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ENCLOSURE 3

REVIEW OF
COMBUSTION ENGINEEFTRT TWRERs sroup (ceos
PRE»SURTTER SURGE TYRY PTOX STRRTIFICRTTON VA

IKTRODUCTION

The pressurizer surge Tine (PSL) n the pressurized water reactors
(PHRs), 15 @ steinless steel pipe, eonn@ctinq the bottem of the
pressurizer vessel of the hot leg of the esolant Toop. The eut fiew of
the pressurizer water 15 generally warmer than the hot Yep flow. Sueh
temperature differential ?ae1t@ T) varies with g1ant operational
activities and can be as high os 320°F de-ing the fnitiel plant hsatup,
Therme) stratification 1s the separation of the hot/ecold ¢low straem n
the horizontal portion of the PSL resulting in temperature ¢ifferences at
the Lop and bottom of the pipe. Since thermal stratification 1s the
direct result of the difference in densities between the pressurizer and
the hot Teg weter, the potentia) for stretification f¢ increased as
system delta 7 increases and as the insurge or outsurge flow decreases.

Stretification 1n PSLs was found recently and confirmed by date measured
from severa) PuR plants. .

Original desifn enalyses did not include any stratified flow 1o@din?
ne

conditions. Instead 12 assumed complete sween of fluid along the )
during insurges or outsurges rcsu1t1ng in uniform thermel Toading ot any
particular piping Yocatien. Such ana yses did not reflect PSL sctua)d
thermel condition and po. - *ially may overlook undesiradle 1ing
deflection and 1ts actua) + .s.es may exreed design 1imits, In
sddition, the striping phenomenon, which s the oseillation of the hot
end cold stratified boundary, mey induce high cycle fatigue to the inner
pipe wall, needs alsc to be anelyzed. Thus assessment of stratification

effects on PSLs s necessary to ensure piping integrity and ASWME Code
Section 111 conformance,

STAFF EVALUATION

Since stratification 1n PSL 45 a generic concern to a1l PWRs, an WRC
Information Notice BB-BO was {ssued on Octcder 7, 1988 and then an WAL
Bulletin B8-11 for the same concern was aiso fssued on December 20

1988, Combustion Eng1neer1n$ on behalf of the Combustion Engineergng
Owners Group (CEOG), has performed a generic bounding evaluaticn report,
CEN 367-P (Reference 1), which documents the results of the PSL
stratification effects. The following 1s the steff's evalvation of the
Combustion Engineering efforts and information provided in the report.
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Plent moritoring and wpdate of gesign trangients,

As 2 result of the INPD Sefety Eveluation Report, which was 18sued 1n
Sepiember 1987 and 9dentified concerns sssociated with the stratified
flow 1n the PSL, the CEOG 1nitiated surge 1ine temperature ollsetion
gate 8t [ 3. Concurrentily with this effert, [

J tnitdated efforts also for Lhe eollection of Comperature
deto on PSL ot | < J. This was later folded inte the
CEOG effort. 1in adeition, [ J 8180 eolleceed
gimilar data for [ J, e7ter the CEOE Tosk *Reduction
and aralysis of Pressuriger Surge Line dote coliected from CEOG plents®
had commenced, and submitted then o Combustion Engineering for review

a?d comperison with the dats already collected from the first two CEOG
plants,

Hith the exception of [ ). which was able to petedn
the temperature distribution date only after the bubble was formed in the
pressurizer, the other two plants were sble to retein the temperature
€istridbution date during heatup and unti) normel operstion.

ebteined displacement readings algo, in sddition to temperaturs,

The Owners Group 15 going to decide on o proposed task to collect data
euring the next cooldown at both [ Jend [

The stet? requests that monitoring should continue for a Full
eycle. Dete should be odbtained and evaluated to determine whether the
observec therm: ) transients are bounded by the transients assumed,

Due to similer design features of all the CEOG plants (10 plants, 18
units), the date obteined were deemed adequate and CEDG met with WRC

steff on February 13, 1989, to discuss the scope of the °Task® and how
the Bulletin's requirements will be addressed,

811 CEOC PSLs are similar 4n leyout. They consfst of g 12° (except for
{ ] which 15 a 10") stainless stee) schedule 160 pipe, with
& vertical drop from the pressurizer to the horfzental run of pipe and 2

vertical crop to the hot leg nozzle (except for [ 7 which 1s at
@ 60° vertical angle drop).

A review of the data, which measures pipe wall outside temperature
verfation with time, indicated that the Targest surge 1ine top-to-bottom
terperature differentials were similar for the three plants snd coused
either by an {nsurge ¢r an outsurge of the pressurizer. Therefore
emphasis was ?1ven to these transfents for eveluation, Surge Vine

movements {n ], were calculated and compared to actual
pipe movements measured ot three locations.

