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1 INTRODUCTION

1.1 Sheort-Term Objiectives and_ Scopz of Review

On May 25, 1982, an interdisciplinary &udit team visited Maine Yan&oc
Nuclear Station to evaluste certain aspects of the Fressurized Thermal

Shock (PTS) issue. The question that the audit team focused on was:

ARE .CORFECTIVE ACTIONS REOUIRED THAT MUST BE INITIATED
BEFORE THE LONGER TERM FTS FPROGRAM FPROVIDES GENERIC
RESOLUTION AND ACCEFTANCE CRITERIA?
Emergency procedures &nd cperator training were the only ~ areas in
which the Maine Yankee audit team applied the above generzl question.

4s noted in the NRR March 9, 1982 presentation to the Cohmission:

“,..we will undértake a program to verify that existing
cperating procsdures contain the steps necessary to prevent
sznd’‘or mitigate FTS events, arnd to verify thst coerator

education/training programs regarding FTE are accaptably

thor I:.\lr_]'ﬂ o




Due 40 the limitation of the review to traitning a&and procedures, the
recsolution of various technical questicns on FTS (thermal-hycraulic
analvees, fracture mechanics, probatbilities) was not part of the audit
team charter. Also, implementation of any recommendations (see
Section 4) 1s sublect to cocrdination and consistency with the longer

term generic program (USI A=--49).

A wvisit to Maine Yankee took place on May Z5-27, 1982, during which
time the audit team evaluated proccedures and training. The key
findings of the group are discussed in Section I. In preparation for
the Maine Yankee audit the audit team used the g=2neral criteria

addressed in Section 2.

1.2 Current_Status_of the Generic FTS_Issue 3

Efforts to pursue &n integrated FTS program inveolving a variety of
technical areas are continuing under USI A-47., The summér af 1983 is
the current schedule for finali:i;g the generic regulatory
requirements for FTS along with required corrective actions if the
generic reguiremsnts are not met. Fkey i1ssues are yst to be resolved

and exteanszive programe exist to provide the foundation for the generic

regulatory requirements.

Pefore the shove effort resulting 1n regulatory reguirements is

completed however, the staff has committed to the Commission to have

)



developed an interim initial position for the summer 04—1982 (June) .
Trhe interim initial position will consist of NRC evaluation of the
safety 0f continued plant operation (and initial corrective actions
required) for the eight plants previously identified as repressntative
of planis having the highest RTKDT. Technical =zssistance is being
provided bv & FNL multi-disciplinary team. FNL has been contracted to
worl with the staff to provide recommendatxcps regarding the June 1882
initial positicn on the safety of continued operation and tc recommend
any additional corrective actions that FNL believes should be
initiated before the NRC generic resoclution and acceptance criteria
are adeopted. The Jun; recommendations by the NRC staff to the
Commission will &algo consider the findings and recommendations
addreszsed 1n Sections - and 4 of this report, &s well as other audit

teame formed for related investigations (such as fluence reduction &t

the vessel wall)d. T

The HMaine Yankee Nuclear Station is a single unmit 24670 MWt, 790 MWe
Compustinn Engineering (CE) design. The Reactor Cooléent Svstem (RCS)

configqurstion 1% & three loop, three cold and hot legp design uwtilizing

C.E., enhell snd "U" tube steam generators. Flant control 1s by the
Reasctor FRegulating System (FRRS) which matches reactor power and
ipoduataer tlow with turbine demand. Tvpical power operations are

conductad with 211 centrel rods at their fully withdrawn position and

vl




rezactor contreol 13 by boration or dilution of the reactor coolant.

Flant transients are mitigated by the Reactor Protective System (RFS)

and the Enginzered Safety Feature Svstem (ESFS) which, 1if necessary,

2ctuztes the Emzargency Core Cooling Zystem (ECCS)- for long term core

subcriticality and decay heat removal.

