FOR UNRESTRICTED DISTRIBUTION
DATE WEC

e, . 0 o







WCAP-12640
Supplement 1

Westinghouse Owner's Group
Additiona! Information On
Pressurizer Surge Line Stratification
Detailed Analysis

D, H, Roarty
T. H. Liy

November 199(C

Approved by: /5:-f‘1?”;_
usamy, Manager
stizs and Monitoring Technology

Apuroved by: g\_.?ﬁ;"\ s Oam
. b, Patel, Manager

Systems Structural Analysis

Diagﬁ

Work Performed Under Shop Order MUHP1082

WESTINGHOUSE ELECTKIC CORPORATION
Nuclear and Advanced Technology Division
P.0. Box 2728
Pittsburgh, Pennsylvania 15230-2728

© 1990 Westinghouse Electric Corp.

A8784/111580 %0




Section

Exerutive Summary

Appendix A

Appendix B

4878+/111880 10

TABLE OF CONTENTS

Title

Presentation Material for November 8, 8, 1990 WOG and
NRC Meeting on Surgeline Stratification

NRC Questions on WCAP 12639 and Responses




EXECUTIVE SUMMARY

On November Bth and 9th 1990, representatives of the !!SNRC met with
Westinghouse to discuss WCAP 12639 concerning the Westinghouse Owner's Group,
pressurizer surge line thermal stratification generic detailed analysis,

Avpendix A contains the material presented to the NRC, as a brief summary of
the WCAP, Appendix B contains guestions submitted by the NRC WCAP 12639 and

the Westinghouse response to those guestions,

This is the non-proprietary version of WCAP 12639 - Supplement 1,

487867111590 10 2



APFENDIX A

PRESENTATION MATERIAL FOR NOVEMBER 8, 9, 1990
WOG AND NRC MEETING ON SURGE LINE STRATIFICATION

487467122090 10 A- l
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WOG PRESSURIZER SURGELINE STRATIFICATION (MUHP-1091)
NRC PRESENTATION NOV 1890

AGENDA
1)  Introduction 9:00 PM - 9:30
2) Stratification Transients 9:30 - 10:30
3) Break 10:30 - 10:45
4) Pipe Stress Analysis Results 10:45- 11:30
5) Fatigue Analysis Results 11:30 - 12:00
Lunch 12:00 - 1:00
6) Applicability Demonstration 1:00 - 2:00
7)  Discussion of NRC 2:.00 - 77

Questions

OVEROOO16S-572980:10-27

G. Kammerdeiner
S. Palusamy

Dave Roarty

T.H. Liu

T. H. Liu

Dave Roarty




OVERVIEW OF RESULTS AND ACTION

Plant Specific Analysis (Completed Or In Progress)

WOG Generic Analysis




INTRODUCTION

« Plants Fall Into 3 Basic Categories Per Results

.
L i

« Summary Of Possible Near Term Actions Per Each
Category

In All Cases Continued Operation Is Justifiable

OVEROOO168-5729/0:10-4
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TRANSIENT DEVELOPMENT

Operational Study
+ Reviewed Heatup/Cooldown Procedures
+ Developed Detailed Study Of 14 Plants

Questionnaire
On-Site Interviews

* Results

Obtained Confidence In Transient Applicability

Developed Recommendations To Improve Effects
Of Future Operation On Surge Line

OVERO00165-5/29/90:10-6



STRATIFICATION TRANSIENTS

Monitoring Program And Data Reduction
« Received Data From 21 Plants

« Sufficient Data Received To Develop Conservative
Transients For All Configurations

« Data Fieduction Performed As Follows

Data Plotted: Pipe AT Vs Syste™ AT For Entire
Heatup
Maximum Location Selected For Each Line

Fatigue Cycles Generated For Heatup

OVERDOO16S-5/29/0:10-5



STRATIFICATION TRANSIENTS

Transients Developed Using 10 Plants

Other Monitoring Data Reviewed To Ensure
Transients Enveloped

Transients Based On Fatigue Cycles, Ratio Of Pipe
To System AT (RSS), Operatirg Mode

