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UNITED STATES
NUCLEAR REGULATORY COMMISSION

vyA$HIgGTPM o''20555 '( 9g 1 ygy PPga 9y gpy8 T

PDR ADOCK 05000528
October 18, 1991

Mr. William F. Conway
Executive Vice President, Nuclear
Arizona Public Service Company
Post Office Box 53999
Phoenix, Arizona 85072-3999

Dear Mr. Conway:

SUBJECT: NRC BULLETIN 88-08, "THERMAL STRESSES IN PIPING CONNECTED TO
REACTOR COOLANT SYSTEMS" (TAC NOS.$ 69664+69665, AND/|69666)

By letter dated October 3, 1988, Arizona Public Service Company responded to
NRC Bulletin 88-08. Your response stated that a review was performed of piping
connected to the reactor coolant system (RCS). However, your response to
Action 3 of the bulletin does not provide sufficient assurance that unisolable
portions of all piping connected to the RCS will not be subjected to combined
cyclic and static thermal stresses and other stresses that could cause fatigue
failure during the remaining life of the unit. Because the fundamental precept
of the actions of the Bulletin is to prevent the initiation of cracks in
piping, inservice inspection is not an acceptable technique identified in the
Bulletin for preventing such cracks. A program must be implemented to provide
such assurance by means of either redesign ot modification, or temper ature and
pressure monitoring. If you plan to provide such assurance for certain lines
by inspection alone, such as by an inservice inspection program, further
justification must be provided. Criteria contained in the enclosure
(Evaluation Criteria) should help you in preparing an acceptable response.
Your response is requested within 90 days.

Although no response was required relative to Supplement 3 of the bulletin,
Some licensees have addressed Supplement 3 in their response to the bulletin.
Those who have not will not be required to provide a specific response to
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Wil.liam F. Conway -2-

Supplement 3. However, you are reminded that having been informed of the
phenomenon identified in that supplement, you are responsible tor adequate
review of both its applicability to your plant and any considered'ctions.
The NRC staff may audit or inspect the implementation of Bulletin 88-08 and its
supplements at a future date.

This request for information affects fewer than 10 respondents; therefore,
ONB clearance is not required under Public Law 96-511.

Sincerely,

Enclosure:
Evaluation Criteria

/s/
Cather ine H. Thompson, Project Hanager
Project Directorate V

Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation

cc w/enclosure:
See next page
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f1r.„William F. Conway
Arizona Public Service Company Palo Verde

cc:

Arthur C. Gehr, Esq.
Snell 5 Wilmer
3100 Valley Center
Phoenix, Arizona 85073

James A. Beoletto, Esq.
Southern California Edison Company
P. 0. Box 800
Rosemead, California 91770

Senior, Resident Inspector
U.S. Nuclear Regulatory. Commission
HC-03 Box 293-NR

.Buckeye, Arizona 85326

Regional Administrator,, Region V

U. S. Nuclear Regulatory Commission
1450 Naria Lane
Suite 210
Walnut Creek, California 94596

Mr. Charles B. Brinkman, Hanager
Washington Nuclear Operations
ABB Combustion Engineering Nuclear Power
.12300 Twinbrook Parkway, Suite 330
Rockvi 1 le, maryland.

20852'r.

Charles Tedford, Director
Arizona Radiation. Regulatory Agency
4814 South 40 Street
Phoenix, Arizona 85040

Chairman
Haricopa County Board of Supervisorsill South Third Avenue
Phoenix, Arizona 85003

Jack R. Newman, Esq.
Newman 5 Holtzinger, P.C.
1615 L Street, N.W., Suite 1000
Washington, D.C. 20036

Ignacio R. Troncoso
Senior Vice President
El Paso Electric Company
Post Office Box 982
.El Paso, Texas 79960

Roy P. Lessey,, Jr., Esq.
Bradley W. Jones, Esq.
Akin, Gump, Strauss, Haver and Feld
El Paso Electric Company
1333 New Hampshire Ave., Suite 400
Washington, D.C. 20036
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EVALUATION CRITERIA FOR RESPONSES
TO NRC B L A S LEHENT

3'nclosure

1.0 OBJECTIVE

To provide continuing assurance for the life of the plant that unisolable
sections of piping connected to the reactor coolant system (RCS) will not
be subjected to thermal stratification and thermal cycling that could
cause fatigue failure of the piping.

2.0 PURPOSE

To provide guidelines for evaluation of licensee responses, including
acceptable procedures and criteria to prevent crack initiation in
susceptible unisolable piping.

3.0 IDENTIFICATION OF POTENTIALLY SUSCEPTIBLE PIPING

(I) Sections of injection piping systems, regardless of pipe size, which
are normally stagnant and have the following characteristics:

A. The pressure is higher than the RCS pressure during reactor
power operation.

B. The piping sections contain long horizontal runs.

C. The piping systems are isolated by one or more check valves and
a closed isolation valve in series.

D. For sections connected to the RCS:

a. Mater injection is top or side entry.

b. The first upstream check valve is located less than 25 pipe
diameters from the RCS nozzle.