The ECCS includes the Satety Injection System (SIS) which ircorporates

4igh Fressure Safety Injection (HFSI) pumps, passive Safety Injection
Tanke (SIT) and Low Pressure Injection Fumps (LFSI). The HFSI pumps
slso provides Reactor Coolant Pump (RCF) seal injection and normal RCS
makeup which i€ injscted only intc the cold legs of loop 2 and 3. -
safety injection actuation signal (8IAS) 1is activated at a RCS
pressure of 15285 psig and the system is realigned for injection into
all threse coid legs with the pump suction receiving its supply from
the refueling watsr cstorage tank,. The three passive SITs ;i;vo =
liquid volume of 11,200 gallons sach will inject if the RCS pressure
falls bhelow the 230 psig nitrogen over pressuwre iﬁ the- tanks.
Altrouah the LFEI pumps are staried on & SIAS the pump shutoff heat
prevents injection until the RCE fzlls btelcw 134 psig. RCE pressure
control ie accomplished by the pressurizer espray, the pressura

heatare, the power operated relief valves (FCRY) and pressurizer code

cafety relief valves.

Feedwater is delivered 4rom the condenser hotwell to the steam

generator by T condensate pumps {(two operate during normal operaticn



and the third is an 1nstalled spare) and two motor driven main
feedweter pumps. A closed secondary cycle of two trains of six stages
of feeduater heaters is' utilized and incorporates two heater drain
pumps which discharge to the suction side cf the main feed pumps. The
auriliarv f=edwater system consists of one turbine-driven and two
motor-driven pumps. The system 1s normally aligned to take suction
from the Demineralized Water Storage Tank (DWST). Steam gencr;tor
pressure control 1s performed by the steam dump and bypass system
which inciudes 12 valves with a toteal full load steam flow capacity of
50% and the main steam code safety relief valves.

The Maine Yankeoe Nuclear Station control room is an L shaped bench
board configuraticon and contains the contrele anc displays necessary
for the cperation of the plant. The following table contains tha

o

mejor perameters available to an cperator &t Maine Yaniee that would
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RCS Temperature T-hot - narrow range meter and

recorder

T-cold - wide range meter and

recorder

These temperatures could alsc

be read on a CRT

In-Core Temperature Read on a CRT

Subcocling Monitor Digital readout showing
subcooling margin in either
temperature® Or pressure_ = UsSes

in-core temperature signals

1l

SHORT-TEFRM CRITERIA& USED FOR MAINE YANKEE AUDLT

2.1.1 Intreduction

SR EESSsss-

Overcooling eventes in FWRe may occur as a result of steam line brezaks



(encessive steam flow), fesdwater syvstem malfunctions, or
loss-of-coolarnt accidents. Multiple failures and/or oper ator errors
can result in more severe overcooling events. O0f particular concern
are those events in which repressurization of the primary system
cccurs following the severe overcocling. This section summarizes our
review of the Maine Yankse events that occurred since the plant was
built., Asice from the primary mission of the sudit team to ixamine
procedures and training, & summary of the thermal-hydraulic analyses
aveilable for evaluating pressurized thermal shock events is provided

in Section 2.1.3.95.

- 2 . 2

2.1.2 Mzine_Ysnkee Cogiing Events Summary

A detziled raview of the cperating history of Maine Yankee has
resulted in no identification of events that have”™ H;;ulted in
enceeding %the cooldown rate limit of 100 F/hr. Two events were
1denrifi1ed that could have led to enxceeding the cooldown r;;e limit i+
rot mitigated by automatic plert controls and protective functions or

cperator action.