Transients Developed Based On Worse Locatien

Transients Created Using Envelope of 10 Plants
Excluding Venting During High System AT

Transient Sets Include

Pipe Transien:s Heatup/Cooldown Excluding
Venting

Pipe Transients - Normal/Upset Operation

Nozzle Transients Heatup/Cooldown Excluding
Venting

Nozzle Transients Heatup/Cooidown Excluding
Venting (Special Geometry)

Nozzle Transients Normal/Upset Operation

« Max System AT Set As 320° For Steam Bubble And
210°F For Water Solid

OVEROOO165-572980:10-7




STRATIFICATION TRANSIENTS

Monitoring Locations

OVEROO016S-5/2480:10-7
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STRATIFICATION TRANSIENTS

CYCLE COUNTING LOCATION 1
(ONE TYPICAL PLANT)

OVEROOO168-52480:10-7



STRATIFICATION TRANSIENTS

CYCLE COUNTING LOCATION 2 BeCye
(ONE TYPICAL PLANT) |

OVEROO016S-5/24/90:10-7




STRATIFICATION TRANSIENTS

CYCLE COUNTING LOCATION 4
(ONE TYPICAL PLANT)

OVEROOO 1 65-5/2480:10-7



STRATIFICATION TRANSIENTS

CYCLE COUNTING LOCATION § S
(ONE TYPICAL PLANT)

OVERQOO165-5/2490:10-7




STRATIFICATION TRANSIENTS

URGE LINE PIPE TRANSIENTS WITH STRATIFICATION « STEAM BUBBLE PLANT!

OVEROOO16S-572480 10.7




STRATIFICATION TRANSIENTS

SURGE LINE NOZZLE TRANSIENTS WITH STRATIFICATION « STEAM BUBBLE PLANTS
HEATUP/COOLDOWN (MC) - 200 CYCLES TOTAL

~ T A,04@

OVEROOO168-5/2480:10-7




STRATIFICATION TRANSIEN"S

SURGE LINE PIPE TRANSIENTS WITH STRATIFICATION - WATER SOLID PLANTS
HEATUP/COOLDOWN (MC) - 200 CYCLES TOTAL

A,C,¢

OVERODO168-5724/80: 10-7




STRATIFICATION TRANSIENTS

-----
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STRATIFICATION TRANSIENTS
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STRATIFICATION TRANSIENTS

SURGE LINE TRANSIENTS WITH STRATIFICATION
NORMAL AND UPSET TRANSIENT L1IST

¢ JVEROOO165-5/24/80:10-7




PIPE STRESS ANALYSIS RESULTS

* Logic For Grouping
Operation Type

« Steam Bubble
«  Water Solid

Slope

« Low Slope
«  Critical Slope
« High Slope

Layout And Support Configuration

«  Similarity In Shape And Proportional In
Length

« Enveloped Support Configuration
- Experience

« From Plant Specific Analysis

OVEROOO16S-5/2980:10-9



PIPE STRESS ANALYSIS RESULTS

® LowSlope Lines

(Rise < 1/2 inside pipe diameter)

Critical Slope Lines
(172 inside pipe diameter < rise < ' inside diameter)

H
v'*..-

High Slope Lines

(Rise > 1inside diameter)




PIPE STRESS ANALYSIS RESULTS

Plant Layout
Modeled
Group (Plant Number)

-—
a,C,¢
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PIPE STRESS ANALYSIS RESULTS

«  Stratification Analysis

4

OVEROOO16S-5/29/:10-12




PIPE STRESS ANALYSIS RESULTS

Summary Of Stress Results




FATIGUE ANALYSIS RESULTS

Basic Criteria
=

OVEROOO16S-5/29/80:10-17




FATIGUE ANALYSIS RESULTS

Methodology
-
|
|

OVER(OO168-572980:10-18




FEA MODELS

OVERQOQ165-5/2480:10-17




GENERAL COMMENTS ON ASME CODE LIMITS

+ Fatigue Usage Factor Calculation
r— '—1 R

OVEROO016S-5/72980:10-26



APPLICABILITY DEMONSTRATION

«  Checks Required For Applicability
Review Of Input Data List
Verification Of Operational Type

