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INTRODUCTION

General Scope

Stone & Webster Engineering Corporation (SWEC) was engaged by South
arolina Electric & Gas Company (SCE&G) to perform an independent
review of the seismic design for the flow path of the Turbine Driven
Pump of the Emergency Feedwater System to Steam Generator at V.C.
Summer Nuclear Station, Unit 1. The review consisted of three major
tasks, specifically;

Field Walkdown: Verification of the as-built piping
configuration

Stress Analysis and Evaluation: Analysis of the as-built
piping system, review of stresses and support loads, and
Design Control Audit: Review of the design control
procedures and implementation thereof by Gilbert Associates
Incorporated (GAI), the designer of V.C. Summer Nuclear
Station, Unit 1.

his report presents the final findings and recommendations. An
earlier status report dated July 9, 1982 is enclosed as Appendix A.

Stone & Webster Qualifications and Independence

SWEC has extensive experience in the engineering, design, construction
and startup operations for nruclear power plant projects as well as
special expertise involving seismic design analysis, field verification
effortc, and pipe stress and support reanalysis required by recent NRC
I&E Bulletins. SWEC also has extensive experience in Quality Assurance
ispects of the nuclear power industry and in auditing of large highly
technical and complex projects. SWEC is justifiably proud of its
record and large staff of capable and experienced personnel.

SWEC, 1its parent company Stone & Webster, Inc., its affiliated
mpanies and all personnel assigned to this evaluation are independent
South Carolina Electric & Gas Co. Work performed by Stone & Webster
and 1ts affiliated companies for SCE&G represents only a miniscule
portion of Stone & Webster's business. Stone & Webster, Inc. and its
subsidiaries have no holdings of SCE& securities. The Employee
>avings Plan of Stone & Webster, Incorporated and participating
ubsidiaries 1is administered by the Chase Manhattan Bank, N.A. as
trustee Funds may be invested in the Employee Benefit Investment
‘unds, Equity Fund of the Chase Manhattan Bank which is a comingled
fund Stone & Webster exercises no direct control over the investment
t such funds.
lists personnel assigned to the various tasks. Dr. P.
Manager, has overall responsibility >r the project.
ngineer responsible for the technical

independent of Mr. J. H. MacKinnon




is responsible for auditing the GAI design control program (Task
All key technical personnel assigned to the project signed
disclosure statements (Attachment 1-1).

Evaluation Process

All work was performed in accordance with puo . procedures (Table
1-2). Whenever a reviewer noticed anything outside the criteria, or
had any question about the information or data, the reviewer identifed
this. Specific procedures tor identifyipng questions were different for
each of the three major tasks and are explained in the task specific

project procedures (Table 1-2).

Field Walkdown (as-built verification)

All field measurements were recorded directly on the piping isometrics.
Whenever the measured values differed from the isometric values by more
than the criteria presented in VCS-1, Field Walkdown Procedure, the
recorded values were circled on the isometrics and also recorded on
Difference List (DL) Forms. Copies of the marked-up isometrics and DI
forms were provided to SCE& at the end of the Field Verification
Effort

} presents complete details of this effort.
Stress Analysis and Evaluation

Ail analyses were performed in conformance with VCS-3, Analysis and

Evaluation Procedure and VCS-4, Analysis aad Evaluation Criteria.

[hese provided the procedures and criteria for performing the piping

Procedures for highlighting differences are defined in

VCS-3. Questions raised by the stress analyst were formally

orded and resolved A two step procedure was used. An Open I[tem

Report [R) was initiated for all items requiring clarification or

confirmation. The OIRs were formally transmitted to SCE&G for their

review an evaluation. If a satisfactory resolution was received, the

)IR was formally closed out. If a possible error or inconsistency was

nfirmed a Potential Discrepancy (PD) was written. Section 4 presents
mplete details of this effort.

Design Control Audi

he three tasks, the procedures and resolution of items for this

were more subjective [he personnel assigned to this effort were

certified auditors who performed the audit in conformance

general SWEC standards for such audits. Section 5 presents the

lete audit report for this effort




. Project Engineer: K. Y. Chu

TABLE 1-1 PROJECT PERSONNEL

Project Manager: Peter Dunlop

. Design Control Audit Manager:

. Assistant Project Engineer: J. F. Pam J. H. MacKinnon

TASK 1 FIELD WALKDOWN TASK 3 DESIGN CONTROL AUDIT

N.

