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n 1ssued Bulletin 88-08 Supplen

eakage induted fatigue crack

piping at Cenkal Unit | nuciear
secepuble piping systems, inspect

surance of piping wntegnty for the lif

vn very responsive '0 NKC Bulletin 88-08 requests. An initial

| PHR piping was completed in April 1989 (Reference 2

@COLw evaluation was completed in August 1989 (Reference 2
This evaluarion considercd a variation of the cwraufication loading, i.¢

ng in the honzontal piping upstream of the first isolation valve

esult of the evaluatuca pertormed in Reference 2, temporary temperature

nng locadons and cntena were established, and TU Electric has been

uously monitonng the Unit 1| RHR piping to provide contituing assurance (h
K Suction piping S not subjected to combined cyclic and static thermal and other

stresses that could cause fatigue failure duriag the remaining life of the units

AS & result of succe.sful data collection for the first fuel cvile, a review has been
conducted 10 determine if valve leakage s ccrurring. [n addition, an evaluauon has
been perforzied to determine augmented inservice inspection intervals (based on ‘at
isage and taugue crack growth methodology, and assuming onntinuous cyclic valve
eakage), thus satisfying NRC Bulletin 88-08 requirements without continuous

nomtorng. The purpose of this report is to decument the results of the monitoring data

review and to evaluate the postuia ed valve leskage condition
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was found 1at there was no

he valves, This report addresses NRC Bulletin 88-08 requirer
data and NS tecnnical .;SI:":"u!mr‘: (O €limunate emporary

nng dev.ces on Unit

Ta ~ N 7 .
2 Lh.u:uk &y J:\\ﬁ'*‘l ;&\-CQ:

While no temperature distnbutions which would indicate cyclic valve leakage were

oserved from the monitonng dats, it was conservatively postulated that the out (eakage
rom the hot leg would occur through the isolation vaives (8702A and 8702B). Dunir
jlant operauon, such leakage is postulated t0 cause stress cycles betwesn leakage

no-leakage. (The phenomena of leak/no-leak is considered herein as a postulated

1 and should not be treated as a desigr condition.)
 10e structural evaluation o, such postulated condition are listed below

Definizion of stratified transients from posculated valve leakage
Definition of stratified transients from monitored data (other than valve
leakage)

Stress calculations from all cases of thermal stratification

Fatigue usage calculation including postulated valve leakage, .nonitored
transients acd design transients

Fatigue crack growth calculation including postulated valve leak

montored traosients and design transients

2C,

-4
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Frowtin ca.y
al cperauon August 13, 19 Monitoring
evidence of cyclic valve leakage. Given that
new and have experienced litile or no fatigue cycles,

1

acas are present in the RHR piping of Comianche Peak Unit 1. Fatigue usage and
fatugue crack growth have been calculated assuming that cyclic valve leakage occurs

resulting in stress cycles, Fatigue usuge provides a minimum time required to initiate
crack. Fatigue crack growth provides a munimum ume required to propagaie a cra.l
60% of the wall thickness, assuming an initial vrack size of 109 of the wall thickuess

Augmented inservice inspecuon tervals based on conservitive fatigue usage ard fatgue

crack growt calotlations provide a strong technical justification 1o eliminate

temperature monitoring of the RHR piping, while still satisfying wae requirements of

NRC Bulletinn 88-08
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MONITORING DATS REVIEW

ng Data tor the Comanche Peak L'nit | RHR loops | and 4

suction piping
ce J) were revierved to determine if significant thermal stratification and/or

[tese data were reviewed for the period frora 3/16/90 to

| and Loop 4 RHR suction lines were instrumented «n the pipe outer wall
| resistance temperature detectors (RTD’s) as shown in Figures 31 and 3-2. " he

"N

urpose of each monitoring locauon 1§ as shown below

o e«

RTD ID (13A. B) Purpose

{ condition temperature, and provide a qualitative measure of
| turbulent peuerration.

|
L wEVRLW " 222N
? 0, 7 | Monitor (emperature of verucal leg to establish boundary

r_..w....~ s s s . o—————

&

Y ey e

—— W —— A, B ——————t - — s i

Monitor strauficaton magunitude, profile and frequency of
Cycling.

|
{
|
1

o D e PR ——

Moniter valve leakoff temperature (provide reot cause
informartion - paciing leak)

|

I Ve . ————

Morutor bypass line tesipearatuie (provide root cause {
information - bypass valve leakage) j
AT O CSTaTre

(n addition to the t&\npPo: 1ry sensors shown above, the following plent information was
a50 reviewed. (This iatormation was obtained from the plant corputer and operator

l\:,':g. ]

Hot leg temperature for Loops | and 4
RCS flovrate for J.ooos 1 and 4

RCP Operation

LIR CUperaton

Safety Injection Operation

WPHYT4R2 /0299210




Thermal stratnficaton was vbrerved 1n both RHR lines ((onnecu

that ved lineup and
[he stratification events '‘vere directly caused by open'ag of the RHR
\nd relatively low flow in tae lines. Thi wcation Was characterized by