«  Wate: »olid Or Steam Bubble
«  Venting During System AT < 150°F

Heatup/Cooldown Maximum System AT

« 320°F Steam Bubble

« 210°F Water Solid

« Past Operation By Operating Records

«  Future Operation By Operational Control

Deadweigh:, Thermal And Seismic Moments
Check

OVERODO16S-572980:10-21



APPLICABILITY DEMONSTRATION

Items Not Covered By Generic Analysis
Presaurizer Equipment Qualification

Pipe Displacements And Support Loads

Integral Welded Attachments




APPLICABILITY DEMONSTRATION
System AT Exceedance Reconciliation

Obtain Maximum System AT From Past Operation
(AT max)

Equation 12 Reconciliation

Fatigue Usage Factor Reconciliation

OVEROOD16S8-5/26,90 10- .4




APPENDIX €

NRC QUESTIONS ON WCAP 12639 AND RESPONSE



WOG NRC QUES, NS

OQuestion |
Part )

Question 1.)
Part 2

WCAS
ir 40

rechecked 1

number of heatup and cool and W( 2039 usage

lants did not meet thi iteria an e addressed
asis (question | Lase ere equatio

were addresse | A ‘ r generic




Question 1.1
Part 3

Question 1.2

Question 1.3

Rep),

Provide a description and schedule for compietion of the plant
specific analyses to be performed.

No plant specific analysis is being performed under the WOG
program.

The generic detailed ana’ (s does wnnt support the conclusions of
the existing JCO for four plants. Ildentiy these plants and
provide additional justification for continued operation.

The four plants which roquired plant specific JCO's were |
1.9%%  These

JCO's are available frow the respt ve utilities,

What specific instructions (in addition to WCAP-12€39) are being
provided to individual Licensees to demonstrate applicability of
the generic analysis to their plant, update their analysis and
perform additional evaluations if needed. Provide examples?

Wwestinghouse has worked with many utilities to gefine the actions
required to demonstrate applicability to the WCAP-12639

analysis. These actions are piant specific but generally
comprise the following tasks:

1) Review of historical data for system temperature data and
other parameters.



Vverification of plant operat!

Creation of
per f{}"n' NG

generate

Question 1.4 NWill all Licensees be required to update their a
for the surge l1ine? How will differences in the
be reconciled?

Based on monitoring

d g findings, W plarts stratifica
1 - - - . - -~ Y 2 . - E
1oadings 10 some degres ins ( » evaluated ¢

88-11 requirements Succes: evaluation of the thermal

stratification will be used to supplement the existinyg analy

of record Therefore, no reconciliation

record




Question 3.1 Provide additional information on the correlation of measured

Reply:

[

pipe 0D temperature to fluid temperature distribution. How
closely does the measured delta T at the pipe 0D match the fluid
delta T inside the pipe? To what degree of accuracy can the
measurements predict the vertical fluid temperature distribution
including the hot-to-cold interface depth. How are the
uncertainties accounted for in the stress analysis? Provide

examples.

]i.C.Q

B.4



]l.C.O

Question 3.2 Describe the basis for selection of the | ]

Reply:

Question 4.1

Reply:

interface levels shown in Figure 3-4 to define axia)
stratification profiles along the length of a particular surge
Tine. Were the selection criteria confirmed by measurements?

The [ 13C€ jnterface levels were selected to
envelope the observed variations in fluid interface depth. These
levels were confirmed by measurements. An example of observed
versus predicted axial stratification profiles is shown in figure
3-3 of WCAP-12639.

To what extent was plant monitoring data used to confirm the
normal and upset stratification transient data presented in table

4-17

In general, plant monitoring data could not be used to confirm
the normal and upset transients presented in Table 4-1. However,
on the few occasion: when a transient from Table 4-1 occurred
there was less significant transient activity monitored than
predicted using the conservative methodology of WCAP-12639,
Section 4-2.