— i —— ——————— T T e - ——— . —————

L trensistor failed 1in the steam dump valve temperatur=2 controller
ceusing the twelve steam cump valves to open. The operator terminzted

this transient by closing the main steam excess fiow check valves and




non=-return valves. The average reactor coclant system temperature
decreasad 43 F. Subsequently, plant deeign change number 10-72
eliminated the transistor in gquestion and the potential that this

gingle failure would cause ancther transient. ;

During testing and adjustrnent of the turbine governor valves, these
valves opened, resulting & rapid increase in steam flow. Automatic
cperation of the excess flow check valves and prompt operator response
minimized the effects of this event. Average reactor coolant system

temperature cvecreased 20 F.

In summary, the operating history included only two initicting events
that resulted in the potential for overcooling and both involved large
steam locads being imposed on the plant, but neither event caused

evcessive cooldown.



2.1.3 Mzine_Yankee Termination Criteris
2.1.7.1 Reactor_Coelant Pumos_(RCFs)

The RCPe are tripped when the p?imary system pressure falls to 1585

psia and the control and shutdown rode have bsen fully inserted for

five seconds.

2.1.

A

2 Egedwater

The “main feedwater condensate and heater drain pumps will
automatically trip on a safety injection actuation signal coincident
with low steam generator prassure. The auxiliary fesd pumps will
avtomatically start on low steam generator level coincident _ with low
steam generator pressure but with a & minute time d91;§ 5; preclude
ercessive conling and potential reactor restart due to the mcderator

temperature coefficient.

The HFSI Svestem must remain 10 operaticn until &1l of the three

§o0llowing conditions are met:

G RCS 1ndicated subcoeoling is equsl tc or greater than

50 F on the MCE Ti(sat) meter or core enit thermocouples

-



vE., Pressurilzer pressure.

b. indicated pressurizer level equal to cr greater than SO0%
and -
e wWwater level in at least one steam generator;

Narrow range equal to or grezater than 562 or

Wide range equal to or grester than 363"

The HFSI termination criteria for this event are the same as for HFSI

- -

termination during & LOCA (see above).

e e B B o e = e S S —-—

Transients were analyzed where the initiating evenrt is the
si1mul taneous occcurrence of a emall break and a total lose of
fecdwater. In addition, during these transients, =ctions =re talken to
prevent core Uuncovery, either by opening two FORVe 10 minutes after

the accident or hy restering auriliary feedwater TU minutes after the




accident.

A total of eaght SELDC@ arnd LOFW transients were evaluated. These
transients were expected to result in severe pressurized thermal shock
conditions. The break location is at the pressurizer and the
transients span the range of break sizes from zero or very emall
breaks to 0.01 +ft~2. Most of the analyses were performed fér a
compoesi te reference plant which envelopes ell C-E cperating plants and
ie adequately representative of other plants being evaluated. In
addition, one separate analysis was performed with high—-head high
pressure safety injection pumps which conservately snvelcpe the pumps
cf the Maine Yanlkse Flant. Minimum injection water temperature was

assumed 1ir 211 cases. .

The smount of HFSI flow was found to significantly irfluence the
thermal -hvdr-ulic response to the transients. Two rates ot HFS1I +low

vere evaluated for the reference plant: (1) minimum flow assuming one

HES] train and charging pumps &nd (2) maximum Flow assuming the

vr

HFSI and éharging pump flow of C-E 2700 MWt class plants. -

larges
compariscn of downcomer $luld termnsratures and systems pressures for

the eight transients indicat=zs that the lowest downcomer fluid

temperatures and highest pressures were calculated for the cases of
-are (or very small) initial bresk size. maximum HFSI flcow, and a LOFW

-~
KA

that 1s restored by the operator et 0 minutes, The recovery of

auzilriary feedwater was coneervately assumed to occur at maximum f1low




rate at a feedwater temperature of 40 F.

The degree of mixing of the cold HFSI and charging pump weter with the
hot water in the cold leg and downcomer is &n important parameter,
Mixing of cold HFSI water was evaluated based on & hot water
entrainment model that was developed for the present study. The model
sezumes the cold liquicd mixes with the hot loop flow at the inject;on
iocation, moves without mixing along the bottom of the cold leg and
mivee in the downcomer with the surrounding hot fluid. The downcomer
miving prediction of the model was compared against experimental data

and showed very good agreement.