Examples of such sections in PMRs are the safety injection lines and
charging lines between the reactor coolant loop and the first upstream
check valve, and the auxiliary pressurizer spray line between the charging
line and the m<-'.2. pressurizer spray line.

(2) Sections of other piping systems connected to the RCS, regardless of
pipe size, which are normally stagnant and have the following
characteristics:

A. The downstream pressure is lower than RCS pressure during reactor
power operation.

B. The piping systems are isolated by a closed isolation valve, or a
check valve in series with a closed isolation valve.

C. There is a potential for external leakage from the isolation valve.
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Examples of piping containing such unisolable sections in PWRs are the
residual heat removal (RHR) lines. Examples of such piping for BWRs are
the RHR lines and the core spray injection lines.

4.0 ACCEPTABLE ACTIONS

The following actions are considered as acceptable responses to
Bulletin 88-08, Action 3 and Supplement 3, as applicable, provided that
the requirements of Bulletin 88-08, Action 2 have been satisfied.

(1) Revision of system operating conditions to reduce the pressure of
the water upstream of the isolation valve below the RCS pressure
during power operation.

(2) Relocation of the check valves closest to the RCS to be at a distance
greater than 25 pipe diameters from the nozzle.

(3) Installation of temperature monitoring instrumentation for detection
of piping thermal cycling due to valve leakage.

A. Type and location of sensors.

a 0

b.

Temperature sensors should preferably be resistance
temperature detectors (RTDs).

RTDs should be located between the first elbow (elbow closest
to,the RCS), and the first check valve (check valve closest to
the RCS).

c. For the auxiliary pressurizer spray line, RTDs should be
installed near the "tee" connection to the main pressurizer
spray line or on the cold portion (ambient temperature) of
the line.

d. RTDs should be located within six inches of the welds.

e. At each. pipe eros.. section, one RTD should be positioned
on the top of the pipe and another RTD on the bottom of the
pipe.

B. Determination of baseline temperature histories.

After RTD installation, temperature should be recorded during
normal plant operation at every location over a period of 24
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hours. The resulting temperature versus time- records, represent
the baseline temperature histories at .these locations. Baseline
temperature histories should meet the following criteria:

a. The maximum top-to-bottom temperature difference should not
exceed 50'F.

b. Top and bottom temperature time histories. should be
in-phase.

c. Peak-to-peak temperature fluctuations should not exceed
60'F.

'. Monitoring time intervals.

a. Monitoring should be performed at the following times:

l. At the beginning of power operation, after startup
from a refueling shutdown

2. At least at. six-month intervals thereafter, between
refueling outages

b. During each monitoring period, temperature readings should
be recorded continuously for a 24-hour period.

D. Exceedance Criteria.

Actions should 'be taken to modify piping sections or,to correct
va 1 ve 1 ea kag e if the fo 1 1 owing .condi tions occur:

a. The maximum temperature difference between the top:and the
bottom of the pipe exceeds 50'F.

b. Top and bottom temperature histories are in-phase but the
peak-to-peak fluctuations of the top or bottom
temperatures exceed'0'F.

c. Top and bottom temperature histories are out-of-phase and
the bottom peak-to-peak temperature fluctuations exceed
50'F.

d. Temperature histories do not correspond to the initially
recorded baseline histot ies.
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(4) Installation of pressure monitoring instrumentation for leakage
detection in injection lines.

(Pressure monitoring is not the preferred method since pressure
measurements cannot provide a measurement of thermal cycling in the
unisolable pipe sections.)

A. Type and location of sensors.

a. Pressure sensors should preferably be pressure transducers.

b. Pressure transducers should be installed upstream and
downstream of the first check valve.

c. For systems having a pressure higher than the RCS pressure,
pressure transducers may be installed upstream and down-
stream of the first closed isolation valve. (The
downstream section is the, pipe segment between the
isolation valve and the check valve.)

P. tlonitoring time intervals.

a. Monitoring should be performed at the following times:

2.

At the beginning of power operation, after startup
from a refueling shutdown

At least at six-month intervals thereafter, between
refueling outages

b. Pressure readings should be recorded continuously for a

24-hour period.

C. Exceedance criteria.

Actions should be taken to modify piping sections or to correct
valve leakage if the following conditions p;cur:

For pressure measurements across a check valve, the
downstream pressure (RCS pressure) is equal to or less than
the upstream pressure at any time during power operation.

b. For pressure measurements across a closed isolation
valve, the downstream pressure is equal to or greater than
the upstream pressure at any time during power operation.