B.5



Question 4.2 Considering the relatively low delta Ts for the normal and upset

Part 1

Question 4.2
Pary 2:

Reply:

Question 4.3

transients 1isted in Table 4-]1 (compared to the heatup/cooldown
transients in Tably .-2), did any of the events significantly
contribute to fatigue usage?

]l.C.Q

Could a delta T cutoff be defined below which the thermal
stresses are less than the endurance limit?

A delta T cutoff could be defined based on fatigue endurance
Timit.

The distribution of system delta T ranges presented in Section
4.5 was based on a review of historical records from 10 plants.
While the data may be representative for the sample of ten
plants, it may not be representative for a single plant within
the group. For example, certain plants within the sample may
have had consistently higher delta T ranges than 2thers because
of differences in operating practices. Provide additional
Justification to demonstrate that the system delta T distribution
is representative and conservative for any plant in the WOG
program.

B.6



uestiion 4.4
Part 1

Reply:

Question 4.4
Part 2:

Reply:

Question 4.5

Plant specific delta T distribution ultimately could only be
verified for the period of time which the plant has operated.
This 1s usually much less than the design life. Further,
operating practices are not constant, and therefore extrapolating
past practices for future operation is not ne~essarily correct.
Therefore, it is impossible to verify that each plant is
conservatively represented by the distribution, However. a
process was developed and impiimented to generate a set of
transients which would be conservative for the design life.

Was the detailed data rediztion described in Section 4.6 and
summarized in Tables 4-3 through 4-6 performed for each of the
ten plants?

Yas.

Did the bounding distribution use this type of information from
all ten plants for each mode of operation?

Yes.

Please explain how data from different modes of operation was
factored into the development of Table 4-2 data. Were different
delta T values usec for each mode?

8.7



Reply:

Question 4.6

Reply:

Question 4.7

Reply:

Each mode was characterized by the maximum delta T expected. The
following delta T values were conservatively used for each mode.

Mode 4 = 250°F
Mode 3 = 200°F
Mode 2 = 150°%F

Section 4.6 states that a cooldown contains less than half of the
cycles of a heatup and therefore the number of cycles for heatups
were multiplied by 1.5 to reflect both heatup and cooldown., Were
the temperature ranges of the cooldown cycles shown to be bounded
by the temperature ranges of the heatup cycles?

The monitaring data inclu a»d much more information on heatups
then cooldown since the cooldowns had not actually occurred. The
cooldowns me~itored to date do indicate lower delta T's and less
transient activity than typical heatup cycles. The historical
data also indicates lower system delta T'c in general for
cooldowns,

Identify the plant which indicated significantly higher
stratification cycles at the nozzle as stated in Section 4.6.
What geometric effect was judged to cause this?

This occurred at the |

]a.c.e



Question 4.8

Reply:

Question 4.9

Reply:

Identily the plants with significantly higher cycles associated
with performing venting operations during heatup as stated in
Section 4.6?

]a,c,e

Table 4-2 shows fewer total nozzle transients in the nozzle than
in the pipe. This is attributed to turbulent mixing which occurs
at the nozzle when the reactor coolant pump is uperating.
However, even when the pump is operating, stratification does
occur in the pipe and the global bending will induce nozzle
stresses. How are these stresses accounted for?

These stresses are accounted for by including the global bending
stresses from all remaining pipe trans‘ents in the nozzle fatigue

analysis,

Question 4.10 Are striping transients associated only with heatup and

cooldown? [If so, explain why striping does not occur during
normal or upeat transients.

].‘Cye

B.9



Question 5.1

Reply:

Question 5.2

Reply:

These transients are normal /upset transients having a delta 1
’ \vd«{.(’
Please identify each plant associated with the plant numbers |

Jescribe

the
restraint con

i1lustrate?

The envelopin
is based on §
1t in con
pipe

Judgment were

criteria us

g support

The combination of f¢

ed to define the enveloping support

figuration within a subgroup Provide examples t

restraint

the

configuration within a

ci1ihe ¢
U\)u_:’ Vi

uch a goa! that envelope configuration would

servative stress at a most critical location in the

llowing general guideline

and

excercised in the process of subgrouping

14,C,@
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Question 6.1

Question 6.2

]I.C.Q

How will the potential for exceeding snubber and spring hanger
travel ranges be checked? What specific information and
instructions will WOG provide %o the individual licensees?

