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Docket No. 52-001- September 14, 1992

APPLICANT: GE Nuclear Energy (GE)

PROJECT: Advanced Boiling Water Reactor (ABWR)

SUBJECT: AUDIT SUMMARY - ABWR PIPING DESIGN

The Nuclear Regulatory Commission staff (staff) conducted an audit on the GE '

ABWR piping design on July 28 - 31, 1992, at the GE offices in San Jose,
California. The enclosed Audit Trip Report provides a summary of audit -

findings.

From a totcl of 31 open issues, this audit resolved 13-issues, partially :
resolved 4 issues, and the staff and GE reached agreement on 9 issues, pending i

confirmation by SSAR revision. In addition, the staff discussed with GE
comments from the Greybeard Committee concerning generic piping design 4

inspections, tests, analyses, and acceptance criteria (ITAAC).

A preliminary position concerning environmental effects on piping fatigue was
reached by GE and the staff which will be prcsented at the next Pressure
. Vessel _Research Council meeting in October 1992.

(OriginC signed by)
Rebecca L. Nease, Project Manager
Standardization Project Directorate

and License Renewal
Associate Directorate for Advanced Reactors
Office of Nuclear Reactor Regulation
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Enclosure-

A11 PIT ~ TRIP REPORT

PURPOSE: Audit of the GE Advanced Boiling Water Reactor-
(ABUR) Piping Design Criteria and Sample Analyses

LOCATION: GE Uuclear Energy, San Jose, CA

DATES: July 28-31, 1992

NRC
PARTICIPANTS: D. Terao (NRC), S. Hou (NRC), R. Nease (NRC), P.

Bezler (BNL), G. DeGrassi (BNL), J. Braverman
(BNL), K. Jaguay (ETEC), and W. Shack ( ANL)

GE ~

PARTICIPANTS: J. Foxi M. Herzog, E. Swain, H. Hwang, and others
(see Attachment 1)

The purpose of this audit was to complete the review of the
General Electric (GE) proposed piping design-criteria and-sample
analyses for the Advanced Boiling Water-Reactor (ABWR). This was
a follow up to the NRC audit conducted in March, 1992.

The audit agenda, which is included as Attachment 2, covers-
the main areas of discussion and review. One of the main
objectives of this audit was to close out staff concerns raised
during the first audit. A total of 31 audit concern sheets had
been prepared to describe the issues. Just prior to this audit, GE
submitted their written responses to each concern and the audit
team prepared preliminary evaluations. During the audit, each
issue was discussed in ' detail with GE technical- personnel.
Significant progress was made in resolving the concerns. By the
end of-the audit nearly three quarters of th.: open. issues were
either closed or closed subject to an_ agreed upon confirmatory
action (such as an-SSAR revision). However, eleven items remain
open. Although there was general agreement on the~ actions needed
for closure, more GE ef forts wcre suggested for timely input-to the-
staff final SER. Attachment 3 includes the a W it team conclusions-
on each of the 31 audit concerns as well as'a summary of the
current resolution status.

-One,of the open is'suec discussed during the-audit was the GE
procedure to account for environmental effects in the fatigue

5 . evaluation of piping. Recent test data indicates that a ' EWR
environment may significantly reduce the fatigue resistance of,

n certain materials. For the affected materials, the margins in theI ASME Code fatigue curves may be less than originally intended. GE-
and the NRC consultant from ANL discussed this issue in detail and.

worked out a preliminary interim procedure which is summarized in

1
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Attachment 4. The procedure involves supplementary fatigue
analycis of selected piping components for environmental eff2 cts
using ANL fatigue curves, adjustment of fatigue curves for the
effects of transient strain rates and temperature changes, and
fracture mechanics evaluation for components in which the
supplementary fatigue evaluation indicates a cumulative usage
factor greater than one. This preliminary procedure will be
further reviewed by the staff and will be presented at the next
PVRC meeting in October for discussion.

The audit team and GE also discussed the open issues
identified in the NRC draft safety evaluation report (SER) on the
ABWR piping. There was significant overlap between these issues
and the 31 addit concern issues. Based on these discussions,
necessary SER and SSAR revisiong were identified as well as
required GE actions. The resuIts of the discussions will be
summarized in the final SER.

The preliminary results of the BNL confirmatory analysis of
the GE sample piping problems were discussed. BNL had analyzed the
Feedwater line and the SRV wetwell line using the PSAFE2 program to
verify the results of the GE PISYS program analysis. Comparisons
of Feedwater line response spectra analysis results and of SRV
wetwell time history and response spectrum analysis results showed
significant dif ferences. The results of the BNL analyses were sent
to GE prior to the audit. GE was asked to review both their
analyses and the BNL analyses and attempt to identify the causes
for the differences. GE provided the following information at the
audit:

1. Feedwater Line Response Spectrum Analysis:

GE determined that their analysis had inadvertently used a
file with incorrect mode shapes and participation factors.
They reran the analysis with the correct input and saw
generally better agreement with BNL results. In reviewing the
BNL input, GE found a small error in a section property. The
12 inch pipe OD had been input as 12.359 inches instead of
12.539 inches. BNL agreed- to make this correction in the
PSAFE2 input and rerun the problem. GE will provide the full
output of their revised analysis for the final comparison.

2. SRV Wetwell Line Time History Analysis:

The GE direct integration time history analysis had used a
time step of 0.007 seconds. When BNL analyzed the problem
with the same time step, the results were significantly
different. BNL reduced the time step and found that the
results changed by more than 10%. The results of the BNL
analysis converged using a time step of 0.0005 seconds.
However, these results still did not agree with the GE
results. GE agreed to run the analysis with smaller time

,
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steps.. Their results were presented at the audit. . With the
0.0005 time stop,.GE saw?significant differences in certain
. responses compared to their. original analysis. There was also
generally better agre'ement with the BNL results. GE also-
noted' that their analysis -used hot material properties
(modulus of elasticity) while BNL L...d cold properties. BNL
agreed to rerun the analysis with the hot properties for final
comparison.