0 il
C r



October 10, 1991
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Docket Nos. 50-528, 50-529,
and 50-530

Mr. William F. Conway
Executive Vice President
Arizona Public Service Company
Post Office Box 53999
Phoenix, Arizona 85072-3999

Dear Mr. Conway:

SUBJECT: RESPONSE TO NRC BULLETIN 89-01, SUPPLEMENT 2, "FAILURE OF

WESTINGHOUSE STEAM GENERATOR TUBE MECHANICAL PLUGS" PALO VERDE

NUCLEAR GENERATING STATION (TAC NOS. 81644, 81645, AND 81646)

On June 28, 1991, NRC Bulletin 89-01, Supplement 2 was issued to all holders
of operating licenses or construction permits for pressurized water reactors.
The bulletin requested that actions similar to those requested in NRC

Bulletin 89-01, "Failure of Westinghouse Steam Generator Tube Mechanical Plugs,"
be extended to include all Westinghouse mechanical plugs fabricated from
thermally treated Inconel 600. These actions were necessary to ensure that
these plugs would continue to provide adequate assurance for reactor coolant
system pressure boundary integrity under normal operating, transient, and
postulated accident conditions.

By letter dated July 31, 1991, you responded to Bulletin 89-01, Supplement 2,
by providing the information addressed in the Actions Requested portion of that
document. We have reviewed your response for Palo Verde which indicates that
all Westinghouse Inconel steam generator tube plugs have been replaced with
Inconel 690 mechanical tube plugs during the Unit 2, Cycle 3 refueling outage,
and that Units 1 and 3 do not have any Inconel 600 steam generator tube plugs
installed. This acceptably resolves the issues raised in the subject
bulletin. This issue is therefore closed for Palo Verde.

Sincerely,

ORlGlNAL SlGNED b>

I,j.003 4

cc: See next page
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Docket Nos. 50-528, 50-529,
and 50-530

UNITEDSTATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

October 10, 1991

Mr. William F. Conway
Executive Vice President
Arizona Public Service Company
Post Office Box 53999
Phoenix, Arizona 85072-3999

Dear Hr. Conway:

SUBJECT: RESPONSE TO NRC BULLETIN 89-01, SUPPLEMENT 2, "FAILURE OF
WESTINGHOUSE STEAN GENERATOR TUBE MECHANICAL PLUGS" PALO VERDE
NUCLEAR GENERATING STATION (TAC NOS. 816440 81645, AND 81646)

On June 28, 1991, NRC Bulletin 89-01, Supplement 2 was issued to all holders
of operating licenses or construction permits for pressurized water reactors.
The bulletin requested that actions similar to those requested in NRC
Bulletin 89-01, "Failure of Westinghouse Steam Generator Tube Mechanical Plugs,"
be extended to include all Westinghouse mechanical plugs fabricated from
thermally treated Inconel 600. These actions were necessary to ensure that
these plugs would continue to provide adequate assurance for reactor coolant
system pressure boundary integrity under normal operating, transient, and
postulated accident conditions.

By letter dated July 31, 1991, you responded to Bulletin 89-01, Supplement 2,
by providing the information addressed in the Actions Requested portion of that
document. We have reviewed your response for Palo Verde which indicates that
all Westinghouse Inconel steam generator tube plugs have been replaced with
Inconel 690 mechanical tube plugs during the Unit 2, Cycle 3 refueling outage,
and that Units 1 and 3 do not have any Inconel 600 steam generator tube plugs
installed. This acceptably resolves the issues raised in the subject
bulletin. This issue is therefore closed for Palo Verde.

Sincerely,

cc: See next page

N Iru~
Charles H. Trammell, Project Manager
Project Directorate V
Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation
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Mr. William F. Conway
Arizona Public Service Company Palo Verde

CC:

Arthur C. Gehr, Esq.
Snell 5 Wilmer
3100 Valley Center
Phoenix, Arizona 85073

James 'A. Beoletto, Esq.
Southern California Edison Company
P. 0. Box 800
Rosemead, California 91770

Senior Resident Inspector
U.S. Nuclear Regulatory Commission
HC-'03 Box 293-NR
Buckeye, Arizona 85326

Regional Administrator, Region V
U. S. Nuclear Regulatory Commission
1450 Maria Lane
Suite 210
Walnut Creek, California 94596

Mr. Charles B. Brinkman, Manager
Washington Nuclear Operations
ABB Combustion Engineering Nuclear Power
12300 Twinbrook Parkway, Suite 330
Rockvil le, Maryland 20852

Mr. Charles Tedford, Director
Arizona Radiation Regulatory Agency
4814 South 40 Street
Phoenix, Arizona 85040

Chairman
Maricopa County Board of Supervisorsill South Third Avenue
Phoenix, Arizona 85003

Jack R. Newman, Esq.
Newman 5 Holtzinger, P.C.
1615 L Street, N.W., Suite 1000
Washington, D.C. 20036

