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Docket No. 52-001

Mr. Patrick W. Marriott, Manager
Licensing & Consulting Services
GE Nuclear Energy

175 Curtner Avenue

San Jose, California 95)25

Dear Mr. Marriott:

SUBJECT: AUDIT SUMMARY - ADVANCED BOILING WATER REACTOR (ABWR) PIPING DESIGN
AND INSPECTIONS, TESTS, ANALYSES, AND ACCEPTANCE CRITERIA (1TAAC)

The Nuclear Regulatory Commission (NRC) Structural and Geosciences Branch
staff and NRC consultants conducted an audit at General Flectric Company's
(GE's) office in San Jose, California, on March 23-26, 1992, The purpose of
this audit was to review the GE proposed piping design critiria and sample
analyses for the ABWR. In addition, the audit team .(so discussed with GE the
proposed piping design ITAAC during the aud‘c.

As a result of this audit, the staff found 15at GE performd adequate analyses
of three selected piping systems. GE personne) were knowledgeable, experi-
enced, and cooperative. The staff determined that the piping design ITAAC
recently prepared by G was inadequate because it did not provide sufficient
detailed design acccptance criteria needed by the staff to make its final
safety determination. GE agreed to revise the piping design ITAAC.

The staff raised a number of concerns and questions during the audit. The
primary concerns included (1) the use of high, bounding seismic response
spectra, (2) the lack of criteria for alternate analyses and design methods
other than metho ‘s using response spectra and time history, (3) the lack of
criteria and procedures for the analysis and design of piping and supports
applicable to the entire ABWR. The staff requested that Gf provide a written
response expeditiuosly to address all the staff's concerns and questions
identified in the audit report. The audit trip report is enclosed.

' pilﬂ
| !
ga0e0}g8el 38383301 NRC FILE CENTER Copy

DO eY 9
PR L IS






A W A —

Mr. Patrick ¥, Marriott

cc:
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Regulatory Programs
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Suite 315

Rockville, Maryland 20852

Director, Criteria & Standards Division
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1. SUMMARY OF EFFORTS

The audit agenda, which is included as Attachment 2, covers the main
areas of discussion and review. The audit began on Monday morning with
introductory comments by NRC staff members, D. Terao, and S. Hou. They stated
that the goals of this audit were to agree on Design Acceptance Criteria (DAC)
for ABWR piping systems and to review the implementation of the criteria
through audit of sample calculations. The piping design ITAAC recently
prepared b{ GE (Reference 5) was inadequate because it did not provide the
sufficiently detailed design acceptance criteria needed by the staff to make a
final safety determination. The staff needs DAC which include key parameters,
that are measurable and can be verified, to demonstrate that the as-built
piping systems conform to the certified design. The DAC should cover the
piping in the entire plant, not just the three sample piping systems. The DAC
will become the governing criteria for all piping systems,

The audit proceeded with GE presenting and explaining their design
criteria document. The audit team raised questions and discussed the issues
as they came up. Audit concern forms were used to document and track specific
questions and concerns that were raised and discussed. A tota)l of 38 audit
concern sheets were prepared and are included in Attachment 3. Some of the
items were discussed and verbally resolved. GE will prepare written responses
for final evaluation at a later date. The audit team spent approximately two
days reviewing the GE analysis methods and criteria document and two days
reviewing the sample calculations. GE provided the design record files (DRF)
for each sample problem. Each DRF was a complete engineering record of the
analysis and included all cumputer input and output and additional backup
information and calculations. GE engineers were available to discuss and
respond to technical questions from the reviewers. The audit concern forms
were used to document and track specific items of concern.

At the cenclusion of the audit, D. Terao gave an exit briefing to Gf and
NRC management discussing the overall findings and highlighting the
si?nificant open issues. A summary of the briefing is given at the end of
this report.

ITT.  QUESTIONS AND CONCERNS

The f~1lowing 1s a summary of the questions and concerns raised by the
audit team .od documented in the audit concern sheets in Attachment 3. A
summary of discussions and GE commitments is included where applicable.

