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IMPORTANT NCTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

~his documer: was prepared by the General Electric Company. The information
contained in this report is believed by General electric to be an accurate and
true representation of the facts known, obtained or provided to General

Flectric at the time this report was prepared.

Neither the General Electric Company nor amny of the cortributors to this
dccument makes any representation or warranty (express or implied) &s to the
cozpleteness, accuracy or usefulness of the information conteined in this
decument or that such use of such information may not infringe privatel; owned
righte; nor do they assume any responsibility for 1iability or damage of any

kinéd which may result from such use of such information.
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EXECUTIVE SUMMARY

The Oftice for Analveis and Evaluation of Operatioral Data (AEOD) issved 2
case study repert of operational events involving actual or potential over-
pressurizations of emergency core cooling sys. ms (ECCS) im bolling water
reactors (BWKs). The probability of an interfacing loss-of=-coclant accident
(LOCA) is the product of overpressurizatior event frequency and the probabil-
ity of system rupture given the overpressurization, While the overpressur-
itetion event {requency is supported by sctual industry occurrences, the
prebebility of system boundary rupture stated in the AEOD report was "judg-
mentally assigned”,* and believed by the participants in this study to be
orrealistically Ligh., This report was developed to present the results of a
EvP Owmers' Croup (BWROG) assessment of the probability of ECCS failure cue to

overpressurization,

EC S configurations for 19 domestic BWE plants were reviewed, from which ECCS
riring svetem components subject to overpressurizaticn were defined. Proba-
Pilistic methodelogy, develojed by Lavrence livermore XNaticnal Laboratory
LLNL), was applied to the typical ECCS configuration tc assers the probabil-
itv of pipe rupture during overpressurizatiorn from the presence of latent
circumferertiz! weld defects. The rupture probabilities for other compcnents,
such as valves and heat exchangers, vere approximated with reference to the
riping protability. From these evaluations, the expected prodbability of an
interfacing LOCA was cssessed, Additionally, deterministic evaluations of
safety margin during overpressurization were performed to shovw that these
vargins are greater than those specified by the ASME Code to providz assurance

ageinst gross rupture.

The BWR Owners' Group (BWROC) Committee has concluded that the conditional
predability of BWR FCCS pressure toundary rupture during an overpressurization
event is no greater thar 3.0E-5 per event, two (2) orders of megnitude less

thar the stated "judgmental" AEOD probability., This rejport demonstrates that

*Sectior 4.2 of Peference | has "judgventally assigned" values to rupture
prebability due to uncertainties in undetected flaws, component leakage anc
waterharmer potential.



EXECUTIVE SIMMARY (Continued)

the resultant probability of an ECCS interfacing LOCA ie 3.0E-7 per reactor
yeer compared to the range of 1.0E=4 to 1.0E=5 as judged in the AEQOD case
Therefore, the expected probability of an {nterfacing LOCA is not

study.
ertly different from earlier industry sssessments (References &, 5, €

signific
ené¢ 7 of Reference 1), even though the frequency of overpressurization events

pav be greater than previously assessed.

This study was funded by the BWROG. A 1ist of participating utilities in this

e

a~tivity is provided ir Appendix E.



: LTTACHMENT ¢

October 1987 Appendix R Audit

Open ltems Not Reguiring NER Review

Fire Damper Operability  (Unresolved lssue 84-40-01, 84-19-01

discussed on page &4 in Inspection Report

Nos. 50-277/87-30 and 50-276/87-30.)

A fire damper program is being formulated to evaluate existing test
data and damper closure with air flow data and o address fire brigade and
training procedures tc provide reasonable assurance that the fire dampers will
satisfactorily perform their design function. We plan to meet with Region 1 to

discuss/formulate such & program by April 1988.

Incorporation of NRC Comments on Procedures (Page 11 in Inspection

Report No:. 50-277/87-30
and 50-278/87-30
‘ﬂpr,{faaﬁLS‘-‘O Plart Shutdown from the Alternative Shutdown Panel, 1s
currently being revised to reflect changes caused by the completion of Appendix
R mogifications. Ouring this revision, operaior, training, and NRC comments

were reviewed and incorporated into the procedure. In addressing NRC comments,

sign-off spaces have been adced where needed, and the monitoring of the reactor

cooldown rate has been enhanced.
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(Fage il in Inspection Report Nos. 53-277/67-30 and 50-276/87-30)

The HPCI Inboard Steam Isolaticn Valve panel was originally provided
with slotted screws which required tools for access. The slotted screws were
changed to thumbscCrews 1O allow an operator to access the pane) without the use
of tools. To address the NRC concern of overtightening, flat washers were added
to compliment the thumbscrews. The washer addition will provide a smooth

contact surface and enhance the operator's ability to loosen a tight thumbscrew.

Fuse Replacement Controls (Page 13 in Inspection Report Nos.

§0-277/87-30 and 50-278/87-17)

Administrative controls for fuse replacement are deing actively
reviewed. A modification has been initiated to generate a controlling document
for fuse replacements., For the interim, & guideline document is being added to

the operator's handbook to assist in the cyrrent practice of replacement in-

kind.
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1. INTRODUCTION
BACKGROUND

The Office for Analysis and Evaluation of Operational Data (AFOD) of the
Nuclear Regulatory Commission (NRC) issued a Case Study Report AEOD/C502,
“Overpressurization of Emergency Core Cooling Systems in Boiling Water Reac~-
tors", cdated Septecber 1985 (Reference 1). This report summarized the AEOD
anzlysis of operational events involving actual or potential cverpressuri-
zation of an emergency core cooling system (ECCS) in boiling wvater reactors
(1.7 since 1975, The operating BWRs reviewed were product lines BWR/2
through BWR/€., Reference | focused on overpressurization or potential over=~
pressurization events that occurred in BWRs due to testable isolation check
valve failurec in all ICCSs. It concluded that these overpressurization
events indicate the 1ikelihood of an interfacing less-of-coolant accident
(LOCA) te be higher, by two to several orders of magnitue, than had been
previously assessed. The BWR Ovners' Group (BWROG) authorized @ comzittee
activity to evaluate ECCS overpressurization and cssess the capability of the
ECCS cozponents te withstand overpressurization. Thic BWROC report summarizes

that assessment effort.
l.o AECD REPORT CONCLUSIONS

The ATOD reviev identified efght (8) events involving the failure of a
(estable isolation check valve, and expressed concern that these operatioral
events should be considered as & precursor to an interfacing LOCA involving
the reactcr coolant system and an ECCS., The AEOD report states the event
frequency to be 1,0E-2% per reactor year cosbined with & "judgmentally
assigned” prodadility of ECCS boundary rupture of 1.0E-2 to 1.0E-3 per over=
pressurization event, resulting in an interfacing LOCA prodability of 1.0E-4

*The SWROGC Committoe believes this event frequency to be cverly conservative
‘2sed on & continued operating data base without additional cccurrences and
an increased industry awareness of coverpressurization events and the recegni=

tiorn of the need to reduce overpressurization event fregquency.

©
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tc 1.(E-% per reactor-year. This AEOD "{udgmental' frequency is two (2) to

three (2) ovders of megnitude higher than the frequencies previously assessec

by the industry.
1,3 BWR OWNERS' GROUP SCOPE OF EVALUATION

The objective of the BWR Owne:'s Group evaluation was to assess the
failure potential of ECCS systems, piping and components when subjected to
everpressurization, The objective did not {nclude evaluation of the conse~
quences of discharge of fluid from relief valves or leakage from jipe cracks,
giskets or flangad joints on the basis that these discharges, in most events,
can be compensated for by {ncreased feedwater system output due to the low
£:.4¢ volume discharge rate froem the sources relative to feedwater capacity as
lerornstrated by the events discussed in Reference 1. Additionally, it is

judged that there is a Very high probability that leikage from these sources

car be isclated.

Crresses in the low-pressure side of ECCS piping and components were
evaluated based on the system {nformation received from the participating
vtilities anéd GE in-house information. Safety margins vere evaluated and
compared with ASME Code-specified values. Quantitative evaluation of rupture
probability at a circumferentiel butt weld vas evaluated and the rupture
protabilities for other components were qualitat.ively evaluated., The system

rupture probability vas then assessed.
1.4 BWR OWNERS' GROUP COMMITTEE ACTIVITIES/OBJECTIVES/APPROACH

The EWR Owners' Group objective was €O evaluate ECCS overpressurization
and assess the BWR ECCS capability teo vithstand overpressurization without
rupture. The frequency of ECCS overprossurizction events in the BWR is well
documented in the AEOD report. Ths EWROG response to the AEQD case study has
focused principally on assessing the realistic protability of low design-
pressure system pressure boundary rupture given an overpressurization

oceurrence.,

1=2
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1, INTRODUCTION
EACKGROUND

The Office for Analysis and Evaluation of Operational Data (AEOD) cf the
Nuclear Regulatory Commission (NRC) issued & Case Study Report AE"D 'C502,
"Overpressurization of Emergency Core Cooling Systems in Boiling Water Reac-
tors", dated September 1985 (Reference 1). This report summarized the AEOD
anzlysis of operational events involving actual or potential overpressuri~-
zation of an evergency core cooling system (ECCS) in boiling water reactors
(}.3) gince 1975, The operating BWRs reviewed were product lines BWR/2
through BwR/6., Reference | focused on overpressurization or potential over-
pressurization events that occurred in BWRs due to testable irolatior check
calve failures in all ECCSs. It concluded that these overpressurization
events indicate the likelihood of an interfacing loss-cf{-coclant accident
(LOCA) to be higher, by tws to several orders of magnitude, thar had been
previously assessed, The BWR Owners' Group (BWROG) suthorized a commitiee
activity to evaluate ECCS overpressurization and assess the capability cf the
ECCS components te withstand overpressurization. This BWROG report summarizes

that assessment effort.
1.2 AEQD REPORT CONCLUSIONS

The AEOD review identified eight (8) events involving the failure of a
testable isclatior :heck valve, and expressed concern that these operational
events should be considered as a precursor to an interfacing LOCA involving
the reacter coolant system and an ECCS, The AEOD report states the event
frequency to be 1,0F.2% per reactor year combimed -ith a "judgmentally
assigned" prodability of ECCS boundary rupture of 1,0E-2 to 1.0E-3 per over-
pressurization event, resulting in an interfacing LOCA prodability of 1.0E-4

*The EwROC Committee believes this event frequency to be overly conservative
based on a continued operating data base without additional occurrerces and
an increased industry awareness of overpressurization events and the recogni=
tier of the need to reduce overpressurization event frequency.