Ignacio R. Troncoso
Senior Vice President
El Paso Electric Company
Post Office Box 982
El Paso, Texas 79960

Roy P. Lessey, Jr., Esq.
Bradley W. Jones, Esq.
Akin, Gump, Strauss, Hauer and Feld
El Paso Electric Company
1333 New Hampshire Ave., Suite 400
Washington, D.C. 20036



, Wit<-A W f I

0 II 41

e'



iaa
j ageaOOQO MDQQV: HGcI

9gar th OIBOBXT'f16

aua6 e anss~ og sueLd ggegs ggN aqua 'gaodaa Leu~g 903'qua go MaIAaa ggegs
GulMoLLo3 'T667 'TS ~aqmaoap Eq ggegs ggN aqua oq g~odaa Leul,g pue sI.SELeue
Gulpunoq ~l.~aua6 sg[ Xlmqns LLl.M 903'~. 'Gul.xaam ye~. >e pa>dope aLnpaqos

aqua Pue smaH uado Guipueq,sgno aqua go uo~gnLosaa aqua og yuenswnd 'Wnoigoauuog
hosp«N uh 't66l '6T pue 8I ~aqmagdaS uo pLaq seM GuI.q.aam MaI,Aa~ ggN uV

TI 88 ullaLLnG o0 paleLaa smagt uoggoe LLe go uol.gaLdmoo aqua cog aLnpaqos e
pasodoad osLe 3g 'uol.ssnasip geqg uI sanss~ uado asaq~ oZ suol.~nLos pasodoad

ssnoscp og ggN a~. pue 'Eiogesoqe1 uaheqqooa8 'Guuaaul.Gu3 uoij.snqmog uaaMgaq
pLaq seM LLeo aouazaguoo e 'I66I 'yI ~sn6nV up paALosa~ aq oZ papaau pue uado

paul.email sanssL Lezanas 'zaaaMoH 'suwaouoa ggeZs wa)Linea amos Guissaappe
u~ ssaaGozd apem seq 3g ~eq~ papnLauoo ggeZs aqua '~l.pne stqg .go ZLnsaa e sV

pasoLvua s[ ~sodas dl,ag gl.pne aqua go Edo~ V suol.~sanb
pue sguammoo ggegs og sasuodsaa papl.hoed pue 'paul.egqo sZLnsaa aqua pue

'pasn spoqgam Leal.gELeue aqua 'mec6ozd 903'qua go ssaaGoad aqua uo uotgeguasaad
e aheG 903'q~ pue 3g go sanl.q.eguasa~daa 'Zl.pne aq~ Guiding 'II-88 uigaLLn8

o4 pageLaA se sgoapga uol.geol.gL4ezgs Lemaaq4 cog aul.L aGwns waztanssMd aqua go
sl.sELeuea~ uo we~Goad (903') dnoa9 s~auMO 3g aqua go snZeZs ay~ GuiMal.naa go

asod~nd aqua ~op (3g) Gul.~aaul.Gu3 uoLgsnqmog/88V go 'I66I '8 pue g Eeg uo gipne
ue pagonpuoo 'E~oge~oqej Leuol.weN uaAeqqooaa 'guegLnsuoo sgl, pue ppe~s ggN aql

v;
(I 5tr~ aNV 'C5IZZ 'Z5IZL 'SON ~Vi)

8 GNV 8 I SON lINA NOIlVlS 9NIJV83N39 W310AN 3083A 01Vd
TT"88 NIl311AG NOIAVDIBIlVUIS1VHU3Hl 3NIl 398AS 83ZIUASS38d:l03L'HAS

:EeMuog 'ag scag

666K"Zl058 euozl "V xluaoqd
666C5 xoa»~uO ~«d

Euedmog anal.a~aS oiLqnd euozizV
~eaLonN 'guapj.saad ail.A aa)>noax3

EeMuog 'Q me)LL)$ 'Jg

I66I '5I >aqo>oo

085-05 Pue
'685-05 885-05 'soN 4R>o0

*4+4~
o~

MSOt: 3'0 NOLSNIHSVM

NOISSIIhIlNOO ABOlV1AOBBHV310flN
S3LVLS 03K IN 0

e

I (wr Cy

~+

ns38 s~~



R

E

f ~

lt



Mr. William F. Conway 2

safety evaluation, after which you will need to submit a plant-specific
applicability report for Palo Verde. You are requested to provide this reportwithin 60 days of the issuance of our generic safety evaluation.