1. Criteria and Procedures (See ltems Al, A2, A6, A9, A26 of Attachment 3)

The criteria and analysis methods document provided by GE (Reference 1)
did not provide an adequate basis for development of design acceptance
criteria (DAC). The criteria covered only the three sample piping systems
which inciuded a main steam line, a feedwater line, and a safety relief
discharge 1ine. The staff wanted a piping and pipe support design criteria
document which would cover the entire plant, including NSSS and BOP systems,
and would be applicable to large bore and small bore piping. The staff also
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wanted a more detailed document than was provided by GE.

Upon further discussion, it became clear that GE has more detaileud
design procedure documents which are available to their N:¢ piping analysts.
While GE did not have specific procedures for ABWR piping, procedures which
had been used in other projects were made available for review. GF also had a
general piping desion procedures manua' ("green book") which provided detailed
pipe stress analysis procedures. However, since this was an internal
document, GE was reluctant to release it to 1he wudit team for further review.

Since a detailed review of 411 piping procedures could not be completed
within the audit time frame, the audit team requested copies of the relevant
documents for further review. A 1ist of additional information needed by NRC
and BNL was prepared (Table 1). GE agreed to provide all documents except for
the procedures manual ("green book"), the design record files, and roprietary
portions of computer manuals. GE would make these documents available for
audit but would not release them to NRC. Since these are the most critical
design documents, this issue must be resclved in order to complete the staff
review on schedule.

There are a number of areas in which the procedures were clearly
deficient. GE had no procedures on pipe support analysis and design. There
were no procedures on small bore piping qualified by simplified methods.
There were also no procedures for buried piping or piping exgosed to external
events (wind, tornado, missile loads, etc.). These areas will remain
unresolved unless GE develops new procedures.

2. WM@M@L

A number of questions were raised regarding seismic analysis loads and
methods. Seismic loads were significantly higher in the standard ABWR than in
the Japanese ABWR even though the Japanese maximum ground acceleration was 50%
higher. This could result in relatively stiff piping systems with large
numbers of snubbers. The audit team reviewed sample design response spectra
and noted spectral peaks as high as 10-15 g's with 2% dampin?. Some spectra
had very broad multiple peaks. In addition, significant amglifications from
the ground level to higher building elevations were seen. GE attributed the
difference between the standard ABWR and the Japanese ABWR to the soil-
structure interaction analysis. The standard ABWR analysis enveloped a range
of 14 soil conditions. The Japanese ABWR analysis was performed for the site
specific soil condition which was softer than the softest standard plant site.
The softer soil essentially reduced the amplification of earthquake motion
through the building in the frequency range critical to piping response. GE
also pointed out a conservatism in the generation of SSE spectra. The
analysis was performed for the OBE and the OBE spectra were doubled to
generate the SSE spectra. Thus, the SSE spectra generation did not take
edvantage of the higher damping at SSE levels. The staff expressed concerns
over the implications of using overly conservative response spectra to design
the piping systems. This issue will be followed up during the upcoming
structural audit.



Another seismic load concern that was discussed was the effect of
amplification of spectra due to local flexibilities ‘such as floor flexibility
or ptpin? attached to steel platforms or other building stee) structures). In
the sample calculaticas, GE had applied a 1.2 amplification factor to
hydrodynamic loads for piping connected to a steel structure. Gf was asked to
g:ovid;‘j:stif'clt1on for the factor and procedures on how such factors should

applied.

GE was also asked to provide justification for SRSS of inertia and
relative anchor displacement effects, the basis for application of seismic
displacements, and criteria for order of combination for inertia, displacement
ind loading events. GE was also asked to address possible additional
decoup11n? criteria for branch lines due to stiffness effects of branch 1ines
to the miin 1ine if supports are nearby.

3. Ramping (See Items A, All, Al9 of Attachment 3)

The GE criterfa document included a table of damping values for piping
and pipe support components. GF was asked to provide the basis for damping
values for snubbers and struts and explain how different component damg
values are included in a modal analysis. GE explained tnat the snubber and
strut values were based on Re ulator{ Guide 1.6] values for bolted structures.
They agreed to change the table to clarify this, With regard to using
different component damping values, GE explained that they have a method for
determining modal damping for composite structures. They indicated that this
method was not used in the sample problem but agreed to provide additional
information on 1t

In reviewing the sample problems, it was noted that some systems had
both small (<12 inch) and large (>12 inch) diameter piping. Reg. Guide 1.6]
specifies different damping values for these pipe s‘2es. GE was asked to
provide a procedure explaining how damping is determined for piping systems
which contain both large and small diameter piping.

