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OCT 1 2 1983

Docket Nos. 50-317
and 50-318

Mr. A. E. Lundvall, Jr,

Vice President - Supply
Baltimore Gas & Electric Company
P. 0. Box 1475

Saltimore, Maryland 21203

Dear Mr. Lundvall:

SUBJECT: NUREG-0737 ITEMS I1.K.3.1 - AUTOMATIC PORV ISOLATION AND
11.X.3.2 - REPORT ON PORVs FOR CALVERT CLIFFS UNITS 1 AND 2

Item 11.K.3.2 of NUREG-0737 required licensees of pressurized water
reactors to submit a report to the NRC staff documenting the various
actions taken to decrease the probability of a small break loss of
coolant accident (LOCA) caused by a stuck-open power operated relief
valve (PORY) and show how these actions constitute sufficient improve-
ments in reactor safety. Safety valve failure rates based on past
history of the operating plants designed by the specific nuclear steam
supply system (NSSS) vendor were to be included in the report. Licensees
had the option of submitting either a plant specific report or a generic
report. Where a generic report was submitted, each 1icensee was required
to document the applicability of the generic report to its plant.

Based upon the results of the report submitted in response to ftem
11.X.3.2, licensees were to assess whether an automatic PORV isolation
system was required. If required, 1icensecs were to submit a system
design that uses the PORYV block valve to automatically protect against
a small break LOCA caused by a stuck open PORV. Documentation was to
include piping, instrumentation diagrams, electrical schematics and be
in conformance with [EEE 279-1971 requirements.

In response to Item 11.K.3.2 the Combustion Engineering (CE) Owners Group
submitted a generic report to the NRC titled "PORV Failure Reduction
Methods ," December 1980 (CEN-145).

Your response to the subject NUREG-0737 items dated February 20, 1981

and August 11, 1981 adopted *he conclusions reached in the CE Report

as applicable for your facility( namely that the concept of an auto-

matic PORV block valve closure system, which closes the PORV isolation
valves when lower pressure is sensed subsequent to a PORV failing to close,
ca;not bgcxarranted on the basis of providing additional protection against
a PORV LOCAY

On this basis you proposed no modifications to provide automatic isolation
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We have completed our review of your responses to the subject NUREG-0737
items including the CE Owners Group Foport. Our findings are contained
in the enclosed Safety Evaluation (SE) with our contractor's, Franklin
Research Center's, Technical Evaluation Report (TER) attached ev }u ti
the data contained in the CE Report Based upon our revf s We 9 na tﬁgt
the requirements of NUREG-0737 Item II.K.3.2 are met with the existing
PORV safety valve and reactor high-pressure trip setpoints and that an
automatic PORV isolation system is not required for Calvert Cliffs. This
completes the staff's review of the subject NUREG-0737 items for Calvert
Cliffs Units 1 and 2.

Sincerely,

Original signed by:

James R. Miller, Chief
Operating Reactors Branch #3
Division of Licensing

Enclosure:
Safe y Evaluation with attached
7 nnical Evaluation Report
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Baltimore Gas and Electric Company

A
James A. Biddison, Jr.

General Counsel

Baltimore Gas and Electric Company
P. 0. Box 1475

Baltimore, M0 21203

George F. Trowbridge, Esquire

Shaw, Pittman, Potts and Trowbridge
1800 M Street, N. W.

washington, D. C. 20036

Mr. R. C. L. Olson, Principal Engineer
Nuclear Licensing Analysis Unit
Saltimere Gas and Electric Company
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P, 0. Box 1475
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Mr. Leon B. Russell

Plant Superintendent

Calvert Cliffs Nuclear Power Plant
“aryland Routes 2 & 4
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2echte! Power Corporation
Attn: Mr. J. C, Ventura
Calvert Cliffs Project Engineer
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Combustion Engineering, Inc.

Attn: Mr. R, R. Mills, Manager
Engineering Services
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C 20555

SAFETY EVALUATION OF
COMBUSTION ENGINEERING LICENSEES''RESPONSES
TO NUREG-0737 ITEM I1.K.3.2
INTRCOUCTION

Accomding to NUREG-0737 Item I1I1.K.3.2, the licensees were required to
perfc~m the following actions:

£%
L.

The licensee should submit a report for staff review cocumenting the

w

riou

v

actions taken to decrease the probability of a small-break
less-of-coclant accicent (SBLOCA) causec by a stuck-open power-operatec
relief valve (PORV) and show how those actions constitute sufficient

improvements in reactor safety.

Satety valve (SV) failure rates based on past history of the operating
plants designec by the specific nuclear steam supply system (NSSS)
vencor shculd be included in the report submitted in response to (1)

above.



The reguirements of NUREG-Q0737 allowed eacn licensee the option of pre-

paring and submitting either a plant-specific or a generic report. If

a2 generic report were submitted, each licensee wés to have documented the
applicability of the generic report to his plant. A1l CE licensees referenced

a CE report (CEN-145) prepared by the CE Owners Group to address the staff's
oncerns. Licensees asserted that CEN-145 was applicaole to their plants but
did not provide any supporting documentation. The CE report claims that the

P MIISEA AT
requirements of NUREG-0777

«w
£

Item 11.K.3.2 are met with the existing PORV, SV

and high-pressure reactor trip setpoints, and that no automatic PORV isolation
system is required for CE plants. Therefore, cur review, which was mainly

based on the tecnnical evaluation performed by cur contractor, Franklin Research
enter (FRC), was concentrated in two areas, namely, the adequacy of the CE
report, and its applicability to any CE plant. OQur reviey included the effects
of plant-specific data reflecting the post-TMI improvements. The data was
cbtained through the project managers, who obtained the information from the
licensees. Our contractor's review is contained in the attached Technical

tvaluation Report (TER).