Sincerely,

Enclosure:
Audit Trip Report

cc w/enclosure:
See next page

Catherine M. Thompson, Project Manager
Project Directorate V

Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation
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Mr. William F. Conway
Arizona Public Service Company Palo Verde

CC:

Arthur C. Gehr, Esq.
Snell 5 Wilmer
3100 Valley Center
Phoenix, Arizona 85073

James A. Beoletto, Esq.
Southern California Edison Company
P. 0. Box 800
Rosemead, California 91770

Senior 'Resident Inspector
U.S. Nuclear Regulatory Commission
HC-03 Box 293-NR
Buckeye, Arizona 85326

Regional Administrator, Region Y

U.. S. Nuclear Regulatory Commission
1450 Maria Lane
Suite 210
Walnut Creek, California 94596

Mr. Charles B. Brinkman, Manager
Washington Nuclear Operations
ABB Combustion Engineering Nuclear, Power
12300 Twinbrook Parkway, Suite 330
Rockville, Maryland 20852

Mr. Charles Tedford, Director
Arizona Radiation Regulatory Agency
4814 South 40 Street
Phoenix, Arizona 85040

Chairman
Naricopa County Board of Supervisors
111 South Third Avenue
Phoenix, Arizona 85003

C

Jack R. Newman, Esq.
Newman 5 Holtzinger, P.C.
1615 L Street, N.W., Suite 1000
Washington, D.C. 20036

Ignacio R. Troncoso
Senior Vice President
El Paso Electric Company
Post Office Box 982
El Pasco,, Texas 79960

Roy P. Lessey, Jr., Esq.
Bradley W. Jones, Esq.
Akin, Gump, Strauss, Hauer and 'Feld
El Paso Electric Company
1333 New Hampshire Ave., Suite 400
Washington, D.C.. 20036
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ENCLOSURE 1

UD R 0

PURPOSE: Audit of Combustion Engineering Owner's Group
(CEOG) Pressurizer Surge Line Thermal
Stratification Evaluation Program to Address NRC
Bulletin 88-11 Issues

LOCATION: ABB/Combustion Engineering Nuclear Power,
Windsor, CT .

DATES:

NRC
PERSONNEL:

May 7 and 8, 1991

S. Hou (NRC), G. DeGrassi (BNL)

CEOG
PERSONNEL: D. Sibiga, D.J. Ayres, and others

(see Attachment 1)

The staff of the Mechanical Engineering Branch and its
consultant from Brookhaven National Laboratory conducted an audit
at ABB/Combustion Engineering. The purpose of this audit was to
review the current status of the CEOG program on pressurizer surge
line thermal stratification.

CE had submitted an evaluation report on this subject (Ref. 1)
in June 1989. The report described the program which included data
collection, defining new thermal loads, and performing an ASME Code
stress and fatigue analysis and evaluation. Based on the program
results, CE concluded that a 40 year fatigue life of the surge line
was demonstrated. The staff reviewed the report and disagreed with
this conclusion. The staff evaluation identified a number of
concerns and concluded that the information provided by the CEOG
report was inadequate to justify meeting all appropriate limits for
the 40 year plant life. Major concerns were that stresses did not
meet all ASME Code limits, striping was inadequately addressed and
the bounding analysis did not represent the worse case in CE
plants. The staff, however, accepted the report as sufficient
basis to justify interim operation until a final analysis is
completed.

CEOG has ~since performed additional work and submitted
additional information to the staff (Ref. 2, 3, 4). During a plant
specific audit at Palo Uerde last February, additional questions
and open items on the generic program were identified (see
Attachment 2). CE representatives committed to provide responses
at this audit. In addition, the staff wanted to audit sample
calculations. A summary of the information presented during this
audit and the staff evaluation is provided below.
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I. CEOG PROGRAM STATUS

CE has redone the elastic-plastic shakedown analysis of the
limiting surge line elbow. The finite element model was revised
and incorporated 3-D solid elements instead of 2-D shell elements.
A total of seven cycles were applied to demonstrate shakedown.
Final results were not available for the audit. due to computer
problems. However, CE expects to complete the work and issue a
draft report to the member utilities by mid-May. CE will be
holding workshops for the CEOG in June to instruct utilities on how
to apply the generic report in responding to the Bulletin. Thefinal report will be submitted to NRC by the end of July. Each
owner will then submit a plant specific response to Bulletin 88-11
in accordance with their own commitments.

II. CEOG RESPONSES TO NRC QUESTIONS

CE provided responses to the NRC questions listed in
Attachment 2. The following is a summary of the responses and
discussions.

1. Expansion Stress Intensity Evaluation

The original CE bounding analysis concluded that the surge
line exceeded the 3 S elastic stress limit of ASME Section III
Code NB-3600 equation 12. In the reevaluation, CE performed afinite element analysis of the elbow and concluded that the
alternate thermal expansion stress limit of 3 S of NB-3222.3 is
met. CE provided an explanation of how the thermal expansion
stress (P ) was determined from the finite element stress results.
As indicated in Attachment 3, the finite element analysis provided
axial stresses at the inside and outside surfaces of the pipe. The
surface stresses were averaged through the wall thickness and the
maximum and minimum values of these average stresses were used to

'alculatemembrane and bending stresses in the pipe cross section.
CE claimed that the combination of the averaged membrane and
bending stresses equals the thermal expansion stress, P,.