<P OGX

TASK

Roth (Lead Field Verification D. Malone
Engineer)

. Anderson R. Twigg
. Y. Chen

. Loffa

. Moss

Peterson

. Saleta

2 STRESS ANALYSIS AND EVALUATION

O GG

. Wei (Lead Engineering Mechanics Engineer)
. Y. Chen

. Chiang

. Chin

. Chu

Loffa



TABLE 1-2 PROJECT PROCEDURES
TA”K“SPEC{ELE,ERHCLPERE§
FIELD WALKDOWN EFFORT
VCS~1 Field Walkdown Procedure
STRESS ANALYSIS AND EVALUATION

VCS-3 Analysis and Evaluation Procedure
VCS-4 Analysis and Evaluation Criteria

DESIGN CONTROL AUDIT

Design Control Verification Plan

PROJECT GENERIC PLANS/PROCEDURES

Quality Assurance Plan

Document Control Procedure - V(§-2

Quality Assurance Records Procedure - VCS-5
Engineering Assurance Andit Program

E. A. Review Plan 1720 - [ndependent Seismic

T

UDesign Verification - Field Walkdown Effort
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2.0 SUMMARY AND CONCLUSIONS

2.1 Conclusions

The following are the conclusions for each of the three tasks in this
indepenient review of the seismic design of the turbine driven portion
of the Emergency Feedwater System to Steam Generator C at the V.C.
Summer Nuclear Station Unit 1.

1.) Field Walkdown - In general the field walkdown verified that the
as-built condition of the piping subsystem reflected the design
layout as presented on the isometric drawings. Where differences
exceeded the stringent criteria they did not affect the stress
results. One penetration, P-IB-i-041, had a very small clearance.
SCE&G stated that this would be reviewed as part of their field
sleeve clearance program which had not been completed at the
time ~f SWEC's field investigations.

2.) Stress Analysis and Evaluatioa - The as-built piping was found to
be within code allowable stresses throughout. Numerous
differences in support loads were discovered. These were due to
three causes; failure to include Diesel Generator Building seismic
response spectra and movements in one piping subsystem,
misorientation and mislocation of impingement jets, and modeling
differences. Errors were subsequently corrected and are reported
herein.

Because of the significance of the omission of the seismic effocts
of the Diesel Generator Building and the finding in the desigr
control audit related to response spectra it is recommended that
piping systems be reviewed to ensure that all appropriate response
spectra and seismic anchor movements are incorporated in the
analysis of the as-built piping systems.

Hecause of the inconsistencies in the jets, their orientation,
location and combination with other loads it is recommended that
these items be carefully reviewed. It is furthev recommended that
GAI specification 1902 be updated to clearly reflect the design
criteria applicable to jet impingement.

Several inconsistencies in modeling and tranformations were found;
however, these were not considered generic nor did they appear to
have any impact on the results. There are, however, several generic
factors which could possibie affect the results. These relate to
stiffnesses of skewed supports which are less than stiffnesses of
global supports, location of mass points and flexibility of elbows.
SWEC is currently reviewing TES computer input and modeling to
better understand the differences. This review should be
completed shortly and will be included in the final report. The
differences observed for the final analyses are presented in
Section 4.13.

ro
|}
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Design Control Audit - This task had three parts; review of GAI
design control program, verification of program application, and
confirmation of consistent labeling of response spectra. The

conclusions are:

GAI had an adequate Design Control Program meeting the
requirements of 10CFR50 Appendix B relative to the specific
areas investigated in this seismic design verification
program.

The implementaticn of the program was adequate except there
were cases of inconsistencies in design inputs. These appear
to be due to documentation problems. The complete audit
results are presented in Section 5. with a recommendation to
determine the extent of incomplete documentation and provide
compilation of all appropriate design criteria so that a
clear and traceable reco developed and maintained

The audit showed that resp spectra were consistently
labeled throughout the design pr S .

Field Verification Summary

In general the field walkdown verified that the as-built condition of

this

piping system reflected the design layout as presented on the

isometric drawings The followings is a brief description of all

the

iifferences identified.

Gaps between piping and support steel larger than criteria =-two
occurrences. The largest of these was 9/32 inch whereas the
criteria allowed only 5/32 inch. No effects from these were
bserved in the subsequent stress analysis.

Clearances between piping and structural components - three
occurrences Iwo of these were small clearance between pipe and
structural component - 0 and 7/64 inch. The 0 inch clearance was
found at penetration P-IB-1-041 which had not vet been reviewed
inder SCE&G's sleeve clearance program when the field work was
performed. The 7/64 inch clearance was found to be more than
adequate based on the results of the subsequent stress analysis.
[he third occurrence was sleeve through a wall which was found to
be partially grouted. This was subsequently determined to have

teen 1dentifed by SCE&G (ECN 2316) and the grout had been removed
when SWE( 1eld personnel again visited the site on June 7, 1982.

