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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,

%alifornia. The enclosed Audit Trip Report provides a summary of audit
indings.

From a totzl of 31 open issues, this audit resolved 13 issues, partially
resolved 4 issues, and the staff and GE reached agr-ement on 9 issues, pending
confirmation by SSAR revision. In addition, the staff discussed with GE
comnents from the Greybeard Committee concerning generic piping design
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 presented at the next Pressure
Vessel Research Council meeting in October 1992.

(Origine’ 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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Attachment 4. The procedure involves supplementary fatigue
analyris of selected piping components for environmental effacts
ueing ANL fatigue curves, adjustment of fatigue curves for the
effects of transient strain rates and temperature changeg, and
fracture mechanics evaluation for components in which the
supplementary fatigue evaluation indicates a cumulative usage
facter 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 pilping. There was significant overlap between these issues
and the 31 audit concern issues. Based on these discussions,
necessary SER and SSAR rcvisioa! were identified as well as
required GE actions, The results 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 differences. The results of the BNL analyses were sent
to GE prior to the audit. GE was asked to review %»oth 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 finual comparison.

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 step, GE saw significant differences in certain
responses compared to their original analysis. There was also
generally better agreement with the BNL results. GE also
noted that their analysis used hot material properties
(modulus of elasticity) while BNL .. d cold properties. BNL
agreed to rerun the analysis with the hot properties for final
comparison.

SRV Wetwell Line Response Spectrim Analysis:

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

NRC Benchmark Problem 2:

Prior to the audit, CE we asked to run NRC Benchmark Problem
2 from NUREG/CR=1677 Vol. 11 using their current vervrsion of
PISYS for compariscn 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
Jdifferent problem (prcoblem 2 from NUREG/CR-1677 Vol I). BNL
agreed to provide the PSAFE2 input for this problem to GE for
their reanalysis.
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AMPLE ANALYSES




ATTACHMENT 3

AUDIT CONCERN SHEETS



AURIT CONCERN SHEET
STATUS SUMMARY

(7/31/92)

1, 2, 4(1), 7, 11, 12, 13(1), 13(3),
14, 15, 1C 19, 20(3), 20(4), 21, 22,
23, 24, 27

3, 5, 10, 20(1), 20(2), 26, 28(A),
28(B), 29, 0, 31

4(2), 6, 8, 9, 12(2), 12(3), 13(2),
17, 18, 25, 28(c¢)
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ABWR PIPING DESIGN CRITERIA AND SANPLE ANALYSRS
March 23-27,1992
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WRC Audit of GE on
ABWR PIPING DESIGNH CRITERIA AaND BANPLE ANALYSES
March 25=27,1992

Item No.: s

RESCRIPTION OF CONGERN:
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C Audit of GE on
ABWR PIPING Dll!dl CRITERIA AWD 8

AMPLE ANALYSES
March 23-27,1992
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C Audit of GE on

ABWR PIFING Dll!“ CRITERIA AND SAMPLE ANALYSRS
March 23-27,1992

Item No.: Y By:

RESCRIFTION OF CONCERN:
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NRC Audit of GE on

ABWR PIPING DESIGNH CRITERIA AND SANPLE ANALYSRS
March 23-27,1992
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NRC AUDIT OF CE ON
ABWR PIPING DESICN CRITERIA AND SAMPLD ANALYSIS
MARCH 23.27

ITEM NO: _A-86
RESCRIPTION OF CONCERN

1. Need to see criteria for all supports - analysis/design.
2. S5AR needs to include description/requirements for guides

BESEONSE BY Q E .

1. There is no single E documsent that sets forth all the criteria for the
design/analysis of support:. The SSAR covers all pipe supperts i(n
considerable detail, with the possible 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 G.E. pipe
suspension purchase specifications and the pipe suspension drawings. These
documents: (1) Provide a complete basis for design, manufacture,
qualification, examination and installation of pipe supports for all ASME 111
piping. Require the design and analysis of supports for nuclear piping to be
in conformance with NF fubsection of ASME 111 and suports for non-nuclear
piping to be in conformance with ANSI B31.1, and (3) Provide design loads
obtained from the piping analysis and specify the minimum support stiffness,
allowable materials, installation tolerances.

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

23A6061 - Main Steam, Feedwater & Safecy/Relief Valve Discharge Pipe
Suspension.