The audit team questioned the adequacy of using the average
mid-thickness stress since it ignores the through-wall local
bending stress which is significant. In addition, the stresses
reported were axial stresses only and not stress intensities. CE
agreed that stress intensities should be considered and claimed
that the 3 S limit would still be met. However, since additional
discussions could not resolve the question of using average instead
of maximum stress, the audit team recommended that CE initiate a
Code Inquiry.to determine whether the ASME Code Committee concurs
with the CE 'interpretation of P, stress. CE explained that this
had not been pursued since it would take at least a year to obtain
such concurrence. Since the 3 S limit on P stress is believed to
be conservative, the audit team agreed to leave 'this item as





a confirmatory issue pending resolution of the Code Inquiry. If
the issue cannot be resolved by June 30, 1992, CEOG must take
appropriate corrective actions. CE agreed to initiate a Code
Inquiry on this question and the staff will review the contents of
the Code Inquiry before it is submitted to the Code Committee.

2. Code Case N47 Strain Limits

. In previous discussions, the staff had questioned the use of
high.,temperature Code Case .N47 strain limits in the surge line
evaluation. CE explained that these limits '(l4 on membrane strain,
24 on bending strain and 54 on peak strain) are only being used to

- support the validity of the analysis. They reviewed the Code Case
and judged that no other requirements of N47 are relevant to the
surge line. The audit team found their response acceptable but
requests clarification of the definition of the calculated strain
to be compared to these. limits (i.e. is it the accumulated strain
at end of life or the largest value of strain at any point in
time?) .

3. Thermal Striping Loads Development

CE gave a presentation on the striping analysis methodology.
A copy of the presentation slides is included in Attachment 4. CE
reviewed the- published test data in the open literature and
developed what they believe is a conservative model. The available
data .on striping is primarily related to striping in feedwater
lines. CE developed a model with two homogenous temperature layers
separated by a thin interface. The critical parameters are
frequency, amplitude and heat transfer coefficient.. CE's objective
was to ,select realistic but conservative values of these
parameters. Based on the data published by Hu, Fujimoto, Wolf, and
Woodward, CE considered a minimum frequency of 0.25 Hz and a
maximum amplitude of 404 of the total pipe top to bottom hT. For
heat transfer coefficient, CE used a high value of 3500
Btu/hr-ft2oF

The audit team found the model and the selection of key
parameters reasonable but raised questions regarding the
application of the model. See item 4 below.

4. Thermal Striping Fatigue Analysis

CE used a 1-D finite element model to evaluate stress and
fatigue due to striping. Four load cases were analyzed with
frequencies of 0.25Hz and 1.0Hz and amplitudes of approximately 104
and 404 of the pipe hT of 320'F. For all cases except low
frequency (.25Hz) and'high amplitude (404), stresses were, below the
endurance limit with infinite allowable cycles-. The case with low
frequency and high amplitude .had stresses which exceeded .the
endurance limit but CE judged this case to be too conservative and
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did not use these results. The thermal striping stresses were not
combined with stratification stresses because they occur at
different locations within the pipe.

The audit team questioned the basis for disregarding the low
frequency/high amplitude load case and for not combining striping
stress with stratification bending stress. CE agreed to provid
either stronger justification for disregarding the most severe load
case or incorporate it into the evaluation. CE also agreed to
address the combination of stratification and striping stresses in
the evaluation.

5. Design Basis Transients Development

CE discussed the development of the design basis transients in
Table 3.5.1-1 of CEN 387-P which were used in the fatigue
evaluation. The transients are. based on the original design basis
with stratification effects included. Heatup and cooldown
transients are of particular interest since they contribute the
most significant fatigue usage. CE assumes 500 heatup and cooldown
cycles over the life of the plant with 2 cycles of 320'F 4Tstratification per heatup and cooldown. The audit team questioned
the adequacy of assuming only 2 cycles of maximum stratification
per heatup or cool down. CE was asked to conf irm that this
assumption was reasonable and conservative based on plant
monitoring data taken during heatups and cooldown. CE agreed to
review the data and confirm this assumption.

6. Surge Line Slope Effects
In the review of the Palo Verde analysis, it was noted that

the horizontal portion of the surge line had a slope which was not
considered in the analysis. CE explained that their models assume
zero slope because this is the most conservative assumption. The
interface is assumed to be at the elevation of the centerline for
the entire horizontal length of the line. The audit team agreed
that this assumption is conservative and found the CE response
acceptable.