REVIEW

A. CONTENTS OF CEN-145

The CE report considered a spectrum of initiating events that may lead to
PORV/SV opening. The fault tree methodnlogy was utilized to estimate the
SBLOCA frequency due to a stuck-open PORV (SBLOCA-PORV freguency).
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Manual Actuaticn of PORV

The CZ analysis does nct consider manual actuaticn of PORV. However,

there are

discussed

instances in which manual actuation of PORV may be neecded as

below:

Venting of Noncondensible Gases

An operator may use a PORV to vent the noncondensable gases
in the pressurizer. For example, an cperator may open a PORV
to vent the nodle gases that have leaked from the fuel into
ant.

the primary coc

Depressurizing the Primarv Svstem

To gepressurize the primary system, an emergency orocedure
may require an operator to cycle a PORV several times. Ffor
exampie, during recovery of a steam generatcr tube rupture
event, an operator may use a PORV to depressurize the primary

system to minimize leakage to the secondary system.

we note that the operater error for failing tc close a block valve, given

a stuck-open PORV, is less likely when the PORV has been opened manually

than when

it is cpened automatically.

The approach of the staff implicitly took these considerations into

account, since it was based on operating data.
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Tock Valve Availabilitvy

The CE plants have operated with the PORV block valves shut to minimize
valve Teaxage. If a plant operates with PORVs blocked off, its SBLOCA-
PORV freguency would be greatly reduced but at the expense of having 2

nigher SBLOCA-SV freguency which may lead to more adverse consequences.

(3) Overcocoling Transients

ysis does not consiger the challenges to the PORV/SVs aue to

pers
y
m
v
o
o
[

jaticn of the nign-head safety injection system during recovery
from overcoc’ing transients such as the overfeeding of a steam
gengrator.  As dJiscussed in the attached TER, FRC has estimated the

LOCA-PORV/SV frequency due to overcooling transients.

APPLICABILITY OF CEN-145

o)

To ascertain that the generic CE report applies to a specific CE plant, we neec
the plant-specific information such as the PORV/SV challenge frequencies, the
fraction of the time the PORV block valves are closed, and the various post=TMI
mogifications that may have reduced the PORV/SV challenge frequencies. B3ecause
the various post-TMI mogifications may have reduced the PORV/SV challenge
“recuencies, the operational data on PORV/SV challenge frequencies in the

time “nterval befeore the post-TMI modifications were imposed is not directly
applicable to the prediction of future challenge frequencies. The PORV/SV
operaticnal data is available because NUREG-0737 Item II.K.3.3, "Reporting

SV and RV Failures and Challenges", requires that all PwWR licensees promptly



otify NRC of the PORV/SV failures and periodically repert the PORV/SV
challenges in annual or monthly reports beginning April 1, 1980. This
reguirement tc report PORV/SV cperational data was iéﬁosed because, prior to
the TMI accident, there was insufficient data to portray accurately the

cperaticnal PORV/SV failures and challenges.

The preoject managers for the various CE plants have supplied us with the PORV/SV
operaticnal data for the period from April 1, 1980 to March 31, 1983. We

nave utilized this mere recent operational data, together with the operational
data given in the CE report, to estimate SBLOCA-PORV/SV frequencies.

1) Estimate of SBLOC

(1) in SELOCA-PORV Freguency

- - - - - — . . — . ——

ing o tne cata given us, there were no PORV/SV challenges in the

-~ -
R

b

3-year pericd {April 1, 1580 to March 31, 1%83) for méhy of the CE plants
isted in Table 1. The maximum number of PORV challenges to any of

the plants was & in the 3-year period. We make the conservative

assumotion that the plants with the high numbers of PORV challenges

nave such a high numder because of plant-specific difference, and not

ceczuse of randem statistical fluctuation in the frequency of

challenges. If we use 4 PORV challenges in 3 years, then the upper 95%

confidence 1imit on the PORV challenge frequency is about 3.1/reactor-year.

Moreover, assuming (i) that the PORVs are not isolated, (ii) the PORV

fa‘lure probability is 2x10-%/demand, and (iii) the operator error

precasility in not isclating a stuck-open PORV is conservatively estimated
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PORV/SV CHALLENGES IN CE PLANTS FROM
ASRIL 1. 1980 TO MARCK 31, 1983

Number of Number of
PLANT PCRV Challenges : SV_Challenges
ANC-2? Y 0
Calvert Cliffs-1 0 0
Calvert Cliffg=2 3 0
Fort Calhoun 0 0
Maine rankee 1 0
Milistone=-2 - 0
Palisaces 0 0
St. Lucie - 2

Notes: *ANQO-2 has no PORV.






Wy

he S2.0CA-5V frequency based on the 95X upper confidence 1imit on the SV
enge freguency is then estimated ¢ be about 2.5x10-3/reactor-year,
which fal’s within the range cof the SBIOCA frequencies given in WASh-1400

(10-% to 10-% per reactor-year).

D. PORV _eakage Prodblem

OQur review indicates that many CE plants operate with PORVs blocked cff a

substantial fraction of the time. The intentional hlocking of PORVs is done to

-

eliminate PURV leakage ang tc ensure that the reactor coclant system (RCS)

leakage gces not exceed the technical specification limit. Since there are

-

many CZ plants which have blocked off PORVs, it may imply either that PLRVs need
¥ Y

T T ——— -

tc be modified to correct the leakage problem or that there should be some

maintenance or repair work on PORVs on a periodic basis. A plant that
cperates with PORVs blocked off may depend on SVs to relieve pressure.
Considering the fact that the SV capacity is much larger than the PORV
capacity, and there is no block valve to terminate a SV release, the
conseguences of a stuck-open SV may be more severe than thuse of a stuck-cpen
PCRV. In addition, if PORVs are not blocked off, they supply additional
pressure relieving capacity in an ATWS (anticipated transient without scram)
event. The NRC staff is considering the need for imposing a technical specifi-
cation Timit on the amount of time a plant can oper:te with PORVs blocked.