The deflections predicted by the analysis model were based on ]

stratified flow model with 3 pipe top-to-bottom delta T«320°F, The actual
measured date collected at [ 1, were obtafned during & pipe
top-to-bottom delta T=181°F and when the fluid fnside the pipe
dpproximeted @ unitorm temperature distribution model, Even though the
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anelysis mode) predicted the same genera) shape as the measured dete, the
fluid conditions inside the pipe wire no. similar. The staff feels that
further investigation and/or comparisons are required to predict PSL
displacement behavior,

The date obtained from a1l three plants recorded outside pipe well surface
tempersture distribution about the longitudinal and circumferentia) axis
of the pipe. 1In order to Astermine fluid conditions for the design basis
events at the inside surface of the pipe wall, a 2-D finite element heat
transfer analysis of the pipe cross section was performed.

Two bounding enalytice) hest transfer models with varivus inside flutd
conditions were developed, with an attempt to reproduce the recorded
outside pipe wall surface temperature distribution.

1) A stratified flow mode)
2) A uniform temperature gradient mode)

The stratified flow mode) assumed the hot (pressurizer temperature) fluid
\n the upper half of the pipe, and the cold (hot leg temperature) fluid
in the Tower half of the pipe, with @ sharp interface in between. During
the outsurge 1t was assumed that flow occurred in the upaer portion of
the pipe only, while during the fnsurge 1t was assumed that flow occurred
in the iower portfon of the pipe only. For a given transient, ¢ flow
rete wes c2lculated based on the pressurizer leve) change vs, time plots,
enc @ heat transfer coefficient was then determined. .

For the uniform temperature gradient model, the pipe cross sectional area
wes divided into a finite number of water 1uyers to epproximate a
continuous temperature gradient, The uppermost layer was considered the
hot fluid (pressurizer temperature), and the lowest layer was considered
the cold fluid (hot leg temperature’. with the intermediate layers having
¢ uniform temperature gradient. It was assumed that flow occurs at the
full pipe cross section dur!ng an outsurge or an insurge. During a given
trensient, 2 flow rate wes calculated based on the pressurizer leve)
change vs. time plots and a heat transfer coefficient was then determined.

vesed on the above coefficients, and usin? the in-house CEMARC computer
code, 2 2-D finite element modei was developed to determine the inside
pipe wall temperature distribution for both the stratified flow and the
uniform temperature gradient models. The temperatures at selected nodes
were calculated and compared with the thermocouple date. The uniform
temperziure distribution model more closely approximated the measured
results, This indicates that 1t does not eppear to be a sharp hot/cold
interface, and it 1s more 1ikely ths% ieiz ‘¢ some mixin of the hot and
cold fluids with a uniform *z.erature ?rcdient ‘rom top go hattom of
pipe. Charjes were macc to the stratified flow mode; iv vetter match the
measured deta, These changes tended to better match the measu ed data
for the outside pipe wall temgeroture distribution, but CE covid not
explain why these would be valid assumptions, Since & unique solution
could not be derived, assumptions were used for the therma) siriping,
stress and fotigue evaluations utilizing the stratified flow model.
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ASME Code complignce for Stress ead Fa%ﬂgge.

1) Code Compliance 4n Stress (Inelastic Analysis).

Each plent specifie surge 1ine was resnalyzed by the SUPERPIPE
computer code wsing a bounding generie stratified 7o loading,

Elestic analyses were performed on ¢5e plant specifie piping layout and
gupport configuration Yor aech ?1ant, considering that the maximum delte ¥

for a given trensient, occurs slong the entire horizontal 1ength of
g%pe. These resylts were wsed Lo ehoose & specifie suv?e Yine for ¢he

ounding inelestiec enelysis., The elestic ansl 828 predicted stress
intensity levelis 4n excess of the 38 a1lowable 1imi3 of the ASME Code
Section 111, WB-3600, waustfen 12, Thus an tnelestie shakedown enaiysis
wes performed as per NB-3228.4 %o determine 4F efter & Tow gycies of esd
application, vacheting and progressive inelestic deformation ceases.

e

Hou:vcr. the PSL mozzle moments were calculeted from the SUPERPIPE elastie
andlysis,

ASME Code stress indices were wsed for each pipe component for the plant
specific elastic analyses., The bounding inelestic anaiysis was based on o
Finfite Element ghe)) mode) and therefore, the stress indices were
inherently included {n the anaiysis.

The SUPERPIPE computer code was used to performed the 4nitia) dlastic
enelysis, which considered thermsl effects of the stratified flow over the
entire horizonta) length of pipe, for delta Te32°F, deits Ye90°F and

€elte T=320°F, For each st-uctura) model, a uniform ¥1uid temperature
1oodin? and & stratified flow loading were applied. Three types of
stratified flow effects were invessigated,

8) Lloca) stress due to temperature gradient in the pipe wail.
b) Therme) gradient stress across Pipe wall due to transient condition.