As stated in Section 6.3, the piping displacement and support
loads from WOG analysis cannot be used for design since they do
not reflect a plant specific configuration because of the
support/restraint enveloping. The WOG report further stated in
Section 10.2 that in order to obtain plant specific support load:
and displacement, 2 plant specific global piping analysis would
be needed. Only after the plant specific global piping analysis
is performed and the plant specific support loads and
displacements are obtained, the spring hanger and snubber travel
ranges can then be verified.

The analysis of a representative surge 1ine with enveloped
supparts will not provide dispiacements and support loads that
can be used for design purposes. How will the individual plants
be able to verify support adequacy and potential interferences
with whip restraints or other adjacent structures?

(See reply to Question 6.1).

B.11



Question 6.3 Do the temperatures presented in Table 6-1 represent fluid or
metal temperatures? Are fluid and metal temperat:vas assumed to
be egual in this analysis?

Reply: The pressurizer and RCL temperature presented in Table 6-1 are
fluid temperatures. The Ttop' Tbot and Pipe delta T in Table
6-1 are considered metal temperatures. Throughout all structural

analysis, metal temperatures were usied. Metal temperature and
fluid temperatures are not the same. |

]I.C.e

Question 6.4 Identify the plants listed in Table 6-27

Reply: [

]a.c.e

Question 7.1 (A) Provide a brief description of the heat transfer analysis
performed to determine local thermal stresses in the piping and
hot leg nozzles. (B) Were only steady state conditions

B.12



considered? (C) Considering the variations in ftluid velocitie

and temperatures, how were conservative values of film

icients arrived at?

eat transfer and tres transient a"d-‘»x“‘ wWere ',"‘\'T‘H" ea

transfer film coefticients were calculated for a range o

-
D

“]\..’"_‘ velocitie art temperature assuming forced

xpected

convection., In addition., film coefficients were calculatud base

on free convection and compared to forced convection value! a

(C) The film coefficients used were based on the most probable

velocities that supported stratified flow under the mode

est temperature difference

-
<
.

operating condgition, when the hi

| r <
y OCCUTS

.
-
-
o

Question 9.1 The ASME Code, Section [1I, 1986 Edition was used in the

tnes

i1er Code editions or to other piping codes, wiii a code

onciliation be performed for each plant?

We believe the ASME Section II] Code, 1986 edition represents a

more advanced, realistic and conservative code for the evaluatior

of thermal stratification conditions [t requires the desigr

fatigue 1ife evaluation through primary plus secondary stress

qualification and fatigue cumulative usage factcr calculatio




It should be a noted that the therma tratif
does not d“(’ bt he {e an with respe ' 4 primary
the thermal stratificatior e peing I jer
pplemental requirement to the origina je eval
ofde re r at n t ear er ¢ t [ neeage
Question 9.2 Provide a description of "transter function mett
example of its apg ation, and a ny of referei

Reply: The TFM is a methndology that deals with an input

output responss In the present application, the
temperature transienls and the output the they
(he TFM method relie a pre-determined weight
database which 15 a function unique to a materia
structural component and thus characterizing the
"d" cond ity r 3 \~(\‘ n
The TEM "‘3!"' 1 Very (,60, + ve ¢ r geva yating
stresses in a non finite element method ba ’
quality 1s exactly the same as the finite element
it can complete the calcuiations in a small fract

time as compared with the finite element methoc

The thermal stress calculated by the TFM method

4 ~th r p ¢ e ne o - ¢ ’ e ¢

with other ty I stresses such as the pressure
B.14




Question 9.3

Reply:

Question 9.4

external bending stress for complete mechanical analyses such as
fracture and fatigue evaluations.

The theoretical basis of the TFM method is given in Ref., 3, in
which verification of the methodology is given. A bench marking
problem on the fatigue usage evaluation is also provided.
Providing reference 3 to the NRC will be discussed. An
application of this method is described in the attached ASME/PVP
paper "Incorporation of Stratification Loading Mechanisms in
Transfer Function Based Transient Stress and Fatigue Evaluation”.