4. Hydrodynamic Loads (See Items AlO, AlS, A20, A27 of Attachment 3)

Hydrodynamic loads due to SRV discharge and LOCA were based on the
Japanese ABWR design. Since the building filtered loads are dependent on the
building design and soil conditions, GE was asked to provide additional
Justification for applying these same loads to the standard ABWR which is
intended to cover a wide range of soil conditions. GE was also asked if
forcing function variations were considered in performing time history
analysis of the piping. GE indicated that studies have shown piping systems
to be relatively insensitive to those variations and agreed to provide
additional information. GE was also asked to clarify the RV2 (SRV, )
definiticen in their criteria document, ensure that it bounds all SQV loads and
explain when and what factors may be appiied to consider such events as single
valve opening, ADS, etc.

With respect to SRV valve 1ift acoustic loads, the GE criteria document
stated the load 1s calculated based on a 20 msec valve opening time. The
audit team asked how GE ensures that this value is met since the specific
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designed such that it may be flooded with cold water. This load would be
included in the weight analysis and in the fatiguo analysis. However, the
load combination tables in the criteria document and “e stress report did not
include this load. GE was asked to determine whether this load was actually
considered. 1f it was used in the fatigue analysis, how many cycles were
considered?

During the audit it was found that GE had not established a structured
prograin for the control and uniform implementation of criteria and procedures
for the determination of rupture locations and dynamic effects associated with
the postulated rup.ure of piping in the ABWR plant. Such information should
be made available to the staff for review when completed.

In addition, at the time of the audit, the sample analysis of the
rupture locations and dynamic effects of the postulated ruptures in the Main
Steam line was incomplete and hence not available for audit., Instead, a
description of the analysis being performed was provided. The methods of
analysis described during the audit was not in accordance with the method
described in Sections 3.6.2.2 and 3.6.2.3 of the ABWR SSAR. GE personne)
eaplained that the procedures and criteria relating to analytical methods to
define blowdown forcing functions and response models for postulated rupturer
of piping as described in these sections of the SSAR were outdated and
inconsistent with procedures and criteria to be used for the ABWR plant.
Moreover, the criteria specified in these Sections of the SSAR were found to
?esgot in total agreement with requirements in current SRP 3.6.2, Rev. 2, June

987.

12.  Leak-before-break (LBE) evaluation (See Items B4 to B0 of Attachment 3)

GDC 4 allows approva® of LBB application on a plant specific and piping
system specific basis only and hence not applicable to the standardized ABWR
plant design. However, COL applicants who reference the ABWR certified design
will be permitted to apply LBB by submitting an LBB analysis for staff
approval. Guidelines for COL applicants who elect to apply for approval of
LBB analyses for selected piping are provided in Section 3.6.3 and Appendix 3F
of the ABWR SSAR. This section and appendix were reviewed during the audit.
The review was performed on the basis of SRP 3.6.3 and NUREG-1061, Vol. 3.

We found that Section 3.6.3 uf the ABWR SSAR provides an acceptable
approach for LBB application and acceptable procedure for LBB evaluation. The
systems identified were found to be acceptable candidate system provided they
are subject to the Yimitatiuns specified in Section 3.6.3.2 of the SSAR. In
addition, our audit found the following:

1. In Section 3£.2 of Appendix 3f to the SSAR, procedures and criteria
for binetallic welds were not included and should be provided.

2. In Section 3£.2.1, Justification for the modified tearing modulu.
7



method will be required.