The need for upgrading the reliability of PORVs is a pronosed generic issue

(see tne memorandum from D. Dilanni on the subject, "Proposed Generic Issue -

PORY and Block Valve Reliabi11tv“5).
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CONCLUSION

Easec on the review of the licensees' responses, we concur, for the licensees
given in Tadble 1, with the licensees' conclusions that the requirements of
NUREG-0737 Item I1.X.3.2 are met with the existing PORV, SV and high-pressure

reactor trip setpoints, and that the automatic PORV isolation system is not

reguirec.
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WASH-1400, "Reactor Safety Study," October 1875.

NUREG/CR-2787, "Interim Reliability Evaluation ércgram:' Analysis of the
A~kansas Nucliear One-Unit 1 Nuclear Power Plant," June 1982.

Memorandum datec June 6, 1983 from D. Dilanni for W. Minners through
®. Clark, "Propcsea Generic Issue - PORV anc Block Valve Reliability."
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POREWORD

This Technical Evaluation Report was prepared by Pranklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Operating Reactors) for technical
assistance in support of NRC coperating reactor licensing actions. The
tecnnical evaliation was conducted in accorcdance with criteria estaclished by

-
=ie¢ NRC.

Mr. G, J. Overbeck, Mc., S, M. Jenkins, ané Mr, T. O. DelGaizo contributed

tC the tecnnical preparation of this report through a subsontracs with WESTES

T v
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<. INTRODICTION

i.4 TCUEEPCEE OF RESIEW
This temminical evaluaticn repert (TER) docunments an independent review of

Tie Ieport Oof "PCORV Fallire Reduction Methods®™ prepared for the Combustion

3
O
"

ngineering (CI) Owners Group in response to NUREG=0737 (1), "Clarificatic

'

i
2
0
L
L]

0
b1

Plan Requirements,®” Itex II.K.3.2, "Report on Overall Safety Eife

O
"

©f Powar Cperated Relief Valve Isclation System,® as it pertains to tnhe

=-designed units. Tnis evaluation was performed with she following

- . - o~ - b - = -
© 0 ensure thact the CI respcnse 1s complete and propeslv documents the
& - -~ - - - - - - |
ANSOAation recuirec Dy NUREG-0737, Item II.E.2.2
= -~ - < < N =, -
S =0 ensurfe that the CE estimated prodacilities satisfy the review
CoisRtak,
T 9 A e e IR AT
- - et w =iy SN w vV
i S . SN . B .
NoTEG=ueldSs {e]

"Licensees should provide a system which closes the block valve auto-
Tatically whenever the feactor coclant systen Pressure decays t0 a prese:
value sudsequent tc a2 POR’ opening, Tnis systen should include an

rzide feature so wnat pressuce relief can be arzocmplishec at lower
Esures, as necessary.

Comsustion Engineering snould preparze a report documenting the actions
wilch nave been taren to decrease the protabilicty of a small-break LICA
calsec Dy a stuck-open POR'. The report chould include an evaluation
describing how the actions taken constitute a significant improvement in
reacsor safety.

ny future failure of a POR’ or safety valve o close should be reported
S e NPT promptly. ALl future challenges cf the PO0RVs and safezy
alves snould be cccumented in the annual report.”

These recommendations were later included in KUPEG-0660 [(3], "KRC Action

-

5 Developed as a Resul: of the TMI-2 Accident.,” The 2irs: recommendation

;h;; -le
... Frankiin Research Center
A Swnor of The Franmen neunste



ational cata m2y be used in this analysis where agpropriace.
SI any assumpticns used should be clearly stated and jus=zified.

The results of the probability analysis should then Se used zo determine

whetner the modificaticns already implemented have reducesd the

Prosasility of 2 small-break LOCA due %0 a stuck=cpen PORV eor safety
a' 'e 2 scificient amount to satisfy the criterion stated above, or

ther the automatic PORV isolation system specified in Task Action Iten
-..K.;.l 15 necessarv.

In addition to the analysis described abcve, the licensee should compile
operaticaal cdata recarding pressurizer safety valves for PWR vendor
designs. These Sata should =nen be used to determine safety=-valve

failuze rates.

The analysis shouléd be documented in repozs. If this reguirement is

implezented on a generic basis, each licensee Shoulé review the

&FPIopriate genellc report and document its applicacility to his own

siant(s). The report anéd the documentation of applicability (wnere

2PFISEIiate) shcull De submitted for NRD staff review by the specified

-:a.e "

[

~+3 FLANT=-SPECIFIC BACRGROUND

' -

<n letters o the NPC dated in early 1981 [4], owners of CE-designed
.
<72%Z encOrsec a report prepared Ior tne Comdbustion Engineering uwners Group,

alure Reduction thods"™ as the response o NUREG-0737,

An independent ptclininary teview of the .nformation presentes in
2lerence 3 resul=ed in a mwevest for additional informatiss 'RAZ) >eing sens
%0 cne CZ .Jicensee Ircx th; NFT on January 20, 1982 [6). The licensee
tespondec to e staff P27 in letters te the NRC dpted April 26, 1982 (7] and
June 7, 1887 [8]. This TIR is an evaluation of the informaticn presented in
seferences *, 7, and 8 alpng with other information vertinent to the topic of

¢ smallezreak IOCA from a stuck-open PORV or safety valve.

- e
vewe Franxin Research Center
A Sevmcr of The Franean wawnse
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S.dee CE's Tau_t Tree Transien: Initiator Sven: Precuencies

A Survey was conducted in early 1880 to compile the operating experience
and PORV initiating transient nistory of CE-decigned cperaiing plants. Tae
Survey resu.ts ilndicated that, during 29 reactor-years of cperation, only

a
thfee PORV transient-related openings were reported. In addition, the survey
pPressure reactor trips had.occurred. Since
the PORV cpening setpoint pressure of CE-designedé plants is the same as tahe
180 pressullzer pressure reacior Zrip setpcint, it can be concludeéd that an
additicnal 1ls PORV transient-related opening events had occurred. Baseé on
these nistorica. data, wue PORS opening transient-related event freguency for

CZ=Cesignec plants was (.66 per reactcr-vear.

