Mie- . :Power Reactors with an
alignments Identified ‘OL except B&W facilities
During the Three Mile ‘ ' o
Island Incident
79-05A Nuclear Incident ate 4/5/79 All B&W Power Reactor
Three Mile Island : ' Pecilities with an OL
79-05 - Nuclear Incident at &4/2/79 >ﬁ.Allfgaugr Reactor
‘ Three Mile Island Pacilities with an
OL and C?
Enclosure

.Page 1 of 3
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LISTING OF IE BULLETINS
ISSUED IN LAST TWELVE MONTHS

Bulletin -  Subject Issued To
No. ' -
79-04 Incorrect Weights for 3730/79 "All Power Reactor
Swing Check Valves - Facilities with an
Manufactured by Velan OL or C? '
Bngineering Corporation a
79-03 Longitudinai Weld Defects 3/12/79 All Power Reactor
: in ASME SA-312 Type 304 o Facilities with an
Stainless Steel Pipe Spools OL or CP :
Manufactured by Youngstown S
Welding and Engineering Co.
79-02 Pipe Support Baée Plate 3/2/79 All Power Reactor
Designs Using Concrete - - Facilities with an
Expansion Anchor Bolts . OL or CP '
79-01 - . Environmental Qualifica- - 2/8/79 " All Power Reactor
" tion of Class IE Equipment Facilities with an
_ : ‘ _ OL or CP
78-14 . Deterioration of BUNA-N 12/19/78 A1l GE BWR facilities
Components in ASCO ‘with an OL or CP
78-13 Failures In Source Heads 10/27/78 All general and
' of Kay-Ray, Inc., Gauges : - specific licensees
Models 7950, 7050B, 7051, . - with the subject
7051B, 7060, 70608, 7061 " Kay-Ray, Inc.
agd 7061B . gauges.
78-128 Atypical Weld Material 3/19/79- ~All Power ;eaétor
in Reactor Pressure : o Facilities with an
Vessel Welds _ OL or CP :
98-12A - Atypical Weld Material 11/24/78 . All Power Reactor _-
in Reactor Pressgure ' - Pacilities with &n
Vessel Welds ' oL or CP '
78-12 Atypical Veld Material 9/29/78 All Power Reactor

in Reactor Pressure
Vessel Welds

Date lssued

" Pacilities with an.
OL or CP

Bnclosure
Page 2 of 3
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78-11

78-10
78-09

78-08

78-07

78-06

IE Bulletin No. 79-06A
(Revigion No. 1)
April 18, 1979

LISTING OF IE BULLETINS
ISSUED IN LAST TWELVE MONTHS -

-Subject ‘ : Date Isgsued Isgued To

Examination of Mark I - 7/21/78 BWR Power Reactor
Containment Torus Welds ‘ o Facilities for actiom:
- Peach Bottom 2 and 3,
Quad Cities 1 and 2,
Hatch ], Mopticello and
Vermont Yankee '

Bergen~-Paterson Bydraulic 6/27/78 All BWR Power Reactor

Shock Suppressor Accumulator Facilities with an
Spring Coils ) ’ . OL or CP ]

BWR Drywell Leakage Paths 6/14/79 All BWR Power Reactor
Associated with Inadequate , - Facilities with an
Drywell Closures o : 0L or CP

Radiation Levels from Fuel ~6/12/78 : All Power and Research
Element Transfer Tubes Reactor Facilities with

a Fuel Element transfer
tube and an OL

Protection afforded by - 6/12/78 All Power Reactor
- Alr-line Respirators and Facilities with an oL,
‘Supplied-Air Hoods : - a8ll class E and F

Research Reactors with
an OL, all Fuel Cycle
Facilities with an OL,
- gnd all Priority 1
Material Licensees

Defective Cutler-Bammer 5/31/78 - -All Power Reacﬁor

Type M Relays with DC Coils , Facilities with an
. ' OL or C? :
Enclosure

‘Pege 3 of 3
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REVIEW OF OPERATIONAL ERRORS AND SYSTEM MISALIGNMENTS TIDENTIFIED DURING
THE THREE MILE ISLAND INCIDENT.

Description of C1rcumstances:

' 1E Bulletin 79-06 identified actions to be taken by the licensees.of all
- pressurized water power reactors (except Babcock & Wilcox reactors) as a-
result of the Three M11e Island Unit 2 Tnc1dent This Bullet1n clarifies

Eng1neer1ng, and the response to this bulletin will e11m1nate the heed
to respond to Bu]]et1n 79-06.

Actions to be taken by L1censeesb

For all Combustion Engineering pressur1zed water reactor facilities
with an operating license. (the actions specified below replace those
identified in IE Bulletin 79- 06 on an item by item basis):

1. Review the description of circumstances descr1bed in Enclosure 1
of IE Bulletin 79-05 and the preliminary chronology of the TMI-2
- 3/28/79 accident included in Enc]osure 1 to IE Bulletin 79-05A.

a. This review should be directed toward understand1ng (1) the
extreme seriousness and consequences of the simultaneous
blocking of both auxiliary feedwater trains.at the Three Mile
Island Unit 2 plant and other actions taken during the early
phases of the accident; (2) the apparent operational errors
which led to the eventual core damage; (3) that the potential
exists, under certain accident or transient conditions, to
have a water level in the pressurizer simultaneously with the
reactor vessel not full of water; and (4) the necessity to
systematically analyze plant conditions and parameters and
take appropriate corrective act1on

b. Operational personne] should be 1nstructed to: (1) not override
~automatic action of engineered safety features unless continued
operation of engineered safety features will result in unsafe
plant conditions (see Section 6a.); and (2) not make operational
decisions based .solely on a single plant parameter indication
‘when one or more confirmatory indications are available.
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c. _Al]_]icensed operators and plant management and supervisors
with operational responsibilities shall part1c1pate in this
review and such part1c1pat1on shall be documented in plant
records. ‘

Rev1ew the actions required by your operating procedures for.
coping with transients and acc1dents, with particular attention

: tO

a.  Recognition of the possibility of forming voids in the primary

coolant system large enough to compromise the core cooling
capability, espec1a]1y natural circulation capability.