In Section 3£.2.2, material specification include both seamless and
welded gipe which was contrary to information obtained during the
audit that only seamless pipe was to be used in safety related
piping systems. C(larification of these specifications will be
required. In addition, the description of the fracture toughness
characterization test program should be modified to be consistent
with this ciarification and the tearing modulus defined in Section
3t.2.1. Moreover, GE should indicate that the extent of the test
program indicated in Table 3£,2-4 may not be representative of the
actual test program required for approval of a COL application for
LBB qualification of selected piping systems.

In Section 3£.2.3, toughness properties derived from the open
I1terature may not be appropriate for specific LBB submittals but
should be in accordance with Sections £.1.2 and SRP 3.6.3. Also,
the J o = T plot in Figure 3L.2-8 for carbon steel contains data
attﬂﬁtod ﬁw’cudu (Reference 14 to Section 3£.2). Clarification
of these data should be provided.

Section 3£.3.] describes the (J/7) methodology and includes a
proposed linear “"interaction formula® for critical flaw length when
the applied stress field is a combination of tension and bending.
Justification of the proposed formula will be required,

Section 3E.3.2 describes the application of the (J/T) methodology to
carbon steel., Values for the Ramberg-Osgood parameters for the
characterization of carbon stee)l provided in Section 3£.3.2.2 snould
be regarded as for illustrative purposes only and will need to be
developed for each COL LBB application.

Section 3£.3.2 provides that for stainless steel the modified limit
load methodology of SRP 3.6.3 may be used in lieu of the (J/7)
methodology.

In Section 3£.4.2, the leak rate calculation method for carrying
saturated steam is based on a theoretica) model developed by Moody.
This method has not been verified by test. Accordingly, the method
1$ in need of verification for COL LBB applications.

Section 3E.5 , uvides a general discussion of leak detection
capabilities. Recognizing, that advances may occur in this area
prior to COL LBB applications, detection capability reviews were not
performed. In general, based on current SRP 3.6.3 requirement,
commitments that leak detection systems equivalent to RG].45 and a
margin of 10 on the leakage prediction, will be required.

Section 3E.6 provides guidelines for the preparation of LBB reports.
Examples for the Main Steam )Yine and Feedwater line were included.
Staff reviews of these lines as examples should not be interpreted
that approval of the application of LBB procedures to these lines
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has been granted. The reviews were performed for methodology only.

The Main Steam and Feedwater examples are contained in Sections
3E.6.]1 and 3£.6.2, respectively. We found that the evaluations of
the susceptibility of the systems to water hammer and thermal
fatigue should be expanded to include considerations of other direct
and indirect sources of potential piping ruptures.

The material specifications include SA 185 KCF70 for the Main Steam
and SA 333, Gr. 6 for the feedwater 1ines. These specifications are
ngt c:ns;stont with those specified in Section 3£.2 and should be
clarified.

IV. MAJOR FINDINGS AND OPEN I .4

The following 15 a summary of major findings and cpen items identified
in this audit:

1.

The criteria and analysis methods document provided by GE (Reference
1) was 1imited in scope and did not provide a sufficient level of
detail. The criteria was only applicable to the three sample piping
szstems which are all in the scope of nuclear steam supply S{stoms
(NSS5). GE seemed to lack procedures covering the normal balance of
plant (BUP) scope of piping. This includes such areas as pipe
support design, simplified methods for small bore piping, analysis
and acceptance criteria for buried piping, etc.

GE did not provide detailed procedures that can be used for a)l ABWR
piping design and for development of DAC. The Gf internal
procedures manual (green book) includes the necossar{ level of
detail for pipe stress analysis. However, GE was reluctant to
release this manual to the audit team for further review. If this
document 15 not made available, there will be an adverse impact on
the schedule for completion of staff review.

In reviewing the three sample problems, no significant *echnical
problems were identified (aside from those 115ted in the audit
concern forms). However, the audit team identified additiona)
information needed to complete the reviews and perform the
confirmatory analysis. This information was included in the design
record files (NPF) for the sample problems. Each DRF was a complete
engineering v-- ,rd of the analysis and included backup calculations
and computer runs. GE was reluctant to release the complete files
but agreed to send selected information needed by the audit team to
the staff after the audit. Delays in recoivlng this information
will also adversely affect the schedule of staff review.