1=1
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te L.0E=5 per reactor-year. This AEOD "judgmental” frequency is two (2) to
three (1) orders of pegnitude higher than the frequencies previously assessed

by the industry.
1.3 BWR OWNERS' GROUP SCOPE OF EVALUATIOR

The obi-ctive of th ®WR Owner's Group evaluation was to assess the
failure potential of ECCS systems, piping and components when subjected to
overprescurization, The objective did not {nclude evaluation of the conse~
cuences of discharge of fluid from relief valves or leakage from pipe cracks,
geskets or flanged joints on the basis that these discharges, in most events,
can be compensated for by {ncreased feedvater system output due to the low
€1.4i¢ volume discharge rate from the sources relative to feedvater capacity as
deronstrated by the events discussed in Reference l. Additionally, it is
judged that there is a very high probability that leakage from these sources

car be isclated.

crresses in the low-pressure side of ECCS piping and components were
evaluated based on the system {nformation received frum the participating
vtilities and GE in-house informatiom. Safety margins vere evaluated and
compared with ASME Code-specified values. Quantitative evaluation of rupture
probability at a circunfersntiel butt weld was evaluated and the rupture
probabilities for other components were qualitatively evaluated. The system

rupture probability vas then assessed,
1.4 BWR OWNERS' GROUP COMMITTEE ACTIVITIES/OBJECTIVES/APPROACH

The EWR Owners' Group objective vas to evaluate ECCS overpressurization
end assess the BWR ECCS capability te vithstand overpressurization without
rupture, The frequency of ECCS overpressurization events in the BWR is well
docurented in the AEOD report. The BWROG response to the AEOD case study has
focused principally on assessing the realistic probabdility of low design
pressuve system pressure boundary rupture given an overpressurization

gccurrence.,
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The overall ECCS rupture probability during the overpressurization event
is the sur of the rupture probabilities of piping and the associated compo-
rerts such as valves and heat exchangers. It was judged that the most
giprnificant mode of rupture for the ECCS piping 1s that due to the presence of
tatert weld defects at the circumferential butt welds. Rupture probabilities
for this mode vere determined based on methods developed by the Lawrence
Livermore National lLaborstory (LLNL) and previously accepted by the NRC in the
studies of pressurized water reactors (PWR). The rupture probabilities for
cther components such as valves and heat exchangers were approximated with
reference to the preceding probability of rupture for the circunferential

veld.

1-3/1=4
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2, CONCLUSIONS AND RECOMMENDATIONS

"

CONCLUSIONS

—

Industry-accepted wethodology from Reference 10 was applied to evaluate
the probability of BWR ECCS failure due to overpressurization. The evaluation

has led to the following conclusions:

. Deterministic evaluations of safety margins during overpressurization
wvere performed to show that these margins are greater than those speci~-

fied by the ASME Code to provide assurance against gross failure.

. The realistic conditional probability for BWR ECCS pressure boundary
rupture during an overpressurization event has been estimated to be no
greater than 3,0E=5 per event. This probability is two to three orders
of magnitude less than the stated "judgmental" AEOD probability of 1.0E=2
to 1,0E-3,

. Assuzing the AEOD event frequency, the realistic frequency of an ECCS
interfacing LOCA caused by syster cverpressurization is 3.0E-7 per
reactor-year compared to ).0E-& to |.0E-5 claimed in the AEOD case study.

“ The most probable result of overpressurization as indicated by events
reported in Reference | and the evaluations in this report would be the
¢discharge of fluid from relief valves and possibly leakage from bolted
joints, and smoke generated by oxidizing paint on piping and equipment.
The consequences of such discharges and leakage are expected to be
minimal and will most likely result in early operator termination of an
overpressurization condition due to activation of high area temperature
alarms and/or visual cbservation of leakage by plant personnel as
reported in the Reference | report, Activation of high line pressure
alarcs and smoke alarms and plant personnel observation of smoke are alsoc
likely to result in early operator termination of the overpressure

condition.,

o=l
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The frequency of overpressurization events docupented in the AEOD repori
is higher than estimated in previous studies. However, the probability of an
interfacing LOCA determined from the BWROC evaluation does not justify these
BWF operating events being clagsified as having "significant safety implica-
tions" a. stated in the AEOD case study.

The AEOD recognizes that none of the documented overpressurization events
hae led to significeant damage of the low design-pressure system piping, pumps
or valves. However, the report cautions that future events may lead to fail-
ures caused by pre-existing flews. The analysis performed as part of the
EVEOL sctivity confirmed that low design-pressure piping and system component
failure due to overpressurization by full reactor pressure should not occur
because of the design margins that protect against such failure, Furthermore,
£1av analysis indicates that the limiting flav length required to promote
pressure boundary rupture would require a through-wall crack of nearly three
(3) inches. Field experience tas shown that the probability of incurring a
crack of this size ané having the crack go undetected is negligible. This
provides further assurance that the low design-pressure BWE ECCS and RCIC

System integrity vould be maintained should overpressurization events occur.

2.2 RECOMMENDATIONS

a. The current frequency of overpressurization events {¢ unnecessarily
high. Corrective action should be implemented to reduce thelr
oceurrence, Individual utilities should consider specific actions
to reduce overpressurization avent frequency, including paking plant
pperators more aware of these potential events and their causes as
vell as evaluating reduc’ng isclationm valve testirg frequencies.

b. Due to the BWROG Committes's assessment of the low probability of
low-pressure boundary rupture caused by overpressurization, the
(ssue should not be classified as having "significant safety {mpli~
cations" and should be addressed accordingly by Industry and the
NRC. The interfacing LOCA probabilities stated in this report are
consistent with previcus industry studies and should be considered
as a more realistic assessment of BWR ECCS capability during overs

pressurization rather than those stated in Reference | 8
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3., AEQD REPORT ASSESSMENT

3.0 ECCS PIPING AND COMPOXENTS AFFECTED BY OVERPRESSURIZATION

Thie section summarizes the ECCS and Reactor Core Isolation Cooling
(FCIC) Sveter piping and components subject to overpressurization by the types
of events described in the Reference | AEOD report.

The systems potentially subject to overpressurization are: Core Spray
(Cv) (BWR/2 through BWR/4); Low Pressure Core Spray (LPCS) (BWR/5 and BWR/6);
Fesidual Meat Removal (RER) (all BWR/4 through BWR/6 and most BWR/3); Low
Pressure Coclant Injection and Containment Cooling (LPCI/CC) (some BwR/3);
High Pressure Coolant Injection (KPCI1) (BWR/3 and BWR/4); and RCIC (all BWR/&
through BWR/6 and most BWR/3).

ke 1llustrated in Figure 3-1, the RHR, LPC1/CC, CS and LFCS piping
cections and components subject to overpressurization {nclude the piping
sections and components located dowmstream of the check valve(s) on the
svetems' main pump(s) discharge. The pizing and components upstream of the
main pump discharge check valve are not subject to overpressurization because,
during normal power operation, the systems are required to be aligned with the
suction valve and flow path from the suppression pool open. This alignment
provides a flov path to the suppression pool that has a large cross sectional
flow ares vpstrean of the check valve. Therefore, the piping and components

upstream of the check valve cannot be overpressurized.

There is a hiph level of assurance that the check valve on the pump
{scharge is closed and has a low leak rate due to the methods utilized to

paintain the discharge line full of water. Some plants utilize the condensate
transfer system to maintcin the discharge line full., On these plants, exces-
sive leakage of the check valve cannot be tolerated for an extended time
period because of the excessive processing demand placed on the Radwaste
System, The demand results from pumping the inleakage out of the suppression
pool in order to maintain the suppression pool water level within acceptadble

limits. On other plants, a low flow capacity "keep full" pump is utilized to

3-1
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« PIPING COMPONENTS UPSTREAM OF PUMP DISCHARGE CHECK VALVE CANNOT BE OVERPRESSURIZED BECAUSE OFf
THE OPEN FLOW PATH TO THE SUPPRESSION POOL (1e., SUCTION UNE FROM SUPPRESSION POOL AND MINIMUM
FLOW BYPASS LINE)

« BUMP DISCHARGE CHECK VALVE ' EAKAGE RATE & ASSURED TO BE LOW BECAUSE

. ON PLANTS THAT UTILIZE THE CONDENSATE YRANSFER SYSTEM TO KEEP THE DISCHARGE LINE FULL OF WATER
FXCESSIVE CHECK VALVE LEAKAGE IS NOT TOLERABLE FROM PLANT OPERATIONAL CONSIDERATIONS BECAUSE
OF THE RESULTING FILLING OF THE SUPPRESSION POOL THA? REQUIRES EXCESSIVE DISCHARGE OF WATER TO
THE RADWASTE SYSTEM

. ON PLANTS THAT UTILIZE LOW FLOW CAPACITY KEEP FULL PUMPS TC MAINTAIN THE DISCHARGE LINE FULL ™HE
FiLL PUMP CANNOT MAINTAIN PRESSURE ABOVE LOW PRESSURE ALARM SETPOINT IF THE CHECK VALVE
CEAXAGE 1S EXCESSIVE

Figure 3-1, Typical Configuration of RER, CS and LPCI/CS Piping
Sections Subject to Potential Overpressurization
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riirtain the lines full. If the check valve leakage is excessive, the "keep
£u11" pupp cannot maintain the discharge line pressure above the low pressure
slere setpeint, Initiation of the alare would result 4in operator action to
reduce the check valve leakage in order to obtain an acceptable discharge line

pressure,

As illustrated in Figures 3-2 and 3-3, the HPCI and RCIC Systems' piping
arnd components subject to overpressurization include the piping sections and
components between the main pump suction inlet and the normally closed valve
{r the suction line from the suppression pool and the suction line check valve

from the condensate storage tank.

The Kigh Pressure Core Spray (HPCS) System (BWR/S and BWR/6) low design
pressure suction piping and components are effectively prevented from being
cverpressurized by the check valve on the HPCS pump discharge. There is high
level of assurance that the check valve on the pump discharge is closed and
hae 2 low leak rate. This is because, normally, the leakage rate of the HPCS
injection valve is much less than that of (1) the check valve on the pump
¢ischarge and (2) the valves in the KPCS suction lines. Thus, the line
forwvard of the check valve would be maintained full and pressurized by a low
flov capacity "keep full" pump as illustrated in Figure 3-&. 1f the check
valve leakage is excessive, the "keep full" pump cannot maintain the discherge
line pressure above the low discharge line pressure alare setpoint, 1f the
alarm is initiated, the operator would be required to take corrective action
te reduce the check valve leakage in order to clear the low pressure alarm.
1f the pump's discharge check valve failed open and the leakage rate of the
velves in the HPCS suction was less than that of the system injection valves,
leakage back from the reactor would prevent the low discharge line pressure
alare and would result in a high suction pressure alarm., Operator action, to
terninate the high suction pressure alarm by opening a vent to depressurize
the line, would result in initiation of the low discharge line pressure alare,
thus alerting the operator to the check valve failed condition and the need
for corrective action, The relief vaivo {n the KPCS suction line would
prevent overpressurization of the system suction piping in this event.

Therefore, there is high level of assurance that the discharge line check

3=3
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vaive is closed and is well seated. The probability of the injection and
euction valves leaking at a rate that would result in preventing the low
¢ischarge line pressure and high suction pressure alares coincident with the
cischarge line check valve failing open is judged not to be significant.