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

¢. Operator act1on requ1red to enhance core cooling in the event
such voids are formed.  (e. g remote venting)

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

For facilities for which the auxiliary feedwater system is not
automatically initiated, prepare and implement immediately proce-
dures which require the stat1on1ng of an individual (with no other
assigned concurrent duties and in direct and continuous. communica-
tion with the control room) to promptly initiate adequate auxiliary
feedwater to the steam generator(s) for those transients or acci-
dents the consequences of which can be limited by such action.

For your facilities, prepare and 1mp1ement 1mmed1ate1y procedures

which:

a. Ident1fy those plant 1nd1cat1ons (such as valve discharge
- - piping temperature, valve position indication, or valve

discharge relief tank temperature or pressure indication)

which plant operators may utilize to determine that pres-
surizer power operated relief valve(s) are open, and

b. - Direct the plant operators to manua]]y close the power
operated relief block valve(s) when reactor coolant system
pressure is reduced to below the set point for normal auto-
matic closure of the power operated relief va1ve( ) and the
va]ve(s) remain stuck open. - '
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Rev1ew the action directed by the operat1ng procedures and tra1n1ng
’_1nstruct1ons to ensure that «

- a.

Operators ‘do not override automat1c actions of- eng1neered

safety features, unless continued operation of eng1neered

- safety features will result in unsafe plant conditions. For
"~ example, if continued operation of engineered safety features

would threaten reactor vessel integrity then the HPI should
be secured (as noted in b(2) below). o o

Operating procedures currently, or are revised to,'spec1fy o
that if the high pressure injection (HPI) system has been

: automat1ca11y actuated because of low pressure cond1t1on, it

must remain in operation until either:

(1) Both low pressure 1n3ect1on (LPI) pumps are in operat1on,
and flowing for 20 minutes or longer; at a rate which
~would assure stable plant behavior; or

(2) The HPI system has been in operation for 20 m1nutes, and
-~ -all hot and cold leg temperatures are at least 50 degrees
below the saturation temperature for the existing RCS

- pressure. If 50 degress subcooling cannot be maintained
after HPI cutoff, the HPI shall be reactivated. The
degree of subcoo11ng beyond 50 degrees F and the length
of time HPI is in operation shall be limited by the . -
-pressure/temperature considerations for the vesse]
integrity. _

Operating procedures currently, or are revised to, specify _
that in the event of HPI initiation with reactor coolant pumps

- (RCP) operating, at least one RCP shall remain operating-in
- each 1oop as long as the pump(s) is providing forced flow.

Operators are provided add1t1ona1 information and 1nstruct1ons

. to not rely upon pressurizer level indication alone, but to
~also examine pressurizer pressure and other plant parameter

indications in evaluating plant conditions, e.g., -water,
inventory in the reactor primary system.
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Review all safety-related valve pos1t1ons, positioning requirements
and posit1ve controls to assure that valves remain positioned (open
or closed) in a mannér to ensure the proper operation of engineered
safety features. Also review related procedures, such as those for
maintenance, testing, plant and system startup, and supervisory
periodic (e.g., daily/shift checks,) surveillance to ensure that
such valves are returned to their correct positions following
necessary manipulations and are maintained in their proper posi-
tions during all operational modes. _

Rev1ew your operating modes and procedures for a11 systems designed
to transfer potentially radioactive gases and 11qu1ds out of the

~ primary containment to assure that undesired pumping, venting or

other release of radioactive liquids and gases. will not occur
inadvertently.

In particular, ensure that such an occurrence would not be caused
by the resetting of engineered safety features 1nstrumentat1on
List all such systems and indicate:

"a. Whether interlocks ex1st to prevent transfer when hlgh
~radiation 1nd1cat1on exists, and v

b. Whether such systems are 1so1ated by the containment isolation
signal. _ :

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

Rev1ew and modify as necessary your ma1ntenance and test procedures
to ensure that they require: _ .

a. Ver1f1cat1on, by test or 1nspect1on, of the operab111ty of
redundant -safety-related systems prior to the remova] of any
safety-re]ated system from service. .

b. Ver1f1cat1on of the operab111ty of all'safety-related systems
when they are returned to service following maintenance or
testing. .

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

11. Review operating modes and procedures to deal with significant
amounts of hydrogen gas that may be generated during a transient
or other accident that would either remain inside the primary
system or be re1eased to the containment.

12. Propose changes, as requ1red "to those technical specifications
which must be modified as a resu]t of your implementing the above
items. :

- For all light water reactor facilities designed by Combust1on with an
operating license, respond to Items 1-11 within 10 days of the receipt
of this Bulletin. Respond to item 12 (Technical Specification Change
proposals) in 30 days. . _

Reports should be submitted to the Director of the appropriate NRC
Regional Office and a copy should be forwarded to the NRC Office of
Inspection and Enforcement, Division of Reactor Operations Inspect1on,
Nash1ngton, D.C. 20555

For all other ‘power reactors w1th an operating license or construction -
permit, this Bulletin is for information purposes and no written
reSponse'is required.

Approved by GAO, B180225 (ROO?Z), clearance expires 7/31/80. Approva]
was given under a blanket clearance spec1f1ca11y for identified generic
problems.

Enclosure:
List of IE Bulletins Issued in Last
~ Twelve Months
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Malfunctioning of
Circuit Breaker
Auxiliary Contact
Mechanism - General
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Defective Cutler-
Hammer, Type M Relays
With DC Coils
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by Air-Line Respirators
and Supplied-Air Hoods
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Hydraulic Shock
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6/12/78

6/14/78

6/27/78
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A11 Power Reactor
Facilities with an
Operating License
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A1l Power Reactor
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OL or CP ‘

A1l Power Reactor
Facilities with an

OL, all class E and F
Research Reactors with
an OL, all Fuel Cycle
Facilities with an OL,

and all Priority I

Material Licensees

A1l Power, Test and
Research Reactor
Facilities with an OL

-having Fuel Element

Transfer Tubes .

A1l BWR Power

Reactor Facilities

with an OL (for action)
or CP (for information)

A1l BWR Power Reactor

. Facilities with |

an OL or CP -



Bulletin
No.