7. Use of SUPERPIPE Program

CE had been previously asked to explain how the SUPERPIPE
program had been .used in the stratification analysis since the
program does not have the capability to apply a transverse
temperature gradient across the pipe. CE explained that SUPERPIPE
was primarily used to identify the most highly stressed surge line
of all CE plants for which the inelastic bounding analysis would be
performed. The analyses were recently rerun with higher 4T values
of 340'F for Palo Verde, 340'F for Maine Yankee and 350'F for
Arkansas. The results show that Palo Verde is the bounding CE
plant.



t



In performing the SUPERPIPE analysis, the free end thermal
expansion displacements were first calculated by hand. The
pressurizer end of the pipe was fixed and the rest of the pipe was
allowed to displace. The section rotations needed to calculate the
displacements were determined from a two dimensional MARC heat
transfer and stress analysis. Once the displacement profile was
determined, the displacements and rotations at the hot leg nozzle
and displacements at supports were applied in the opposite
direction to the SUPERPIPE model. This provided .the appropriate
moments and bending stress due to stratification in the pipe. The
audit team found. this methodology acceptable.

8. Anchor Movements

CE had been asked to demonstrate how, anchor movements vere
considered in the SUPERPIPE analysis. CE explained that anchor
movements from the pressurizer and hot leg vere applied in a

tseparate SUPERPIPE analysis. In addition to the anchor moveme t
he load case also applied the appropriate average temperature

along the horizontal portion of the pipe, the pressurizer
temperature at the vertical pipe near the pressurizer, and the hot
leg temperature at the vertical pipe near the hot, leg. The moments
and stresses from this load case were then superimposed with the
moments and stresses for the stratification load case to give thtotal moments and stresses. The audit team found this procedure

e

acceptable.

9. Nozzle Evaluation

CE provided a calculation on the ASME Code evaluation for the
surge line pressurizer and hot leg nozzles and discussed the
methodology and results. CE pointed out that the calculations will
be redone with the higher stratification 4T's but the methodologywill be the same. The nozzle calculation used the loads from the
SUPERPIPE analysis and the loads from the original nozzle
evaluation. It assumed that the difference between these loads is
the stratification induced load. Two cases vere considered: (1)stratification stresses alone for 300 cycles, and (2)stratification plus OBE stresses for 200 cycles. By combining the
stresses of these two cases with the stresses from the original
nozzle stress report, a nev stress range and fatigue usage factor
with stratification vas calculated. Nozzle stresses were
calculated by formulas using bending moments and forces from the
SUPERPIPE analysis. Local stratification effects were not
applicable since all CE nozzles are vertical and not affected by
local stratification.

The audit team questioned whether the calculation accounted
for all stratification cycles. There was only one stratification
cycle considered per heatup/cooldown. The revised design basis
transients in Table 3.5.1-1 of CEN 387-P shovs two 320'F 4T
transients for each heatup and cooldcvn as well as a number of





lower 4T transients which should be considered in the fatigue
evaluation. CE was asked to investigate and determine whether the
appropriate number of cycles were considered in the fatigue
evaluation.

10. RTD and Sample Line Connection

During the recent NRC audit of Palo Verde, a review of the
original surgeline stress report indicated high fatigue usage at
the RTD and sample line connections. 'hese areas were not
addressed in the CEN 387-P report. As a result, CE was asked to
provide information on the fatigue usage factors in these areas.
CE stated that as part of the final evaluation, they will provide
each plant with appropriate stress and displacement information in
these areas. CE will conduct workshops in June to explain how the
results should be used in plant specific evaluations. The audit,
team found this response acceptable.

ZZZ. SURGE LINE FATIGUE AND SHAKEDOWN ANALYSIS

CE provided additional information on the fatigue and
shakedown analyses which are being redone. Based on additional
SUPERPIPE analyses, CE confirmed that Palo Verde is the bounding
plant. The elbow below the pressurizer is the critical component.
CE developed a MARC elastic/plastic model of the surge line similar
to the one shown in Figure 3.6.2-1 of CEN 387-P. Beam elements
were used to model straight pipes. Elastic/plastic 20 node solid
elements with two elements through the thickness were used to model
the elbows. This is a refinement over the original model which
used shell elements at the elbows. The shakedown analysis used the
same load history that had been previously developed for a
heatup/cooldown cycle with the exception that the maximum 4T was
increased to 340'F instead of the original 3204F.

CE did not yet have the final stress results but showed some
preliminary data on elbow forces, moments, and strains. The
preliminary results showed evidence that after seven
heatup/cooldown cycles, the cyclic response is repeatable
indicating that shakedown will occur.