3. SRV Wetwell Line Response Spectrem Analysis:

GE found that they had incorrectly used 5% damping in their
double sum nodal combination method instead of 2% damping. GE
reran the analysis with the correct damping and showed a
better comparison wfth BNL results.- GE.also ran a-case-with-
SRSS combination and found the results more closely matched
the BNL results which were based on'the 10% grouping method.
BNL will perform an additional analysis using a consistent
modal combination me+ hod.

4. NRC Benchmark Problem 2:

Prior to the audit, GE we. asked to run NRC Benchmark Problem
2 from NUREG/CR-1677 Vol. II using their current version of
PISYS for comparison with a BNL analysis of the same problem
using the current version of PSAFE2. GE presented the results
at the audit. .However, due to a misunderstanding, they ran a
different problem (problem 2 from NUREG/CR-1677 Vol I). BNL-
agreed to provide the PSAFE2 input for this problem to.GE for
their reanalysis.

1
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NRC ABWR PIPING AUDIT-'

San Jose, California

Auoust 28. 1992
,

HAME ORGANIZATION

David Terao NRC -

Shou-nien Hou NRC
Jack Fox GE
Sam Ranganata GE

Maryann Herzog GE

Ed Swain GE
Joseph Braverman BNL
Bill Shack BNL

' l

Giuliano DeGrassi BNL
Paul Bezler BNL
Ken Jaquay ETEC
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NRC Audit of GE on

ADWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSES

July 28-31, 1992

AGENDA

I

Discuss GE response to staff concerns with respect to pipingI.

system stress analysis identified in last audit, which was
performed at GE's office in San Jose, California on March 23-
26,1992.

2. GE to provide methods and sample analyses for high energy line
break. Calculations for the Feedwater line breaks may be used.

3. Discuss open issues identified by the staff in the draft
report containing preliminary safety evaluatin of the ABWR
piping design.

Discuss tentative findings of staff review on the GE sample4.

analyses of 4hran ABWR p. ping systems. Status of independent
confirmatory analysis performed by the NRC consultant, the
Brookhaven National Laboratory will be presented.

5. Discuss details concerning application of piping benchmark
program to future ABWRs for verifying acceptability of
computer codes and approaches used in piping analysis.

6. Discuss followup actions needed by GE and the staff to
complete final safety determination or ABWR piping design.

1



_

. a n a- -

f
_~.{,,.
i

r

l'

-

u

ATTACHMENT-3
1

AUDIT CONCERN SHEETS

T

.

.

h

-

G

<

|

|

|~

,.

I
- , , . _ , , .

,. :;-
... - .

'



. . - . . . . - - . . . . . , . , - . - - - - - . . , , . , , .. . . - - .. . . . . . ,- . - .- . . . . . , - . - - , , . . . . , - - - - - - . - - - - - - - - - - , - _ _ . - - - - - - - -; _

s

!
-

! AUDIT CONCERN SHEET i

STATUS-SUMMARY-
:(7/31/92)

CLOSED ITEMS: 1, 2 , 4 (1) , 7, 11, 12, 13(1),-13(3), i

14, 15, 1G 19, 20 (3 ) , - 2 0 (4 ) , 21, 22,-
23, 24, 27

CLOSED / CONFIRMATORY ITEMS: 3, 5, 10, 20(1), 20(2), 26, 28(A),
28(B), 29,'30, 31

,

OPEN ITEMS: 4(2), 6, 8, 9, 12(2), 12(3), 13(2), i
17, 18, 25, 28(c)
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NRC Audit of GE on l-

A3WR PIPING DESIGN CRITERIA AND SAMPLE' ANALYSIS
'

March 23-27,1992

Item No.: I
By:-.

,

.

DESCRIPTION OF CONCERNt
,
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IGC Audit of GE on
ABWR PIPING DESIGM. CRITERIA AND SAMPLE ANALYBES

.

March 23-27,1992
.i

Item No.: 2-
Byt

DESCRIPTION OF CONCERN:

S~ WM/
P 4 ~ a & m, - h . W M M M A A*1
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NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AWD SAMPLR AMALYSIS

.

March 23-27,1992

Item No.:- 3 ,

sy:

DESCRIPTION OF CONCERN:
G. & Q SSAR T& 3 A'| h

tv"y% %n ssnW y 2/3 -~mx sw s . .
.

PISPONSE BY GE:
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NRC AUDIT OF CE ON '' *

ABk'R PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
MARCH 23 27

IT.EM NO: A-4 '

DESCRIPTION OF CONCERN:

1. kla t is the ASSE classification of the SRV quencher?

klat analysis and design method was used relative to its design
.

4.

specification?
-

RESPONSE BY C.E.;

1. Response prepared by JB Knepp

2. The quencher is analyzed to the rules of ASME III, Class 3. The quencher
is treated as a fabricated assembly of pipin5 components and is- analyzed to
the rules of ND 3600. The analytical methocs are described in the summary
stress report and in supporting documents such as:

Containment Loads Report. Specification No. A21 2040;
386HA579 Dynamic. Load Methods and Criteria;
Computer Manual for PYSIS.

'
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NRC Audit of GE on'

ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSES
.

March 23=27,1992 '

!

Itta No.t h
By:

DESCRIPTION OF CONCERN:
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4 m - a an ze .:n % ag q

.

REMPONSE BY GE

{ p s $ d w tb. E #)l. Yo N0' W }'": AN Y 'r, A

ASME & ,y,M

.

.

.

9

*

STAFF EVATIfA*fg*gt ,

'

Gt$ 1 A .f.| C vp/c oi
s

y c '& s.V4 +t e - e. 4 e c/ttothe &n ~ + c -- m %.1 ,-h. ., m ,_ i t .),,, y p , a , ,Cl% J 2
.

:(*.'
p. ,

r.
|

.

CONCLUSION:1 -

1% (): c t.s aJ

\ 2,'< . 2) : Op~ : GL L re Ne w G& sse t .j oree,2,c
s,

VA Cf ~ &.? J a ., , 7, .t r i aitt l e s , q s , ,,-F tg .
.