In addition, CE assigned a value ¢£ 2.8 x 10 per reactor-year Ior th

expected Ireguency cf 2 spurious FORV cpening, zaren from "Post TMF Swvaluation

Task 3 Followe-up Report, Pressurizer Systems and Emergency Power Supplies”
r -
Seaevd CE's PFeylt Toes 2ranches )

In Reference 5, CE develcpec a faul: tree zhat was used with the tran-
sient initiator frequencies identified in Section 3.l1.2 of this report to

evaluate the frequency cf 2 small-break LOCA from a stuck-copen PORV. -The
fault tree 1s based on the premise that each initiator event results in a
single POR challenge event (i.e., the PORV actuation setpoint is exceedesd
on.y once per initia’'or event). A CE licensee justifies this assumption in

izference 7 as follows:

"Only one PORV opening is expected during a pressucization event in which
the PORV's are actuated. As described in Section 3.9 of CEN-145, the
cincidence of the PORV opening setpoint and the high pressure reactor
trip at approximately 2400 psia on the Calvert Cliffs Nuclear Pocwer Plant
insures that the reactor is shutting down as the PORV's are opening, if
not tefcre. 3By the time the PORV's bilow down to the reset pressure, the
tyrpiczal post-reactsr trip pressure reduction is noted in zhe licensing
anc analvses of FSAR pressurization events. It should be ncted that a
more realistic best estimate analysis of the pressurization event,
described in CEN-128, 'Response of CE NSSS of Transients and Accidents, '

A -7-
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-. @ turbine fundack feature ané no cperator action

<. nC turbine runback feature and no operator action

[0%]

« NG turbine rundback feature and operator acticn

4. no turbine runback feature and no operator action, but ausomatic
closure cf the bdblock valve

5. no turdbine runbazk feature and no operator astion, but automatic
closure cf series-redundant block valves.

3.2.4 CE's Probabilityv Dac=a

in order fcr CZ <o guantify tne faul: tree zhat was cevelcpes, probabilift:

Cata nhac to de gathered for each patn at each node.
As Cetziled in Section 2.1.2 of this report, COF used hissorical opeseting
S2té cc.lectec from a survey of tne CI-designed cperating plants =2 determine

“he expectec Ireguency of the transient initiator events.

The propapility data assigned to the other fault tree branches d-

-

i ]
0
o

deal wizh the expectes =ranzient Sreguency of the plani. Insteaz, =he

femaining propadility cata deal with operator and eguipment reliasi

LT
o-.-}-

~22ificelly, operatar ané components data are necessacy for:
. failure of the PORV to reclose on demand once it has opened

2. faillure of an cperator toc block the stuck-cpen PORV after it should
heve closed

2. fallure of tne PORV plock valve o close (bos=n ranually and
actcmatically).
For the failure rate of the PORV to reclose on demand once it has opened,
CE used a value of 2 x 10'2 failure per demand. This failure rate was based
on the operating history of Babcock & Wilcox (Baw) plants which use PORVs
similar to those of CE-designed plants. This failure rate did not incorporate
=1e CE cperating history of no failures in 38 cperational openings. It used

only the 3aW nistory cf three failures in 150 operational openings.

For the failure rate of an cperator to block the stuck=open PCRV after it

iould have closed, it was stated in Refererce 7: .

- "
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Me thod lapacs
e
Lower Eich Pressurizer Pressure This would alsc lower PORV setpoint,
Tzip Secpoint theredby .ncreasing PORV challences.
Raise PORV Setpoint and Aéd Very small numdber of PORV openings
nother Bigh Pressurizer would be avcided by difficult and
Pressure Reacter Toip at izpractical circuitry changes and
2400 psig and bistable addition.
Slock Cut and/or Deactivate PORVs should be used to preclude
PORV During Operation safecy valve challenges. If a safety
valve sticks open, there is no block
valve to mitigate this failure.
Reduces Operating Pressure Operating DN3 ratio would be

decreased. A.sc, locad rejectien
Pressure oversnoot would be increased
due =0 delay in reaching high press.:e
reactor toip.
In additicn to reducing PORV challenges, improved PORV system failure
countermeasures were discussed. Tiaree of the proposed methods were judged to

nave positive elfects on mitigating the conseguences cf PCRV system failure:

(1]

o
.‘,
)

fV imdizaticn, POR/ power f{:iOR emergency power supplies, and

‘mproves coerator capability. The fourth thod, providing automatic closure
cf the block valve whenever a PORV failed o close on demand, was determined
0 De a complex alternative with its own failure modes and therefore required

urther evaluaticn of positive and negative effects.

In summary, CE identified a failure reductiocn prograrm "o ue implemented
at zll CE-designed operating plants. The failure reduction program described

in Reference 5 is as follows:
l. The turbine runback feature to be eliminated.

2. The motor cperators for the PORV block valves and the pilot solenoids
for the PORVs to be provided with emergency power surolies to permit
them to function upon the loss of all non-emergency po. .C.

3. U’°'asonxc £¢owu¢tcrs to be installed on the PORV discharge piping te
ide a direct measurement of steam flow and, therefore, of PORV
posi:ion, with indication and alarm in the control room.

4. Operator training programs to be initiated to provide the _operator
ith 2 more comprehensive understanding of ,lant operat ion under

— . :
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wWith regazd to the primary safety valves, CE made the following

statenent in Refercence 5:

"No prizmary safety valve l.its have been repcr:ed for CE operating plants
during approximately 30 reactor-vears of operaticn. Westinghcuse plants
3180 jave not repocted any prizary safety valve lifts. One Primarcy
safety valve lift has been ncted ia a 3&W plant, but no details were
given. 1In view of the lack ¢f challenges to the primary safetv valves, a

irect guantitative estimate of their reliadility based on experience
cannct be made.”