Struts at angles other than identified on the isometrics - three
‘currences of struts more than 3 degrees from the values on the
omet.rics The maximum difference was 11 degrees. No effects

m these were observed in the stress analysis.

le the criteria specified for SWEC's

currences lhe maximum ditference was

teet L dimensional diiferences were




within SWEC's standard criteria. No effects from these were
observed i1in the stress analysis.

Drafting Errors = five occurrences. These were confirmed by
reviewing the support or piping drawings.

All differences were noted and included (except penetration P-IB-1-041)
in the subsequent stress analyses. No significant impacts of these

differences were observed in the stress analysis.

Analysis and Evaluation Summary

All piping sctresses were found to be within code allowables and all
thermal movements were within the criteria. Review of support, anchor,
penetration and nozzle loads showed a number of cases where SWEC loads
exceeded GAI loads. These were reviewed with GAI and TES and found to
be due to three main causes.

(1) Seismic effects from the Diesel Generator Building were not

included in the original GAI design analysis for subsystem EF-01
(SWEC stress package 101).

Several jets were misoriented or mislocated in the original
analyses

I

Jifferences in the capabilites of the two programs used and
differences in modeling of stiffnesses, lumped mass locations,

geometrical differences and engineering judgements,

GAI and TES subsequently corrected causes 1 and 2 as weil as
significant geometrical differences in cause 3. SWEC confirmed the
engineering judgements leaving only possible differences in modeling of
stiffnesses and lumped mass locations. These differences result
possibly from two independent programs being used as well as different
standard design procedures or techniques which have developed in the
two organizations SWEC is presently reviewing the TES computer input
ind mecdeling of the EF-01 subsystem. The conclusions of this review
will be incorporated in the {inal report.

The results of these differences are presented in

indicate that rather large variations in loads can result
onclusion from the Stress Analysis and Evaluation is that
criteria appear to be properly applied, the piping stresses
1llowables, thermal movements appear consistent but some
variation between SWEC and GAI loads on supports is evident.

Auuit of Design Control Summary




Verification of program application

Confirmation that the structural dynamic analysis output was
consistent with response spectra provided to TES for analysis of
the turbine driven portion of the Emergency Feedwater System.

The following are SWEC's conclusions based on the design control audit.
Procedural Program

An adequate Design Control Program, meeting the requirements of 10CFR50
Appendix B, was in place for the transmittal and utilization of input
lata for pipe strss analyses of subsystems EF-01, 02, 03 and 22 of the

Emergency Feedwater Piping System (GAI and TES Subsystem numbering)

Inly one instance was observed in the existing program where there was
no formally approved procedure. Although formal procedures were
available for indexing of design and procurement specifications, the
maintenance and distribution of a mechanical specification index was
performed using an updated, uncontrolled instruction with no evidence
that the instruction had been approved. Although unapproved, the
procedure was adequate and was being implemented.

D

Program Implementation
a-4 - Tk

lhe procedure< associated with the activities reviewed during the audit
were adequately implemented except that the utilization of inputs to

pipe stress analysis in some cases was not consistent with program
requirements The instances found in the audit are apparently
focumentation problems that would not affect the design. One case
iffecting the design was subsquently found during the Stress Analysis

and Evaluation Task (2.3(1)) The following were found during the
iudit.

lhe pipe stress analysis package for subsystem EF-01 did not
utilize Figure 64 response spectra as specified on the
64 in a request for information (RFI) there was nc evidence
that the isometric had been marked-up to indicate that Figure

isometric. Although GAI had approved the deletion of Figure

64 should be deleted nor was tnere documentation in the pipe
stress analysis package that istified the deletinn of Figure

4 (such as by reference to the GAI approved RFI

There was no locumentation in the pipe stress analysis

package for EF-22 that the differences between the thermal

movements utilized in the analysis and the movements on the
ometric had been evaluated. 4 letter to GAI from TE
L1tiated as a result of is audit indicated 1at

ferences had been evi when the analysis

rtormed and that reanalysis was not necessary.




(The project scope was expanded to include SI-09 because of
the difference noted in EF-22 above). The pipe stress
analysis package for subsystem SI-0S apparently utilized
anchor movement information from a Westinghouse letter rather
than the movements identified on the isometric. There was no
evidence that GAI Lad approved or transmitted this
information for use. In addition, the pipe stress analysis
package did not identify that the movements utilized were
different than the 1isometric and the reasons for the
differences. A letter submitted by TES to GAI as a result of
the audit indicated that the Westinghouse anchor movement
information had been used in the analysis.

The nozzle lo:zdings in pipe stress analysis packages were
noted as acceptable by "trade-off". There was no
documentation n the pipe stress analysis packages that
identified the method or the acceptability of the method.
There were approved RFI's in GAI files that addressed load
trade-offs, but they were not referred to in the packages.