..

. . - - . . , _ - - - . - , - , , . . - _ . _ + . . - . . .u,.. ...+,-.-,..,.in.,..,, , c.
'



.. ._ _ _. __. . - _ . __ . . _ . _ _ _ _ _ _ . _ . _ _ . _ _ . _ ___ __ _ __ .

.

*

3!
.

e
e

'

NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AND 5 AMPLE AMAI.YSES

-

March 23-27,1992
,

Item No.: 7 ;
By: =
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NRC AUDIT OF CE ON
AWR PIPING DESIGN CRITERIA AND SAMP!J ANA!.YSIS

MARCH 23 27

.

ITEM NO:_A:$ '

DESCRIPTION OF CONCEP.N(

1. Need to see criteria for all supports analysis / design.2. SSAR needs to include description / requirements for guides.

RESPONSE BY C E 1

1. There is no single E document that sets forth all the criteria for thedesign / analysts of support::. The SSAR covers all pipe supports in
considerable detail, with the possibio exception of the Main Steam /Feedvater
guides and structural frame supports such as those in the vetwell. The most
important documents defining design / analysis criteria are the C.E. pipe
suspension purchase specifications and the pipe suspension drawings. Thesedocuments: (1) Provjde a complete basis for design, manufacture,
qualification, examination and installation of pipe supports for all ASME III
piping; Require the design and analysis of supports for nuclear piping to be
in conformance with NF fubsection of ASME III and suports for non nuclear
piping to be in conformance with ANSI B31.1; and (3) Provide design loads
obtained from the piping analysis ahd specify the minimum support stiffness,
allowable materials, installation tolerances. '

Examples of recent documents prepared for the K6/K7 plants are:

23A6061 Main Steam. Feedwater & Safety / Relief Valve Discharge Pipe'

Suspension.
103E1512 Main Steam Pipe Suspension
103E1437 Feedwater Pipe Suspension
103E1525 SRV D/W Pipe Suspension
103E1526 SRV W/W Pipe Suspension

2. C.E. is now considering adding additional requirements to the SSAR to
provide more detail on the main steam and feedwater guides inside containment.

See ned y (
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NRC Audit of GE on
ABWR FIPING DESIGN CRITERIA AlfD SAMPLE AltALYSIS

.

March 23-27,1992
I

Item No.3 (*
By:,

DESCRIPPION OF CONCERN!
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NRC AUDIT OF CE ON
,A8WR PIPING DESIGN CR'.TERIA AND SAMPLE ANALYS!$ '

MARCH 2'-27

ITEM NO: a-7

DESCRIP T I ON OF CONCERN

Why does the Piping Criteria document utilize only Reference 6.0-c,
all applicable NRC R.G.'s and S.R.P's,?and not

RESPONSE BY G.E.:

All applicable NRC R.C's and S.R.P's will be referenced in the
Piping Criteria document.
'rkr c'vms.w a:.

'

O c Jp e = a e aerof.Vr. G g*,. j j , , f .)p ,. s s ,,,,) e e~ e a r r a.] c/s a , ,. , ,~) .(, , , ,, ,', ,,,,

I T E' l NO: A-8 A m e 6 *< J < J ~' # (* /s 4, ./ f r , re , , m ,j |, y,g g -

DESCRIPTION OF CONCERN:

The 1/3 pipe size criteria is not sufficient, additional piping
,

decoupling/interactiop criteria (e.g. SSAR 3.7.2.3.1) are needed.
The effect of branch line supports close to the main line should
be considered.

RESPONSE BY G.E.: *

.

The criteria specified in Section 3.7.2.3.1 of the SSAR are used
to determine whether a piping or equipment subsystem can be decoupled
from the Building or primary system model. If the diameter of the
branch line is less than 1/3 the diameter of the main line it canjbe decoupled from the main line.

For a decoupled branch line, no_ dynamic supports will be located
close to the main line. Otherwise the adjacent support would be
loaded by the main line during dynsmic events,

s~ tar + r.v.u w m uu
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NRC AUDIT OF CE ON
AB''R PIPING DESIGN CRITERIA AND SAMPLE ANALYS15

MARCH 23 27

ITEM NO: A-9

DEJCRIPTION OF CONCERN:

Request criteria document.(s) discussing dynamic analysis criteria in more
detail (e.g. basis for highest frequency of interest, damping, delta t for
time history analyses, ISM method of analysis, modal analysis method, how is ,.

the " effective / weighted" modal damping determined.
4

RESPONSE BY CE1

Document 386HA579, Dynamic Load Methods and Criteria, by DK Henrie, provides
the best available details on the dynamic methods and crtteria used by CE in
the dynamic analysis of piping. A copy of this document was provided during .

the March meetings. Based on verbal comments, it is GE's understanding that
the 386HA$79 dccument was satisfactory response to this item. .

.
-

.
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NRC Audit 9f GE on
ABWR PIPING DESIGN CRITERIA AND 3 AMPLE ANALYSIS

Harch 23-27, 1992

Item No.: A10 By:

DESCRLPTION OF CONCERN:

Are forcing function variations considered for direct integration analysis dueto hydrodynamic loads. This variation (expansion and contraction) of the
forcing function is the equivalent of response spectra peak broadening.

RESPONSE BY GE:

The wetwell loading input has been defined to cover all ft.quency ranges
(similar purpose of expansion and contraction). Some time history loads are
impulse type loads, such as safety relief valve discharge loads, expansion of
the time history is equivalent to increasing the load. It is not necessary toadd extra conservatism to this type of load. Similarly, it is not appropriate
to contract the load (equivalent to reducing the load).

STAFF EVALUATION:
'c- . ,
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS

MARCH 23 27

ITEM NO: A-11

DESCR!aTION OF CONCERN! '

Clarify definition of components vs. damping values (snubberastrut)
in camping table presented in the Piping Criteria document.