-~

CZ then proceeded to discuss the similazities between the primary safety
vailves and the main steam safe:zy valves (M3SVs). In coencluding the discussion,

CE Stated:

b |

"
L O L S T
LA ]

m o

sec on the saven repcrted MSSV failuzes and the 3650 estimated MSSV
a Zailure rate ©f 1.24 X 1072 per demand is estimates. Tais
:a:e is lower tnan tne value ©f 2 x 10™% estimased f2 sower
relief valves in NUREG-03560. Assuming that the MSSV reliabilicy
tO some degree applicable %o tne Drimary safety valves, the data
Shat the prizary safety valves may be more reliable than tne
More definite conclusions must await development ©f cperational
ata on grimarsy safety valves.®
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In Reference 5, CE described a basic difference in the design function of
the PORVs in a CE-designed plant as opposed to those in Baw~ and Westinghouse-
.2signed plants. The distinction is significant in that there is an inherens
inCremental margin to PCORV cnallenges of tne CE design as compared %o those of

=W and Westinghouse cesigns. CZ's statement is provided below:

"On CE plants, the initial design function of the PORVs was solely to
reduce the challenges to the primary safety valves during powes
cperation. The PORVs on Béw and W plants had an additional function,
ramely, to reduce the frequency of reactor trips due to high pressure.
The PORV actuation set point on CE plants coincides with the high
pressure reactor wrip setpocint, whereas, the other PWR vendors required
that the PORV actyation pressure De below the hicgh pressure reactor trip
setpoint in order to reduce tne number of high pressure trips. The CEZ
Zecign allows the specifiication ©f & higher PORV actuaticn pressurze, and

T
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< ZVALUATICON OP TEE CE REPORT SUBMITTED IN RESPONSE TO NURES

- .- - -~ - - — - —

TN TT OR_3_2

.- mm el e -

The evaluiation of the informatica reviewed in Secticd 3.1 of tnis report,

as well as othe: information pertinent tc the stuck-open PORV or safety relief

valve tcpic, is provided in this section.

3.2.4 Zvaluation of CE's Fault Tree Transient Initiator Evens: FPraguencies

In Reference 5, CE deterzmined & PORV initiztor event fregquency based on a
survey taken in 1980 of 25 years of cperating history. The £requency of 0.66
evenss per reacstcr-vear for CE zlants was based orn a total of 1t evens

ing in the Z9%=-vear pericd.

..

CZ noted that recozding of all PORV actuations had not previocusly been z

Tegulrsment. Conseguently, only three PORV actuations during power operaticns

™
~
L
"
~

O
O
i
'

»

U
o

nac Seen recorces. Sixteen azéiticnal actuation evenss, how
.

inferred Irocz the recorded number of high pressurcizer pressure reactor =rip

events. Tne inference was possible because the high pressure trip signal is

generatec oy the same Cis“able which actuates zhe PCRV. C= went on to note
cf the 16 high pressure reacstor trips were caused by the tuzbine
renszck featurze of the protection system. Since this featuze has regor=ecly
peen eliminated fronm all CE plants, these actuation events were eliminated
£zon the data base leaving a total of£ 8 (3 + 16 = 11) in 29 years for an
initlator event freguency (with no turbine runback feature) of 0.276 per

In evaluating this approach, three items reguire further discussicn:
<« e€limination of the 1l turbine~-runback-initiated events from the data

<. the possibility that a significant number of unrecorzded PORV
actuation eventis were not included in the 1980 survey

3. the possibiity cf multiple PORV cycles per initiator event.

Zach of thece items is discussed separately below.

Ll

Zlimination of the turbine runback events from the data is problematic in

that sone plant transient initiated the turbine runback. From the data

T ot
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30 NORSS~C653 (2], sthe NS stated:
"The vast majority cf transients that actuallv occur in pcwer plants are
ROt @S savere as wncse postu.ated i1in PSAT (e.g., the initial ccnéitions
&re eSS lImiting, system fzilures are nCt as extensive, the heis transe
fer CosIllcients are not &s tiased). CF indisates wna: of all tne
transients analyzed in 7SaRs, only loss-of-lcad, unconszrolled rod
withcézawal, or locss of all non-emergency ac sower could actually rescl:s
in 2.2ting 2 POFY. 3ased upcn plant cperating expesience, thne only event
Observed wnich had caused PORVS tO cpen is the loss of loaé or tursine
rundacks event,
Using tne data from Reference 12 (ATWS), =he fcllowing event freguencies
for CF plants are derived:
Total NS.
Bvens lNs. Svens Swents Years Event/Yea
oL R T S
< Cagconsrelled Rod wWizhdrawal 0 15.42 0
33 Turdine Tris 30 15.42 1.94
4 Genezator Trip 6 15.42 c.38
22 TItE. o=z oI TIizizite Power - .23
ot cedb
AFF4YIng The COnservative assumption wnat 10% 2f these evants would
~ctivate a2 PLAY, the initiator event freguency would be 0.246, waieh is nearly
identica. tc CI's frequency of 0.276 for non-turSine-runbask piants.
Altn regazl to the possiocilicy of multiple POR/ cycles Per initiatcrs
svent, 1t 1s stated in Reference 7 only cne PORV challenge occurs per

= .
event Decause a reacstor tri
t; tnerefore, by the time

J0st-reactor shutdown pressu:s

P

ceduce

C© De technically valid, ané the consideration of mu

occurs simulcanecusly with reaching the
the PORV blowdown is complete, a
icn is in progress. This assumption is

Ve
- -

ple cycles
© De warrantec where PORV actuation is
tor action.

- -
- -

requency of 6 is considered 2

considersed T
Ser initiatcr event does not appear ¢t
Jtomatic and not the result of cpera
<0 summary, an initiacor event £
stisfactory initiatlr event freguency.