CE also discussed the fatigue analysis methodology. The
analysis will be redone for the higher 4T but the methodology will
be the same. CE considered a total of 35 load states plus OBE andfull flow transients which resulted in 595 load sets for the
fatigue analysis. Alternating stress intensities were determined
from the strains of the inelastic shakedown analysis. Strain
levels for events which were not inelastically analyzed were
predicted by'interpolating the strain from the analyzed events. Zn
order to account for uncertainties, a 104 margin was applied to all
stresses. The cumulative usage factor for the bounding plant was
0.21. The highest contribution to fatigue was from a load set
which ranges between a non-stratifieC load state and a 320'F 4T
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stratified load state. When the analysis is redone for the 340 F
hT, the usage factor will be expected to 'increase.

The audit team reviewed selected fatigue usage results and
questioned why OBE seismic was not combined with the 320F hTstratified flow as a load state. CE stated that, by definition, an
OBE does not occur during a heatup or cooldown. They performed a
quick review of various FSARs and noted that Section 3.9 defines an
OBE as an earthquake load which occurs while the plant is at 1004
power. The audit team asked CE to further review licensing
documents to better )ustify the basis for this assumption.

IV. PALO VERDE DIFFERENTIAL TEMPERATURE CONTROL

During the recent NRC audit of Palo Verde, a review of
operating procedures indicated that there are no limits on the
differential temperature between the pressurizer and the hot. leg to
ensure that the 320F hT assumed in the analysis is not exceeded.
The licensee stated that several options were being considered and
committed to inform the staff of the final decision by the CE
audit.

During this audit, the Palo Verde representative notified the
audit team that two actions are being taken to address the issue.
The licensee is having CE redo the analysis to a higher hT (340'F)
and an administrative limit is being established to ensure that
this differential temperature will not be exceeded in the future.
The audit team found these actions acceptable to close out this
open item from the Palo Verde audit.
V. CONCLUSIONS

The audit team found that CE had made progress in addressing
the earlier staff concerns on the bounding analysis. CE confirmed
that Palo Verde is the bounding plant. The shakedown analysis is
being redone for a larger number of cycles. Higher stratification
hTs are being considered in the reanalysis. The revised analysis
is nearly complete and preliminary results indicate a favorable
outcome. However, the audit team identified a number of additional
concerns which must be resolved expeditiously and described in the
final report. They include the following:

The staff disagreed with the CE interpretation of
expansion stress (P,) in an elbow. The CE approach
determined,P, on the basis of average stresses through
the wall. Surface stresses resulting from local
circumferential bending of the elbow wall were neglected.
The staff recommends that, CE initiate an ASME Code
Inquiry to obtain a Code Committee interpretation of the
definition of this stress. This will be treated as a
confirmatory item pending resolution of the Code Inquiry
and should be closed out no later than June 30, 1992.
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2 ~ CE must clarify its definition of calculated'train for
comparison with Code Case N47 strain limits. Is it the
accumulated strain at end of life or maximum strain at
any point in time'?

3. CE must address the issue of combining thermal striping
stresses with thermal stratification stresses in the
fatigue evaluation.

CE must either provide stronger justification for
disregarding the results of the low frequency (0.25
Hz)/high amplitude (40% hT) load case in the striping
fatigue evaluation or include these results in the
fatigue evaluation.

5.

6.

CE must confirm the adequacy of their revised design
basis transients for fatigue evaluation (Table 3.5.1-1 of
CEN 387-P) based on data collected in the monitoring
programs. An item of particular concern is the
assumption of only two maximum hT stratification cycles
during. each heatup and cooldown.

CE must confirm and justify the number of stratification
cycles used in the nozzle fatigue evaluation. Only one
maximum .hT stratification cycle per heatup/cooldown was
used.

7 ~ CE must provide additional justification for excluding a
combined OBE and maximum hT stratification as a load
state in the fatigue evaluation.
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Mr. Mil,l.iam F,. Conway,

J f

safety evaluation,. after which you will need to submit a plant-specifi'c
applicability report for Palo Verde. You are requested to provide .this report
within 60 days of the issuance of our generic safety evaluation.

Sincere ly,

ORIGINAL SIGNED BY

Enclosure:
Audit Trip,Report

cc w/enclosure:
See next page

DISTRIBUTION

NRC 5 Local PDRs
PDV r/f
,BBoger
MVirgilio
RCesaro
CThompson
CTrammell
OGC

'EJordan
JShea
SHou
JNorberg
ACRS (10)
PDV p/f
RZimmerman, RV (4)

Catherine M. Thompson, Project Manager
Project. Directorate V.

Div,ision of Reactor. Projects III/IV/V
Office of 'Nuclear Reactor Regulation

NAME :RCesaro
Po~

DATE:ld/g /91

:CT el:CT o on

/0 /(91 t;D/IA/91

~ ~
~ ~

: TQuay

,o(0 / (4/91 ~

OFFICIAL RECORD COPY

Document Name: REVISED NRCB 8811 GEOG L'TR



0 pf.a

4 hl 40lf. e ' 41 ~" ~ ~ II
"'