RESPONSE BY G.E.:

The following note will be added to Table 1 :
Gn %a PW3 Co t8nA - Acd

Snubbers and Struts are connected to the piping and- to the supportingstructure with pin connections, therefore the R.G. 1.61 dampingvalues for bolted steel structures are used. Piping test data resultsshow that the camping values for struts are at least equal to those
for bolted structures, and the damoing values for snubbers aregreater than those for bolted structures.

t
5 rm .* 4 ' A ' t. e n v u C o w e i. vli e u

Re{~ -i< e r a y(, Oc c (n )r .r

ITEM NO.: A-12

DESCRIPTION OF CONCERN:

1. Provide the basis for application of all displacements in the *same direction.

2. Provide justification for SRSS combination of inertia and * ~

displacement effects.

3. Provide criteria for order of combination for inertia anddisplacement loading events.

RESPONSE BY G.E.: '

1 An additional seismic Cisplacement case will be evaluated
in which it is assumed that the biological shield wall moves
in a direction-opposite to the reactor pressure vessel and the
drywell wall. Because the seismic inertia loads are so high there,
will- be no significant change in the calculated piping stresses
or support loads.

2. ."The-inertia (primary) and displacement (secondary) stresses are
dynamic in nature and their peak values are not expected to occur
at the same time. Hence combination of the peak values of inertia
stress and anchor displacement stress is quite conservative. In
addition, the anchor movenent effects are computed from stati:
analyses in anich the displa~ cements are applied to produce t^e Ost
conservative loads on the components. In view of this, the cc inatier
of primary and secondary stress.s shall be by SRSS." ~

Re f e renced from GE , doc. no. 386HA579 Rev. 0-
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AMD SAMPLE ANALYSIS

ON MARCH 23-27

ITEM NO: A-12(continued)

RESPONSE BY G.E.:
'

.

3- Since all dynamic loads are combined 4 by the 59S5 method,the order of combination of inertia and displacement loadsdoes not effect the results. The calculated dynamic loads
are then combined with thermal and weight
algebraic summation or by the absolute sum method. loads either by
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NRC AUDIT OF CE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS

MARCH 23-27.

ITEM NO: A-13

OESCRIDTION Or CONCERN:

1. Interaction concern? flexibility of building local structure
affecting/ amplifying fluor response spectra
How is this addres- !? (e.g. floor flexibility).

2. Piping amplified spectra for branch line analysis,How is this
addressed?

3. Provide justification for the 1.2 f actor for hydrodynamicamplification to account for local flexibilities

RESPONSE BY G.E.:

,

1. Flexibility of building local structures, such as steel platf3 ms
for supporting piping and other equipment, are accounted forused

in the piping analysis. For the sample problem it was assumed
'that the steel plat f orm has a fundamental frecuency greater thanor equal to 33 bz Therefore, there is no amplification of the
seismic loads. For hydrodynamic loads, a dynamic amplification
factor of 1.2 was used. This factor is necessary to account for
amplification at f'requencies greater than 33 hz.

,

2. For branch lines decnupled from the main line, amplified '

.

spectra are applied at the 6ttachments to the main line. The
ERSIN computer program is ured to generate the amplified
response spectra.

I

3. The 1.2 f actor was calculated and used in the analysis of the
ABWR's under construction in Japan.

G'TAFF d v^ ' we a u
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NRC AUDIT OF GE ON dNr
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSISON MARCH 23-27,

! TEM NO: A-14

CESC91ptICN OF CONCERN:

1. How many cycles will be used for seismic and other loads? -

2. What is the oasis for using } SSE floor spectra for OBE floor 50ectra?
3. Were building rocking effects added to the vertical spectra?

RESPONSE BY G.E.:

1. The SSAR and the Piping Criteria document will be revised to
specify the correct number of cycles. In Table 3.9-1
the number of events or cycles will be increased by 50 % for theof the SSAR,following events: Events 1- 9 and Events 14415.

2. There is no basis for using i sse floor spectra for OBE
tloorspectra. This was done because the OBE floor spectra were notavailable. The Piping Design Criteria document will state thatfor future analysis of ABWR piping, the appropriate JBE floorresponse spectra shall be used in the analysis.

3. Building rocking effects were not added to the vertical socctra.
This was determined to be unnecessary since there was adequateconservatism in the structural analysis.

S'7~ M f C V *4 t. t.,,e4 Tt as/

l) Wh.) 4 s Q,1fc , J) h/e eb r c s t e | A/r? t. Sfr s &,. (ITEM NO: ,_A_-16 4 u .A &t

OESCRIPTION OF CONCERN:
.

C i s a e) ,. 4 , t> e .

How and why is the flooded load c e . * e ~ e.J t, y WM L A * hl 6 ~ ''s*
How many cycles are Considerr.d? included in the analysis?

RESPONSE BY C.E.:

Two hydrostatic test cycles are considered for each boltup cycle.
Therefore 135 events are considered to occur during the 60 year
design life. During the hydrostatic test event, the main steam line
and the SRV discharge lines are filled with water. Therefore for
these lines a cead weight analysis is done for tnese linesfilled with water. -

.

Y YY YY Y $ &

(l e s p a . u a c c.yf 4 /e,o Clused-
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NRC AbDIT CF GE ON
ABVR PIPINC DESIGN CRITERIA AND SAMPLE ANALYSIS

MARCH 23 27 '

ITEM NO: A 15

DESCRIPTION OF CONCERN-
.

1. How do you insure SRV valve to be purchased will have a rise time greater
than 20 msee?

2. Same applies to TSV.

RESPONSE BY GE;

1. CE has not placed any restrictions on how fast the safety. relief valves
may open or on how rapidly the turbine stop valves may close. The
specification for the Safety Relief Valve requires the " Total elapsed time
from start of main disk motion to full stroke of the SRV (i.e., lift to fullrated capacity position) shall not exceed 0.15 seconds." CE calculates the
forcing function for RV 1 based on a 20 millisecond rise time. Rise time is
defined as the period of time from start of flow through the valve until
essentially full flow. C.E. has established the 20 milliseconds as a
conservative valve based on evaluation of available data from valve ,

manufacturers.