L03E1512 - Main Steam Pipe Suspension

103E1437 - Feedvater Pipe Suspension

L03E1525 - SRV D/VW Pipe Suspension

LO3EL526 - SRV W/W Plpe Suspenstion

2. G.E. s now considering adding additional requirements to the SSAR to
provide more detall on the main steam and feedwater guides inside containment.



NRC Audit of GE on

ABWR PIPING DESIGN CRITERIA AND

BAMPLE ANALYSES
March 23-27,1992

Item No.: @

By:
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRTERIA AND SAMPLE ANAL YS! S
MARCH 27.27

ITEM NO: A.7

RESCRIFTION OF CONGERN:

Why does the Piping Criteria document utilize only Reference 6.0-c
and nat all applicable NRC R.G.'s and S.R.P's ? ‘

RESPONSE 8y C.E.:

All applicable NRC R.G's and S.R.P's will be referenced in the
Piping Criteria cocumunt,
CETACr CAME g und ¢
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ITE 4 NO: A8 Lovnw Covd o ! Clesed teferanmiad o 54 A,

DESCRIPTION OF CONCERN:

The 1/3 plipe size criteria is not sufficient, adaitional piping
decoupling/interaction criteriale.g., SSAR 3,.7.2.3.1) are needed.
The effect of branch line supports close to the main line shoula
be considered.

RESPONSE BY C.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 can

be decoupled from the main line.

For a decoupled branch line, no dynamic supports will be located
close tu the main line. Otherwise the adjacent support would be
loacded by the main line during dynimic events,
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYS!S
MARCH 23.27

ITEM NO' _A.9
RESCRIETION OF CONCERN,

Request criteria document(s) discussing dynamic analysis criteria in more
detall (e g. basis for highest frequency of interest, damping, delta t for
time history analyses, 1SM method of analysis, modal analysis method, how s
the "effective/weighted" modal damping determined.

RESPONSE BY CE.

Document 3B6MAS79, Dynamic Load Methods and Criteria, by DK Henrie, provides
the best available details on the dynamic methods and criteria 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 i(s GE's understanding that
the JBEHAS79 drcument was satisfactory response to this item,
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NRC Audit »% GE on
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23.27, 1992

Item No.:___AlD By:
RESCRIPTION OF CONCERN:

Are forcing function variations sonsidered for direct integration analysis due
to hydrodyramic loads. This variation (expansion and contraction) of the
forcing function 1s the equivalent of response spectra peak broadening,

RESPONSE 8Y GE:

The wetwell loading input has been defined to cover all fi _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 to
add extra conservatism to this type of )oad. Similarly, it 1s not appropriate
to contract the load (equivalent to reducing the load).
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
MARCH 23.27

ITEM NO: A1

QESCRIPTION OF CONCERN:

Clarify gefinition of components vs. o.moin? values (snubberdstrut)
in gamping table pressnted in the Piping Criteria cocument,

RESPONSE BY G.E.:

The following note will be Idd:d to Table Y

(i the ?ipas Coiteva doc )
Snubbers ang Struts are connected to the piping ana to the supporting
structure with pin connections, therefore the R.G. 1,61 damping
values for bolted steel structures are used, Plping tes: data results
show that the camping values for struts are at least equal to those
for bolted structures, and the gamping values for snubbers ars
greater than those for bolted structures.

STAE " & - M tmtom g CuNMeL T Iun
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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 erracts.

3. Pruvide criteria for order of combination for imertia and
displacement loading events,

RESPONSE BY G.E.:

1. An agditional seismic _lsplacement case will be evaluatesd
in which {t is assumedg that the biological shield wall moves
in a girection opposite to the reactor pressure vessel ang the
agrywell wall, Because the seismic inertia loads are so high threre .
will be no significant change in the calculated piping stresses
or support loads.

2. "The i(nertia(primary) ang displacement(secondary) stresses are
dynamic in nature and their peak values are not expected to GeouT
at the same time, Hence combination of the peak values of (nertla
stress and anchor displacement stress is quite conservutlve.;fﬁ
agaition, the anchor movement effects are computed from stag:. oy
analyses in wnich the displacements are applied to produce 3-S5
conservative loadgs cr the components, In view of tnis. the Sc 2. .natis
of primary ang secondary stress.s shall be by SRSS.