A wore detailed discussion of the system's configuration and design data

is presented in Appendix A.
3,2 PROBABILITY OF PRESSURE BOUNDARY RUPTURE DURING OVERPRESSURIZATION

Based on the ECCS piping configurations defined in Section 3.1, the
s ster piping, valves and heat exchanger components were evaluated for poten=

tial rupture during an overpressurization event,

In evaluating the piping integrity during the overpressurization event,
tte following failure modes were considered: (1) burst due to high hoop
stress; (2) rupture due to latent axial defects; and (3) rupture due to latent
veld defects at circumferential butt welds. Each of these modes was evaluated
es follows: (1) the hoop stress froz overpressurization was calculated to
compare with a conservative value of pipe burst hoop stress vhich was based on
Cereral Electric test data for burst hoop stress and & reviev of available
technice) literature; (2) through-well flaw lengths that the ECCS low pressure
svsten pipes can tolerate during the overpressurization event were determined
(the purpose of this evaluation was to demonstrate that these limiting flaw
lengths are large compared to the flaw lengths that are normally detected by
rerral in-service inspections); anéd (3) the probadility of a duudble-endecd pipe
break (DEPE) during overpressurization resulting from latent defects at
circumferential welds was calculated. The evaluations im (1) and (2) above
are deterministic and, therefore, were not directly factored into the proba-
bilistic evaluation performed for (3). A piping reliability model developed
by Lawrence Livermore XNationsl lLaboratory (LLNL), with sppropriate wodifica~
tions incorporated by Ceneral Electric for BWR applications, was used to

calculate the prodability of a DEPR at a circumferential weld.

Two types of deterministic evaluations were performed for the valves and

F¥F heat exchangers, which represent somewvhat complex structures compared to

3=7
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the piping. The first evaluation consisted oi examining the body or shell
ttickness and the hydrotest pressures to demonstrate that the rupture proba~
pility of a valve body or & REE heat exchanger shell would be less then that

of the connected piping. The second evaluation considered the bolted joints.

Potential dynamic loads such as those resulting from earthquakes and
safety/relief valve discharges vere not {ncluded {n the analysis because it
vas concluded that the likelihood of their occurrence simultaneous with an
overpressurization event is extremely small., Other potential dynamic loads
¢uring the overpressurization event, such as waterhammer caused by reactor
vater filling a partially voided ECCS line downstream of check valve, wvere
also net included in the scope of this evaluation. The probability of parti-
giiv voided lines is extremely low due to the "keep-full" systems. Therefore,
s+ was concluded that there would be no significant dynamic loads being

applied to the ECCS system during an overpressurization event.

1,2.1 Piping Integrity Evaluation

The pipe size, schedule and the material information defining the various
EwR ECCS and RCIC piping systems surveyed were revieved. Frow this informa=-

tion, the following general conclusions were drawn:

a. The ECCS piping is of seamless construction and the material is
typically SA 106 Gr. B carbon steel,

b, The largest piping diameters in the surveyed core cooling systems

range as follows:

Core Spray: 16=-inch
RCIC: 6-inch
HPCI: 16=-inch
RHR: 24=inch
¢. The Code classification is generally Section 111, Class 2

(Reference 2) or ANS1 B3l.l (Reference 3).

o
i
o
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The first step in assessing the rupture potential 1is to calculate the
axia) and circumferential stresses in these piping systems. Table 3~1 shows
the calculated circumferential stresses for typical ECCS pipes when subjected
to nominal reactor pressure of 1050 psi. A corrosion allowance of 0.08 {nch
vae used. A review of the circumferential stresses in Table 3-1 shows that
thev range from & low value of 16.3 ksi for the 6-inch pipe in the RCIC System
to a high value of 34.5 ksi for the 20-inch standard schedule RHR pipe.

The allowable stresses for various service conditions in the ASME Code
are expressed as a constant times the Code specified allowable stress, denoted
by svmbel §. For Class 2 and 3 piping, it is the lesser of five-eighths of
the vield stress or one-quarter of the ultimate stress. The allovable stress
values, S, given in the ASME Code are essentially identical to those given in
the clder piping codes such as ANSI B3l,] used in the design of earlier BWR
plants. The value of § for SA 106 Gr. B material is specified as 15 ksi for
temperatuies up to 600°F, This 4s 1/4 of the Code specified minimum vitimate
stress of 60 ksi,

The Level D or faulted condition stress limits are relevant in this case,
since these limits, while permitting some gross general deformaticnm, still
sssure nressure-retaining capability of piping components. This is consistent
with the requirement for pressure integrity of the ECCS piping during the
overpressurization event, Therefore, the calculated stresses were compared to

the allowable stresses for the faulted condition,

The Class 2 and 3 pipes are sized such that the hoop stress at design
pressure is less than the ASME Code allowable stress, S. Since 2 peak pres-
sure of two times the design pressure is permitted during Level D (faulted)
conditions, the allowable circumferential stress during Level D conditions is
2 S, For SA 106 Gr, B, this allowable stress level is 30 ksi. An examination
of the calculated hoop stresses in Table 3-1 shows that, except for the

20-inch pipe, all other hoop stresses are less than 30 ksi®*, Therefore, it is

*fven though the calculated hoop stress of the 20-inch pipe exceeds the

level D allewadble, further evaluation of limiting flaw size and burst data
(Subsection 3,2,1,2) shows that a sizeable crack lemgth would be requirec to
cause pipe rupture,

3-9
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Table 3=l

CALCULATED HOOP STRESSES DURING OVeRPRESSURIZATION 1IN
REPRESENTATIVE ECCS PIPING SIZES

NOMINAL HOOP STRESS*  LOWER BOUND

PIPE SI1ZE THICKNESS, T AT 1050 psi  BURST HOOP BURSTw®
(in.) SCHEDULE (in.) PRESSURE STRESS (ksi)  MARGIN

6 sTD 0.28 16.3 54.0 3.3

14 STD 0.375 23.9 54.0 2,26

16 $TD 0.375 27.4 54.0 1.97

20 STD 0.375 3.5 54.0 1,56

24 Xs 0.500 286.9 54.0 1.87

*Thickness used for hoop stress calculation is (T = 0.08), where 0.08 inch is
the corrosion allowvance.

s#patio of Lower Bound Burst Hoop Stress to Eoop Stress at Reactor Pressure
(1050 psi). .

$30¢7 code minimum values for SA 1068

€ = 60 ksi
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concluded that, generally, the hoop stresses in the ECCS piping during the
cverpressurization event will be less than the !SME Code specified limit for

Llevel D conditions.
3.2.1.1 Hoop Stress Burst Margin

The safety margin relative to burst type of failure in ECCS piping systen
during an overpressurization event is the ratio of the expected hoop stress at
burst and the calculated hoop stresses at reactor pressure (Table 3=1). The
hoop stresses due to any thermal gradients are not included in this evaluation
because such stresses are displacement controlled and, thus, do not directly

contribute to burst failure or rupture.

Beced on extensive sets of test data, Rodabaugh (Reference &) noted that
for searless pipes the hoop stress at burst is essentially equal to the
Ultimate stress of the material. Burst test dats reported by General Electric
‘Reference §) specifically on seamless 106 Gr. B pipes were revieved for this
cese., The pipe diameters in these tests ranged frow & to 12 inches. The
vield and ultimate ntrengths were also determined for each pipe tested.,

Figure 3-5 shows the hoop stress at burst as a fraction of the measurad
vltimate stress for that pipe material plotted versus the ultimate stres.. It
{s seen from Figure 3-5 that the average burst hoop stress, is equal to
spproxigately 90% of the vltimate stress. This conclusion is considered
independent of the pipe size because the burst hoop stress, rather than the
burst pressure, was used in the evaluation. The ASME Code-specified minimum
value of ultimate stress for SA 106 Gr, B steel is 60 ksi to a temperature of
600°F. Therefore, the expected value of burst hoop stress is (60 x 0.9) or
54 ksi. Table 3-1 shows that the burst hoop stress margin ranges from 3.3l
(b=inch) to 1.56 (20-inch). Even the minipum 1.56 margin is greater than the
faulted or Level D safety margin of 1.4 of the ASME Code.

3,2,1.2 limiting Axial Flaw Lengths in Piping During ECCS Overpressurization
4 qualitative reasure of the assurance of pressure integrity of ECCS

piping during an overpressurization event is the length of the axial flaw

(latent defect) that can be tolerated without rupture. Since SA 106 Gr. B
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carbon steel is expected to behave in essentially a ductile manner in the
rarge of temperatures expected during overpressurization, either the elastic~
piestic fracture mechanics (EPFM) analysis or the limit load approach is
appropriate in such an evaluation. In comparing the twe methods, the use of
EFFM analvsis requires information on the material stress-strain curve and
roterial toughness in the form of a J-Resistance turve, vhile the only mater~
{#. parazeter required in the limit lcad approach is the flow stress.
Feference & indicates that both the EPFM analysis and the limit load predic-
tions are in excellent agreement with the experimentally determined instabil-
ity pressures of SA 106 Gr. B carbon steel pipes. The temperatures in these
tests ranged frop S38°F to 675°F, and the o erage value of the flow stress
used was approximately 47 kei, This empirical value of flow stress is appli-
cable to the evaluation of axial flaws., A different value of flow stress

(2 5' or 36 ksi; page 3-19) is used for the evaluation of circumferential
flaws. Since the flow stress values are empirical quantities backed out from
corresponding test cata, the use of different values of flow stresses {or

a»is) ané circusferential flaw evaluations is justified.

The limit load approach is alsc the basire for the recently proposed ASME
Code procedures for the evaluation of axial cracks in both the austenitic
(Feference 5) and ferritic piping (Reference 6). Therefore, 2 limit loac
approach, with a conservative value of flow stress of &7 ksi, was used in the

fellowing evaluation to determine the largest tolerable axial crack length,

Ar empirical formula developed by Eiber, et al (Reference 7) relates the
hoop stress, Ch. at failure for pipes with axial through-wall flaws, to “he

flaw paraceters as follows:

°s
ch > =% (3=1)
where Sf = flow stress and, M is a curvature correction factor given by
Moe [1+1.60 8220 o)} (3+2)
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vhere!

{ « axial crack lemgth
T « radius of the pipe
t e nominal thickness

Ar algedraic manipulation of Equations 3-1 and 3-2 yields the following
equation for allowable axial crack length:

0. 2 1/2

” | — - 1
L s 2,48 1t (oh) i

(3=3)

Table 3-. shows the maximum tolerable crack length during the overpres~
eurization event for various representative pipe sizee in ECCSs ranging from
© .. inch to 5.8 inches. This indicates that large through-vall axial cracks
wouléd have to be present to cause piping rupture. Since a through-wall crack
cf such length would likely be detected and repaired, it is concluded that the
provebility of rupture of ECCS piping from unstable growth of latent axial

defects during overpressurization {s negligible.