78-11

78-12
~ 78-12A
78-128

78-13

78-14

ISSUED IN LAST TWELVE MONTHS (CONTINUED)

Subject

Examination of Mark I

- Containment Torus

Welds

Atypica]vwer Material
in Reactor Pressure

Vessel Welds

Atypical Weld Material
in Reactor Pressure

- Vessel Welds

Atypical Weld Material
in Reactor Pressure
Vessel Welds :

Failures In Source Heads
of Kay-Ray, Inc., Gauges
Models 7050, 70508, 7051,
70518, 7060, 70608, 7061

and 70618

Deterioration of Buna-N

‘Components In ASCO

Solenoids

IE Bulletin No. 79-06B -
Date: . April 14, 1979
Page 2 of 4

LISTING OF IE BULLETINS

Date Issued

7/24/78

1 9/29/78
11/24/78
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Facilities with an OL
for action: Peach
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- cello and Vermont

Yankee. A1l other
BWR Power Reactor

Facilities with an
OL for- information

A1l Power Reactor
Facilities with an

OL or CP

A1l Power Reactor
Facilities with an

oL or-CP_

A1l Power Reactor
Facilities with an

0L or CP

A1l General and
Specific Licensees
with the subject
Kay-Ray, Inc.

- - Gauges

A1l GE BWR Faci-

lities with an OL

(for action), and all
other Power Reactor

Facilities with an OL
or CP (for information;
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OL or CP
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Three Mile Island

1 and 2 (For Action),

~and A1l Other Power
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(For Information).
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U.S. NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT

~ REGION III
April 14, 1979 o
v )' 1E Bu]Tetwn No. 179-08

EVENTS RELEVANT T0 BOILING WATER POHER REACTORS 'IDENTIFIED DURING
"THREE MILE ISLAND INCIDENT

Description of Circumstances

On march 28, 1979 the Three Mile lsland Nuc1ear Power Plant, Unit 2
experienced core damage which resulted from a series of events which
‘were initiated by a loss of feedwater transient., Several aspects of
the incident may have general applicability to operating boiling
water reactors. - This bulletin requests certain act1ons of licensees
“of operating boxlxng water reactors, '

Actions to be taken by L1censees

For all Bo111ng water reactor fac111txes wwth an. operat1ng 11cense
complete the actions specified below

1. Review the descr1ption of circumstances described in Enclosure 1
of IE Bulletin 75-05 and the preliminary chronology of the TMI-2
- 3/28/79 accident included in Enclosure 1 to IE Bulletin 79-05A."

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

~ take approprwate corrective action,

b. 0perat1ona1 persorne1 should be instructed to (1) net
"~ override automatic action of engineered safety features .
unless continued operation of engineered safety features
will result in unsafe plant conditions (see Section Sa
of this bulletin); and (2) not make operational decisions .
~ based solely on a single plant parametar indication when ,
“one or more confirmatory indications are avajlable. .
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c. A1l licensed operators and plant management and supervisors

: with operational responsibilities shall participate in this
rev1e: and such participation shall be documented in plant
records. o : ‘

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

3. Describe the actions, both automatic and manual, necessary for proper
functioning of the auxiliary heat removal systems {e.g., RCIC) _
that are used when the main feedwater system is not operable. . For. .

any manual action necessary, describe in surmary form the procedure, *

by which this action is taken in a timely sense. : : :

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

5. Review the.action directed by the operating procedurés and fraining
instructions to ensure that:: S o :

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

b. Operators are provided additional information and instructions
to not rely upon vessel level indication alone for manual ’
actions, but to also examine other plant parameter indications
in evaluating plant conditions. , ' g

6. Review all safety-related valve positions, positioning requirements
and positive controls to assure that valves remain positioned
(open or closed) in a manner to ensure . the proper operation of
engineered safety features. Also review related procedures, such

 as those for maintenance; testing, plant and system startup, .and
supervisory periodic (e.g., daily/shift checks,) surveiliance to
to ensure that such valves are returned to their correct positions
following necessary manipulations and are maintained in their

proper positions during all operational modes.
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7.

10.

Review your operating modes. and procedures for all systems .
designed to transfer potentially radiocactive gases and 1iquids
out of the primary containment to assure that undesired pumping,
venting or other release of rad1oact1ve 11qu1ds and gases w111
not occur. inadvertently .
In particular, ensure that such an occurrence wou1d not be caused
by the resetting of engineered safety features instrumentation. '
List all such systems and 1nd1cate ;
]

a. Whether 1nterlocks exist to prevent transfer when high

~radiation. indication exists, and -

b. Whether such systems are isolated by the c0ntainment 1so1at1on
s1gna1 S . . B

c. The bas1s on which cont1nued operab111ty of the above features
is assured .

- ReV1ew and modify as necessary your ma1ntenance and test procedures ‘

to ensure that they require:

a. Ver1f1cat1on, by test or 1nspect1on, of the operability of
redundant safety-related systems pr1or to the removal of
any safety-related system from service.

b. Verification of the cperab111ty of all safety-reTated
systems when they are returned to service fo1low1ng
maintenance or testing.

c. Explicit notification of involved reactor operat1ona1
personnel whenever a safety-re1ated system is removed from
and returned to service.

Review your prompt report1ng procedures for NRC not1f1cat1on to
assure that NRC is notified within one hour of the time the reactor
is not in a controlled or expected condition of operation. Further,
at that time an open continugus communication channel shall be
established and maintained with QRC

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

-system or be released to the conta1nment.
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11. Propose changes, as required, to those technical specifications
which must be modified as a result of your 1mp1ementnng the
1tems above. :

For all boiling water reactor facilities with an operat1ng 11cense,
respond to Items 1-10 within 10 days of the receipt of this Bu11et1n.,
Respond to item 11. (Techn1ca1 Specwficat1on Change proposals) in

30 days. :

Reports should beISubmitted to.the Director of the apprppriate NRC
Regional Office and a copy should be forwarded to the NRC Office of
- Inspection and Enforcement, Division of Reactor Operattions Inspection,
Hash1ngton D.C. 20555. _

For all other power reactors with an operating 11cense or construction
perm1t this Bulletin is for information purposes and no written response :
is required. .

Approved by GAO '8180225 (ROO72); clearance expires 7/31/80' Approval
was given under a blanket clearance specxf1ca11y for 1dent1f1ed generic
problems. : . .