2.2 Criteria_for Frocedural Revigws

— —_ - - - = ———————— — —— — -
—
— -

The procedures to be reviewed were eelected based an the pgfceived
livelihond of conditions occurring that might subject the reactor
vecsel +to pressurized thermal shock CQAUiticns and based on the
potential consequences cf less lively transients. Such procedures
celected included nc-mal startup and shutdown,' eteam generator tube

rupture, steam supply svetem rupture, and locess of ccolant accidents.

o

The sudit criteria for the content cof procsdures wes somewhat flexible
to account for operator bkrnowledge and to 1i1dentify which procedures

must be wused to respond to a given transient. In addition, detailed

1‘5



operator

nffset

knowl edge of actions for preventing or mitigating FTS could

weaknesses 1IN procedures. With ¢this in mind, the

following criteria were cstiblishod for the procedures audit:

(1)

(3}

{(4)

Frocedures should not instruct operators to take actions

that would viclate NDT limits.

Frocedures should provide guidance on recovering from
trarnsient or accident conditions without violating NDT

or saturation limits.

Procedures should provide guidance on reccvering from

TS conditfans.

FTS procedural guidance should have & ;usborting

technical basis.

High pressure injection and charging system coperating

instruétions ehould reflect a consideration for FTS.

Fesgweter and/or euniliary feedwater operating

inetructions should reflect FTS concerns.

.

. NDT curve and ssturation curve should be provided in

the contreol room. (Appendix G limits for cooldowns not



evceeding 100 F/hr).

In-Flant_Training Frogram -

The effort of the audit team to determine the effectiveness of Maine
Yankee Atomic Fower Company (MYAFCO) training in FTS began .by
selecting training criteria which would be used in evaluating the
training maeterial, interview Maine Yankee shift personnel, and

assessing the evaluation MYAFCO made after ceompletion of the training.

The criteris developed into three general areas:

{3) Training should include specific instruction on NDT

vessel limits for NORFMAL modes of operation. oL

Training should include specific instruction on NDT

)

vessel limite for transients and accidents.

(3) Trzining should perticulariy emphasize those events

kmown to require opersator response to mitigate FT18S.

More gpecific criteria were also developed to 2id in the review of the
training program and in preparation of interviewe with operating

perconnel . These i1ncluded:

14



‘1)

(43

Training in NDT limits should include the knowledge that
irradiation adversely affects fracture toughness
properties of the reactor vessel. Operators should know
that the vessel and welds will lose ductile material

properties and trend toward embrittlement.

Operators should be aware that NRC has sent letters to
MYAFCDO on the FTS issue and that MYAFCO had responded

that additional training was underway.

Operators should understand that a rapid reduction in
reazctor vessel temperature/pressure can raise the
cossibility of crack propagaticn, particularly if

pressure rises after the temperature reaches its ~ lowest

value.

Operators should be aware of the types of events which
are known to inveolve FPTS (such as MSL breaks and
secondary side malfunctions).

Nperators should appreciate that other safety limits

(such &% core cocling and shuldown margin) must also be

balanced with the FTS limits.




(&) Training should emphasize the instrumentation available
to observe key parameters as they approach limits.

Strategies/options which are under operator control

should be emphasized. -

(7) Operators srould understand the basis for current
emphasis on FTS, specifically more severe transients
have occurred than expected (Rancha Seco, Crystal

River).

MYAFCD was requested to furnish an outline of their training program
on TS and the lesson plan whizh was used in the training classes.
Thev were &also questioned or the method used te evaluate the

effectivencsss of th2 training sessions.