Further evaluation of ECCS failure during overpressurization considering

lstent defects at circumferential welds {s presented ir Subsection 3:3.1:3

3.2.1.37 Weld Evaluation of Probability of Pipe Rupture at & Circumferential

Butt

This section evaluates the probability of failure during overpressurizas-
tion due to a latent defect in a circunferential weld in the ECCS piping.
Since the ECCS piping is seamless, the most likely locations where 2 latent
defect may exist would be the circumferential butt welds. T. tabilistic
rethodology, developed by Lavrence Livermore National laboraiwzy (LLNL), was

used in this evaluation,

3-14
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Table 3-2

LIMITING AXIAL THROUGH-WALL
FLAW LENGTHS IN BWR ECCS FIPING

SCHEDULE

$TD
STD
STD
STD
Xs

AT REACIOR PRESSURE

HOOP STRESS
AT 1050 Ps1

—iied)

16.3
3.9
27,4
3.5
28.9

LIMITING
CRACK LENGTH
(in.)

3.3
3.7
3.2
.4
5.8
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At a part of the effort for the resolution of Unresclved Safety
Tssue A=2, "Asympetric Blowdown lLoads on Reactor Primary Coolant Systems',
LLL developed & prodabilistic fracture wechanics methodeology for the assess~
went of double-ended pipe break (DEPB) probability resulting from both direct
and indirect ceuses (Reference 10). The DEFD probability sssesement frow
direct causes considers the growth of as-fabricated surface flavs at welded
jcints, teking into account loads on the piping due to normal operating
conditions and seismic events, Other factors, such as the capability to
detect cracks by nondestructive examination and the capability to detect pipe
leaks, are alsc modeled. Flaws which become through=vall but do not result in
rupture may produce & detectable leak when the calculated leak rate is above
the detection threshold. The ratio of the calculated DEPB probability to the
detectable leak probability is & measure of the leak-before-break probability.
LINL has developed a computer code (PRAISE) wvhizh incorporates this

pethodology.

Fven though the LLNL investigations were limited to pressurized water
reacter (PWR) coclant piping, the technigues are sufficiently general for
sdaptation to all light water reactor piping systems. Ceneral Electric has
secéified the PRAISE code for EVR applications and has included & moTe generel
limit load-dased failure criterion, Briefl descriptions of the LLNL piping
reliability model and the Ceneral Flectric podifications are giver in

Appendix B,

The pipe rupture probabilities vere caleulated for a typical girth butt
veld in the low pressure ECCS piping segments that would be pressurized during
an overpressurization event, It was conservatively assumed that the prob-
ebility of existence of a fabrication defect at a weld 1s 1,0, Further, nc

credit wos taken for any preservice or imservice inspection,

The axial and bending stresses considered in the evaluation were those
due to pressure, weight and thermal expansion, The axial membrane stress,
which is essentially due to the reactor pressure of 1050 psi, is given in
Table 3-1 for various pipe sizes, The bending stress, due to thermal

expansion, is icpcsed on the subject piping as the system heats up during
overpressurisation, While an exact value of the weight combined with the

3-16
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Table 3-3

AVIAL STRESSES USED IN PROBABILITY EVALUATION

Stresses (ksi)

7.9 7.0
$1.7 7.0
13.5 7.0
12.0 7.0
14.5 7.0

*sssumed (includes weight + thermal expansion)

L
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thersz) expansion stress at & particular veld can be calculated from the
(nfornetion provided in piping system stress reports, @ representative bound-
{rg value of 7 kei was used in this evaluation., The PRAISE code evaluations
reed only nominal stresses (i.e, without any #tress intensification factors
norsally used in code compliance evaluations). The calculated value of weight
plus thersal expansion stresses at some locations 4n the ECCS piping systems
may exceed the assumed representative upper bound value of 7 ksi, Neverthe=
less, it is judged that the following conservative assumptions still assure a
bounding systes rupture probability at circumferential welds:

a. The thermal expansion stresses are {splacement controlled and,
thus, are classified as secondary stresses in the ASME Code. Since
only the primary (i.e., load-controlled) stresses such as pressure
ané weight stresses can cause pipe rupture, the inclusion of therwal
expansion stresses in the failure criteria of the PRAISE code is

conservative.

b. 1n calculating the system rupture probability, some bounding stress
level is assuped &t all of the welds in the piping system. 1t is
jucged that the increase in the calculated probability at some velds
due to higher than 7 ksi bending stress will be more than offset by
the lower calculated probability at a majority of the systes welds
where the stress is less than 7 ksi. In other vords, the calculated
svetem rupture probability, assuming all of the welds to be stressec
at 7 kei, is expected to bound the calculated probability in which

actual bending stress levels are used,

Table 3-3 summarizes the stress magnitudes used for va.ious pipe sizes in

the calevlation of circumferential weld rupture probabilities.

As described in Appendix B, the failure criterion used in the protability
evaluation is based on the limit load approach. The material flow stress is
s key pirameter in this approach, Based on Reference 6, flow stress was
corservatively assumed as 2 S‘. where st {s the material design streses inten-

sity specified in the ASME Code. Thus, the flow stress value of 36 ksi, based
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on the S' value for SA 106 Cr. B at reactor TE wa the

svaluation,

Tatle 3-4 shows the calculated rupture probal. . «s for each pipe size
considered., The protabilities range fros 5.4L-9 for the 24-inch pipe to
¢, BE-8 or approximately !.0E<7 for the 6-inch pipe. It is seen that the
rurture probability is highest for the 6-inch pipe, although it has the lovest
axial pemtrane strees. This is related to the differences in aspect ratios
(half crach length/depth; B) of cricical crack sizes (crack sizes for vhich
failure ir predicted) as a function of pipe diameter. The aspect ratios of
critical cracks in larger diameter pipes are larger compared to those of the
smeller diameter pipes. Since the rupture protabilities in the LLNL model are
related to the inverse of the exponent of £ (see Equation B-2), the larger
¢iameter pipes have lower calculated rupture probabdbilities compared to the
sraller dismeter pipes at the same stress level. Based on the results shown
i1 lable 34, it can de couservatively concluded that the conditional® rupture
srobatility/weld for pipes greater than 6 inches in diameter is boundec at

1:.0F«7

Due to the ass.med log normal characterization of the probability distrie
bution for the crack aspect ratio, the LLNL piping reliability model is not
appropriate for welds in pipes sraller than € inches in diameter. On the
‘asis that the smaller pipes have lower pressure-induced stress for the same
pressure level, it was judged that the rupture probadility at circumferential
butt wvelds in pipes smaller than € inches in diameter is nu greater than that

for the é=inch diameter pipe,
3.2.1.4 Conclusions from Piping Integrity Evaluation

Bzsed on the preceding evaluations, the following conclusions are drawn:

sir ¢

Conditicnal" pretability mears the probability assuming that system over-
precsurization has occurred.
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Table 3-4

CALCULATED ECCS RUPTURE PROBABILITIES PER

CIRCUMFERENTIAL WELD DURING OVERPRESSURIZATION

BASED ON PRAISE CODE

Pipe Size Conditional Probability/wWeld
(in.)
¢ 9.8 x 10°°
14 9.3 x 107
16 6.3 x 107
20 2.0 x 107
2 $.4 % 107

Note:

Axial mesbrane and bending scresses listed in Table 3«3

were used in the calculation,

3-20
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The calculated hoop stress burst margin in the ECCS piping for an
overpressurization event is greater than the ASME Code specified
sefety margin for level D conditions vhich assure pressure

integrity.

Through-wall axial cracks of significant length would have to be
present to cause piping rupture. Since such through=vall cracks are
1ikely to be detected and repaired, the probability of rupture of
ECCS piping from unstable growth of latent axial defects during the

overpressurization event is negligible.

Given that overpressurizatic~ has occurred, the probability of a

rupture or & DEPB at any circumferential wveld, in any ECCS system,

is conservatively estimated at | x 10.’.

3,2.2 Evaluetion of Valve Integrity

4 valve is an cesemblage of several subcomponents including & body, stem,
disc, bonmet, gland, yoke and operater. Therefore, the pressure integrity
evaluation of a valve is more complex than piping. A quantitaiive probabil-
fstic anclysis method for the valves similar to the LLNL piping reliability
model for piping is not currently available, Nevertheless, several inherent
design features of the valves were examined to drav qualitative conclusions
that the prodability of pressure boundary rupture at a valve during the
overpressurization event is expected to be no higher than that for the con~

nected piping.

Figure 3-6 shows the cross-section view of an Anchor/Darling 150 pound-
rated lé-inch motor-operated gate valve used on the low pressure side of 2
typicel KPCI line. The two most likely failure godes by which a large break
crea could result during an overpressurizatior are: (1) rupture of the valve
body and (2) failure of the body-to-bonnet joint. Fach of these modes is

evaluated separately below.
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Figure 3-6, Schematic of 150-1b Pressure Rated KPCl Valve
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3,0.2.1 Valve Body Integrity Evaluation

A review of the data in Appendix A indicates that the valves in the RER
and the core spray lov-pressure systems vhich would be subl jected to overs
pressurization are rated at 300 pounds. The HPCI1/RCIC suction line valves are
rated ac 150 pounds. Table 3-5 (obtained froe Reference 1) shows the required
pirisur Lody thicknesses for the valves of various sizes and ratings. It is
seer that these minimus specified thicknesses are consideradbly higher than
these specified for the same nominal diameter standard schedule pipes used
typically on the low design pressure ECCS piping. For example, for & lé=inch
valve, rated at 150 pounds, the specified minimus valve body thickness in
Table 3=5 18 0.42 inches. (The specified minimur wall thickness for the valve
¢f the same rating shown in Figure 3-6 is 5/8 inch or 0.625 inches for a
margir of 1.5,) This also represents a greater than 102 margin above the
rorinal for that of a lé~inch standard schedule pipe vhose thickness is
0,375 inches., The larger thicknesses in the valve bodies are intended to
1irit deformation to make valve function properly (e.g., to assure leak tight=
ness ai the valve seat). Fodabaugh (Reference 8, p, 11=1) has observed that
becacse of this. the valve body 18, in most cases, rigid to the extent that
the pipe section attached to a valve will yield prior to its being able to
impart sufficient forces to cause & pressure boundary failure of the valve., A
reviev of the reported field failure incidents on piping systems also confires
this chservation. Thus, the likelihood of valve body rupture during the over-
pressurization event is less than the rupture of the connected piping. Addi-
tionally, the valves alsc benefit from higher allowable stresses. The typical
carbor steel material specified for valve bodies is SA216 WCE, which has o
minimue room temperature ultimate strength of 70 ksi compared to 60 ket for
the carbon steel SAJO6 B used in piping,

Ancther feature in the valve design that provides additional assurance of
pressure integriiy during the cverpressurization s high rating of hydrotest
pressures, Tadle 3-6 (obtained from Reference 2) shows the specified hydre=
test pressures for typical velves, Table 2-6 data indicate that 150-pound
carben steel valves are subjected to hydrotest pressures of 425 psi, while