Referenced from GE doc. no, 386MAS79, Rev., O



NRC AUDIT OF GE ON
ABAR PIPING DESIGN CRITERIA AMD SAMPLE ANALYSIS

ON MARCM 23.27

ITEM NO: R.12{cgntinued)

RESPONSE BY G.E.:

3 Since all dynaric loads are combined by the S%SS method,
the order of combimation of inertia ang displacement loads
does not effect the results. The calculated dynamic loads
are then combired with thermsl N0 weight loads either by
algebraic summation or Dy the absolute sum method.

STArr &M e s RV

I) G & ”/'l'j wJY Cﬂ‘p"t.: "'f"c geac.‘/ Cvate mm, A—s(’ﬁta'/
ﬂfdt '/uhfa 3“&0-/‘, “, P(vii'./ ’{‘O QQJ‘.»“ -"1“1. MJ’/‘C(‘.‘

dre ‘.0"1.}.“, . +l;¢ -ost U-Avb"c"( /"‘;5‘5 &4
Plam sl &y Snw 3.9.3

2" ﬁ‘-" See 9.3 / 3"”0-'7 ‘(’J,/“OQ-Q-% J‘vt’{’ Ce &/’t’
“+D lnep‘fs'(\ aJi" .fln‘. “’V/"{‘ Som ‘-‘*./, : ‘

;) -'T"c C'Qn./g‘f( I "\Cﬁ./ l; “J&J > -ﬁc (vfjt‘—
’f c*"“‘ﬁg'feu_ (P & C{Feg"f -h. Pe:../‘ﬁ

C-—N((,ylov\u
—

I) C/Olo./ . prucg,luag aff'f&"";c.f r.-\ SiAn

2D Cpe. i Ge i Procide o wedinm Ao juihEy Hras
ﬁt\n‘loj



NRC AUDIT OF CE ON
ABWR PIPING DESICN CRITERIA AND SAMPLE ANALYSIS
, MARCH 23.27

ITEM NO: B

DESCRISTION OF CONCERN:

1. Interaction concern: flexibility of bullding local structure
affecting/amplifying fluor response spectra
Mow Is this acdres- :? (e.g. floor Flexibility)

2. Plping amplified spectra for Branmch line analysis,How ls this
acdressed?

3. Provide justification for the 1.2 facter for hydrodymamic
amplification to account for local fiexibilities

RESPONSE BY G.E,:

1. Flexibility of bullding local sttuctures, such as steel platfarns
used for supporting piping and other equipment, are accounted for
in the piping analysis. vor the sample problem it was assumed
‘that the steel platform has a funcamental freauency greater than
or equal to 33 hz Therefore, there i{s no amplification of the
seismic loads. For hydrodymanic loads, a dynamic smplification
factor of 1.2 was used. This factor is necessary to account for
amplification at frequencies areater than 33 nz,

2. For branch lines decnupied from the main line, amplified
spectra are applied at the attachments to the main line, The
ERSIN computer program {s used to generate the amplifled
response spectra.

3. The 1.2 factor was calculated and used {n the analysis of the
ABWR's under construction in Japan.
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(2) Special SRV test ac ¥.lev Laboracories

Transient Force Parametric Scudy. Dasc.
data, the shorcest opening time Is 0.02 second.

conservacive to assume a short opening ctime.”

(4) HL Hwang Sctudies:
Lecter to £.0. Swain, February 14,

Letter to H.Chang, dated November ¥
Moncicello SRV Discharge Test Results, SRV Plping.

STAFF LAt o ATy oy

1978, SRV Opening Time.
, 1976, Preliminary
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NRC AUDIT OF CE ON
ABWR PIPINC DESIGN CRITERIA AND SAMPLE ANALYSIS
MARCH 23-27

ITEM NO: AL

I1PTION OF CON

1. Will CE consider/perforn fatigu: evaluation for thermal effects vhen piping
involves hot and cold thermal mixing?

2. Provide thernal stratification criteria/methodology for piping analysis

RESPONSE BY GE.