Enclosure: Listing of IE
' Bulletlns Issued in Last
Twelve Months
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78-06

78-07

78-08

78-09

78-10
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» ISSUED IN LAST TWELVE HDNTHS
Subject

Malfunctioning of
Circuit Breaker

Auxiliary Contact
Mechanism-General
Model CR105X

- Defective Cutler-
“Hammer, Type M Rexays

With DC Coils ;

brotection afforded

by Air-Line Respirators
and Supplied-Air Hoods

Radiation Levels from
Fuel Element Transfer
Tubes

'BHR Drywell Leakage

Paths Associated with
Inadequate Drywell
Closures

Bergen-Paterson
Hydraulic Shock

Suppressor Accumulator:

Spring Coils

Date Issued

4/14/78

5/31/78

6/12/78

6/12/78

- 6/18/78

6/27/78

1IE Bulletin No. 79-08
April 14, 1979 ‘

Issued To

A1l Power Reactor
Facilities with &n
OL or CP

A1l Power Reactor
Facilities with an
oL or CP

A1l Powar Reactor

Facilities with an
OL, all class E and F
Research Reactors with
an OL, all Fuel Cycle
Facilities with an OL,
and all Priority 1

‘Material Licensees

A1l Power and

‘Research Reactor

Facilities with a
Fuel Element
transfer tube and
an oL.

AT] BWR Power
Reactor Facilities

~with an OL or CP

A1l BWR Power

‘Reactor Facilities

with an OL or CP

Enclosure
Page 1 of 4
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LISTING OF IE BULLETINS
ISSUED IN LAST TWELVE MONTHS

tion of Class IE Equipment

Bulletin - Subject Date Issued | ‘Issued To
- m. . . .
78-11 Examination of Mark I 7/21/78 BWR Power Reactor
: Containmant Torus - Facilities for .
. Welds ' - .actfon: Peach
- Bottom 2 and 3,
Quad Citfes 1 and
- 2, HWatch 1, Monti-
callo and Yermont
\ Yankee ,
78-12 ~ Atypical Weld Material 9/29/78 . A1l Power Reactor
in Reactor Pressure , - ' Facilities with an
Vessel Welds ' N .OL or CP
78-12A Atypical Weld Material 11/24/78 A1 Power Reactor
: in Reactor Pressure , Facilities with an
- Vessel welds oL or CP
78-128 Atypical Weld Material 3/19/79 A1l Power Reactor
. in Reactor Pressure S - Facilities with an
Vessel Welds ’ } - OL or CP
78-13 \Failurés_In Source Heads 10/27/78 A1l general and
of Kay-Ray, Inc., Gauges specific licensees
Models 7050, 70508, 7051, with the subject
7051B, 7060, 70608, 7061 ‘Kay-Ray, Inc.
and 70618 A " gauges ‘
78-14  Deterioration of Buna-N 12/19/718 AN GE‘BNR facilities
Components In ASCU ' ~ “with an OL or CP
Solenoids - _ , '
79-01 Environmental Qualifica-  2/8/79 A1l Power Reactor

Facilities with an

~ OL or CP
/

Enclosure
"Page 2 of 4
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LISTING OF IE BULLETINS
ISSUED IN LAST TWELVE MONTHS

Yo

Sﬁbject . -~ Date Issued Issued To R

Pipe Support Base Plate  3/2/79 A1l Power Reactor
Designs Using Concrete ) Fecilities with an
Expansion Anchor Bolts OL or CP
Longftudinal Weld Defects 3/12/79 A1l Power Reactor
In ASME SA-312 Type 304 ' ' Facflities with an

Statnless Steel Pipe Spools . - OL or CP
Manufactured By Youngstown , ’
Welding and Enginsering Co.

Incorrect Weights for - 3/30/79 A1) Power Reactor
Swing Check Yalves B . Facilities with an
Manufactured by Velan OL or CP

Engineering Corporation o . ' |

Nuclear Incident 8/1/79 . A1 B&M Power

at Three Mile Island ' Reactor Facilities -

‘ : with an OL ‘
‘Nuclear Incident at ~ - 4/5/79 A1l B&N Power

Three Mile Island - ' "~ Reactor Facilities

with .an OL

Review of Operational Errors A1l Pressurized Water
and System Misalignments - Power Reactor Facilit-
Identi1fied During The Three ~ {es Except BiW Facilit

Mile Island Incident &/M/79  fes

Review of Operatibnal Errors
and System Misalignments
Identified During The Three

‘Al Westinghouse PWR
Facilities with an O

Mile Island Incident  4/11/79 |
Review of Operational Errors A1l C neer-
and System Misalignments ing gﬂ?°§:§1??:§:?‘3ff§
- Ident1figd During The Three an O .
Kila Island Incident A\l B o
Enclosure
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No. ‘ _ ' - B
79-07 Seismic Stress Analysié of 4/14/79 ~ All Power Reactor
' Safety Related Piping - Facilities with-an
- : E OL or CP ’
79-08 Events Relevant to Boiling 4/14/79 . All Power Reactor
, Water Power Reactors Identified , Facilities with
During Three Mile Island . an OL or CP
Incident ' ’ ' '
Enclosure -

Page 4 of 4

\



, APPENDIX Y

-COMMISSION SHUTDOWN ORDERS = .






U~ITZD STATES OF AMERICA

Z\a“u\.L_iAR REGULATORY CO4ISSION

In the Matter of )

: _ . )
SACRAMENTO MUN‘ICIPAL U’I‘ILI’I'Y DISTRICT ) Docket No. 50-312

‘ )

)

Rancho Seco Nuclear Generating Starion »OCEETED

USNRC

- ' | 'ORDER MAY
"Ll:..‘.'..“; e
. ...awtl
T . - . Io .

The Sacramento Municipel Utility District (the licensee or.SMUD) is
the holder of Fac111ty Operating License No. DPR-54 which authorizes

the operation of the nuclear power reactor known as the Rancho Seco
Nuclear Generating Station (the facillty or Rancho Seco), at steacdy
- state power levels not in excess of 2772 megawatts thermai (reted'power).
The faciiity,is a Babcock & Wilcox (B&W) deSignedvpressurized water
reactor (Pwﬁ) loceted.at the lieensee's site in Sacramento County,

California.