Freparation for review of the training program included a review of
MY FCOD corr=spondence with the C:mmis;ion, includinag & report on
vessel integrity of Combusion Engineering operating'plents (CEN-189) .
normal and emerqency procedures surnished by MYAFCO, and the techpiceal
epecifications, An interview plan wes developed which used the
general training criteria anc the epecific subjects that were included

in the MYAFCO trzinming material.

Each interview .'as preceded by a discussion of the reason faor the

156



audit 2nd acknowladgment that the individual could use all material
available in the control room, particularly the followup or recovery
steps 1in the emergency ﬁrocedurcs. Several interview aids were
preparad to provide the operators a point of reference for discussion
and to aliow them to predict responses or execute recovery strategies

to mitigate FTS or challenges to other limits.

I VKEY FINDINGS OF THE MAINE YANKEE AUDIT

The follcewing is a description of how the audit was conducted and the

key findings resulting from the audit.

=l iescription_of Audit

Frior to the plant visit to Maine Yankee, FNL revievwed the procedures

4 in J.3.1, the Maine Yankee training cutline which included &

—

|

(]

W

-
-

description of past events and the Maine Yanikee 120 day response dated
Jen. 1982. - During' the plart visit, FNL reviewed the training
schadul e, intervizwed key members of the training staff and an

individusl responeible for writing procedures., Frocedures which dealt
-

with FTS wsre reviewed against the audit criteria. Fast Maine Yankee

FTS events, potantial events and potential overcooling transient

econarios wsed in the MYSFCO cimulatione (as reported in CEN=-189) were

reviewsd along with the orocedurses and these served as a basis for

17



intervieuws with olant operating personnzl to determine the
effectiveness of the training program &nd -perator knowledge on FTS.
Si» wperztions people were interviewed.

.2 TJTreining

The audit of Maine Yankee’'s training program consisted of a review of
the FTS training outline which 1included & lecture on the minimum
pressure temperature (MFT) curve, a description of the requalification
program and & detailed trainirg schedule and esvllabus. Wwe also
interviewed twao key members of the training staff and the following

licensed operations personnel: -~

)
A7)
-
D
n

|
»
U

hift superviscor (SRO)

r)

cortreol cperators (SRO)

- an assistant control coperator (ACRO) neon-licensed

18



Periodic Traininag Fequalification ircludes a discussicon

of the PTS issue and NDT vessel limits as they apply to

path normal and off-rniormal operations &#ll interviceweses

cshowed qgood knowledge in this area.

t of the requalification training dsals with NDT
veszel limits =znd their use during transients. The
lecturess 1ncluded a discussion on material properties

and \ Ral=l:t Ehat 2 g : bv fast neuktron

overed 1n chift training

procaedurss which have FTS
were guestioned in this

good understanding.

and on the aeneric
topicse. The emphasis

nreventing T3 and includes throttling HFSI or




weing the FORVe to prevent aver pressurizcation,
termination criteria for HFSI, use of F=T diagrams and
how to ostablish and maintain subccoeling maroins and not

sisceed cooldown rates. .

The +training program appears to have covered the FTS subject and MPT
curve adequateiyv. The operators are trained so if they find that
plant in 2 potentieal FTS condition thev are to stabilize the plant at
that point and then clowly wark the plant to 2 more desirable
condition of pressure and temperatuire. The training program involves
continuous requalification training which is designed to ensure that

-

cperatore are conztantly aware of FTS rather then being retrained only
12 Y s

onee 8 Year. The ares tnat was found to be weak deals with
scquainting the operators with nast FPTS events that have occurred in
L

the 1rndustrv. €.9.. Fancho Seco and Cryetal River. heee evante were

rot listed in the training syllabus,

Rett, the reviaw of the trainming program arnd interviews with the
~upervisore, STAs and contrel operstors indicated that thev had a good
understanding of FTS. Thev  demonstrated & knowlsdosz of transisnts

srat could result 1n FTS and a generaliy good understanding of how to

avoid FTS.