W00-pound valves are tested to withstand pressures of 1125 psi, Thus, 300-

3-23



VALVE BODY MINIMUM THICKNESS
(Table NC=3511<] of Ref. 2)
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Table 35

Inside
Stsnstet Minisuz Wall Thtcknool.l!:ﬁ}n.
G'. Primary Pressure Rating Pyt 1b.
in 150 300 400 600 900 1500 2500
0.1 A0 W10 10 A0 .10 10 10
0.2 W10 10 10 10 .10 .10 «12
0.} A0 .10 ‘0 10 W12 12 18
G.é .10 .10 i3 W13 16 16 a3
0.5 .10 10 A6 16 A9 91 27
0.8 10 12 W16 16 il 3 .30
0.7 +33 Jdé oy A6 . ¥ % 5 |
C.8 43 1€ A7 A W24 % .36
£ * o135 17 A8 A8 26 26 40
A6 L A9 A8 .8 «28 Jhb
: g 25 3% 29 &b Ny 7y
3 oy 31 2 a2 66 1.14
- -31 03. 03. .53 -.3 1-‘7
s .38 b Jhb .63 1.02 1.8]
3 . 1. b .50 Tk 1.2) 4,18
7 «30 . .50 .57 83 1.41 2.5
£ .31 .- 1 .63 .93 1.59 .63
8 o 39 &7 b3 0 1.03 1.76 .
IC c" .50 -" 0’7 l.l’ ;c" ’031
1 36 33 72 85 1.24 2.12 3.8%
12 .38 56 73 92 1,38 2.3 &.1%
13 40 .61 .81 87 1,46 2.50 &.52
14 el 65 B4 1,03 1.56 2.69 1
i A3 68 .88 3.43 1,67 2.88 $.20
16 N N 91 1.18 1.77 3.06 $.54
17 b 75 .94 1.2% 1.86 3,24 5.88
18 L4 .78 1.00 1.3 1.96 j.a .22
19 50 .81 1.07 1.39 2.07 3.61 6.55
20 51 .84 1,10 1.46 2.17 3.79 6.8%
21 53 .88 1.13 1.53 2.28 0 M) 7.23
22 & 91 1.17 1.59 2.38 4,15 7.5
b 56 .94 1.20 1.66 2.48 4.33 1.9
24 % 1 .97 1,24 1.72 2.59 4,54 8.2%
23 .59 1,00 1,28 1.7% .69 4,69 g.5¢
ot 61 1.04 1.32 1.8% 2.79 ‘.8 8.52
2? .62 1.07 1.36 1.9 2.89 5,08 §.26
2 64 1.10 1.359 1.98 2.5% $.24 9.60
b4 | .66 1.14 1,43 2.04 .09 $.462 §.54
0 87 1.17 1.4&7 2.11 3,19 $.60 10.28
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Table 3-6

HYDROSTATIC SKELL TEST PRESSURES
(Table NC-3512(c)=-2 of Ref. 2)

(All Pressures are in Pounds per S7.are Inch Gage-psig)

MATERIAL
Ferritic Steel Austenitic Steel

Carbon
Steel Types
(Low Carbon| 1 Cr- | 1% Cr-| 2% Cr-

Tenp) | Moly b Mo b Me | 1 M 321 347 | 336 | 310] 3041 ] 316L
L25 625 25 425 L25 L25 428 | w2s | w2s| w28 425
975 1050 1125 1128 1125 ]112% 1125 {1128 J2125] 1000 ] 1000

31275 1600 1500 1500 1500 |1500 | 1500 | 1500 {1500 | 1500 | 2325 1325

1925 2075 2250 2250 2250 |2250 50 | 2250 | 2250 | 2250 | 2000 | 2000
2900 N2 3375 3375 3375 | 3375 3375 | 3378 {3375 | 3000 | 3000

825 5200 5625 5625 5628 | 5625 | 5625 | 5625 | 5625 | 5625 | 5025 5025

8025 8675 9375 9375 §378 9375 | 9375|9375 | 9375 {9375 €350 8350

3-26
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pound valves have already been hvdrotested at & pressure greater than that

expected during the overpressurization event (i.e., 1050 psi).

Fror the prececding discuseion, three conclusions are drawn. First, the
likelihood of rupture of 150-pound valve bodies during an overpressurization
event appears no greater than that of the corresponding diameter standard
schedule pipe. Second, for the same stresses, valves have & higher design
wargin due to higher allowable stresses compared to piping. Third, because of
high hydrotest pressures, the rupture of 300-pound (or larger) valve bodies

during overpressurization also appears highly unlikely.
3,2.2.2 Body-to-Bonnet/Cover folted Joint Evaluation

Ancther part of the valve whose failure could lead to & breach of the
pressure | sundary is the bolted joint between the body and bonnet or cover

(Figure 3-6).

ks noted in the preceding subsection, the 300-pound pressure rated valves
are required to be hydrotested at 11?5 psi. Therefore, only the bolted joints
in the 150-pound pressure rated valves were evaluated. This included valves
ir the 6, 14 and l6-inch sizes. The tody-to-bonnet joint in the gate valve
shown in Figure 3-6 was also determined to be the bounding case and therefore

wae used in this evaluation,

The bonnet in Figure 3-6 is attached to the valve body by sixteen 3/4-
inch 10NC-2 studs on an 18-1/8 inch bolt circle diameter. Appendix C
describes the theoretical relationship between the bolt stress, pre-load and
the p “ssure loading. Based on Equation C-1, the pre-load stress in the studs
was estimated as 65.000//5773 or #52,000 psi. The average stress in the
studs, due to irternal pressure of 1050 psi{ and no pre-load stress, was calcu-
lated as 551,000 psi. When the effect of pre-lcad is taren into account
(using Equation C-2), the bolt stress with 10%0 psi internal pressure is
calculated as 57,700 psi. This represents a small increase (approximately
11%) from the stress experienced by the studs under pre-lcad alcne. This
confirms that, in most flanged joints, the major stress applied to the studs

or belts i{s that applied in tightening the nuts. It follows that, if a bolt
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cr stud did not fail during tightening, then it is not likely to fail during

servicCe.

1f the stress in the studs due to pre-load is less than that estimated by
Ecuation C-1, the calculated stress during the pressurization to 1050 psi will
be even lower. Thus, the average stress in the studs during an overpressuri-
sation event is estimated to range from 51,000 psi to 57,700 psi. Since the
ASME Code implied minimum yield strergth at 550°F for the stud material
(SA 193 B7) is 387,000 psi, the minimuz margin for the calculated stress in
the studs during an overpressurization event measured against the ASME Code is
1.5, (The ASME Code implied factor of safety is 1.4 for Level D conditions in

which the pressure integrity of a component is the only concern.)

The inherent structural redundancy of the bolted joinmt provides addi-
ticnal assurance that, during an overpressurization event, loss of coolant
vould more likely result from valve lezkage than rupture, wvhich is likely to
be detected long before valve integrity would be compromised., Results of
finite e.ement analysis, on a szmple bolted joint given in Reference 11, are
discussed in Appendix C. Such analysis cleearly {1lustrates the load shadding
arc redistribution characteristics when complete degradation of one or more
adiacent studs in the joint is assumed. Reference 1] shows that the stress
increase in the stud next to the failed studs is small. It shouléd, however,
be noted that a review of Ceneral Electric service experience data base on BWR
pressure boundary materials has {ndicated no reported incidents of degradation
{n the low alloy steel (SA 193 B7) bolting used in ECCS piping system valves
and heat exchangers. This was not surprising, since most of the factors
{dentified in Reference 11 (i.e., the presence of borated water, stress core<
resion cracking and fatigue) are not likely to be associated with the typical
operating conditions in the parts of EWR ECCSs being considered in this

evaluation.

The preceding discussions lead to the qualitative conclusion that the
yielding of the bolted joints in the ECCS valves on the low design pressure
side during an overpressurization event are more 1ikely to result in a leak

rather than a gross rupture.
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5.2.2.3 Conclusions frozw Valve Integrity Evaluation

Based on the evaluations presented in the preceding subsections, it is

concluded that:

a. The likelihood of rupture of the body of a 150-pound pressure-rated
valve during an overpressurization event is less than that of the
corresponding diameter standard schedule pipe. 1In the case of
valves rated 300 pounds or greater, the prescribed hydrotest pres-
sure of 1125 psi assures that its probability of rupture during an

overpressurization event is negligible.

b, The likelihood of gross rupture at bolted joints in the low pressure
side ECCS valves is extremely small. Leakage of fluid through the
bolted joints is the more likely consequence during an overpressuri-
zation event. The potential effects of leakage is discussec in
Section 3.2.5.

¢. The overall rupture propability of a low pressure side ECCS valve
was judged to be nc greater than that at the circumferential butt

weld between the valve and the connecting pipe.

3.2.3 Evaluation of Heaet Exchanger Integrity

Several RHR heat exchanger desigrs were reviewed with the most limiting
one selected for this evaluation. The shell inside diameters of the heat
exchanger designs reviewed ranged from 40 inches to 63 inches. The typical
design pressure for the RER heat exchangers was 450 psi. The 63-inch inside
diaveter design was found to be most limiting and Figure 3-7 shows the outline
of this heat exchanger. During RHR system operation, reactor water enters the
heat exchanger at opening A and exits at B. The shell tube sheet and the
channel are connected together through a flanged joint. The process cooling
water fror the channel side circulates through the tube bundle situated
inside, The three parts of the heat exchanger that are stressed during the

RER overpressurization event are: (1) the shell; (2) cliell-to~tube-sheet
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flergec joint; and (3) the tubes. Each of these was evaluated for large breek

potential during overpressurization,
3.2.3.] HKeat Exchanger Shell Evaluation

The heat exchanger shell is & cylindrical structure with a top elliptical
head. The hoop stress in the cylindrical portion is expected to be governing.
The nominal shell thickness for the example case is 1.0 inch. For an internal
rressure of 1050 psi, assuming a standard corrosion allowance of 0.08 in., the
hoop stress was calculated as 36 ksi. The material specified for the heat
exchanger shell is SAS16 Gr. 70. The faulted condition or Level D gllowable
rressure hoop stress 2 § for this materia]l is approximately the same value as
the calculated hoop stress. Furthermore, it should be noted that the calcu~
lated hoop strest of 36 ksi is for the limiting case, For most cf the other
5¥T heat exchangers, the calculated hoop stress during overpressurization is
less thar 30 ksi. The primarv membrane stress in the other regions of the
shell ic expected tc be less than that calculated for the cylindrical region.
Overall, the calculated hoop stresses, relative to Level D allowable values,
fall essentially in the same range as those for the piping (Table 3-1). Thus,
it can be qualitatively concluded that the burst faflure of the worst case
heat exchanger shell during an overpressurization event is no wore likely than

failure of the connecting piping (Section 3.2.1).
3.2.3.2 Shell-tc-Tube-Sheet Bolted Joint Evaluation