Another area that was not clearly documented was the application of
lamping factors Although the application of damping factors complied
with the FSAR, this could not be discerned unless reference was made

yllectively to the FSAR, Specification 702, pipe stress analysis
packages, a GAI study, and minutes of a meeting. The underlying cause
of this condition was apparently due to not updating Specification 702

t

to reflect the i1ssuance of Amendment 26 to the FSAR.
Response Spectra Consistency

respouse spectra utilized in the pipe stress analysis were
with the dynami (structural) analysis output. In some
ional spectra were wutilized when it did not appear
necessary (The Stress analysis and evaluation portion of the seismic
lesign verification effort subsequently identified one case in which a
response spectra had been omitted from the analysis - see Section 2.2).

A A

*

Recommendations

ycedure governing the preparation and distribution £ A

1 4

ation 1index for mechanical specitications (ana for other

ne specificalions i1f necessary) should be formalized as part of

ject program
impiementation

he extent of incompl umentation in pipe stress analysis packages

ld be determined and [ 1V action 1implemented.




form of either a revision to Specification 702, or a memorandum of
explanation in the pipe stress analysis packages. or other appropriate
equivalent, should be performed.




FIELD WALKDOWN
Scope

The as-built piping geometry of the Emergency Feedwater (EF) System for
the flow path of the Turbine-Driven EF Pump to Steam Generator C, shown
on Figure 3-., was determined. The piping walkdown included
identification of valve locations and orientation, support location,
orientation, and functior and other dimensions as necessary for the
stress analysis. The walkdown continued beyond the identified flow
path to equipment nozzles, terminal anchors or a series of constraints
remote from the flow path for the purpose of terminating the
mathematical model of the subsystem at a point where the boundary
condition would have no practical effect on the structural response of
this subsystem.

Walkdown Procedures ard Criteria

Walkdown Procedures

Prior to commencing any field work a project procedure, VCS-1, Field
Walkdown Procedure, was prepared. A copy was submitted to SCE&G. This
procedure provided all necessary steps, documentation and criteria

required to proceed with the work in an orderly, consistent and
efficient manner.

Measuring Devices
fhe following devices were used for field measurements.

ft Engineers measurement tape, Lufkin, Ultralok, W312D
6 ft folding ruler, Lufkin Rugged Red End Engineers
6 inch stainless steel rulers, General Kardware Manufacturing Co
Inc., Nos. 300 and 6.6
Protractor, General Hardware Manufacturing Co., Inc., No. 18

1

.9

iversal Protractor, by Sears Craftsman
Feeler gauge, Starrett EDP 51170, Engineers gauge No. 245.

Documents provided by SCE&G

measurements and observations were recorded on the following
piping isometric drawings

Sheet 27, Rev
Sheet 1, Rev.2
Sheet Rev
Sheet 3, Rev.
Sheet , Rev.

Sheet ) Rev




piping drawings, were also provided to SWEC for the purpose of
providing orientation and dimensions which could not be measured.

Survey Teams

A Lead Field Verification Engineer was assigned responsibility for this
task. He supervised three two-man survey teams. Each team was
assigned a portion of the subsystem to survey.

Reference Points
There were basically three reference points used for this survey,; the
turbine driven EF pump, the Reactor Building penetration No. 213 and
the steam generator nozzle. The locations and elevations of these
three reference points were taken from the construction and fabrication
irawings.

Survey and Documentation
Bl D Tt Tt bl et o D

The piping geometry was measured in segments to identify all locations
f pipe supports, valves, flanges, tees, elbows, reducers, branch
connections, penetrations and orifices. These measurements were

recorded directly on the isometric drawings.

Pipe clearances at penetrations and pipe supports were also measured
and recorded. ‘1pe support types (functions) and orientations were
verified and noted on the drawings Orientations and lengths of valve
)perators were also measured. Also, all vaive numbers were checked.

Any dimensions found outside the tolerance criteria in Section 3.2.2
were circled on the isometric drawings and recorded on a Difference
List (Form DL). All dimensions verified as being within the tolerance
criteria were noted with a check mark (V') on the isometric drawings.
The DL forms and the isometric drawings were reviewed and approved by
the Lead Field Verification Engineer after they had been completed,
signed and dated by the two survey team members.

[olerance Criteria

der to compare the accuracy of the dimensions on the isometric

ilrawings with SWEC's measurement a set of tolerance criteria was

established based on SCE&G's MF-14 Walkdown Procedure All SWEC's

limensions deviating from the dimensions on the 1sometric drawings by

nore than the values listed below were entered onto a Difference List
rm DL

-

between an anchor or nozzle and the closest support

between tw( idjacent supports

weant T y n 1
segment length up to 6 1

segment length greater




10.0% for segment length greater than 60 inches

3} degrees for angle measurements.
)

J

Walkdown Results

32 inch for total gaps between piping and support steel.