II.
In the course of itétevaluatien to date of the accident et~the Three Mile
Island Unit No; 2 fecility, which utilizes a B&W designed PWR, the
Nuelear Regulatory Commission -staff has ascertained that B&wsdesigned
reactors appeaf to be unusually sensitiQe to certain off-normal transient’
conéitions‘originating'in the éeeondary system. The features of tne B&W -

design that contribute to this Sensitivity are: (1) design of the steam

31978 P

generators to operate w1th relatively small liquid volumes in the secondary



7590-01

..2_.

siae; (2) the lack_of,direct initiation of reactor trip upon the occurrence
of off-normal conditioﬁs in the feedwater system; (3) reliance on an
integrated control ‘system (ICS) to automatically regqulate feedwater'flow;
(4) actuation before reactor trip-of a piloﬁ*oéerated relief valve on the
primary system pressurizer (which, if the valve sticks open, can aggravate.
the event); and (5) a low steam geherator elevation (relative to Fhe |
reactof veséel) which provideé_a smaller driving head for natUrallcircu;

lation.

' Bécause Qf these features, B&W designed reactors place more reliance on

the reliability and performance characterisfigs of the awxiliary feedwater
system, the integrated control system, and the emergency éore cooling system
(ECCS) performance to recover from freqﬁent anticipated transients, such as
loss of éffsite power and loss of nQrﬁal feedwater) than do other PWR designs;
This, in tdrn; places a large.burden on the plant operators in the event of

off-normal system behavior during such anticipated transients.

As a result of'avpreliminary review of the Threé Mile Island Unit No. 2 ac-
cident chronology, the NRC staff initially identifiéd several human erfors
that.occqrred_during the accident and contributed significantly to its severity.
Al hqlaers of’operéting licenses were subsequently instructed to take a number
éf immediate actions to avoid repetition of thése errors, in accordance with
bulletinstissued.by the Commission's Office of Inspection and-Enforcement (IE).

In .addition, the NRC staff began an immediate reevaluation of the design fea-



tures of B&W reactors to determine whether additional safety corrections or
improvements were necessary with respect to these reactors. This evaluation
involved numerous meetings with B&W and certain of the affected licensees.

-

The evaluation identified aesign,features as discussed abo?e which iﬁdieateﬂ
thatAé&w designed reactors are unueueil§ sensitive to certain off-nofmal. |
t:ansienﬁ conditions origihaeing_in the»secendaﬁ§,system..fAs-a result,‘en
~additional bulietin—was issued by IE which inétrueted:holders of opera£ing
B licenses for :B&W designed reactors to.take fﬁ;ther’ections; including \
imhediate changes to decreese the feactor‘hiéh'pressure'trip point ana
increase the,pressurizer‘pilot—operated :elief valve settingeb Also, as:ag-"
reéulﬁ of this evaluation, the NRC‘staff'ideneified certain ether safety j_
concerns that warranted addltlonal short-term de51gn and procedural

changes at operatlng fac111t1es hav1ng B&w de51gned reactors. These .

were identified as 1tems (a) through (e) on page l 7 of the Office of

Nuclear Reactor Regulation Status Report to the Comm1851on of April 25,

1972,

After a series ofrdiécussions between the NRC staff and the licensee
concerning possible design modifications and changes in Qpeﬁating:procedures,
the licensee agreed in a letter dated April 27, 1979, to perform promptly

the following actions:



(a)

()

(c)

(d)

(e)

.»_4—

Upgrade the tlmellness and reliability of de11very

from the Aux111ary Feedwater System by carrylng out

ectlons as identified in Enclosure 1 of the llcensee [

letter of April 27, 1979.

Develop'and implement operating procedures for initiating

-

~and controlllng aux111ary feedwater  independent of Inteorated

_.Control System control

Implenent a.hard—wired control-grade reactor trip that would

_be actuated on loss of main feedwater and/or turbine trip.

Complete analyses for. potentlal small breaks and develop and

nnplenent operating 1nstructlons to define operator action.

- F

Provide for one Senior Llcensed Operator a551gned to the

-control room who has had Three Mile Island Unit No. 2 (TMT—Z)

training on the B&W simulator.

In its letter the licensee also stated that Rancho Seco would be shut dowa

| on'Aprii 28,1979 and would remain shut down until (a) ‘through (e) above

are completed (The facility was shut down on April 28, 1979 as stated). :

In addition to these modifications to be implemented promptly,'the licensee.

has also proposed to carry out certain additional longfterm modifications

to further enhance the capability and reliebility of the reactor to

respond to various transient events. These are:
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- fhe liéensee;will,provide to the,NRC étafﬁ a proposed s¢hedule'for
implementation of'ideﬁtified design médificatioqs which‘speéifiéaliy
relate tQ'itéms 1 through 9:Qf Enclosure 1 to the ligehsee's
‘letter of April 27, 1535, and would siéniﬁicantly improve safety.

. < The licensee willfsubhit.ajfailure mode and effects‘anaiysis of
' the Integrated"Cohtrol System'to the NRC staff as soon as practicable.
- The licensee stated that this analysis is now underway with high

priority by B&W.

- The reactdf‘trip folioQiﬁg loss of main feedwater and/or
»tfié'of the turbine to be‘inétalled.prohptl?'pursUant to this
Order will thereafter be upgraded so that the components are safety
grade. The liCensee_willAsubmit this design to the NRC staffA
for review. ” | o

- The licenéée.will continﬁe operétor training and have a.minimﬁm

 of two licensed operators pef'éhift Qith MI-2 simulator.training

at BsW by June 1, 1979."_Théreafteg, at least one4liqenséd operafor
with ™I-2 simulaﬁor fraining at BaW will be assigned to fhef
coﬁtrdl room. All';raining of licensed person;el will be

completed by June' 28, 1979.

The Commission has concluded that the prompt actions set forth as (a)
through (e) above are necessary to provide added reliability to the
reactor system to respond safely to feedwater transients and should be

confirmed by a Commission order.



The Commission finds that operatioh of Rancho Seco should rot be

'reSUmed'until the actions described in'paragraphs (a) through (e)

above have been sétiéfactorily completed.

!

For the foregoing reasons, the Commission has found\that‘the public.
_health, safety and interest require that this Order be effective

“immediately.

III.

.Copies of the following documents are availéble‘fqr inspection at the

Cormmission's Public Document Room at 1717 H Street, N.W., Washington,
D.C. 20555, and are being placed in the Commission's local public ‘
document room in the Business and Municipal Department, Sacraﬁehto_

City - County Library, 828 I Street, Sacramento,-California _958143

(1) Office of Nuclear Reactor Regulation Status Report on

Feedwater.Transients in BsW Plants, April 25, 1979.