The results of the overall analytical process includes many important
variables, including; analytical model of pipe and supports (stiffness, vall
thickness, diameters), the analytical assumptions in the computer program
RVFOR, out put time step, steam line pressure, total FL/D and inside diameter
of discharge pipe, analytical definition of quencher, code method for

_calculating stresses at branches and elbows.

C.E. does not feel is necessary, nor desirable, to upper bound all the
variables in the analytical process. It is important the overall analytical
process give results that are in satisfactory agreement with ac:ust test
results. C.E. has performed numerous in plant tests which have shown the
overall analytical procedure for calcalating stresses 61ves easonable results
compared with stress measured.** There is no data to indicate the stress
valves caiculated by C.E. analytical methods are nonconservative.

In addition, the Start Up testing proBram for each BVR requires strain gauge
instrumentation be install on typical SRVO lines and SRV inlet piping to .

confirm, on a plant by plant bases, the analysis gives results in artisfactory
agreement with measured results.

2. The philosophy described above also applies to the TSV load.
**

Note: (1) Special in plant rests performed at Duane Arnold, Monticello.
Kuosheng and Coarso,

;

.
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(2) Special SRV cest ac Wiley Laboratories tacL1Lctes at Huntsville,
Alabama under direccion of H.L. Hwang.

(3) NEDE 23751 BWR/6 :: ark Eli Safecy/ Relief Discharge Piping
Transkenc Force Paramectic Study, Dec.1977. " Based on cesc
daca, che shortest opening cime is 0.02 second. Ic is *

conservacLve to assume a short opening cime."
(4) HL Hwang Studies:

Leccer to E.O. Swain. February 14, 1978, SRV Opening Time.
Letter to H. Chang, daced November 9, 1976, Preliminazy

Honcicello SRV Discharge Tesc Results, SRV Piping.
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NRC AUDIT OF CE ON

ABVR PIPINC DESIGN CRITERIA AND SAMPl.E ANALYSIS
ttA RCH 23 2 7

ITEM NO:.A 17

DESCRIPTION OF CONCERN'

l. Will CE consider / perform fatigu.' evaluation for thermal effects when piping -
involves hot and cold thermal mixing?

2. Provide therr al stratification criteria / methodology for piping analysis.

RESPONSE BY CE:

1. It is CE practice to evaluate the thermal stresses in pip,n, at locations
where hot and cold liquid streams are mixing. The norms.1 procedure is to
assume tha temperature of points in the piping in ebw vicinity where the
r:1xing occurs will fluctuate rapidly between the hot temperature and cold
temperature of the two mixing streams. It is further asarsed a large number
of thermal cycles between the hot and cold temperatures will occur in a short
period of time. Therefore the thermal str# ases must be will below the
endurance limit of the material. If calculations show the thermal stresses
approach or exceed enduranen linic values. CE requires a thermal sleeve be
designed and installed to protect the pressure boundary from.fatiguo damage.

.

2. By KFF
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ASWR PIPING DESIGN CRITERIA AND $ANPLE ANALYS!$
t

.

March 23 27. 1992 i
'

,

Item No.: A17 gy::

DESCRIPTION OF CONCERN:
}

1. Will- GE consider / perform fatigue evaluation for thermal effects when
piping involves hot and cold thermal mixing?
systems requiring this' evaluation be specified now?-See p. 3.9 45 of SSARshould '

2. Provide thermal stratification criteria / methodology for piping analysis.
;

RESPONSE BY GE:
'i

'

,

1. By .. EOS -

2. The thermal stratification load ~is caused by different temperatures at the
top and bottom of a horizontal. pipe. The loads and stresses caused by thermal--
stratification are similar to those caused by thermal expansion. Therefore,
the stresses and' load criteria for thermal stratification should be combined
with concurrent-thermal _ expansion stresses and. loads by algebraic summation.
The combined results should meet the thermal expansion . limits specified by

i

ASME Code. The analysis method is described in an internal GE document
-

(ABWR-88027)

STAFF EVALUATfjjft_ *

.2) Rey..a ep,,,, e e n ' s e e.ep4 t !< , We- e.a *./ 'h r e v |c ~{-s.g
ee G e c.OJ cc: f w e s. ~ t.

CONCLUSION:
- '

~

.

Q o, .. : c c +, ,~ ;.n 'w ,c -.s.y n.,as ~ .. .

s s . n u ~ i,,:, ~ s ..i ~ c . m

.

t

9

e

$ -.

r . + , y . . ~-4., ,,~,-._--,4 --...,,.mm.__.m, ,....-,.,,,-~,m.,.,.,- . - , . - - . - - , . . . . . , .m.,,,.,,-m, . . , . . . , , . . - . . . _ . . - .



- .-. . _ - -. -

..

.

,

NRC Audit of GE on
ABWR PIPING DRSIGN CRITERIA AND 3AMPL3 ANggyggg

.

March 23-27,1992

Item No.* II

Byt.

DESCRIPTION OF CONCEP.N ,gy4 ,
fM*N thS A & m'&
&r b4*n , 4 yy .f ,

PISPONSE BY CE:

G5 wA| f w]t bl b^U. JWS 1]]w& p%, P dj, ),, ,,, j[, y
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STAFF EVAIMTIe9 e

Ga p n:Je(-fs. eh e - . . % . UuL , e e .h +, c-np i,.~fe
| fs r e w,;~e

i

!
%. s

'

p o
!
?

l
..', **-

.

CONCLUSION

Oe- | Al t C. r%ff % e s s , )e e-p *
i i 'ic e o' ,p, ej '

n c4 - ), I.p,
. ..

4

.



,
._ . _ . _ _ _ .- . . _ .

'
.

, ,

;

.

NRC AUO1T OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANLYSIS

ON MARCH 23-27

!