T.7.1 Procedures_Audit

Qur aucdit included a review of selected procedures as discussed in
iection 2.2, discussions with a licensee representative on the
instructicons relating te PTS and the basis for these instructions, and

an audit of the control room copy of the procedures to determine its

legibilitv and currency. Our audit included the following Operating

Froczdures {OF), Emergency Frocedures (EF), and Casualty Frocedures

(CF) s

Contreolling Frocedure for Unit Heat-up

Centrolling Frocedure for Unit Shutdown

of Reactor Coolant

Svetem Rupturs




(1)

——— — ——————— . ———

that _would viclate NDT limits. The procedures that were
audited generally did not appear to contain instructions

that would cause an operatecr to viclate NDT limits.

or___saturation___limits. The procedures direct the

operators to stay on the SO F subcoolec curve on the MFPT

qraph. This mav invelve throttling HFSI or operating
the FORVs.

Frocedures_should provide guidsnce__on__recovering__from
FTIS____conditions. While the procedures provide

inetructions for maintaining the RCS thhin conditions
allcwed by the NDT curve; the procedur=ss do not cover
cacese where a FTS event has occurred before the
cperators are able to begin to contrel plant candit}ons.
Froceduree are written fqr & single fai1lure and it would
tate multiple Failures to get inte a FTS event. The
procedures also do not give guidance to the operator
given that the cooldown rate has been exceeded. Thus,

there are no written instructions i1n the procedures to

~
— —



(4)

t&5)

-

tell the2 cperateor how to recover srom a FTS condition.
Trese recovery procedures are adequat2ly covered in the
training course and the licensed operators were

knowledgeable of the appropriate action.

BIS__procedural _guidsnce _should _have __a __supporting
technical _bhasis. The procedural guidance on FTS is

based on analyses and studies conducted by C-E and

reported in the 150 day response (CEN-189).

e
instructions_should reflect _a__consideration _for_ FIS.
The SO F subcooling criterion for HFSI termination
reflects FTS concerrns. The HFSI pump discharge has flow

control valves that can throttle the flcw :;ithout

vielating termination criterion.

B e D e e e e e = L S o e o e 50 50 5 e o i e . e . s o . S S — — - ————. —. —

Instructicons are provided in the steam generator tube
rupture and the loss-of-coclent procedures to terminate
FW/AFW f]low té the faulted steam generator. These
procedures alec provide insztructions to maintain steam

generator levels in the nonfaulted steam generator

within a defined band.



in_the_control room. These curves are provided 1in the

control room.

3.3.7 Findings_con_Ffreocedures

In general, the procesdures do Qgive the operator guidance on preventing

a FTS event. The cuidance deals with such items as terminating HFSI.

3.4 Summary

Siv individuals were interviewed., They ranged in experience rfrom &
shift supervisor tc &n assistent control cperator. They all exhibited
zn understanding of the basic FTS issue and why FTS was a toé%ern to
their plant., We presented a number of detailed scenearios which
invel ved the potential for over-cooling or over;cnoligb with
repressurization and all interview=es Inew what to deo. The pecple we
interviewed in the contrel room were able to describe the right
actiong and demonstrate that they knew the locstion and functions of
the displave and contrels invelved in their actions. The training
program covere FTS supoects in the claésroom. during shift training
arnd in the simulator, The procecdures are generally adeguate 1in their
coverage of FTS. The oniy subject that is not presentiy covered 1in

the procedures 1s that of how to recover from 2 si1tuztion where the
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plant 12 onerating autside the acceptable zones on the P-T diagrams.

Fecove~v +rom unacceptable zonzs 18, however, covered i1n the training
program. The training program did not adequately cover past PTS

evente 1n the industry.

4 RECOMMENDATICNS

Raz=ed on the findings presented in Section T the Maine Yankee audit

team recommends the following:
(1) The PTS training program should provice &a thorough

discussion of major past industry-wide FTS events.
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