Wl AR

) signinicant cycling was obsérved

normal operations (reactor thermal power >935%) a more signuficant observatior

Temperature measurements on the unisolable side of the 'loop 1 RHR

solation vaive were hot, close to that of the loup 1 hot leg iemperarures. This res

comgares favoraoly to results frem Jow model testng which suggest that turbulent
penetration from primary loop flow chould penetrate approximately 22 pipe diameters
[he RriR isolction valve is approximately 14 pin« diameters fzom the loop pipe. Except

for certaun test coadidons, RHR operations, and one reacror trip (in which all RCP’s

o

Misvla

red) there were 10 unexpected thermal events in 'oop | RHR line. Hovever, loop 4

RHR mom . aring data displayed a significantly different response to normal operating

conditions (reactor thermal power >93%). Dunng normal operatious temperatyre

measuremenc, on the unisolable side of the loop 4 RHR isolation valve were cold,
between 95 and 120°F. It should be noted that dyring this time no siguficant
stratficanon was observed during power operauons. Since the two RFR lines were §

all practucal intents identical in layout, further investigation into the cause of the cola
lemperature readings dunng normal operations was mer..ed. [t was evenmally
concludes that there was an insufficier. twurbulent penetration efect (heat wransfer by a
mass wransport mechanicm) to ueatup all nf the inventory in the umsolable sestion of
loop 4 RHE. [t is further postulated thay the rediced tubulent penetraton effrct is the
result of having two branch pipes in very close proximity 10 each other on the pnmary
0op. [n thiz case, the loop 4 RHR line (2 12 inch lise) is 15 inches away from the
pressunzer surge line connection (a 14 inch line). 't is postulatcd that the two branch
pipes 1a ciose proxmity 1o each other result in reduced wurbuient penetrution energies
avauable to either line. Therefore, the total mass exchange that cocurs in the loop 4

FHR line is less than that of the 10op | RHR doe and beace he line cools 1o ambient
after some penod of time.
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TRANSIEN]T DEVELOPMENT

XN 2

spral i)‘\ &4
ML T FARINTAN I W

b

YOSTUIAe 1nat vaive (¢
nly leak scenanos thay car
cure differances between the
Tr..; Ouf CAKAge could either he
solation valve or 10 the downstream sige. In
¢) leax occurred ir the loop | RHR isolation vaive
n the unisolable portion ot the piping. This conclusion is tru2 sicce the
portion of the RHR line is already hot Jue 0 the rurbulent penetration
ary toolant nto that region of the piping would not change the

to postulated valve leakage, the possibility of stratification in

4

Dlable piping was also addressed
4.2 Development of the Operational Relaid Strasification Tragsients
General
ification was observed (n bodd Joop | aad loop 4 RHR lines during lineup and
of the RHI system. as discussed in Section 3.0. Stratfication was nox

observed in l0op { dunng operating modes 1 through 3

Dunng hot standby operations : ratuficuton wis observed in the loop 4 RHK line. 1™

stratfication that was olserved was the direct ~esult of the existing condition (cold wate

approsima.ely 100°F in the unisolable side of the RHR line and hot water approximately

SSTF (o the loop) and RUP operauons that resuited in loop 4 primasy coolant flow
ncreasing to approcmatelv 110% of normal fluw. With the loop 4 line 2ooled to
ambrent aear the 1solaton valve duning hot standby operations and the locrease in

prumary loop Juw, the already depleted rurbulent penetration depth was increased

WPFD748J /0219910




of loop 4 RHR ¢

g watet
ralses the quest eriuce 18 Like hetween the
solated ; \HR inventorv. [t should be noted that there is i
ODCIUSIVELY ‘w;;ﬁ&;'*r". ar J AYPDOoLaesis, nowever, taere are at |

108 Jne, (¢ intertace derween the ot PIUMATY coolant and theé COold

»
aalll

5 @ gradual temperature gradient that 1s table and nea-cyclic and restncetz

section of the lcop 4 KHR line. Therefore, the only adverse loadin
already ar*inted for by considering 240 cycles of increased primary
4. The load coadition for this scenario (vertical temp ure gradient
Table 4-1 as transieut number 1. A veruial temperature gradient restn
ertcal section ‘vould reswit i an axial teruperature distnbution that droppad
quickly from the prumary loop teinperature at the top of the vertical se neni to ambie
iempersture at the bottorn.
d scenano s sugpes.es from revisw of the Comanche Peak monitoring daa
From Figure 4-2 it can be seen .hat the relauve orcumferential locations of RDT 6 an.
RTD 7 are 180 degrees apart. The monitonng data from these locauons suggest that o
current exsts .u the vertucal sechon »f the pipe. This condition is highly ipeculative
sitnce location 6 did display erratic data: at some tires the readings were negative

However, at other tmes the readings were normal and within acceptable engineering

ranges. Dunng periods of normal pawer operations (reactor thermal power > 95%

temperaters «cadings at locwtion 6 are colder than locaton 7. If the readings from

o s 11y
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and Case

th LOOp I and Loop 4

h RHR lines (connecting ¢

oldown operations that involved line up and operation of the RHR
svstems. [he stratificaticn events were dire

directly caused by opening of the RHR isolation

valves and Iy 1Oow iow 1n the /1nes LTICSE evenls were characternzed by deia 1
€53 VA0 DO significart cycling