L
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eliminzzicn of the turbine runback f-ature and the provision of a dizess
celiacle mezns for indicating PORV position £o the operator provided
sicnificant improvements in system reliability. The fecurrence freguency
of a sma.l sreax LSCA due to PORV failure nas Deen reduced by an
estimated factar of ascu: 15 to a value of about 1.8 x 1073 per
reactor=-vear. Tnis recurrence freguency is well within the 90%

confisence range of the recurrence frequencies of 102 to 10~4 per
reactor=vear for a LOCA due to a small pipe rupture estimated in
WrSE=-14C0. Impreved operator training programs and emergency procedures,
as well as tne provision of emergency power to the PORVS and to their
c_ock valves, though not quantified, nhas reduced the small dreak LOCA
recurrence Zrecuency even further. The incorporation of the feature of

omatic slock valve closur

systex celiadility.”
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actor-vear for & small-D

N % 2
(S4IDine Julidags Jeature e.inlnatecg

V whicn spuriously

upon PORV failure wouldé further increase

£ CE's recurrence frequency ©f 1.8 =
ceak LOCA due toc 2 stuck-ogpen PORV
)« Figurce 2 shows the same calculation

¥ 10 T has besn

o

r

a PORV failure of 1.
) (2) an operator error rate of 1.5 x
8), and (3) accocunts for the possi-
cpens will not reseat (i.e., failure

1
-

0
"

ion yields a re ence freguency of 2.2 x
=

£ determinacion andé Tne WASH=-1a00

g g s e A& Y O - ca_gculasc
r- - —— ----" - - . - - N - -
.
a3 .
L0 per years, whizh is below both
s i mm memnami]liemy aE 1 " =3 - -
T aSa .-su-d‘-—-a--_ Cs & X &b pe- ..a..

with regazd to installation of
seature, CZ's analysis indicates th

-

[

L

LSCA from a stuck-cpen POFRV to

automatic closure feature emploving

{ |
W

£reguency even fuctaer *5 1.7 x
The recurrence freguency of a

acwever, is aireacy well witnin the

:iven in WASE-1400 (conservatively
. -

“ically 1.4 x 10 ).

3.2.4 Evaluation of Prinmarv Safetv

an automatically operated block valve

2t this feature would reduce the freguency
l.4 x 10-4 events per vear, while an
series-reduncdant block valves woulé reduce

10.5 events per yea:r,

small-break LOCA from a stuck-open PORV,
90% confidence rance of 10 2 to 109

-l
1.8 x 10 ° and probanly more tealis-

Valves

Section 14.5 (Loss of Load Eve

<alvess Cliffs plant) discusses th

y

. Frankiin Research Center
A Dmson of The Franemn nsatae

nt) of the FSAR for one CE-designed plant

e situation in which a turbine trip
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somewnat nigher feilure rate for

the SRVs rave dDeen assuned %o
(2.2¢ = 10™° per demans)., Thi
failuze rate (1.6 x 10 ), which

=5 a

Zata

of a small-bDreak LCCA

ALl BPlants Except Palisades
ang ANC=2 (Figurze 3
Fallszdes ani ANC=:

The taranmeters used in these

Xcde
Transient Initiator Event 0.27
SCEVs Not Biocked Yes:

b ALY
-

PLUFV Cpens ¢n fexand Tes:
Nc:
PORVS NOT Eiocked Tes:
(Ficure &) Ne:

POEV Recloses on Demand No:
FORY Blocked Cliosed After No:

PORY Pailure
vV Ocens on Cemand

No PCORV Cpening Yes:
with PORV Cpening Yes:

SEV Peclcses on Demanc No:

Recarcing the results cf Figure 3 and 4, the

B e

:;Bdaakcscm1h1:mmzr
» Deeson of The Franeun nstose

- &
- :

failcsre

45§ cOnsistent will

W. For the purpose of this analysis,

har

that'of MSsVs

rate is slightly lower thar the PORV

fact that the PORV

nore complicated valve with more possible failure mechanism.

into the event trees cf Figures 3 ang 4, the
from a stuck-open SRV is estimated as

.6 x i0 per reactor-vear

3.4 x 1077 per reactor=vear
event trees are as follows:
value Feference/Raticnale
per vear Section 3.2.1 ¢f this report
G.75 Section 3.2.4 ¢f this report
.25
C.eszz . Reference 8
1.0 x 10
0 Section 3.2.4 ©f this report
1.0

-’

Section 3.2.2 of

Section 3.2.2 of this

;'O
1 x 10=3

Conservative assumpticn

If a PCRV cpens, no SRV set-
peint will be reached. A
probability of 1 x 1673 is
assigned to conservatively
account for a possible
premature opening under
elevated RPS pressure
conditions.

1.26 x 10~ Secticn 3.2.4 of this repcrt

following observaticns

=23=
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conparacie =0 the value of Pigure 3, whien is tie figure applicadle to the

<
licensee submiiting Reference 7, although Figure 3 is somewhat higner due o

1S3 sonservative a2pproach.
In summary, it is concluded that the small-break LOCA freguency range of

WASE-140C satisfactorily ocunds the probaopility of a stuck-open SRV for all

Ct-designeé units.

3.3 ADDITIONAL CONSIDZRATIONS RELEVANT TO SMALL-BFEAK LOCA FROM STUCK-QPEN
PORV OR SAFETY VALVE
sltacugh not addressed in the CE submittals, three other items shoulcé be
considered relative to small-break LOCA from & stuck-open PORV or salfecy

valve. These items are (1) events which reguire the operator to open the
FORY, (=) oversecsling evenis which challenge the PORV or safety valves tazough
cperation of the safety injection systems, anc (3) low-temperature, cver~-

cressure events, These items are cdiscussecd in the follcowing sudsections.