The heat exchanger shell, tube sheet and channel are held together by a
flanged joint. A review of such joints in various RHR heat exchanger designs
indicated that the flanged joint in the 63-inch shell I.D. heat exchanger,
considered in Subsection 3.2.3.1, was limiting and, therefore, was selected
for evaluation. The sealing of this flange joint is assured by 68 1-3/8-inch
diameter bolts equally spaced in a circular pattern. The same procedure used
for valve body-to-bonnet joint evaluation in Subsection 3,2.2.2 was used to
celculate the bolt stresses in the heat exchanger flange joint., Based on
Fouzation C=1, the minimum pre~load stress in the bolts was estimated as

45,000/v1.375 or 238 ksi. The average stress in the belts, due to internal

ner

sressure of 1050 psi and assuming no pre-locad stress, was calculated as






Devgn Presune py

NEDC=-31339

-2
2
LS

-~

&

ure 53-8,

Chart-Tube

(Figure

30 «0 80 100
Revgr Surees iy

£or Does L1t % Desgn Strets tor Seamiety Vates

[

Wall Thickness Versus External

ND-3133,8-1 of Reference 2)

3=33

W00

Pressure



NEDC-31339
pressure) is 1650 psi, yielding & margin against collapse failure during
overpressurization of 1.57.
3.2.3.4 Conclusions from Heat Exchanger Integrity Evaluation
The preceding evaluations lead to the following qualitative conclusions:

6. The likelihood of rupture of a RHR heat exchanger shell during an
overpressurization event is of the same order of magnitude as the

connected piping (discussed in Section 3.2.1).

b. The tube sheet-to-shell bolted joint, which would be stressed during
an overpressurization event K is likely to leak rather than experi-

ence a gross rupture.

& Heat exchanger tubes have an inherent safety margin of three against

collapse during an cverpressurization event,

d. The overall rupture probability of an RHR heat exchanger was judged
to be no greater than that at the circumferential butt weld in the

connecting RHR piping.

3,2.4 Overall System Rupture Probability Evaluation

The overall ECCS low pressure piping system rupture probability during an
overpressurization event is equal to the sum of the rupture probabilities of
the piping and the piping components such as valves and heat exchangers. In
the case of piping, it was judged that the rupture probability at the circum~
ferential butt welds was the dominant contributor. Thus, the rupture proba-
bility in the piping was defined as the product of the per-circumferential
butt weld rupture probability (conservatively estimated as 1.0E-7 from Sub-
section 3.2.1.3) and the numbder of circumferential butt welds in the system.
The rupture probabilities for valves and heat exchangers was approximated as
ecual to that at a circumferential butt weld as discussed in Subsections
3,2,2.% and 3.2,2.4 (e.g., each valve and heat exchanger counts as an addi-

tional circumferential butt weld in the system).
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The nunber of welds in the portions of ECCS piping affected by over=-
~vessurization depends upon the system configuration. In & limited plant
survey, the nuuber of welds in an RER system were determinec as 112 for pipe
cizes three inches and lerger. Similarly, the number of valves 3/4 inches and
larger in 8 typical RHR systez was Jetermined to be 1. On this basis, the
nuzber of "equivalent circumferentisl welds" was conservatively assumed as
300. Thus, the ECCS low pressure system piping rupture probability is esti~
mated as (300)x(1.0E~7) or 3.0E-5. This expected probability is at least two
crders of magnitude lower than the range of 1.0E-2 to 1.0E-3 stated in the

-
%3

AEJD case study.

3,2.5 Probable Results of Overpressurization

As indicated by the above analysis discussion, failure of system compo-

rerte due to overpressurization is not expected to occur.

The results of such an overpressurization event would most iikely be

limited to!
(1) Discharge of fluid and two-phase fluid from systems relief valves.

(2) leakage of fluid and twc-phase fluid {rom bolted joints and possi=-

bly failure of some gasket(s).

(2)* Discharge of fluid and two-phase fluid froz small undetected cracks

in welds.

*T

Tt is fudged that only small cracks in welds may fail to be uadetected during
normel plant surveillance and that the number of such small cracks would be
few., The effective flow area of these cracks would be small. For example,
the effective flow area of such cracks would be much less than the two-square-
inch effective flow area of a large 25-inch long crack of critical size in a
Ji=inch diameter pipe weld., (A crack of critical size is the length of crack
that can be present without resulting in a guillotine failure of the pipe
‘uring an overpressurization event.)
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L) Activation of line high pressure alarms.

(8) Activation of smoke alarms due to oxidation of paint on piping and

components.

(6) Activation of areas high temperature alerms due to steam that results

fror the discharge of two-phase fluid.

The velume of fluid discharged from bolted joints would be largely
lirited by the minimal flexure of the joint and bolts. Following termination
of the overpressurization condition, the joint would Jikely reseat and stop
ieaking unless gasket rupture had occurred. If gasket failure occurs,
sdcitiona) fluid discharge could result and may continue after te:mination of

the overpressurization until the system sufficien.iy depressurizes.

The volume discharged froz relief valves, bolted joints, undetected
cracks, and gaskets if they fail, is judged to be small compared to the volurme
of associsted equipment rooms such that the leakage would not be expected to

result in substantia) flooding consequences for overpressurization events of

duratiors similar to those reperted in Reference 1.

The most sigrificent consequences to be expected would be the additionsl
hazard to plant personnel from discharged fluid snd the potential that some
equipment may be rendered inoperable due to spray from leaking components.

The equipment that may be rendered {noperable due to spray effects is expected
te be limited to equipment in the same division as the overpressurized system

because of equipment divisional separation.

Activation of line high pressure alarms, smoke alarms, high area temper-
sture alarms and personnel observation of smoke, spray and steam discharge
frop relief valves and leaking components would 1ikely result in decreasing
the duration of the overpressurization event by alerting operators to the
cverpressurization condition, These phenomena resulted in alerting operators

to the overpressurization condition in the events reported in Reference 1.
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There is & high likelihood that operators would be able to isclate the
¢ischarge frov relief valves and leaking components by closing the system
irsecticr valves. The HPCI and RCIC Systems' injection valves are generally
located outside the room in which the systems' low design pressure components
are located. This further inproves the likelihood of being able to isolate
discherges and leaks from HPCI and RCIC Systems because of the reduced
potentizl environmental effects of the discharges and leaks on the system
in‘ection’/isclation valves. The likelihood of operators being able tc isolate
such discharges and leaks is, to some degree, demonstrated by the fact that
the operators were able to isclate the discharges and leaks reported in

Re‘erence 1.

PROBABILITY OF AN INTERFACING LOCA

The expected frecuency of & BWR interfacing LOCA invelving the reactor

coclant svetem (RCS) and the ECCS and RCIC system is determined as follows:

“LOCA ) P"—ess " Rupture
where!

Floca = Probability of an interfacing LOCA between the RCS
anc ECCS.

FPress = Probability of overpressurizing the low pressure ECCS
an¢ RCIC system piping.

PR = Conditional prodbability of a rupture in the ECCS

upture

piping given an overpressurized conditior,
Subetituting the values of the prodbability of overpressurization and the

conditional probability of ECCS rupture, the probability of an interfacing

LOCA is, therefore, determined to be:
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- -2 -
PLOCA (1.0E-2)* x (3.0E-5)

s 1 oy ) P -\
PLOCA 3,0E-7 per reactor-yesr
The value of 3.0L-7 per reactcr-year for the expected frequency of an
nearly three (3) orcers of magnitude lower

interfacing LOCA 1is acceptably low,
WASKE-1400

ncy of & large break LOCA described in the

than the expected freque
concluded that an ECCS overpressurs

feactor Safety Study. It is, therefore,

izetion event poses no significant threat to the safety of the BWE.,

gurization is

*for purposes of calculation, tte frequency of system overpres
sssured to be that stated in felerence 1. However, it ie believed that this
event freguency is overly conservative based on a continued operating cata
Lese without additional occurrences since the iesvance of Reference . and
the increased industiry awareness of these occurrences and th neeéd to reduce
event {requency.
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APPENDIX A
FLANT DATA SUMMARY

The dats received from nineteen (.9) BWR plants that were utilized in the
studv to evaluate the probability of an interfacing LOCA are summarized in

this Arpendix.

Tatle A-] lists the utilities, plants, BWR type, and containment type {for

the plants consicdered in the study.

Tatle A-2 summarizes the system design pressure, hydro test pressure,
lergest pipe diameter and the largest diameter pipe radius (r) to pipe thick-
ress (t) ratio for the piping sections identified in Paragraph 3.1 of this

report as being subject tc potential overpressurization.

The mavizue pipe hoop stre.s due to pressurization is equal tc the r/t

ratic ruitiplied by the pressure to which the piping is exposed.

Tatle A-2 and Figures A-l through A-3] summarize the reactor vessel
isolatior valve configuration for sach system. The figures do not differenti-
ate between gate and globe valves (i.e., the same symbcl ie used for both).
The piping and valve configuration upstream of the reactor pressure vessel
(RPV) isolation valves are plant-specific and vary in detail. However, the
piping sections subject to potential overpressurization are, in all cases, the
same as {1lustrated in Figures 3-1, 3-2 and 3-3., RHR RPV {solation valves
that are utilized for the low pressure coolant injectior (LPCI) function are
presented in these figures, Other RHR RPV isolation valves that are utilized
for the reactor shutdown cocling function only (such as these on the RHR
suction line frow the RPV, RPV head spray and shutdown return to the recircu~
lation system on or feedwater line) are not presented because these valves are
interlocked to prevent thelr opening when reactor pressure is above the design
pressure of the connected low design pressure piping, they do not receive any
autoratic opening sfgnal and these valves are not tested for operability

during normal power operation.
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Table A=l

UTILITY, PLANT NAME, BWR AND CONTAINMENT TYPE

Bwk OWNER
Beston Edison Company
Cerelina Power & Light Co.

Commonwealth Edison Co.

Gecrgia Power Co.

General Public Utilities
huclear

Gulf States Utilities

1l1linois Power Company

lowe Flectric Light & Power Co.
nwebraska Public Power District

Niagara Mohawk Power Corp.