Approximately 800 feet of piping and 116 supperts were f{ieldwalked.

The geometrical data, orientations and functions of pipe supports

on

the six isometric drawings were generally accurate. There were some
minor differences found which exceeded the stringent tolerance

criteria. These differences are summarized as follows:

closest support.

Difference in span lengths between an anchor/nozzle and the

There were eight (8) occurrences of differences exceeding the one half
inch (0.5 inch) criterion. The maximum difference was 2.5 inches in a
length of 5.5 feet, which represents a difference of only 3.8%. The

complete list of these differences is as follows:

\

Difference (in.)  Span length (ft)  Percentage (%

.80
.95
.62
9
.23
.90
76
.04

50 45
.39 3:93
.82 60
45 .37
65 .40
16.40

9.20

). 91 11.80

3
2
2
2
1
0
0

o

Differences in qupilengths between two adjacent supports

were six (6) occurrences of differences exceeding the two (2
criterion as listed below:

Difference (in.) Span Length (ft Percentage (7

Difierences 1in sz‘smt':it lengths

ference exceeded the criterio 'his difference was
1s measured from the center ine of a support t«
This difference was a porti > total mu lat

1djacent supports, 11ch 1sted 1in

.0)

3.
the

ive

item

-




Support orientations

Three occurrences had angles different from the values on the isometric
drawings by more than 3 degrees. These were 11, 11 and 9 degrees for
Supports EFH-4024, 4028 and 103 respectively.

Gaps between piping and support steel larger than criteria

Two lateral supports (EFH-080 and EFH-099) had gaps between piping and

support steel exceeding 5/32 inch. They were 9/32- and 1/4-inch.
Clearance to allow piping movements

Clearances were observed and wmeasured to ensure that piping movements
as designed were not obstructed by rigid elements, such as other pipes,
support steel, penetration sleeves or sealants. Three instances were
identified as follows:

The lateral clearance of the vertical support EFH-4020 was
only 7,64 inch. This is rather small. However, SWEC's pipe
stress analysis verified that the total pipe movement due to
thermal and seismic effects would amount to only 1/32 inch.
Thus, this clearance is acceptable.

Although penetration P-IB-1-041 was at least 2 inches larger
in diameter than the pipe, there was hardly any clearance at
one point. As indicated by SCE&G, the penetration program to
identify sleeve clearance and QC surveillance requirements
was not complete at the time of this field measurement.

Penetration P-AB-4-049 was partially grouted for a depth of
about 1 1/2 inches. This was subsequently determined to have
been identified by SCE&G (ECN 2316) and the grout had been
removed when SWEC fieldwalk personnel again visited the site
on June 7, 1982.

L{ﬁft{DE»Q{TLr§4pnil§ﬁmetrlL d{gy}ngﬁ

lhe functions of four supports were labeled incorrectly. It

onclusion was confirmed by the agreement between the as-built supports
ind the original pipe support drawings. Also, one elbow radius was
written as 5R, which should have read 0.5R, a standard long radius

for the 4 1nch pipe.

onclusions

All data verified by the field walkdown were recorded on the isometric

drawings d for the independent seismic design verification

inalysis. l11 differences exceeding the tolerance <criteria were

iddressed Although the tolerance criteria were very stringent, only a
most i these were min

bserved 10 the stress




piping subsystem lec design layout as presented on the
lsometric drawings.
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STRESS ANALYSIS AND EVALUATI

Scope

The flow path of the Turbine-Driven Emergency Feedwater Pump to Steam
Generator C was independently analyzed and results evaluated. This
verification analysis was based on SWEC's field walkdown data and
design criteria provided to SWEC by SCE&G and GAI. This task did not
include a review of original licensing commitments nor of construction
quality assurance. he evaluation included comparison of pipe stress
with allowables, load comparison of pipe supports and anchors with
design loads, and load comparison of equipment nozzles and Reactor
Buildiag penetration with allowable loads as provided by various design
documents Individual load cases were dead load, design pressure,
hermal, seismic and jet impingement loads.