€) Therme) pipe bending moment generated by the restraining effects of
supports.,

Actuel support stiffnesses were used considering a & 2° 1mit of spring

motion, beyond which springs will act as rigids. The maximum movenent

based on delta Ta320°F, pipe top to bgtto: Etretified flow, was
an

celeulated for | 1. both st
Tocation M2,

The staff feels that since no plant specifie support deta and
displecement Vimitations were considered, further evaluations ere
required to Justify the [ . 1 inelastic analysis es the worst case,
In addition, 1t 1s the staff's opinfon that the assumption on spring
motion may not be conservative, in that, upward movement of & spring

which exceeds 1t's travel ran?e will cause the spring to unload and
recistribution of stresses will oceur,
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The [ ] PSL configuration was chosen for the fmelestic evelustion,
8ince 1t predicted ¢he highest stress levels wnder the eiastic analysis,
While each Yine wil) behave ¢ifferently under & given stratified fiow
i00ding, 1t was conclyuded ghat the surge 1ine with the highest slastie
stresses will provide an upper bound for ai1 other Yines. This ®as
verified by the feet thet the wost highly stressed region 93 the same
Tocation for both the elastie and the 1n2lastic evaluation. Bor hig

Tine, the elbow under the pressurizer was determined 2o be the B3t
gritice) jocation.

Materia) properties gs Te880°F were ysed congide ing the stratin herdening
behsvior of the material. The giress sirain gurve wsed was devaioped by

Combustion Engineering based en the ASKE code minimum yield stress walue
and plastic strain,

Three complete eycles of hee’up, Stesdy slate and cooidown were anelyzed,
For fatigue evaluetions, the maximum principal strain range values were
calculeted from the maximum ane minimum principa) straing. The oaxdmum
positive principe) strain was calculated for three cqcios end

extrapolated to be Yess than 2% after 8500 heatup/conldown ¢ cles, based on
the deCrcas1n$ rate of strafn increases with additional eycles. The
anelysis results demonstrated thet the 7irst cycle undergoes gignificant
permenent strafn with subsequent cycles having smaller aceumulotion. The
strain range from the first two cycles wes considered in the fatipue

anelysis with the strain range from the third eycie wsed for the
remaining 458 cyeles.

Keview of Fig, 3.6.2-8 and Fig. 3.6.2-9 of the report could not clearly
geronstrate that strains were stabilized after the three heatup/coo Tdown
tycles and that progressive distortion does not exist,

Crenges in plastic strains showed some .ecrease with each cycle but the
staff concluded that additiona) fnvestigation was required to demonstrate
thet the decreasing rete of plastic strain wil) spproach 2ero., Since
there are no maximum strain Yimits prescribed in the ASME Section 111
coce, the value of 2% was obtained from the Hi?h Temperature Code Case N47
8nd 1% wes used as @ guide for the maximum positive principal strain

limit, The staff concluded that the use of 2% strafn limit in this case
needs further justificeation.

Code Compliance 1n Fatigue,

To determine stresses at the inside face of the fpe wall due to fluid
oscillation at the interface of the hot to cold boundary (strping), a 3D
finfte element enalysis was performed, The fnput assumptions used i
this analysis were based on the medsured data from the CEOG plents, and
other information available in the pudlic domein, The thermal striping
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®odel considered the hot 7iudd 8t the Pressurizer tempersture, the eoid
Tluid ot the Mot Lep temperature, @nd o sharp interface with mo wizing of

the hot and eold fluid, A sawiooth 7luid osciitetion was Bssumed fo
DECur acress the interface region,

Results ndicated Lhat fatigue damage due 2o szr%pin? 18 ingﬁgnific@nt when
compered 0 a1l the other causes of fatigue domege. (9.8. statie therms |
gtratification, thermal trensients ete.)., The C report {ndicoted that
based on the stress levels €aleulated, an infinite aumder of 81 omabis
eycles exist, and thermal sﬁriging 18 mot @ concern, Since meximum stress
due to striping occurs 8t the hot/ecold interfoce, which 18 mear Lhe
horizontel axis of tLhe pipe, ond maximwm stress due 2o fatipue ®eeurs at
the top end bottom of the @%pe. these stresses do mot oeceur 8t the same
Tocetion and are mot 8editive, The staff feails that further dnvestigation
8hould be provided for the wee of @ Traction of the striping ampiitude,

In sddition, deta based on measurement outside the pipe may be tneonclusive
for the purpose of defining the striping phenomens,