l. It is GE practice to evaluate the thermal stresses in pip n_ at locations
where hot and cold liquid streams are mixing. The normil procedure is to
assume tha temperature of points {n the piping in the vicinity where the
mixing ocecurs will fluctuate rapidly between the hot temperature and cold
temperature of the two mixing streams [. is further ass. +ed a large number
of thermal cycles between the hot and cold temperatures will cccur in a shore
period of cime. Therefore the thermal stri sses must be will below the
endurance limit of the macerial. If calculations show the thermal stresses
approach or exceed endurance limit values. GE requires a thermal sleeve be
designed and installed to protect the pressure boundary from fatigue damage

2. By KFF
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ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23-27, 1992

Item No.: ___Al7 By:
RESCRIPTION OF CONCERK:

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

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

RESPONSE BY GE:
1. By EOS

2. The thermal stratification Jnad 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 stresies and loads by algebratc summation,
The combined results should meet the thermal expansion 1imits specified by
ASME Code. The analysis method is described in an interna) GE document

(ABWR-88027).
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NRC Audit of GE on

ABWR PIPING DESIGN CRITERIA AND SANPLE ANALYSES
March 23-27,1992

Item No.: %

RESCRIPTION OF CONGERN: M
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RESPONSE BY GE:
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NRC AUDLT OF GE ON
ABWR PIPING DESIGN CRITERIA AND saAmPLE ANLYS'S
CN MARCH 23.27

ITEM NO: A .19

ESCRIPTION OF CONCERN:

Mow Ls the damping value determined for piping systems which lnciuda
small and large ciameter piping?

Provide procedures to determine damping for both ISM and USM

methocs
of analysis., Provide justification for methooology.

RESPONSE BY C.E.:
Ingependent Support Motion (1SM) Camping values:

For each response spectrum useq, the damping value corresponds to
the pipe size at the support. Therefore, in an %M response spectra
aralysis more than one Jdamping value can be used.

Uniform Suppert Motign (USM) Damping values:

For each response spectrum usea to generate the enveloped response
spectrum, the accelerations correspond to a damping value depencent
un the pipe size at that support. Once tne enveloped response

spectrum is generated, the smallest gamping is then used i{n the
dynamic analysis,

These are the typical industry practices. For the USM method

the use of the smaller damping values in the dynamic analysis
is conservative.
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NRC AUDIT OF GE ON
ABWR PIPINGC DESICN CRITERIA AND SAMPLE ANALYS.S
ON MARCY 23.27
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1. In the Criteria document, clarify the description of t-e RY?2
load ane specify any factors used in the RV2 analysis.

QESCRIPTION CF CONCERN:

Does SRV all valve bound all RV2 loags?

2. ?unctionaIICperability ieQquirements per S.R.P, 3.9.3 are not
in the CE Criteria docyument.

3. Load combinmations for Equation 10 & 11 are not in the Criteria Dce.

4., What revis.cns will be mace te the Tables in the Criteria mocument?

RESPONSE 8Y G.E,:

1. The description of all Rv?2 loads snd all applicable factors
will %e inclucged {n the Criteria document. SRV all valves does
bound all RV2 loads.

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

4, Tables 3 & & sil] include primary and secondary load combing.ions,
Table 3 will s;ecify that the lesser of two acceptance criteria
shall be used, a note will be adced on functional capanility
criteriu.

Tables 3,8,9,11,12,13%14: Incividual loags will be separateg by
commas instead of +'s,

Table 12: Allowable monents will be deleted, acce2ptance criteria
will specify the applicable ASME Code patagrapn.

Table 9: The acceptancs eriteria will be specified.

Table 13: Acceptancg~will be gelated,
criteria
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NRC AUDIT OF GE ON
NBWR PIPINC DESICN CRITERIA AND SAMPLE ANALYS'S
OUN MARCH 23.27

ITEM NO: &2

CESCRIPTION OF CONCERN:

Pruvide BwR 6 Load Combination cefinmitiuns

RESPONSE 8Y 6.6,

G.E. Document No. 386HA931, Rev. 2, Event Combinations and
Acceptance Criteria, provides tre BWR 6 LOad combinations.
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ITEM NO:A.23

DESCRIPTION OF CONCERN:

Provide description and bases of s_ectra intotaolat!on/cxtrapolation
procedure (for aifferent elevations/locaticns).

RESPONSE 8Y G.E, .