As-Built Data

SWEC's field walkdown data as recorded on the GAI isometric drawings
were reviewed by the stress analysts. This review identified a need
for additional iniormation and clarification. The stress analysts
issued a Field Information Request (FIR) for each item to be verified.
A field verification team was then assigned to make an additional
survey in order to respond to the FIRs. The FIR responses were
incorporated in e stress analysis.

ysis Procedures
[wo project i edures, VCS-3, Analysis and Evaluation Procedure, and
VCS-4, Analysis and Evaluation Criteria, were developed to provide
lesign 1input information, load combinations, reference documents,
guidelines for calcul ition preparation, evaluation criteria, and other
documentation and procedural requirements in order to ensure a uniform

analysis approach.

Initially, all requests for design criteria from SWEC were addressed to
SCE&G. SCE& either responded directly or requested GAI to
provide information to SWEC. Jccassionally, telecopy o~ phone calls
were utilized to expedite the effort All telecopies were filed on the
project and all phone calls transmitting data or decisions were
recorded and filed

1 meeting among GAI, TES and SWEC was held at
[he purpose of the meeting was to ensure that

lesign criteria and their application to the analysis

cussed were documented officially as meeting notes, copie:

and TES. Based on the
provided in his meeting and other criteria provided

were distributed t SCE&G, GA

"Initial ysis" was performed. lesults of this
viewed nd mpared with the GAI loads

. -
support Loads,




(OIRs) Copies were sent to SCE& and GAI for review and
clarification.

called 2 meeting with GAI, TES and SWEC on July 28, 1982 at GAI

ices in Reading, Pa. The purpose of the meeting was to review the

) 1ssued as a result of the Initial Analysis. GAI advised that some

of the dnsign criteria provided to SWEC were erroneous. Therefore, all

the OIRs were voided and a new analysis was required. The new

corrected data and criteria were documented in a GAI letter addressed

to SCE&G. The new analysis, called "Comparison Analysis" was

performed in order to incorporate the new information. Section 4.4,

Evaluation Criteria, identifies all applicable criteria for this
Comparison Analysis.

Review of pipe stress, support load, equipment nozzle load, penetration
load and thermal movement is presented in Section 4.5 to 4.9 based on
the result of the "Comparison Analysis". Open Item Reports were
written to document differences between SWEC's results and GAI's design
loads or allowables. Copies of OIR's were sent to SCE&G, GAI and TES
for review and clarification.

On August 13, 1982, a meeting among SCE&G, GAI, TES and SWEC was held
at TES offices in Waltham, Ma. for the purpose of reviewing the OIRs
issued as a result of the Comparison Analysis GAI advised in the
meeting that some of the jet forces were redefined and TES was in the
process of revising their analysis to include these revised jet forces
and the effects of seismic response spectra and movement from the
Diesel Generator Building which were omitted originally. After receipt
ot the official transmittals from GAI documenting the revised jet
forces, and new support and nozzle load summary sheets, SWEC performed
1 "Final Analysis,"” which is presented in Section 4.12.

Reference documents from SCE&G or GAI are listed as follows:

Design Specification, DSP-544C-044461-000, "Emergency Feedwater
System Piping and Pipe Supports', Rev. 5, 4-30-82, V.C. Summer
Nuclear Station, Unit No. 1.

Pipe Line Specifications for Nuclear Safety Class Piping,
SP-545-044461-000, Rev. 7, 11-25-80, V.C. Summer Nuclear Station,

1Ty ¢ N
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Pipe Li - icati for Conventional Pi 2, SP-337-4461-00,

Rev. 8, ) /', V.C. Summer Nuclear Station,

Design Specification )r Keactor Building Piping Penetrations,
ASME B&PV Code, tion [11 Division el :

| 148SS &y

DSP-606- 44461-000, Rev G )-1=-82, V Summer Nuclear Station,
nit D 1
nit




Specification, Seismic A /S Testing and Documentation,
SP-702-4461~-00, Rev. 4, ] 7, V.C. Summer Nuclear Station, Unit

| 1
NO . |

Design Specification, Motor Driven Emergency Feedwater Pumps, ASME
ITI, Class 3, DSP-508A-4461-00, Rev. 2, 7-8-77, V.C. Summer
Nuclear Station, Unit No. 1

Design Specification, Turbine Driven Emergency Feedwater Pumps,
ASME III, Class 3, DSP-508B-4461-00, Rev. 2, 4-2-76, V.C. Summer
Nuclear Station, Unit No. 1.

Steam Generator Design L.,ads, Auxiliary Feedwater Nozzle, Model D

(51-D) Steam Generator, Design Specification 679060, Rev. 6,
11-3-80, Westinghouse Electric Corporation.

[etter from G.J. Braddick, Gilbert/Commonwealth, to C.A. Price,
SCE&G, CGGS-27683, dated May 27, 1982.

"Jet Loadings on ASME Section III Piping," Gilbert Associates,
Inc., Report No. 1902.

SWEC Letter to C.A. Price, SCE&G, dated June 1, 1982.