(2) - Letter from J. J. Mattimoe (SMUD) to Harold Denton (NRR)

‘dated April 27, 1979.
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' Accordingly, pursuant to the Atomic Energy Act of 1954, as amended,

~and the Commission's Rules and Regulations in 10 CFR Parts 2 and

50, IT IS HEREBY ORDERED THAT:

(1) The licensee shall take the following actions with respect

to Rancho Seco:-

(a)

(b)

(c)

(e)

Upgrade the timeliness and reliability of delivery
from the Auxiliary Feedwater System by carrying out

actions as identified in Enclosure 1 of the .licensee's

letter of April 27, 1979.

Develop and implement operating procedures for 'initiating

and controlling auxiliary feedwater independent of integrated

Control System control.

implemeﬁt a hard-wired control-grade reactor trip that would

be actuated on loss of main feedwater and/or turbine trip.

Complete ahalyses for potential small breaks and develop and

implement operating instructions to define operator action.

‘Provide for one Senior Licensed Operator assigned to the

‘control room who has had Three Mile Island_Uhit No. 2 (TMIFZ)

training on the B&W simulator.
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The licensee shall maintain Rancho Seco in a shutdcwn condition

“(the facility'was shut down on Aprilx28, 1979) until itens (a) -

through (e) in paragraph (1) above are satisfactorily completed.

Satisfactory completion will require confirmation by the Director,

Office of ‘Nuclear Reactor Regulation, that the actions specified

have been taken, the specified analyses are acceptable, and the

(3)

specified implementing'procedures are appropriate.

The licensee shall as promptly as practicable also accomplish

the long-term modifications Setvfbrth'in Section II of this.

Withi

Order.

V.

n twenty (20) days of the date of this Order, the licensee or any

person whose ‘interest may be affected by this Order may request a

heari

ng with fespect to this Order. Any such request shall not stay

the .immediate effectiveness of this Order.

Lated
this

. FOR NUCLE$§<}EGULATORY CQWMISSION
/1Al f[/gg -
) ot ’

Secretary of the Commission

eﬁWashington, D.C. : v
¥ day of May 1979. = - _ o o



'UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION
. )

In the Matter of ) * Dockets Nos. 50-269
| o ). | 50-270
DUKE POWER COMPANY - B ' ) : and 50-287
- : : ‘ ' ‘ ) :
_Oconee Nuclear Station, Units Nos. 1, 2 - )
and 3 ' .
’ ORDER
L

|  “The Duke Power Company (the licensee), is the holder of Facility Operéting
ﬁicenseé Nos. DPRQBQ, DPR-47 and DPR-SS-Which'éUthorize the operation
of the nucle;f pﬁwer réaétdrs known as Oconee Nuclear ;Station,

' Units Nos..1l, 2-and 3 (the»facilifieé; of Oconee 1,_2.and 3), at steady
étaté'power-levelsAndt'in'excess of ?568'ﬁegawatts thermal_(fatgd_power}-
. for each unit.__fhe'facilities are Babéock &-Wilcoxb(B&hD_designed |
pressurized water-reactorél(PwR's)_16éated ét.tﬁe.licensee‘S«sitewint

~ Oconee County, South'Carolina. .

1I1.
~In the course bf“its_eyalhationvto date of the écqident at the_Thfee Mile
Island Unit No. 2 facility, which utilizés ? B&W designed PWR, the Nuciear
Regulatory Cdmﬁissibn staff has ascertained that B&W designed;feactors
'appéar to be uﬁdsually sensitive to:certain éff—normal transient con-
ditions Qriginating in the.secohdary:éystem. The featuresboﬁ the B&W
design that contribqig to this senéitivity are: (1) thélde$ign of

_steam generators to operate with relatively small liquid volumes in the
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secondary side; (2) the lack of direct initiation of reactor trip upon
the occurrence of off-nonnal cond1tlons 1n the feedwater system, (3) re-
liance on an 1ntegrated control system (ICS) to automatlcally/regulate
feedwater flow, (41 actuatlon before reactor tr1p of a pllot—operated
relief valve on the primary system pressurlzer (whlch, 'if the valve
.stxcks open, can aggravate the event) and (5) a low steam generator
elevat1on (relatlve to the reactor vessel) uhlch prov1des a snaller

_ dr1v1ng head ‘for natural c1rcu1at1on.

Z;Because'of-these‘features,'B&w:designed reactors place more reliance on
the reliabilityvanddperformanCehcharacteristics.of the auxiliary'feedvater '
system, the ICS, and ‘the emergency core coollng system (ECCS) performance
to recover from frequent ant1c1pated tran51ents, such as loss of offsite
power and loss of normal feedwater, than do other PWR - de51gns. Thls, in
»turn, places a 1arge burden on the plant.operators in the. event of

off-normal system behav1or during ‘such ant1c1pated translents,

As a result of a pnellmlnary rev1ew.of the Three Mile Island Unlt

No. 2 acc1dent chronology, the NRC staff 1n1t1ally 1dent1f1ed several
_human errors that occurred during the accldent and contr;buted
significantly to its severity. All.holders of operating licenses:

were subsequently instructed to take a number of immediate actions
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. to avoid repetition of these erfors, in accordance w1th culletlns .
1ssued by the Commission's Offlce of Inspectlon and Enforcenent
(IE). In addition, the NRC staff began an lmmedlate reevaluatlon
of the design features of B&W reactors to determlne wnether |

faoa1t10na1 safety correctlons or. 1mprovenents were necessary w1th

,respect to these reactors. ThlS eya}uatlon 1nvolved numerogs -

: meetihés with'B&W-and certain of»theiaffectea licensees;'

The evalﬁatioﬁ identified desigh‘features_as eiscussed aboyelwﬁich
indicated that B&w;desighed'reactcfs are_uncscally sensitive to

certain off-normal transient conditions originating_in'the'seccedary'
system. ;As a'resdit,_an'additional“bulfetin wasiisshed'byylE:Which i
icsttucted holders cf operatingvlicenses forﬁng;éesiéhea‘réactqgs,f**
to take'further'actions;‘ihclﬂdiﬁg*immediate”cﬁangesftc deCreasef,““'"
‘the reactor high ptessure trip'pofnt«and iﬁcfease'the-pressuri;ef;i4
.pllot—operatea rellef valve settlng Also, as .a result of thlS .
evaluatlon, the NRC staff 1dent1f1ed certaln other safety concerns
Athat warranted add1t10na1 short—term de51gn and procedural cnanges‘v
at operatlng fac111t1es.hav1ng_B&W:deslgned reactors. - These were "~ =
.ideptified as items.(a) through (e) cn paée 1—7~of the Office of
Nuclear Reactor Regulation Status keport_to tﬁe CommisSicn‘oe