How will the assumed envelope of OBE moments be verified?

The assumed envelope of OBE moments are very conservative. They
were calculated based on the back calculation from the maximum
code allowable with some assumed nominal deadweight
contribution, When the plant specific OBE moment is compared tc
the envelope moment, it is expected that the plant specific OBE
moment will be smaller,

If tie thermal striping stress intensity and peak stress range
was calculated from a 2-D finite eiemenl analysis using the mode)
shown in Figure 9-1, please ¢larify why and how 1-0 heat transfer
analysis stresses from the computer program "STRFAT2" were used?

B.15



Reply:

A 2-D finite 2lement analysis was used to calculate striping
stresses for a delta T of 320%. Since it was much too
conservative to assume that all striping occurrences were at
320%, a method was needed to calculate stresses at delia T
le.els lower than 320%. [

].,C..

Question 9.5 The paper by Fujimoto, etal., "Experimental Study of Striping at

the Interface of Thermal Stratification" suggests that the
surface film coefficient in the interface region may be as much
as seven times the nominal value. What impact would this have on

the results?

The higher surface film coefficient suggested by the Fujimoto
paper is actually on the same order as used in the striping
analysis. The heat transfer coefficient observed from test data
was compared to nominal values calculated with a hydraulic
diameter equal to the diameter of the pipe. The velocity,

B.16



number, and heat transfer coefficient were

on the nominal Tlow area

(fference:
'l‘"”"d] \d]‘u(‘: Wit
count for, and are

ients w!

Question 9.6 Describe the methodology and significant aisumptions used
developing Figure 9-2 was a flow rate of 90 gpm assumed?

the curve change significantly at different flow rates

was deveioped to determine how Quicy ular heat

. 1A e + ANOYE thar . 4 . " Ty
wOou ] attenuate a 001 'rm £1 . LL\:YQ-" é

of the transient heatup was nredict

heat transfer

For this evaluation the foliowing were assumed

w—
interface 15 a ull 300"F at time zero
maximum wave maonitude of

observations

ted to be larger than expected




Question 9.7

Reply:

3) The coldest fluid which can interact with the pipe wall

surface occurs at the hot-to-cold interface at a depth of
3
[ jrees

The development of figure 9.2 was based on a delta T of 300%

which would correspond to a flow rate which is conservatively

estimated to be about 90 gpm. However, flow velocity will not
significantly affect the curve shown in figure 9.2 because an

infinite heat transfer coefficient has been assumed at the

hot/cold fluid interface.

The infinite heat transfer cotfficient and the conservative wave
height will envelope all cases where heat transfer coefficient
may be lower than assumed.

Provide the basis for the assumed OBE mwments summarized in the
table in Section 9.3.1,

See question 9.3

B.18



Question 9.8

Question 9.9 Are the additional plar

»

that have not been qua
g performed as part of

lts be reported and

No additional plant

¥y

program. See que




Question 10.1

(uestion 10.2

Question 10.3




Question 10.4 The pressurizer nozzle evaluation is outside of the scope of the
WOG program. Have any preliminary evaluations been performed to
ensure that the pressurizer nozzle is not a concern?

Reply: Pressurizer nozzle was qualified in many plant specific analysis
in the past, such as, Vogtle, Trojan and Comanche Peak.
Pressurizer nozzle will be evaluated when plant specific analysis
is performed. |If past is any indication of the future, we do not
expect any difficulty in qualifying them.

Question 10.5 Will the results of the plant specific detailed analyses for
those plants not shown acceptable under the generic analysis be
reported in a future WOG report?

Reply: No

B.21



WOG Group Mo,

]a.c.e

Table 1.0

Plant
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Table 2.0

WOC GROUP NO. EQ 12 STRESS(KSI) Cut

]a’c|e
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FIGURE 3.1-1

APPLIED VS MEASURED TEMPERATURE PROFILES
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FIGURE 3.1-2

APPLIED VS MEASURED TEMPERATURE PROFILES

NON-LINEAR TEMPERATURE | OADING
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