Memorandum from K.R. Gabel, GAI, to K.Y. Chu, SWEC, dated June &4
1982

Letter from G.J. Braddick, GAI, to C.A. Price, SCE&G, CGGS-27890,

CG
15, 1982, with Attachment: Memorandum from K.R. Gabel
Helwig, dated June 11, 1982.

Record of telephone conversation, from K.Y. Chu, SWEC,
Gabel, GAI, dated June 29, 1982.

Letter from SWEC C.A. Price, SCE&G, dated June 11, 1982.

Memorandum from K.R. Gabel to J.R. Helwig, both GAI, dated June

)

‘om Teledyne Engineering Services (TES
24, 1980, with Attachment: Minutes

telephone conversation among

Braddick, Al 0

29, 1982,




Letter from G.J. Braddick, GAI, to C.A. Price,
dated September 13, 1982, with Attachments.

Letter from G.J. Braddick, GAI, to C.A. Price,
dated September 20, 1982, with Attachments.

Stress ggkggges

Upon, receipt of the field verified isometric drawings, the Lead
Engineering Mechaanics Engineer reviewed, logged in and divided
the subsystem into four stress packages for mathematical modeling.
Each of these stress packages was terminated at six-way restraints

(anchors,

equipment nozzles, Reactor Building penetration), except for

package 102, in which the subsystem was extended and terminated after
several restraints at a point where the boundary conditions would not
affect the flow path piping being analyzed. These four packages a2re as

shown on F

igure 3-1.

Package 101: Supply line from Dresser coupling to turbine- iriven EF

Package

Package

Package

Appendage

pump XPP-8-EF.

Discharge line from turbine-driven pump XPP-3-EF to
inline anchor EFH-112.

From inline anchor EFH-112 to Reactor Building
penetration No. 213.

From Reactor Building penetration No. 213
Generator C.

vent, drain, and instrument piping up to 1%" were not

included in the mathematical models because the moments of inertia of

hese are
and their

much smaller than the moments of inertia for the main runs,
coupling effects are therefore negligible. These small pipe

lines were not a part of the scope. However, when considered

necessary,
account f«
The Lead

work on

a concentrated weight was added at the branch point to
r the contributing weight.

Engineering Mechanics Engineer assigned stress analysts to

these packages. Concurrently, he assigned an engineer to
£

r each package a set of digitized response spectra to

t}

the floor response spectra for the locations and elevations

pipe supports are attached.

Highest

support : ] Figures ) be enveloped

450 )

19!
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[ntermediate Bldg.
Reactor Building
Reactor Building

[nterior Concrete

Field Information Requests

Additional field information c¢r <clarification was requested by

completing a Field Information Request (FIR). Twenty-two FIRs were

submitted to the Project Engineer, who ensured that they were logged in

and indexed. Responses to the FIRs were documented on FIR Respoase

Forms by the field verification team. These FIR responses were provided
to the stress analysts and incorporated into the analysis.

Copies of all FIRs and FIR responses were transmitted to SCE&G.

3n415< JVIQEUL Criteria

Deaduexﬁht

iddition to the weight of the run pipe, water, valve, flanges and
fittings, the weights of pipe support attachments and most of the

. irain and instrument lines were included in the analysis as
ncentrated weights. In a few cases the weight of support attachments
was represented by a distributed weight along the pipe length with a
limitaticn of not being longer than one pipe diameter on each side of

the support.

Thermal Conditions

thermal conditions were considered which included the maximum and

1imum temperatures specified for various design, operating and
ironmental conditions. They were as follows:

Thermal Condition 1
Entire subsystem

[hermal Condition 2

trom cneckK valilve 1038C~-Lr

team generator nozzlie

1ne Penet t
ALK \".'.~Y1\i




!

[he rest of the line

Thermal displacements at the steam generator nozzle were

nsidered
Internal Pressure

The values of pressure used for the analysis were selected from the
maximum of variousz plant and system operating conditions as follows:

Stress Package Internal Pressure (psig)

101 : Supply lines from condensate
storage tank
Supply lines from Service Water
System

Discharge line from turbine driven
EF pump to stop-check valves
1020A-EF, 1020B-EF, and 102CC-EF.
Recirculation line up to orifice.
Recirculation line downstream of
orifice

All other portions.

Discharge lines from motor driven
EF pumps to stop-check wvalves
1019A-EF, 1019B-EF, and 1019C-EF.
Recirculatoin line up to orifice.
Recirculation line downstream of
orifice.