GE internsl procedures provide guidelines on rasponse spectra
selection. The RINEX computer pregram i{s used to interpolate
ang extrapolate response spectra. EoMeLelivm i Cfgiey
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AENR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23-27, 1992
Item No.:___A22 By:
RESCRIPTION OF CONCERN:

Oues GE intend to use ASME Section 3200 related to plastic analysis method.
If 50, provide criteria since the Code lacks requirements in certa‘n areas.

PRIPONSE BY GE:

It fs not GE's intent to use AsiE NB-3200 plastic analysis as a generic
method. Zuch as limit analysis, to meet the pr!mar{ stress allowables. There
are two possible appiications: (a) calculate the plasifc strain for fatigue
usage evaluation, and (b) pipe whip restraint ana *s1s due to a postulated
piye break. [he jresent Code requirements are ad.quate for these two
arplications,
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NRC AUDIT OF GE ON
ABWR PIPING DESICH CRITERIA AND SAMPLE ANALYS1S
MARCH 21-27

ITEN NO _A:24
RESCRIPTION OF CONCERN.

1. What (s the method of selsmic analysis for the main steam piping beyond
isolation valve outside containment to turbine bullding.

2. 1! dynamic analysis will be used, then what document provides the seismic
spactra input.

RESEONSE BY JEL

1. Main stean piping betveen containment and the turbine building will be
analyzed for seirmic loads using response spectra methods and code allosailes
equ.valent to that applied to ASME Class 3, piping.

2. The selsmic spectra input has not yet baen defined. This subject (s stil'
under study by GE and under negotiation with the NRC.
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NRC AUDIT OF GE ON
ABWR PIPING DESIGCN CRITERIA AND

SAMPLE ANALYS!S
ON MARCH 23.27

ITEM NO: A =25

CESCRIPTION OF CONCERN:

Why coes piping analysis use 2FA for high frequency effects, rather
than the acceleration at the highest frequency at which the modal
analysis ends?

RESPONSE 8Y .E,:

The acceleration at the analysis cut.off frequency should be uses
to calculate the high frequency effects.
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NRC AVDIT OF CE ON
ABWR PIPING DESICN CRITERIA AND SAMPLE ANALYSIS
MARCH 23.27

ITEM MO _A-26

RESCRIPTION OF CONCERN

1. What are the analysis/methedology and acceptance criteria for burled
piping analysis (beyond short descriprions in $SAR)?

2. What provisions are provided for protection from external svents (e g.
vind, tornade, missiles? If no protection is provided for some of tha events,
what are the analyses/methodology and acceptance criteria?

oL ry.

l. CE e+ has not yet deterrined (f the SSAR should be revised to provide
more definition of analysis methods to be applied to buried piping. At
present ASME 111 Class 2 or 3 Piping must meet the requiresents of NC/ND 3600,
These rules do not distinguish between above ground and underground piping.
The Class 2/3 rules may be cverly conservative when applied to underground
pipe. If the decision is made to provide additional requirements for buried
piping, GE will evaluate the most recent actions by piping code committees and
determined Lf code approaches need to be supplemented when applied t. ABVR.
Examples of Code acgions are:

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

(2) ASME III - DRAFT - GCeneral Requirements for ASME Section 111 Class 2 & 3
Underground Piping. |

(3) ASCE Publication - Seismic Response of Buried Plpes and Structursl
Components - Report by the Seismic Analysis Commictee of the ASCE Nuclear
Structures and Materials Commicttees.

2. GE will has not yet determined {f 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 ? piping apply for loads from external events the same

as they do for seismic and other dynamic and static loads, I1f GE determines
addicional information in the SAR is needed to define magnitude of loads fronm
external events or define Service Limit strsss 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.: _A22 By:
QESCRIPTION OF CONCERN:

Hydrodynamic building filtered loads are based on the Japanese K6/K7 plant
design and so11 conditions provide Justification for applicability of those
Toads o the ABWR considering the variation in saf) properties and their
effects 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. Since
K6/K7 is a soft soil site, the resulting FRS for hydrodynamic loads are
considered applicable for other site conditions and can be used for the
standardized design,

STAFE_EVALUATION:

ﬁ.'flvﬂ.t 4,),’e¢-;, "ffga‘{.‘/g é)u.‘r e J‘,./J ;‘..f 'V‘L

7 e cAr../ luo“"“d'ﬂvn" Cwnlwmrreante
CONCLUSJON: N

C/(.Ief . ‘/; 4(, C\—-“\r...‘./ 4/ AS T Jfru l‘f'\-"/é’u-,



ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
March 23-27, 1992

Item No,: A28 By:
RESCRIPTION OF CONCERN:

4) Provide additiona) information to Justify the feedwater thermal
stratification load definition. Identify test programs and plant measurements
which support the model,

b) Justify the application of a linear temnerature profile (versus a hot to
cold step change) on the pipe cross-section,

¢) Thermal striping 1s not considared 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. See
also the Response to Item No. Al7.