‘aat envelope these observed conditions are listed in Table 4-1. T

are applicable (o both loop

and loop ¢« RHR lines. Transient | app

\

3} Develanment of ¢ Valua 1 saakass Teaaai
4.3 Paclopment of the ostulated Valve Leakage Transients

[he transient at Genkai was due 0 intermittent valve \eaKage, which provided a path |

not water 1o be drawn iato the RHR line from the main loop. In the horizontal

downstream of the second elbow from the RCS connestic , @ stratfied flow was

establisned, wita hot water filling the top of the pipe to a depth of 10 percen: of

uner diameter

VPFO74R) /03059210




7028 on loop 4 L he same portion Nt the pipe as at Lrenkar was assumed De

€aKage rate of | el

ipe does not cool as quickly, due o its tlow as shown 1n Figure 4-1. This creates

g, = - P e M ” by P t b b PN —_— T s  tha ¢ Y8 - =
ity [Arge iemperature dizerentia ciween e 10D ang oottem ot 100 pe, whic

nately 4 feet trom *he second 2thow, and

(the second einnw A\

i ..' - P . 9 . s M g p 1
first isolaton valve inlet weld. Figure 4-1 provides S65°F at top of 'he pipe and 360°F

ST 2:1; ™ - 10vM ) [ . ’ 214 ey ™ s MAae S [t el - -
AS mentioned o Secuon 4.2, the actual monitos nNg Cata irom Loe unsoiadle secuvun of

4

oop 4 revetsed an alternate interpreration of the axal temperaturs distributioa that

could be present duning valve leakage conditions. In order to account for the al'ernate

STaTs |

nlerpretalion, several additional inCependent load cases were postulated for valve

sakage. | hese cases assumed that the v

N

rucal qurrent existed (Scenano 2 in Secuon

42.2). These load cases are considered w5 alternate states that are iadependent of ac

replace 10ading condi

tions dunag hot standby and normal operating vonditions that dis

1 assume a verucal current (Scenano | 1o Section 4.2.2). They were analvzed for the

8

mpact on faugue life and faugue crack growth. The postulated vaive leak transients

these cases are shawa in Figure 4-4

WPR)T48) /022952 10
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POSTULATED LOAD CASES
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TURBULEMT PENETRATION
PROVIDES PUMPING ACTION
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FIGURE 4-3
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SUMMARY AND COMNCLUINONS

otn tae Lnit | RHR sucuon lines have been rev
o NRC Bulletun 88.08 type of valve leakages wus observed
[{owever, conservative assumptions were nade 10 postulate 3 Genkiu type »f le
e Loop 4 RHR line. Based on <uch assumptions, the resulting strat:ification loaqing

assoolate.! stresses were calculated. Using these calculated stresses and postulats

1gh number of stress cycles, couservative tatigue usage and fatigue crack growth
. ’ o N . o v { f ¥ T B \ N 1M '
calculations were then performed for Loop 4 RHR Lne. Loop | RHR suction line

mpaci on the unasolable portion of the piping as nieviously discussed in

loop 4 RrR line, faugue usage calculation provides an ndicatica of the probabiln
racking and of the ume required to niniate, Eatigue crack growth analysis was
ted to determune tae ume required for a 60 percent thiough wall crack 1o occur
i un the postulatec transient straufication ioading, as showm in Figure 44. The
ocations are the inlet weld of vaive 8702 and the weld at the end of the P
elbow. Due to the extremely conservative assumption in the fatigue usage: calculation, a
fatigue usage factor of less than | cound not be obtained within the plant design life at
the governing le<ation. Furthermore, results of this analysis indicaie that a runimum
1.5 years of leakage is required for an initia! {law of 10 percent wall thickness o

rropagate to 60 nercent wall thickness. Augmented inservice inspacting intervals should

he devrloped based on this result of 1.5 years fur voth locatioos of loop 4 RHR line. Al

other welds in the loop 4 RHR line should be inspected i accordance with standard
\SME Secuou XI oritena. The first augment inservice inspection should occur one and

one-half etfective full power years \EFPY) after August 31 1991,

WPHT4R) /02159210




¢~ | RHR line, since the posmilated leakage has

F 1t h MmN

nis cescnded e

| RHR

that the requirements of MRC Bulletin 88-08. Suppleme

"ased on the following

servative technical evaluation § } LA1S reron

[mplementan

MONILONnNY Prograin
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Evaluation of Thermal Stratufication f
Residual Heat Rem nes,” W. H. Bamford, April upplem
IXY an ADD! ] IRY. Westinghouse Proprietan

tulities letter CPSES-91205¢ 14,/91, "Cownancne Peak Steam Electrc

Thermal \‘.\'I'.]'.l.‘rl"."_x' Data Reduction, J. W. Muffet 1o J. L. \'u‘[f.\.
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