There were several questions raised re?arding seismic analysis lo_as
and methods. The staff was particularly concerned that vhe raissic
response spectra used to design the piping appeareo extremel
conservative. This generally results in stiff pining evsters with
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large numbers of snubbers. The staff was concerned that
conservative spectra would lead to overly constrained 1pin, systems
or force the future licensees to request additiona) relief from the
Code stress 1imits. The response 'oectra issue will be further
pursued during the NRC structural audit.

5. With regard to pipe rupture criteria, Sections 3.6.2.2 and 3.6.2.3
of the SSAR should be revised to be in accordince with current SRP
3.6.2, Rev. 2 requirements and the procedures and criteria to be
utilized for the ABWR plant. In addition, the sample analysis of
the rupture locations and d{nam1c effects of the postulated ruptures
in the Main Steam 1ine should te made available to the staff for
review when completed.

6. For LBB applications, 1t should be considered as a design option for
COL. The staff identified several open issues pertaining to the
detailed criteria used in the sample calculations. These issues are
described in 11.12 above and should be resolvod.

7. A total of 38 concerns/questions were documented bﬁ the audit team
on the audit sheets included in Attachment 3. Although some of the
items were verbally resolved, GE must prepare and submit written
responses for final evaluation.

V. EXIT MEETING

An exit meeting was held on Thursday afterncon. It was attended by
management of GE and NRC. D. Terao described the purpose, scoge. and major
findings of this audit. He stated {hat the audit was going well and that G
piping personnel were very knowledgeable, experienced, and cooperative.
However, there were a number of concerns raised by the audit team. The
primary concerns include 1) the definition of potentiaily restri.tive seismic
response spectra, 2) the lack of criteria for alternate analysis and design
methods (other than response spectra and time history analysis), and 3) the
lack of criteria and procedures for the analysis and des’3In of pipe supports.
In addition, the inability to obtain copies of selected GE documents might
hamper the completion of the review effort and issuance of the SIR.

References
1. GE draft report NEDC-xxxxx, Rev. 0, "ABWR SSAR Main Steam, feedwater and

SRYOC Piping Systems Design Criteria and Analysis Methods," February,
1992,

 JH GE draft report NEDC-xxxxx, DRF No. A00-05137, Rev. 0, *Advanced Boiling
Water Reactor, Feedwater Locp A Piping and Equipment Louds, “February,
1992, GE draft report NEDC-xxxx, Rev. 0, "ABWR SSAR Main Steam Line A
and SRVDC piping Stress Analysis."

4. GE draft report NEDC-xxxxx, DRF No. ADD-05137, Rev. 0, “Advanced Boiling
Water Reactor SRVDL Wetwell Piping Stress Analysis Design Report,"
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TABLE )

Additional Information Needed by NRC/BNL

Design Record File - for Main Steam, Feedwater, and SRV Wetwell,
(Selected information identified by audit team).

Reference documents. in GE Criteria Document Section 6.0 - need d, e, f,
g, (front end and applicable spectra), h to n.

?:fnrence Documents in #] above not included n #2 above (for 3 sample
nes).

Reference Documents 1isted in Stress Analysis Design Report not inc)uded
above (for 3 lines).

GE methods and criteria document no. 3B6MAS79.
Computer Manuals - PISYS, ANS17, EZPYP, RVFORCE, TSFORCE.
SSAR - Section 3.7, 3.9 (text, figures and tables), 3.8 (only figures).

Analysis Procedures - Piping Design Subsection Procedures Manual (1isted
on 2 sheets).

:}oppy disk of model input data and all loading in SAP format fo~ 3
nes.

g;zi glProceduro - Balance of Plant and Containmert Ringing - Report No.
1351,

Duty Cycles Report No. 23A1455.
Containment Load Report (1.0.7) APL A21-2040
ABWR-88027

Microfiche of all computer output for three sample problems (included in
design record file).

GE drawings 103E 1526 SRV W/W piping and SRV 103E 1481 SRV W/W piping.
Computer model drawing, "Typical numbering sequence - SRV DL W/W.

Enuiva1ent set of drawings as iter 1% for Main Steam and Feeawater
ines.

*High priority-needed ASAP
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