ITEM NO: A -19

i
DESCRIPTION OF CONCERN:

I

,

How is the damping value determined for piping systems which includesmall and large diameter piping?

Provide procedures to determine damping for both ISM and USH methodsof analysis. Provide justification for methodology. :

RESPONSE BY C.E.:

Independent Support Motion (ISM) Damping Values

For each response spectrum used,the damping value corresponds tothe pipe size at the support.
analysis more than one damping value can be used.Therefore,in an ISM response spectra

.

Uniform Support Motiqn (USM) Damping Values:
For each response spectrum used to generate the enveloped response, spectrum, the accelerations correspond to a damping value dependent
un the pipe size at that support. Once the enveloped response
spectrum is generated, the smallest damping is then used in thedynamic analysis. -

These are the typical industry practices. For the USM method
the use of the smaller damping values in the dynamic . analysisis conservative.

. v.rr c a s u am m
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NRC AUDIT OF CE ON
ABWR CIPING DESIGN CRITERIA AND SAMPLE ANALYSIS

ON MARC'1 23-27

c.w ce s s cans :

ITEM NO: A-20, # C #'" '7' O " ' ' "
''~

3.9-1 +o~rtA s or v t.s J S- * < k Jum
.2 ) C l w o J / c.. + ,r s k y : G e. -Iv p.,-f a !<.s/ ODESCRIPT: CN CF CONCERN:

r/* e n / ,.; d A y. . c, ; j,9 . .:.4 .r sm
3 ) * 'r) c I w t , </

1. In the Criteria document, clarify the description of the RV2 '

load and specify any factors used in the RV2 analysis.

Does SRV all valve bound all RV2 loads?
2. Functional / Operability ;eouirements per S.R.P.

in the GE Criteria document. 3.9.3 are not

3. Load combinations for Equation 10 & 11 are not in the Criteria Occ.
4

What revisions will be made to ths Tables in the Criteria cocument?

,

gjPONSE BY G.E.:

*
.

1. The description of all RV2 loads and all applicable factorswill be included in the Critoria document. SRV all valves doesbound all RV2 loads.
.

2. & 3. These items will be included in the Criteria document. ~

Tables 3 & 4 will include primary and secondary load combinations.4

Table 3 will s;ecify that the lesser of two acceptance criteriashall be used, a note will be added
criteria. on functional capability

.

Tables 3,8,9,11,12,13&14: Individual loads will be separatec bycommas instead of +'s.

Table 12: Allowable motaents will be deleted, accaotance criteria
will specify the applicable ASME Code paragraph.

Table 9: The accep tanc't ce dt.r M WM 'oet. specified.

Table 13: Acceptance will be deleted. -

3
criteria
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-NRC AUDIT-0F GE ON-
ASWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS

ON MARCH 23-27.

ITEM NO: A-21

'

OESCRIPTION'0F CONCERN: ~

~

Provide BWR'6 Load Combination definitions

RESPONSE 8Y C.E.:
,

G.E. Document No. 386HA931, Rev. 2, Event Combinations and
Acceptance Criteria,provides the BWR 6 L0ad combinations.
TA t' r &* wt c c mn u sj

D a c- u ... <4 h e s & <e e e e c ,LeJ. ~

We. n e r } % e e v s a. w
c e v e s. v sov u ?

, -- Clus ]
ITEM NO:A-23

>
_ -

DESCRIPTION OF CONCERN: ~
"

-

>

Provide description and b' ses of spectra iriterpolation/extr'apolttion k
a

procedure ( for dif ferent elevations / locations).
. .

;

RESPONSE BY C.E.:
.

|GE~ internal procedures provide guidelines on response spectra
.

Selection. The RINEX computer program'is used to interpolatet.

and extrapolate. response spectra. c ,,ues.us,Ju e ef a.g ,

: rspuc &vscv^~nuM.

G d- rse e.('i ' h esp c.e-) 'v~ he r e ); e~ ) e. D s- m eEJ o | be * f*e st tw,
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ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS'

March 23 27, 1992

Item No.: A22
By:

DISCRIPTION OF CONCERN:

Oves CE intend to use ASME Section 3200 related to plastic analysis method,
if so, provide criteria since the Code lacks requirements in certain areas. ,

,

BESPONSE BY GE:

It is not GE's intent to use ASHE NB 3200 plastic analysis as a generic
method. :;uch as limit analysis, to meet the primary stress Allowables. There
are two possible applications: (a) calculate the plastic strain for fatigue
usage evaluation, and (b) pipe whip restraint analysis due to a postulatedpi~pe break, the present Code requirements are ad'squate for these twoapplications.

. STAFF EVALUATION:
.

Cf. 3 L .e ta" sicic. whe%e 4=ey t- h -J b uteg>le> h e- fyrc
l' # ese <g/> /1 e n -hu - > c ./ , , f .s s, yesv J y cv e s., . ,.

CONCLUSION:
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NRC At'DIT or CE ON
ABVR PIPING DES!CN CRITE.11A AND SAMPl.E ANA1,YSIS

MARCH 23 27

ITEM NO..A 24

DESCRIPTION OF CONCERN!

1. What is the method of seismic analysis for the main stearn piping beyon'd
isolation valve outside containment .-

to turbine building.
2. If dynamic analysis util be used. then what document provides the seismic
spectra input.

RtSPONSE BY OE

1. Main steam piping between containment and the turbine building util be
analyzed for seirmic loads using response spectra methods and code allosal,les
equivalent to that applied to ASME Class 3, piping.

2. The seismic spectra input has not yet been defined. This subject is still
under study by CE and under negotiation with the NRC.
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS*

ON MARCH 23-27.

ITEM NO: A -25

CESCRIPTION OF CONCERN:

.

Why does piping analysis use ZPA for high frequency effects, ratherthan the acceleration at
analysis ends? the highest frequency at which the modal

RESPONSE BY C.E.: ,

The acceleration at the analysis cut-off frequency should be usedto calculate the high frequency effects.

.