April 25, 1979.
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After a ser1es of dlscu551ons between the NRC staff and the 11censee
_concernlng possxble des1gn nodlflcatlons and changes in operatlng
procedures, the llcensee agreed in 1etters dated April 25, 26 and |

May 4 1979 to perfornlpronptly the follow1ng actlons-';]

:r.(a)' Insta11"antdmaticfStartiné cf”the'intercdnnectedhemerdenci”.
feediwater system so that ail three.pumps'wilihreceiveda.start.
hsignai frdm:anyhaffected unit;'and EeSt'the SYStem'for‘stabil4

) “1ty The energency feedwater pump dlscharge flow w111 be
cnnnected to the 1nterconnect10n headers sucn tnat each or -
all;emergencylfeedwateripnmps can}supply_water tohany unltf E
‘Until these ncdificat}ons and tests'are'compieted; cperating”
personnel have_heen stationed at'each_emergeanﬁfeedyaterr::_
| pump’with a direct communication iink-to that-unit's control
room. In addltlon. the fOllOWan croceoural cnanaes, put
;1nto effect on Aprll 25, 1979 to enhance the rellablllty of

the emergency feedwater system, w111 renaln 1n force: -

(1). The dlSChargeS of ‘these - pumps have been t1ed to-
gether by allgnnent of manual valves such that
each and all of the punps can supply emergency

feedwater to any 'Oconee Unlt»requ1r1ng 1t.d
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- (2) Administrative controls have been established so
| that_in the event of lhss.of both main feedwater purpRs
on an affected Unit,'that‘unit's energenqylfeedwater

.’upump w111 start automatlcally, backed up by renote

' -'manual statt from the control room. If the pump fails
_to start automatlcally, the operatot stationed at that
'pump will start the pump locally, and has been trained .
_ towd£7so.jTIn addition, thedother two available?emer; |
'tgeaqy feedwater pumps will be started remotely from
their unit’ s control room or locally 1f required to pro— -
1v1oe -two more redundant sources of feedwater to the

affected un1t

'(3)_'Emergency»féedwater flow to tnhe steam generators will

be assured by the control -room operator who has been

P
L

' _tralned to malntaln the necessa:y level
" (b)  Develop anda implement ooerating'procedures for initiating B
'and controlllng energency feedwater 1naependent of -

Integrateo Control System control.

(c) . Inplement & haré-wired control-grade reactor trip on

loss of main feedwater and/btvturbine trip;
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(d) Complete analyses for potential small breaks and develop
and‘implement operating instructions to define.eperator /

action..

(e) All llcensed reactor operators and senior reactor
operators will have COmpleted the TMI-2 51mulator

_ training at B&w._

'-(f) Station'in the control room an'additional full-
| time Senlor Reactor Operator (SRO) (or prev1ously
- o 711censed SRO) w1th ‘Three Mile Island training for.v
| each operatlng unlt to assist with guidance and

possible manual action in case of transients'until

items (a) through (e) are completed.

In 1ts letters the 11censee also stated that (1) Oconee 3 would be. shutfar
down on April 28, 1979, and remaln shutdown unt11 (a) through {e)
'above are completed (the facility was shut'down on April 28, 1979 as
stated); (2) a.second Oconee unit would:he shut down on May 12; 1979,
if items (a)'through (e) have not been previously accomplished‘and
remain shut down until items (a) through (e) have been,completed; and,
(3) a third Oconee unit would_be,shut.down on May 19, 1979, if itenms
(a) through (e) have not been‘previously accompl ished and.will remain

shut’ down until comp&etion of items'(a) through (é);



-7 -

In addition to these modifications to be implemented promptly, the
licensee has also proposed toAcarry out' certain additional long-
_term actions to increase the capability and reliability of the .

reactors to respond to various transient events. These are:

The lieensee will install two motor driven pumps fnr
each Oconee unit,- as more»particularly described as -
Part III'of_a,letter from W.0. Parker to the NRC of
April 25, 1979,4to provide greater assurance of emer- .-
gency feedwater,suéply,. The licensee will submit this

4 systemftoncept'and analysis to the. NRC staff. for review..

- The licensee will submit a failure modedand effects‘analysis
of the Integrated Control System to the NRC staff as soon as
practlcable. The 11censee states that thls ana1y51s is now

underway with high prioritv by B&W.

- The reactor trip on loss of the main feedwater and/or trip of
the turbine to be installed promptly pursuant to this Order will
thereafter be upgraded so that the components are safety grade.

The licensee will submit this-design to the NRC staff for review.

- The 11censee will contlnue reactor operator tralnlng and
dr1111ng of response proceduxes to assure a hlgh state of

preparedness.
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The‘Commission:has conciuded that the pronpt.actions'set forth as
(a) through (e) above are neceSSary to provide added”reliability to '
the reactor system to respond safely to feedwater tran51ents and
snould be conf1rned~hy a Comm1551on order. The - 1mmed1ate ‘pro—
cedural changes to assure redundant sources of aux111ary feecwater
that were put 1nto effect on Aprll 25 at the two operatlng Oconee
‘units, as described -in paragraph (a) atove,'and the immediate
additions to\the qperating—Staff, as-described'in'paragraph'(f)
-above, proyide the bases for continued safe operation of those
facilities during the interim period until May112-and~May 19):_
1979, respectively. The COmmiSSion finds,_however, that'operation‘
of all units Should not be resumed or continued.on an indefinite
‘_ba51s untll actlons oescrlbed in paragraphs (a) through (e) above

have been satlsfactorlly conpleted

For the foregoing reasons, the Commission has found that the oublic
‘health, safety and- 1nterest requlre that th1s Oroer pe effectlve '

1mmed1atelj.

111
Copies of the following documents are'available for insoection\at
the Commission's Publlc Document Room at- 1717 H Street, N. W., |
:'Nashlngton, D.C. 20555, and are belng placed in the tonm1551on 's
‘local public cocument room at the’Oconee County Llorary, 201 South

: _ _ \
- Spring, walhalla, South Carolina 29691:
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(1) Office of Nuclear Reactor Regulation Status. Report on

Feedwater Trené;ients’ in B&W Plénts,_ April 25, 1’979.'