2.3.1 Events wWhich Recuize the Ooerator aAction tc Open the PORV

Certain situaticns make administrative use of the FORV to depressurize
=ie teacsor soolant system. The morfe significant cases are:

1. use of the PORV in the plant recovery £icm a steam generater tule
tupture event

2. use cf the POR/s in “"feed and bleed" operations in ressonse <O
inadegate core ccoling (ICC) scenarios

3., use of the PCRV to vent the reactcr coclant system tO remove air orf

non=-condensacle gases.

In any situaticn in which the operator wisbes to depressurize the reactor
coolant system, the Operator can use the PORV to accomplish reactor coolant
svstem depressurization. By cycling the PORV open and shut, the operator is
jenerally aole tc control the reactor coolant system pressure. It is alsc
noted that relatively rapid repetitive cycling of the PORV has the potential

+to increase =ne fazilure rate of the FORV to close wnen demanded.

e Y «3%=
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safety injecticn syster are not a significant contrioutor to the expected
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sedsd Censideration of lLow-Temderature, Overpressure Dvents

in August 1576, the matter of locw-temperature, Overpressure prosecstion
was raisec, and licensees initiated procecdures and proposed systems to
mitigate postulated overpressure events while at reduced temperatures. The
Mmain concern was with tne low-temperature nodes of cooldown and neatup, during

Al overpressurization

0

oulé cause drittle fracture of the reactor vessel.
-0 208t case:s, licensees ticposed a manua.lly enacled low-pressure setpoin: on

the existing POR's, supplemented by proceduces and technical specificaticons,

[SU

conditions normally associated wiin the shutdown, cooldown plant can cause
PORV actuation (and nence sossible small-bDreak LOCA), such 2s inadvertens

cperation of the pressurizer heaters Or excessive chasging. Alshcugh nct

acressec Oy CE in Relference 5, 1t is considered that the low-termperatuse,
"#Ipressule situation neec noct be considesed wi the Sther transients which
can resust in e small-oreax LOCA Srom a stuck-cpen PORV. The reascns fcr this

conclusicn are:

C Wnen reduced pressure setpoints are in effect, the plant will
general.iy ce in a long-ter:m cooling mode using the RHR svssem. FER
can malntain system water inventory in spite of an open PORV.

0

when reduced pressure setpoints are in effect, tne operator has less
ecuipment running and can readily diagnose abnermal coenditions. The
cperator 1s in a less stressiul condition and can be expected to reac:
<0 a pesitive manner.

© Wwnen reduced pressure setpoints are in effect, the plant has been shut
cown for some period of time, and tnerefore decay heat rates are
iower, providing more reaction time before thermal limits are
agproacned.

- ne temperature ©f the coolant released Zrom the PORV under these
c*d; sens wall norzmally de such that flashing to steam will not
cccur. The water will merely be collected in the containment sump.

s bl -25-
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®*Clacificztion of TVMI Acticn Plan RegQuirements®
-
e

lear Reactor kegulation, November 1980

"Generic Zvaluation of Feedwater Transients and Small Break Loss-of-
Coclant accidents in CE Designed Cperating Plants®

NBC QOZlice ¢of Nuclear Reactor Regulation, January 1$8C
NUREG=0€35

"NRC Action Flan Developed as a Result Of the TMI-Z Accident”

NRC Offize of the Executive Director fo:r Operations, Mayv 1980
NUREG-0560

Typical Lester Endorsing CEN=1453

A, E. Lundvell (BGiZ)

Letter tc D. G. Eisenhit (NRC)

Sutject: Calvert Cliffs Nuclear Power Plant Units 1 ané I Response =o

*PORS Tallurze Redustion Mecthods"

S2, Ing., Windsor, Ccnnecticut, December 1980

CPXalst

- » &% 2

Re As w=2ZKk (BRS)

Lestel =0 A, 2. Lunévall (5GaE)

S435)ect: Reguest for Additional Information in Regarsd =0 NURESG~0737
Action Item II.K.3.2 for the Caivert Cliffs Nuclear Power Plant Units

Ae 2. Lincvall (BOEE)

~etter D. G. Eisennut (NRC)

Susject: Calvert Cliffs Nuclear Power Plant Units 1 and I Response to
NCPEG~0737 Items II.K.3.2 and II.K.3.17

hpzil 26, 1982

A. E. Lunévall (BG:iE)

Letter R. A. Clark (NRC)

Subject: Calvert Cliffs Nuclear Power Plant Units 1 and 2 Response ¢
NUREG=-0737 Items II.K.3.2 and II1.K.3.17

June 7, 1582

Ne Dwnohiew, Jr. (NRS)

te S. P. Cacfagno (FRC)

£: Conztract No. NRC=C3-31-130, Tentative Workx Assignment 7
i, 1981
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M e s e mEmams me e s~ 5 s e e eASA AT A P

™ = v ahis PRC ILITY OF A SMALL-SREAK ILOSS=CI=COCLANT ACCIDENT

v o s Samac e eiston. e Qaead i g A BR v
TROM A STUCK=-CPEN POWER CPEZRATEID RELIEZE?R VALVE OR SATETY VALYE

2ur=cse

TC review the available literature and operational historical data to
astertalin wiether Or not Comoustion Engineerzins and westinghouse-designed
nuclear steax supply systen plants need to consider =he contributicn f-om
of a smalli-creak LOCA frox 2

- s IE o~ - - - - 3 - - <1 -
OVeISOT.ing events T e TCta. PIcléasiliit

7 oz safezy valve.

system anc subseguent lnitlaticon cf the hign pressuce safety injection svstenm.

TO pilant operators, a rapid depressurization agpeass ¢ be very similaz to 2

Sma.i-crean LIXCA. AS & sonseguence ©f the TVMI-Z acsident, cperzsor guidelines
2Ze@ 1nStititec tC regulre the PCRV ziccking valve!s) o be shut, %=us

o
'
4]
-+ |

tesminasing a dessessuriza

t» 2€ 1t was caused oy & stuck-open PCRV.