Anelysis for cycifc eperstion (Tatigue) was performed. ¢n oddition to the
shakedown analysis, Using the resuits of the Ynelastiec enalysis, ¢h
maximum principal tota) stirain range which occurs from shakedown enalysis
wes multiplied by one half the eisstic modulus to determine the equivaleng
alternating stress, as per NB-3228.4 (¢), This =aximum stroin renge
occurs after cycle 3, and this value was sssumed for the remsining eyeles,

For the first two hea2up-cooldown tycles, the larger of eycle 3 gnd 2
8irain range wes used,

The cumulative usage factor for this generfc bounding anaiysis was
determined to de 0.21 for { 4+ The maximum cumulative
usege factor, when the effect of the 2 2* displacement linitotion was
continered, was 0,36 for [ ‘o The staff feels thet further

evaluation 1s required to Justify the ] fnelestie analysis {s
the worst case,

CORCLUSION

Besed on our review, we conclude thagt the information provided by
Combustion Engineering in References 1 and 2 1s not adequate te Justify
continved operation for the 40 year plant 1ife, However, the staff
believes that there 13 no immediate or short term safety eoncerns
assocfeted with the stratification effects for continued plant operation
until fina) resolution of the Bulletin 88-11 15 ssued. This s

scheduled to be completed by the end of 1990 and should aiso address the
Code acceptance criteria of ASME NB-3600.

Concerns that the staff has are the following:

8) The ASME code écceptance criterfa of Section NB-3600 tquations 9.14
need to be satisfied as applicadle,
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b) AN supports, including pipe ship vestreints, be considered for the
effects of providing any additiona) constraints to the Surge Line, in
the plant specific or the bounding pipe stress evaluation,

€) A supports, including pigc whip restraints, require plan” specific
confirmation of their cu:a {11ties, ncluding clearances, and that they
fall within the bounds of the analysis,

€)  Justify the [ ) dnelastic analysis as the worst case fgr
stress and fatigue for a1) CEOG plants, including [ .

e) Justify PSL displacement bahavior predicted by the endlysis model
anc the use of & fraction of the striping amplitude.
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EWNCLOSURE 2

3taff review of the CF pes onses Pegsrding ¢he WRC

T Seplenber 25 8%
RQ?: epore ™ ® P IS

gied Detober

$ection 2.0

1)

2)

The 8taff requests thet Bonitoring should continue fer 3 ful} fuel
€yc1e. Date should be obtoined 8nd evelusted to determing whether 2he
ebserved thermal transients ave bounded by the transients essumed,

The staff 7eels thst further fnvestigation 4s required Lo predict DL
éisplacement behavior, considering the etratificetion affpcts, The
deflection predicted by the enalysis model were based on @ stratified

Tlow mode) with & pipe top-to-bottom deits Te320°F. The ectual seasured
gate collected a¢ ] were obtained during a pipe top-to-dottom
delte T=1B1°F and when the Tlutd {nsice the piﬁe epproximeted a unifors
temperature distribution mode), Even theugh the analysis model predieted

the seme general shape as the mes.ured dete, the fivid gonditions inside
the pipe were not similar,

Closed,

Closed.
Closed,
Clesed.
Closed,

The staff requests that further fnvestigation 13 required to demonstrate
that strafns were stabilized after the three heatup/cooldown eycles and
that progressive distortion does not exist, It {s required to demonstrage
that the decreasing rate of plastic stradn wily épproach zerp and the
peak value will not exceed @ maximum strain ecceptance eriteria of 2.

The staff feels that the inelastic analysis will be accegted as

Justification for Continued Cperation and that the ASHE Code acceptanes
criteris of section NB-380D equations 9-14 need to be satisfied, as
required dy the Bulletin,
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$) Closed.
10) Closed.

11) The sta?f feels that 1) supports, inciuding pipe whip restraings,
be considered for the effeets of provﬂdin§ additiona) eonstraings
in the plant specific or the bounding evaiuation.

12) The staff feels that 819 Supports, inciuding pipe whip restraings

require plant specifiec confirmation of their ¢apebilities, ﬂns%uding
clearances, and that they 7811 within the bounds of Lhe snaiysis,

Section 3.0
1)  Closed,
2) Clesed,
3) Closed.
&) Closed,
§) Closed,

¢) Closed,

Teble 2.7-1, Clesed

Table 3.2.2-4, See response of Section 2.0 item 2.
Tedble 3.6.3-2, Closed.

Tedble 3.6.2-1. Closed,

Tedle 3.6.3.2, The staff feels that further evalustion 43 required %o
Justify the g ] fnelastie 8nalysis as the worst case. The

raximum cumylative usa?e factor for [ ] 45 0.36 when the
effects of the 2* displacement Vimitations are considered,

Figure 3.1.2-5, Closed.




Section 4.0
1) No specific review was performed.

2) See response of Section 2.0 Item B.

3) No specific review was performcd.

Questions during meeting.
Closed
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