‘(2) Leteer from W. S Lee (Duke Power Conpany) to Harold Denton

(NRR), dated Apr11 25, 1979.

. (3w letters from W. O. Pafker, ar. (Duke»Perr Company) to
Harold Denton (NRR), dated April 25, 1979.

C k '

| (4) Letter from W.. H Owens (l:uke Power Conpany) to Roger J.

" Matéson” (NRR , -dated April 25, 1979. -

'(5) ' Letter from W. S. Lee (Duke Power Co*xpany) to Harold Denton

(NRR) dated Aprll 26, 1979.

(6) Letter from W.. 0. Parker, dr. (Duke Power Corpany) to

«James P. O' Rellly (IE) ' aated May 4, 1979.

Iv.
Accordmgly, pursuant to the Atomlc Energy Act of 1954, as- amended and
the Comm1ss1on s Rules and Regulatlons in 10 CE‘R Parts 2 and 50, IT IS

"BEREBY' ORDERED ‘I‘HAT :

~

(1) -The 1,i'censee_ shall take the f_o,l%owing actions with respect
- to Oconee 1, 2 and 3: |
‘(a) 1Install automatic starting of the interconnected emergency

feedwater system so Ithat_ all three punps will receive a start
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51gna1 from any affected un1t, and test the system for
_ stab111ty. The emergency feedwater pump dlscnarge flow
nili.berconnected to the 1nterconnect10n heaoerS'such that -
-each or'all -of  the emergency feedwater pumps can supphy
water to any unit. Until these noalflcatlons and tests are
completed operatlng personnel w111 be statloned at each
emergency feedwater pump w1th a d1rect communlcatlon llnk; ._‘
to that un1t S control room. In aodltlon, the followlng
procedural changes," put into effect on April- 25,'1979_
to enhance the reiiability of the emergency feeddatef

system, will remain in force:

(1) The discharges of these pumps.have been'tied to-
| gether by allgnnent of manual valves such that
each and all of the pumps can supply erergency

feedwater to any Oconee Unit requlrlng it.

.(2) 'Administrative controlsdhave‘heen established so

that in the event of 1oss of both main feedwater pumps \

von an affected un1t, ‘that un1t s energency feedwater |
pump will start automatlcally, backeo up’ Qy renote

manual start from the control room.  If the pump fails *

to start automatlcally,vtne operator'stationed at that

purp will start~the purp locally,'and<hasybeenrtrained



(b):_

(c)-

(d)

(e)

- -

to do so. In addition, the other two available emer~
gency feedwater pumps w111 be started remotely from
their unit's control room or locally 1f requ1red to pro—
vide two more sources of feedwater to the affected unit.
(3) Emergency'feedwater flow to ‘the steam generators will A
J N

‘be assured by the control room operator who has been

tralned “tor malntaln the necessary level

.Develop‘and'implement operating procedqres for initiating

_.and controlling emergency feedwater independent of

Integrated Control System control.

Implement a hard-wired control-grade reactor trip on

loss ofimain'feedwater’and/or turbine trip.

Complete analyses for potent1a1 small breaks and develop

and 1mplement operatlng 1nstruct10ns to deflne operator

actlon.-

All 11censed reactor operators and senior reactor operators '

va551gned to the Oconee control rooms will: have completed the

™I-2 51mulator tramlng at BsW.
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(£) Station vin the control room an additional full-time
Senior Reactor Operator (SRO) (or prev1ously licensed
SRO) with Three Mile Island trammg for each operatmg

un1t to assist w1th guldance and p0551b1e manual actlons _

unt11,1tems (a) through (e), are completed.

(2) . The licensee shalI main’tain Oconee'3 in a shut down condition

(the fac111ty was shut down on Apr11 28, l979) until 1tems (a) through

(e) in paragraph (1) above are satlsfactorlly completed and such com- -

- pletion has been conflrmed by the. Dlrect'o,r, Office of Nuclear Reactor '

{3)

- Regulation. -

The 11c,ensee shall shut down. a second of the three Oconee un1ts

on May 12, 1979, unless items (a) through (e) in paragraph

.(l) above havev_ been satisfactorily completed and the completion .. ..
has been ‘confi.rmed by the Director, Office of Nuclear lleaotor |
Regulation, before that date. In the event_ the second. unltls
shut down on May 12, 1979, it will remain shutdown until' items

(a) through (e) -in paragraph (1)' above are satisfactorily com-

pleted vand such completion has been confirmed by the Director,, ,

" Office of Nuclear Reactor Regulation. -
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(4) The\lioensee shall shut down the third of the tnree oconee units
on May 19 1979, unless 1tems (a) through (e) in paragraph (1)
above have been satlsfactorlly oompleted and the oompletlon has

‘. been conflrmed by the D1rector, Office of Nuclear Reactor Regula-
’ tmn, before that date. In the event 'the third unit 1s shut down
on May 19 1979, 1t shall remain shut down until 1tems (a) through
(e) in- paragraph (1) above are satlsfactorlly oompleted and such
oorrpletlon has been oonflrmed by the Dlrector, Offlce of Nuclear

Reactor Regulat ion.

(5) The licensee shall as pronptly as practlcable also accom—
‘plish the long-term mod1f1cat10ns set forth in Sectzon II of

1

. this Order’ L

‘Satisfactory complem.on_of_utem (a) through (e)_in paragraph (1) -and ‘
1n paragrap'ns_z(2)_____through-_. (4) aove will requir-e confirmation -by the.
Director, Office of Nuclear Reactor Regulation, that the actions
_specified have been _t'ak,en,’ the -Specified_analyses are aceeptabie,_

. and the_specified implementing procedures are 'appropriate.-‘. .

N ‘Vo
n?lthln twenty (20) aays of the date of this Order, the licensee

or any person whose 1nterest may be affecteo by this Oroer may
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request a hearing with respect ‘to this Order. _ Any such request shall

not stay the immediate effectiveness of this Order.

* FOR THE NUCLEAR REGULATORY COMMISSION

Yl {rur

. Secretary c?f the) Commission
Dated “at Washington,' DC - |

this 7/5 day -of /)?571979. |

-
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