Recardless cf the cause ©Z the depressurization, o

‘0

erator action is reguired

tO terminate nign pressure salety injection upon subsecuent repressurizaticn

S0 prevent challanges to salfety valves (cr PORV if unblacked). The fSollowing

echnical evaluation ¢ whether such events can significantly consribuse

,.
n
~
o

io the numter of challenzes experienced oy the PORV and/or safety valve.

Svaluatien

Seccndary side overcooling transients usually occur because cf cverfeeding

-

feax generaztor, demanding toO much steam from the steam generators, or

s
introducing excescive amounts of relatively cold auxiliary feedwater into the

gteam genezators. NURSEG=0¢87 [1], "Transient Response cf Babcock & wWilcoxe
Sesigned feactors,” describes the sensitivity cf the cace-through stearm

;2nerater (CSTG) in Baw cesigns tO such overcooling transients. Specifically

it was concluded that:

o —
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u

Syrass valves, anc one was the result of a steam generator zube rupture.
Since the stean genesator tibe rupture is a separate initiating eve
’e DUZing the I years tetween ize T =2 accident
and the complesion ©F Reference 1, 41.7 reactor cperating vears wese recorded
Oy Westinchouse and Combustion Engineering plants. Therefore, the freguency
2

% overcooling events with subsecguent hich pressure safety injection sys=zen

-2

£low equals 4.8 x 10 7" events per reactor-vear fcr Westinghouse and

Camdustion Engineering planss.

TO gquantifly the probability that an overcooling event will lead %c 2

small-prearx LOCA £zom 2 stuck=-cpen PORV or safety valve, an event tree was
gonstzuctec. This event tree is shown in Figure A=-l. The following

4
0
"
'
5
o

Paragracihs describe the branch nodes which ace useé in the constructi
event tree. Paths Sranching upwaré at these noces represent a “ves" response
Jestion, waile those pains branching downwazé represent a "“no"

ities shown in

[

resgonse. When cuantifying the event tree, the probabi
Tazle A=l the proodanilities represent the probability that the answer =c tie
u2sticn is yes Cr no, rather than the availability ané uvnavailabilisy of a

voce A
Operator stops EPI pricr Upward paths at this node indicate that the
0 PCRV setpcint pressure operator has throttled or secured the hign

sressure safety injection system prior to the
ZeactOr coolant system pressure reacaing the PORV
opening setpoint pressure. The recommended PORV
cpen.:g setpoint pressuce is 2350 psia on
Westingncuse-designed plants.

Downward paths at this node indicate that the
operator has failed to tnrottle or secure the
high pressure safety injection prior to the
reactor coclant system pressure reaching the PORV
opening setpoint pressure.

yode 3

0RV block valve(s) open Upward paths at this node incicate that at least
cne PORV block valve is open when the challenge
to the PORV cccurs. This aprlies botlr to the case

A-3
A\
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Intuisively inherent in the probadility assigned
at this node is tne fact that, at scme pocint in
the overcooling event, the HPI system will be
secured allowing the reacscr coclant sys =2
pressire to decrease below the safexzy valve
opening setpoint pressure,

-~

Node C
P0RV(s) shuts as pressure Upward patns at this node indicate the successful
decreases reclosing of the PORV(s) when the reactor coclant

system pressure decreases delow the PORV opening
pressure setpoint after the HPI system 1s secured.

Downwaré patns at this node indicate the fallure
the PORV(s) to reciose when the reacs:cs
system pressuce decreases Selow the PORV

ng pressure setpoint alter the EPI systenm is
<

AS with the probabilicy assigned to Node P, to
prosabilicy assigned to Node G assumes that at
some point in the overcooling event, the EPI
systen will bDe secured allcowing the reac:c
coolant system fressure tC cdecrease delow the
FORV opening setyoint zressure.

Cacn endpoint patn is categoriczed by 2 consegquence description as defined

NR - NO PORV or safety valve relief occurs

AR = Relief occurs sut the valve(s) reclcses on demand
PVO - PORV(s) opens and fails %o reclose

SVO - Sefety valve(s! copens and fails to reclose

2V0/5V0 - PORV(s) and safety valve(s) opens and fails to reclose.

In order to gquantify the event tree paths, probability data are needed

20z each path at each node of the event tree. The probability data represent
e answer to the guestion at that node, The probabilities and the reference

source for the probability used fcr eacn node are given in Table A-l.

m™he results of the various endpoint paths arce shown on Tatle A-2. The

~cected Sreguencies of a small-break LCCA from a stuckh-cpen PCRV or safety

A=7
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Tacle A-l. Prcbabilities Assigned to Overcocoling Event Tree Nodes

Probability
node Nocde Description Assicned Discussion References

- Initating transient 0.048/
event frequency reactor-year Frequency was datermined 1,3.,4,5

from events reported in
Reference 1 and total
Westinghouse and
Combustion Engineering
plant operating time
from 4/1/75-4/1/80

2

Cperator stops HPI 0,985 Probability was determined 6
PLicr to PORV set- from Reference 6 for an
Pocint pressure operator with a moderate

to high stress level

3 PORV plock valves(s) 0.45 Probability was based 7
open on a summary of
historical operating
data for wWestinghouse
plants as repcrted in
Reference 7

()

o

PORV(s) open 0.99 Conservative engineering
Judgment coupled with
informaticn from Reference
@ for a single channel
non-credundant contzol
system

D Cperator stops HPI 0.999 or 0.1 Note that two prcbabili- 8,9
after PORV set- ties are assigned to this
point before safety node. The first proba=-
valve setpoint bility, 0.999, is for

the case where the
PORV(s) and block
valve(s) are cpen,
making it highly
unlikely that the safety
valve opening setpoint
pressure would aver be
reached, The second
provdability, 0.1, is for
the case where the
PORV(s) or block
valve(s) do not or are
not open. Both

‘4ff:;3 A=-9
<v.. Franklin Research Center
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