W Y YY
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NRC A'!DIT 3F CE ON
ABk'R P!PINC DESIGN CRITERIA AND SAMPLE ANA1.YS!$

MARCH 23 27

ITEM N0;.,A:,li

DESCRIPTION OF CONC R

1. k' hat are the analysis / methodology and acceptance criteria for buried .
piping analysis (beyond short descriptions in SSAR)t

2. k' hat provisions are provided for protection from external svents (e.g.wind, tornado, missiles? If no protection is provided for some of the events,
what are the analyses /inethodology and acceptance criteria?

RESPONSE BY CE.

1. CE wt+t has not yet deterr:ined if the SSAR should be revised to provide
more definition of analysis methods to be applied to buried piping. At
present ASME III Class 2 or 3 piping rnust meet the requirebents of NC/ND 3600.
These rules do not distinguish between above ground and underground piping.
The Class 2/3 rules may be overly conservative when applied to underground
pipe. If the decision is made to provide additional requirements for buried
piping, CE will evaluate the most recent actions by piping code committees and
determined if code approaches need to be supplemented when applied es ABk'R.
Examples of Code acJions are:

(1) Proposed B31.1 Non.manuatory Appendix VII, Recommended Procedures for the
Design of Restrained Underground Piping. (2) ,

(2) ASME III DRAIT Ceneral Requirements for ASME Section III Class 2 & 3
Underground Piping. ,

(3) ASCE Publication Seismic Response of Buried Pipes and Structural
Components Report by the Seismic Analysis committee of the ASCE Nuclear
Structures and Materials Committee.

2. GE will has not yet determined if the SSAR should be revised to provide
more definition of analysis methods to be used for evaluating the effects of
external events such as wind, tornados, and missiles. At present, the rules
for ASME III Class 2 or 3 piping apply for loads from external events the same
as they do for seismic and other dynamic.and static loads. If CE determines
additional information in the SAR is needed to define magnitude of loads from .

external events or define Service Limit stress values for these events, the *

SAR will be revised.
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ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23-27, 1992

Item No.:.. A27
By:

DESCRIPTION OF CONCERN:

Hydrodynamic building filtered loads are based on the Japanese K6/K7 plant
design and soil conditions provide justification for applicability of those .
loads to the ABWR considering the variation in soil properties anct theireffects on the building response.

RESPONSE BY GE:

Based on past BWR plant experience, the trend indicates that the floor
response spectra (FRS) increases as the foundation soil becomes softer. SinceK6/K7 is a sof t soil site, the resulting FRS for hydrodynamic loads are
considered applicable for other site conditions and can be used for the
standardized design.

STAFF EVALUATION:

P*$pv->e app e < e:. c ece,p fatte bs~t uc J J. . ( d ; s $ r h c
r% & . / A A r' er < ~ , , e v- e u e e c e .
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ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23 27, 1992

Item No.: A28
By:

DESCRIPTf0N OF CONCEpN:

a) Provide additional information to justify the feedwater thermal
stratification load definition. Identify test programs and plant measurementswhich support the model.
b) Justify the application of a linear temperature profile (versus a hot to
cold step change) on the pipe cross-section,
c) Thermal striping is not considered in the analysis. Provide evidence to
support neglecting the thermal striping phenomenon in the fatigue analysis.

RESPONSE BY GE:

a) Test programs and plant measurements were obtained at the following plants:
Leibstadt, Hanford Unit 2 and Nine Mile Point Unit 2. Additionally, an
extensive finite element analysis of the Shoreham feedwater piping system was
performed to obtain a better understanding of thermal stratification. Seealso the Response to item No. A17.

b) Using a hot to cold step change at the center of the pipe will be overlyconservative. The reasons are given below:
1. The analysis assumes the same thermal stratification for the entire
length of horizontal pipe, but thermal mixing occurs along the pipe due
to flow which would reduce the stratification.
2. A step change at the center creates the maximum bending momerit. In
the actual flow, the hot and cold fluid does not have a step change dueto axial flow.
3. The probability for the change from hot to cold fluid occurring at
the center of the pipe is small since the amrant of flow required for
stratification is less than 3% flow. If the dividing line is not at
the center, then the bending moment due to stratification is reduced.

c) Temperature stratification between the top and bottom of the feedwater
piping and nozzles has caused pipe bowing with pipe support damage and flange
leakage, but no pipe failures. The temperature stratifications which have
been measured have shown that stratification occurs for only short time
durations following reactor scram as the hot piping is filled with cold water,
and again during startups as feedwater heating begins, filling the cold p hing
with hot water. So far, operation of BWR feedwater piping systems have
avoided fatigue failure due to prolonged operation with a fluctuating cold
water-hot water interface, due to the fact that feedwater velocities are high
enough to maintain the piping at constant temperature throughout during most
of its operating time.

.
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STAFF EVALUATION:
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NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AND SA.\lPLE ANALYSES

March 23 27,1992
. ,

1

Item No.: 81 (2N By: S J. Lin-

1

DESCR!iTION OF CONCERN:

Currently a criteria document for the determination of break locations and.
dynamic effects associated with the postulated rupture of piping for the ABWR
does not exist. GE should create such a document.

RESPONSE 9Y-GE:
,

GE will incorporate the current SRP 3.6.2 criteria and postulated locations in
the SAR. A separate critena document is not required for determination of
break locations.

STAFF EV/ LUATION:
.

GE committed to incorpomte SRP 3.6.2 critelia and postulated (break) locations
in the SAR but stated sat a separate criteria document was not required for
determination of break location.

During the March 23 27,1992 ABWR pipliig design criteria and sample .
analysis audit at GE, the staff requested OE to have a criteria document for
postulation of break locations. The staff also requested GE to provide
documentation of procedures to be utilized during the ABWR design process
for locating postulated break locations. The requested criteria and proced_ure
documentation are ITAAC related issues and are separate from the break
location criteria in the SAR.

CONCLUSION-

t

GE should provide the requested criteria and procedure documentation in order
for' the staff to complete its ITAAC review. The ciiteria and procedure should
be available for staff review during the upcoming July 28 Aug 1.1992
followup audit.