Northern States Power Co.
Fennsvlvania Power & Light Co.
Philadelphia Electric Co.
Public Service Electric &

Gas Co.,

Tennessee Valley Authority

Washington Public Power
Supply System

PLANT

Pilgrim
Brunswick 162
Dresden 243
Quad Cities 1&:
laSalle 1&2
Hatch 162

Cyster Creek

kiver Bend 1
Clinton 1
Duane Arnold
Cocper

Nine Mile Point 1
Nine Mile Point 2

Monticeilo
Susquehanna 162

Peach Bottom 263
Limerick 162

Hope Creek 1

Browns Ferry 1,263 &

Hanford 2

A-3

CONTAINMENT

TYPE

BWR  (MARK 1, 11 Ok 111)
3 1
4 1
3 1
3 1
5 11
4 1
2 1
£ 111
6 111
/ 1
4 1
2 1
5 11
3 1
4 11
4 1
4.5 11
4.5 3
1
s 11
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Table A-2
BWROG PARTICIPATING UTILITY PLANT DATA

1SOLATION LARGEST
VALVE DESIGN  HYDRO PIPE LARGEST
CONF1G. PRESS. FRESS. DI1A. PIPE
FLANT SYSTEM (Fig.)* (psig) .S.P'iﬁ) {in.) (73)
Erowns Ferry 1,243 RHR A=l 450 26 27.6
cs A=l 500 14 22:7
HPCI A-12 150 16 26,1
RCIC A-12 150 é 15.6
Erunswick 1 & 2 RHR A=) «60 690 24 3.9
cs A=l “60 690 12 24.5%
HPCI A=13 150 16 26.1
RCIC A=l4 150 6 15.6
Clinton REER Later 500 750 18
LPCS Later 600 900 14
RCIC Later 75 113 6
Cooper RHR A= 450 W50 s 23.9
cs A= 500 500 12 20.6
HPCI A=l 150 16 26.1
RCIC A-15 150 6 15.6
Dresden 283 LPCI A=l 350 18 4,1
CS A=) 350 12 20.6
HPCI A-16 150 16 26.1
Duane Arnold RHR A=l 375 20 32.9
cs A=] 355 10 17.9
HPC1 A-12 125 14 2.7
BCIC A=l 125 € 15.6
Fanford 2 RHR A=2 500 625 20 22.8
LPCS A-2 470 588 16 26.1
RC1C A=17 128 110 6 15.6
Hatch | & 2 RHR 3757400 469 24 23:9
cs
HPCI 1287140 156 16 26,1
RCIC 100/125 156 6 15.6
/140
Hope Creek | RHER A-2 410 €15 20 22.8
(0 A-9/A=3 S00 750 14 23.9
KPCI A-18 108 158 16 26.1
RC1C A-19 108 158 6 15.6

*ldentifies the appropriate figure number contiined in this Appendix.

A=b
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Table A-2 (Continued)
BWROG PARTICIPATING UTILITY PLANT DATA

1SOLATION LARGEST
VALVE DESIGN EYDRO PIPE LARGEST
CONF1G. PRESS. PRESS. DI1A. PIPE
PLANT SYSTEM (Fi!.)‘ (Esil\ (231‘) (in.) (r/t)
LaSalle } & 2 RHR A=& 500 750 18 17: 7
LPCS A-4 550 825 16 186.0
RCIC A-31 100 150 & 16.8
Limerick 1 & 2 RER A-b 420 630 20 32.9
cs A=-9/A-5 500 750 14 22.7
HPCI A=-20 125 182 16 26.1
RC1C A=-21 125 182 6 15.6
Monticello RHR A=6 278 413 16 26.1
cS A=6 303 455 10 17.9
HEPC1 A=22 23/30 S0 14 22.7
RCIC A=23 50 75 6 15.¢
Nine Mile Foirnt 1 cS A=7 470 12 20.6
Cyeter Creek cS A-8 300 10 }7.9
Feach Bottom 2 & 2 RHR A=S 450 675 24 27.6
cs A-9 450 675 1¢ 22.7
HPCI A-24 150 225 16 26.1
RCIC A-24 150 225 6 15.6
Pilgrim RHEK A-10 500 535 18 29.5
cs A-11 300 550 10 17.9
HPCI A=25 80/60 110 16 26.1
RCIC A-25 80 6 15,6
Quad Cities 1 & 2 RHR A=l 400 510 18 24,1
CS A= 500 564 12 20.6
HPC1 A=27 150 188 16 26.1
RCIC A-26 150 (3 15.6
River Bend RHR A-2 500 750 18 29.5
LPCS A-2 600 900 14 22.7
RCIC A-28 S0 135 6 15.6
Susquehanna |1 & 2 RHEF A-G 450 563-670 24 18,7
cs A-9 500 635-660 14 22,7
RPCI A=29 100 165 16 26.1
RCIC A=30 150 200 6 18.6

A=5



NEDC-31339

AQ MO MO
.  REACTOR PRESSURE
.::\:’.';\- A'. VESSE;(R’VI OP. RHR ‘L’C“
RECIRC ULATION / R
sy gt LPCI/ICS OR CS
HIGH DESIGN LOW DESIGN
PRESSURE (HOP) “® ™ PRESSURE (LDP)
AQ MO
RHR (LPCI.
ey ~=®- ¢S OR LPCS
FICURE A-2
HDP‘.—"—.-LDP
HPC! INJECTION

RPY --&Q—-o- cs

AOD

FIGURE A-3

AD MO

RPYV RHR (LPCI), LPCS

HOP LOP

A-6



F1GURE

F1GURE

F1GURE

k-5

A-€

A7

RPV

RPv OR RS

RPV

NEDC-31339

HPC! INJECTION
AQ MO MO
L cs
HOP ‘—]—. LDP
AD
AD MO MO
RHMR (LPCI. CS
HOP LOP
MO
MO
cs
MO
MO
HOP - | DP
AQ MO
ML
, cs
AQ MO
-

D

g Wil LOP



FIGURE A-10

FIGURE A-12

NEDC-31339

ao| |mo MO
RPY OF RE |- —->Q—I:{’J:J—OL—DB— MR (LPCI), CS
AO

HDP Wt | DP

RS RHR (LPCL)

HOP -—igm LDP

MO

RPV

T0 APV

-

h—
nop.._L_.,
MO | IMO
L-L—@

MO
cs
LDP
FEEDWATER (FW)
P LOP



NEDC-31339

FIGURE A 13 by

¢ aVONE

TO RPV
FIGURE A-14
MO MO MO
REACTOR WATER
CLEANUP HOP LOP
FW
TO RPY

AD MO MO MO

1GURE A-1$ C ] I

MO

-
REACTOR WATER
CLEANUP (RCIC ONLY)

TO APV e

-
AQ MO MO

vy

T

HOP - | DOF



FIGURE A-18

FIGURE A-19

NEDC-313269

e
AQ MO
HDP LoP
RPV
MO
SPRAY
e 0 AP O-MTM——M
-
-
AD MO MO MO
MO
ﬁ——‘- cs
y HJF LD’
/ | MO
T0 RPY - ’

AQ

TO RPYV

T
RPY

MO

HOP LDP

MO

cs

MO

AQ







NEDC-31339

MO

MO

T0 RPV
.

o

MO

URE A-26

-
av

1
.

HOF «—-—am LDP

10 RPY

LDP

AD

AQ

0
Y]

s
o

v

L

[
N



NEDC-31339

O RPY

(MO
FIGURE A-29 (e
Fw

>
HDP LDP
TO RPY T -
T mo| | Imo] [wmo
FIGURE A-30
J
Fw HODF - LOP
a0 AQ MO MO
IGURE A-3]
AD AD
HOP LDP
RPYV
HEAD SPRAY






NEDC-3133¢

L.i GENERAL

Figure B=) provides a representation of the Lawvrence Livermore National
“etcoratery (LLNL) piping reliability model (B.13)., An initial population of
circumferential cracks is considered. The depths and lengths of these initial
crocks are described by appropriate probability distributions., The initial
cracks eave expected to be detected with certain probability during the pre-
service and/or in-service inspections. Cracks that escape detection and
repeir are modeled to grow subcriiically due to fatigue and/or stress corres

sion mechanisms.

The crack gronth calculation is based on the stress history induced by
t'¢ normal and abnormal operating transients, earthquakes, and other cyclic
loadings, The parameters defining the assumed fatigue and stress corrosior

crack growth laws are characterized as normally distributed random variables.

The critical crack size is determined using a net section stress cri-
tericr in vhich the material flow stress is assumed to be & random variable,
The probability of failure ¢f a nipe is the probability of a crack groving to
the corresponding critical size, The model also includes the influence of 2

leal detection system and o hydrostatic proof test.
B.2 PROBABILITY DISTRIBUTIONS AND FAILURE CRITERION

The probability cdistributions and the values of the parameters used in

the LLXL model, as they pertain to carbon steel piping, are described below.

B.2.1 Initisl Crack Size Distribution

The specificatior. of circumferential surface crack geometry requires two
péraneters (see Figure B-2): depth (a) and surface length (1). Therefore,
the initial crack size distribution is characterized by a tivariate

édistribution.
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The crack depth is expressec by the exponential distribution:

-a/w

Y
F (a " i
Lil-e )

(B-1)

where n is the wall thicknese and v = 0,246 in,, @& constant, An option to

specify lognermal distribution is alsc provided in the PRAISE code.

..

equal to L/2a. A modified lognormal srobability density function is assumed

The initial crack length is expressed in terms of an aspect ratio ()

for 6:
‘ 0 g <1
Sl S, T =it 821 (B=2)
Ae(2n)? "

where constants E‘ « 1,336, CE « 1,416 and 2 = 0,5382

B.2.2 C(Crack Existence Probability

1t is assumed that an initial crack is produced by a fabrication process
such as welding, Therefore, the c-ack existence probability is related to the
volume of weld and heat-affected zone, V = 27Dh?, where D is the inside
diazeter and h is the pipe thickress. The probability of having an initial

crack in weld volume (V) is estipated as:

-\.Pv.
P(1) = VP, ¢ (B=3)

where Pv. is the rate of cracks per unit volume.

8.2,3 Crack Detection Probability

The probability of not detecting a flaw (PND) is a function of the flaw

cize, the material imspected, and the instrumentaticn characteristics. For

-
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E.2.% Feilure Criterion

A net section criterion is used., This criterion is stated as follows!

A =oc (A =A ) (B=6)

LC Tp ©c P crack

where!
° e = axial component of the load controlled stress.
Ap = metal cross-sectional area of the pipe.
& riek = cross-sectional erea of the crack.
A « gpaterial flov stress, which 1} a function of the yield

and vltimate stress.
The loaé control s ress, S et includes the lorgitufing. megbrane stress
due to pressure, and the membrane and bending stresses due to weight and

seismic inertia loadings.

F.2.6 leak Rete Calculations

o
The leak rate calculations are based on an assumed single-phase flow
model of initially subccoled liquids through narrow passages and is described
in Volume 5 of Reference B.1, The mathematical relationship between crack

length and leak rate built into the PRAISE code 1is based on typical PWR

coolant loop pressure and temperature conditions.

B.2.7 Numerical Simulation

Because many parameters are treated as randon variables in the LLNL
study, the Monte Carlo Simulation technique is used to evaluate the leak and
double-ended guillotine break (DEGB) probabilities. A stratified sanwpling
schewe is used to increase the accuracy and computational efficiency of the

numerical simulation.



NEDC-312339

rer
»

MODIFICATIONS INCORPORATED BY GENERAL ELECTRIC

The modifications made to the PRAISE code by General Electric are in the

arece of failure criteria and leak rate evaluation.