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

) 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 fatlures. The temperature stratifications which have
been measured have shown “hat stratification occurs for only short time
durations following reactor scram as the hot piping 1s f']led with cold water,
and again during startups as feedwater heating begins, filling the cold pising
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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NRC Audit of GE on
ABWR PIPING DESIGN CRITERiA AND SAMPLE ANALYSES
March 23.27, 1992

ltem No..__B| (2) By _S$J Lin

N N

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 3 decument,

GE will incorporate the current SRP 3.6.2 ¢riteria and postulated 'ocations in

the SAR. A sepurate critena document is not required for determination of
break locations.

STAFF EVALUAT {ON:

GE committed to incorporate SRP 3.6.2 criteria and postulated (break) locations
in the SAR but stated what a separute criteria document was not required for
determination of break location.

During the March 23-27, 1992 AB'WR piping design criteria and sample
analysis audit at GE, the staff requested GE 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 locaung postulated brouk locations. The requested criteria and procedure
documentation are ITAAC related issues and are separate trom the break
locadon critena in the SAR.

GE should provide the requested criteri and procedure documentation in order
for the staff to complete its ITAAC review. The criteria and procedure shoula
be available for starf 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 SAMPLE ANALYS™S
March 23-27, 1992

ltem No.:_B2 (35 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.

SPON 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.

STAEE EVALUATION:

The acceptability of this information will be evaluated dunng the upcoming
July 28 - Aug | 1992 audit.

CONCLUSION:

The acceptability cf the penetrstion loads analysis is on hold pending the
results of the July 28 - Aug 1, 1992 audit.
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NRC Audit of GE on
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSES
March 23-27, 1992

[tem No.:_m___f 34, By:_S.J Lin

DESCRIPTION OF CONCERN:

The procedures and criteria specified in Section 3.6.2.2 af the SAR relating to
analytuc methods to define blowdown forcing functions and response models
for postulated ruptures of piping are inconsis'ent with procedures and cniteria
to be used for the ABWR plant as describec suring the audit. Revise Section
3.6.2.2 of the SAR to be consistent with current SRP 3.6.2 requirements and
curtent GE procedure and criteria.

BES.EQNSE_ME:'

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 branch connection is calculated by the solution of one-
dimensional, compressible unsteady steam flow in the gas svstem. The
numerical analysis i1s performed by the mathod of charactenstics. The flow
starts with steady flow from RPV to turbind. A pipe break boundary condition
is applied at the break location for the pipe to reverse its flow 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 ume
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
the penetration and at other locations will be analyzed using nonlinear options.
The required pipe whip restraint capacity is determined by the PDA program
and used for selection of GE U-rod designs.
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/31
ltem No.:._B3__ (Continued)

VALL N:

.. staff requested GE 1o 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 0 be consistent with information
obtained during the March 23-27, 1992 ABWR, piping design critena and
sample analvsis audit.

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

acceptability of this information will be evaluated during the upcoming July
=3 - Aug 1, 1992 audit.

N 'SION:

The acceptability of the blowdown forcin 2 Tunticn and response models
provided in Section 3.6.2.2 of the SAR is on hold pending the resuits of we
July 28 - Aug 1, 1992 audit.
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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 Secticn 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 " .e

temperature and the deyree of reduction in life. As such, it
underestimates the reduction in fatigue life experienced by carbon
steels.

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 bhasis.

- 4 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.

S. 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 degign curves.

Sam, of course, can only propose this, The ABWR project
off 'ce would have to approve this change from their current
pesition based on GE 408HA414.



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 is probably true that these
components have sufficient conservatism, and detailed finite-
e'ement analyses would probably confirm their adequacy, but at a
high cost. The flaw tolerant alternate is also reasonable
considering the uncertainties inherent in the initiation design,