.
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NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AND SA31PLE ANALYSFS

Sfarch 23 27, 1992

Item No.: B2 O I) By: S.J. Lin

DESCRIPTION OF CONCERN:

The sample analvsis of the effects of high energy line breaks in the main steam
line was not complete at the time of the audit. Complete the analysis for NRC ~
review. The analysis should be in accordance with revised Section 3.6.2.2 of
the SAR.

RESPONSE BY GE:

Sample analyses of main steam line A with two typical break locations have
been studied. The first break location is at the safe end nozzle and the second
break location is at the sweepolet inlet to SRV A. Both breaks have been
restrained by pipe whip restraints and by a pipe stopper (bumper). Assessment
of the penetration loads will be submitted in the final repott. It is evaluated
based on the current SRP 3.6.2 criteria.

,

STAFF EVALUATION:

The acceptability of this information will be evaluated during the upcoming
July 23 - Aug 1.1992 audit.

CONCLUSION:

The acceptability cf the penetration loads analysis is on hold pending the
results of the July 28 - Aug 1,1992 audit,

i
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NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AND SASIPLE ANALYSES -

Starch 23-27, 1992

Item No.: B3 I3 d By: S.L Lin

DESCRIPTION OF CONCERN:

The procedures and criteria specified in Section 3.6.2.2 of the SAR relating to
analytic methods to define blowdown forcing functions and response models
for postulated ruptures of piping are inconsivent with procedures and criteria
to be used for the ABWR plant as describet auring the audit. Revise Section
3.6.2.2 of the SAR to be consistent with current SRP 3.6.2 requirements and
current GE procedure and criteria.

RESPONSE BY GE:
.

Blowdown forcing functions are determined by the method specified in
Appendix B of ANSI /ANS-58.2-1988.

In addition, the forcing functions due to the postulated pipe breaks near the
reactor or the bmnch connection is calculated by the solution of one-
dimensional, compressible unsteady steam tiow in the gas system. The
numerical analysis is performed by the method of characteristics. The tiow
starts with steady flow from RPV to turbinc!. A pipe break boundary condition
is applied at the break location for the pipe to reverse its tiow direction. The;

pipe segment force time histories are calculated by the momentum change in
the pipe segments of a close system. The broken pipe segment force time

! history is calculated by ANSI /ANS-58.2-1988.

The pipe displacement due to blowdown reaction load is modeled and analyzed|

| using the commercially available computer program ANSYS. The stresses at
L the penetration and at other locations will be analyzed using nonlinear options.

The required pipe whip restraint capacity is determined by the PDA program
j and used for selection of GE U-rod designs.

!
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!!cm No.:_ B3- (Continued)

STAFF EVALUATION:

T:.e staff requested GE to revise information relating to analytic methods to
- define blowdown forcing functions and response models for postulated ruptures
of piping in Section 3.6.2.2 of the SAR to be consistent with information
obtained during the N! arch 23 27. 1992 ABWR. piping design criteria and
sample analysis audit.

- GE has provided additional information in their response to concern B2. The '

acceptability of this information will be evaluated during the upcoming July
23 - Aug 1,1992 audit.

CONCLUSION:

The acceptability of the blowdown forcing fur.cticn and response models
provided in Section 3.6.2.2 of the SAR is on hold pending the results of tr.e
July 23 - Aug 1,1992 audit.

,

4

%

4

O

n -- - - , ,



- Q -M v - , ,a&~-e & +p- kH,. . >3-L n

-f..

.

6

ATTACHMENT 4

PRELIMINARY GE/ANL INTERIM PROCEDURE'TO ACCOUNT FOR-
ENVIRONMENTAL EFFECTS-IN ABWR PIPING FATIGUE EVALUATION

.
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PROPOSED INTERIM PROCEDURE TO ACCOUNT FOR
ENVIRONMENTAL EFFECTS IN ABWR PIPING FATIGUE EVALUATION-

(Prepared by W. Shack, ANL)

The current GE procedure to design against-fatigue in carbon
steel _ - is a reasonable attempt to adapt the conventional fatigue
analysis.in-Section III to account for environmental factors.

However, it was based on the limited data available in-the
early 80's, and the specific values for the threshold value of se
temperature and the degree of reduction in life. As such, it
underestimates the reduction in fatigue life experienced by carbon
stee2s.

I discussed our analysis of the available data and the
associated proposed fatigue design curves. Sam has proposed that
an acceptable design procedure for the ABWR could be based on the
following positions:

1. A conventional ASME Section III analysis be performed
according to _the edition of the code chosen for the '

licensing basis.

2. Supplementary fatigue analyses- to account for
environmental effects be performed using the ANL
developed fatigue design curves (or modifications there
of which better account for environmental effects).

3. The environmental effects should exempt components such
,

as elbows, tees, and valve bodies for which the stress
indices given in NB-3600 already provide large safety
margins. In effect, this would restrict the
environmental analysis to butt welds and components such
as safe-ends which require detailed analysis.

4. Additional fatigue design. curves should be provided to
account for transients with strain rate 2: 1x10' * / S . A
procedure to account for temperature changes in a
transient should be developed.

5. For components for which the environmentally enhanced
usage factors exceed 1, an alternate design procedure
based on fracture tolerance and a postulated crack be
permitted. This is intended to recognize that there are
uncertainties in the interim fatigue design curves.

S a m ,- of course, can only propose this. The ABWR project
off|ce would have to approve this change from their current
position based on GE 408HA414.

- - .- - -,
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My personal opinion. subject to further reflection, is that
this provides a reasonable interim basis for fatigue design in the
ABWR,

It is somewhat inelegant _ to have the _ exception rule for
components with stress indices, but it lu_probably-true that these
components have sufficient conservatism, and detailed finite-
element analyses.would probably confirm their adequacy, but at a
high cost. The flaw tolerant alternato is also reasonable
considering the uncertainties inherent in the initiation design.

,
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