BE.3.] lmproved Failure Criteria

Ar examinstion of the net-section failure criterion, as represented by
Equation B-6, indicates that it does not include induced bending at the
cracked section due to the eccentricity produced by the presence of the crack.
Tre following limit load equations developed in Reference B.2 include this

effect:
(r=0d/t) = (P /e, )
3 e s f (B=7)
2
¢
P = — (2 sin @ - ¢/t sin a) (B-8)
vhere!:
t = pipe thickness
a = half crack angle as shown in Figure B-2
£ = angle that defines location of neutral axis
¢, = material flov stress
Fn = applied membrane stress in the uncracked section
Beoo® applied dondirg stress in the uncracked section

The resulting failure criterion line is schematically shown in
Figure B=3. The key {nput in Fquations B-6 and B-7 is the material flow
stress, .. The lower the assumed value of flow stress, the more conservative
(i.e., fatlure predicted at smaller crack depth and shorter crack length for
the sare stress ) vel) the resulting failure criterion. Therefore, a requi-
gite leoc) of cons.oovatism can be assumed in the failure criterion by

selecting an appropriate value of flow stress.

B-7
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BERAVIOR OF FLANGED JOINTS DURING PRESSURIZATION
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C.. CENERAL

Bolted connections, vhose failure during ap ECCS overpressurizaticn evesnt
could lead to a large leakage area, are & part of the valves and heat
exchanger assemblies ot the low-pressure side of the ECCS piping systems. The
questions that need tc be addressed in the evalustion of the integrity of such
bolted connections during the overpressurization are: (1) vhat L the maxisum
stress ip the bolt during this event, and () vhat is the impact of the
failure of one o two dolts in the overall integrity of the bolted connection’
This appendix briefly revieve the theoretical background and the necessary
equations to address these questions.

C.2 BOLT STRESS

The bolt stress io a typical flanged jloint {s primarily a function of the
prelcad and depends, to & lesser ex*ent, oo the applied load and the relative
stiffness of the dolt and the flange. It mcet flanged joints, the major
stress applied to the bolts is the preload that is applied in tightening the
nuts, Reference C.! states that the felloving empirical formula provides a

fair estimate of bolt stress, S , d.e to preload:

i

g - M (C_:)
e
vhere d s nominal bolt diameter in inches.
The total st ess, ST' in the bdolt is given by Equation C-2:
T KK" (€2
. net f°KX

where:
F = applied load/bdolt
* net cross~sectional area of bdolt

bolt stiffness

o o

Kf = flange stiffness

©
]
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Tvpically, the flange stiffness is eight times the bolt stiffvess (Equa-

tion C-3).

Accordingly,
F 1
s .s . . (C'a)
 Hah | 1":“” ]

Now consider an example where the bolt diameter is 1 inch. Equation C-!
vould indicate & bdolt pre-stress of 45,000 psi for this case. Assume that the
applied load/belt i{s such that !'/A“t is 36,000 psi. This means that the
applied load would produce a stress of 36,000 psi £~ a bolt with oo preload.
On the other hand, the preloaded stress in the bolt based co Equation C-3
vould only increase from 45,000 psi to 49,000 psi., This represents an in-
crease iz bolt stress of only #9%. This confirms that, when & flanged joint
{s subiected to pressurization, the bolts experience only a small increase in

the stress o.er and above that induced by the preload.

“hen the applied load or the flanged joint is such that the bolt preload
is completely overcome, the bolt stress {s then simply given by

§, » —— (C=d)

Feo(S xA ) —— (Ce3)

C.3 IMPACT OF BOLT DEGRADATION ON FLANGED JOINT INTEGRITY

A reviev of General Electric service experience data base on EWR pressure
boundary materials i{ndicated no reported incidents of degradation In carbon
steel (SAIS2 B7) bdolting used in ECCS piping system valves and heat exchag='
gers, This wvas not surprising, since most of the factors (identified in
Reference C-3), such as the presence of borated water, stress corrosionm
cracking and fatigue, are not likely to be associated with the operating

C-2
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conditions in the parts of the BWR ECCS systems being considered iz this
evaluation, Therefore, the only possible scenario for the failure of a bolt
during the pressurization event is the followving: ac undetected defect or
crack at the thread root exists such that the dolt failure does not result
during the preloading but occurs during the small incremental loading during
pressurization to 1050 pei. The analytical results presented in Reference C.&
are helpful in assessing the impact of fsilure of ome or more bolts oo the

overall integrity of a bolted joint.

As a part of ac effort to ertablish the leak-before-bresk margins in a
cteam generator manvay closure, Reference C.4 reported the results of finite
element analyveis oo the load shedding and redistribution characteristics of
this bolted Yoint when the failure of s sumber of studs vas modeled. Fig-
ure C-i from Reference C.& shows the load redistridbutior curve for three
adiacent studs as a function of a number of failed contagious studs. It is
seen that even {f three contagious studs wvere to f{ail in this joint, the
stresses in the nearest stud would only increase by 222, This clearly illus~
trates the redundant nature of a bolted comnection, Furthermore, failure of a

asusber of studs would lead to leakage which {s likely to be detected.
Pased on the preceding discussion it is concluded that:

a, There are no inherent environmental or other mechanisms present
wh.ch could cause degradatioe of bolting i{n the ECCS systez valves

and heat exchangers,

b. Highly redundant nature of dolted joints will result in leakage
rather than failure in the unlikely event that ome or two bdolts were

en Fau"
Le S483s.
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APPENDIX E
PARTICIPATING UTILITIES - BWR OWNERS' GROUP
£CCS PRESSURIZATION COMMITTEE

This report applies to the following plants, vhose owvners participated in the

report's development:

EWE OWNER PLANT
Boston Edison Company Pilgrim
Catolina Power & Light Company Brunswick 1 & 2
Commocwealth Edison Company Dresden 2 & 3
Quad Cities | & 2
LaSalle 1 & 2
Detroit Edison Company Fermi 2
Georgia Pover Company Batch 1 & 2
Seceral Public Utilities Nuclear Oyster Creek
Gulf States Utilitdies River Uend |
Illinels Pover.Company Clinton |
icwa Electric Light & Power Company Duane Armold
Nelraska Public Power District Coouper
Niagira Mchawvk Powver Corporation Nine Mile Point 1 & 2
Northern States Pover Company Monticello
Peansylvania Pover & Light Company Susquehanna 1 & 2
Philadelphia Electric Company Peach Bottom 2 & 3
Limerick 1 & 2
Public Service Electric & Gas Company Ecope Creek |
Tennessee Valley Authority Browns Ferry 1, 2 & 3
Washicgton Public Pover Supply System Banford 2

E‘l //E'Z
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ATTACHMENT 3

October 1987 Appendix R Audit
Open Items Not Requiring NRR Review

1. Fire Damper Operability (Unresolved Issue 84-40-01, 84-19-01 discussed
on page 4 in Inspection Report Nos. 50-277/87-
30 and 50-278/87-30.)

NRC Comment:

The licensee's Technical Specifications require that fire dampers be
inspected visually. The NRC raised the concern that a visual damper inspection
does not provide assuranc. that the fire dampers will be able to function
properly during a fire. This concern was raised because: A) The licensee could
not provide Q.C. records indicating that the fire dampers were drcp tested after
installation, as called for in the engineering packages; and, B) a recently
issued 10CFR21 letter highlighted the concern that the type of fire dampers used
by the licensee may not close under air flow conditions.

The licensee addressed this concern by revising the fire fighting
strategy procedures giving the fire brigade the option to de-energize thc
ventilation systems involved. With no air flow presumably the fire dampers will
close. The licensee's actions did not satisfy the original NRC concern for the
foilowing reasons:

1. The inspector observed a fire brigade drill, Although an attempt
was made to verify whether the fire jumped to areas above the
hypothetical fire scene, no attempt was made to find and isolate
the ventilation equipment.

2. Assuming that the brigade does turn off the air handling units
there is no assurance that the dampers will fully clcse after the
air handling units are turned off. This is because the dampers
may drop and bind in a partially open position before the air flow
is cut-off, To assure that the dampers close, the licensee must
provide assurance that the dampers will close under air flow or
that the air handling units are de-energized prior to dropping of
the dampers.

This item continues to be unresolved. Considering the above concerns
the inspector questioned the operability of the dampers.

Response:

A fire damper program has been formulated to evaluate existing test
data and damper closure with air flow data and to address fire brigade and
training procedures to provide reasonable assurance that the fire dampers will
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satisfactorily perform their design function. The evaluation program will be
completed by Auoust 1288,

2. Incorporation of NRC Comments on Procedures (Page 11 in Inspection Report
Nos. 50-277/87-30 and 50-
278/87-30

NRC Comment:

Procedure SE-10 "Plant Shutdown from the Alternative Shutdown Panel"
was reviewed and found to be adequate. However, the team commented that some
steps in the procedure may need signéture checks to assure control, For
instance the steps monitoring the reactors' coclidown rate and other steps that
operators perform in the attachments to the procedure do not have sign-off
blocks that the operation was performed. The licensee in subsequent discussions
committed to review the procedure ard add sign-off spaces where needed.

Response:

Procedure SE-10 is currently being revised to refiect changes caused by
the completion of Appendix R modifications. During this revision, operator,
training, and NRC comments were revie. 4 and incorporated into the procedure.

In addressing NRC comments, sign-off .;.ces have peen added where needed, and
the monitoring of the reactor cooldown rate has been enhanced.

3. Accessibility of HPCI Inboard Steam Isolation Valve Pane)
(Page 11 in Inspection Report Nos. 50-277/87-30 and 5C-278/87-30)

NRC Comment :

During the walkdown of procedure SE-10, it was observed that the
breaker pane! for the inboard steam isolation valve of the HPCI system has a
cover fastened on with wing nuts. The team observed that if the wing nuts are
too tight the operators may not bc able to open the panel. The licensee stated
that either bigger wing nuts or a tool will be provided to assure panel access.

Response:

The HPCI Inboard Cteam Isolation Valve panel was originally provided
with slotted screws which required tools for access. The slotted screws were
changed to thumbscrews to allow an operator to access the panel without the use
of tools. To address the NRC concern of overtightening, flat washers were added
to compliment the thumbscrews. The washer addition will provide a smooth
contact surface and enhance the operator's ability to loosen a tight thumbscrew.
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4. Fuse Replacement Controls (Page 13 in Inspection Report Nos. 50-277/
87-30 and 50-778/87-30)

NRC Comment:

During the review of the licensees circuit coordination study it was
identified that the licensee does not have administrative control procedures in
place to control future fuse replacement activities. The licensee stated that a
procedure to control fuse replacement is currently in the process of bcing
written and implemented. The licensee further explained that fuse replacement
is currently performed by either "replace in kind" or using the Control Room
mark up drawings which call for the type of fuses to he used.

Resgonse:

The following administrative controls for fuse replacement are being
initiated. A modification has been started by the Nuclear Engineering
Department to generate a controlling document for fuse replacements.
Additionally, a guideline document will be added to the watch standards guide to
assist the operators in the practice of fuse replacement. The guide will be
revised by December 1988 to reflect this practice.