- All other portions.

i hgbkvnse Syegtrd

Jperating Basis Earthquake (OBE) and Design Basis Earthquake (DBE)
inalyzed by means f the response spectrum approach. The
ribution of closely spaced modes was consi« i by the grouping

as addressed in NRC Regulatory Guide 1.92

s considered all

trequency exceeding

enveloping were taken
n for OBE with a
obtained by scalir

ith the following




Intermediate Building
Diesel Generator Building

[n addition, depending on the location of pipe supports, GAI applied a
lifferent type of scaling factor (Gamma) to the vertical components of
the response spectra. The factor throughout all four piping packages
was 1.0.

Seismic Anchor Movemert

All components of the seismic anchor movements were taken from the GAI
isometric drawings and referenced GAIl correspondence. Another specific
criterion provided to SWEC was that if all three directions of relative
seismic anchor movement between two adjacent supports were equal to or
less than 1/8 inch, the differential movement was not considered in the
analysis

8.3.4.06 Jet Impxngement Load

Break point, jet orientation and jet impingement forces were provided
in GAI Report No. 1902, Jet Loading on ASME Section III Piping. There
were seven break points to be considered, five from the 4" steam line
to the turbine and two from the discharge side of this subsystem. The
jet from one of these seven break points was not analyzed per GAl's
lirection that a shield installation nefated this jet force.
The jet impingement forces given ir the report did not include the
lynamic load factor and shape factor. SWEC assumed a shape factor of
.60 and a dynamic load factor of 2.0 for the initial stage of jet
impingement. (see Section 4.12 for subsequent revision of these
riteria for specific jets). During the initial stage of jet
impingement all shock suppressors (snubbers) were considered effective.
the initial stage, the jet load becomes a stationary force.
" second analysis was performed for this condition, in which
dynamic load factor was included and the shock suppressors were
onsidered deactivated.

Calculation Preparation

inalyses were performed using the NUPIPE-SW (ME 110) computer

rk sketches representing the mathematical models of the stres

i1
ickages were prepared Figures 4-1, 4-2, ind 4-4) The data in

he work he: included dimensions, pe suppor types and
rientations, not ind mas points, valve 1 )perators, elbows and
ther fittings All work sketches were checked by a stress analyst

)r completeness and accuracy.

preparing
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The stress calculations were prepared and reviewed in accordance with
SWEC Engineering Assurance Procedure (EAP) 5.3, Preparation and Control
of Manual and Computerized Calculations (Nuclear Projects). In
addition to the normal standard presentation of a calculation, the
stress package included comparison of pipe support loads, anchor loads
and thermal movements with the data received from GAI, and comparison
of penetration and equipment nozzle loads with the given allowables.

Evaluation Criteria

Piping Alloygg}: Stresses

T
he

[he piping is to meet the requirements of 1971 ASME Boiler and Pressure
Vessel Code, Section III (ASME III), Division 1, Class 2 and 3, with
iddenda up to and including the Summer 1973 issue and Code Case N-240.
Loading combinations together with their design criteria are as

follows:

System Normal/Upset I Operating Condition

NC 3600 Allowable
Equations Combination Stress

System Upset Il Operating Condition (Plant Emergency)

NC 3600 llowable

&.£14t ions Combination

( 1§)
) UL

System Emergency Conditio Plant Faulted

NC 3600

FHLHJ' 10ns mbination
LP + DBEI

1llowable tress at maximum
temperature
aillowable stress at 1n1mum
temperature

¢ (




OBE anchor movements
Thermal load
Jet impingement load

Pipe Support and Anchor Load Combinations
The pipe support and anchor loads from the following load combinaticns
were compared with the loadings from GAI pipe support drawings and TES
documents. If the loads exceeded the original design values by 15% or
more, and if they also exceeded them by 100 lbs or 100 ft-lbs, an Open
[tem Report (OIR) was generated and submitted to the Lead Engineering
Mechanics Engineer, Project Engineer and Project Manager for review and

resolution.

System Operation Loading Combination

Normal L+TH . A 3
Upset 1 DL + TH + (OBEI“ + OBEA“)?
Upset 11 DL + JI

Emergency DL + DBEI

Equipment Nozzle Loads

Steam Generator Nozzle
Forces and moments from individual load cases were compared with the
1llowables given in Design Specification 679060, Rev. 6, 11-3-80,
Westinghouse Electric Corporation.

PumpiN«.x es

rces and moments derived from the same load combinations as for pipe

s were compared with the allowables given in the design
1fications for motor and turbine driven EF pumps

Reactor Building Penetration No. 213

rces and moments from each individual load case were first
yrmed to axial and shear forces, and torsion and bending moments

then compared with the allowables given in the GAI Design
n, DSP-606-044461-000, Rev. Q -1

-82 Load comparisons
both ends of the penetration.

mparison of Thermal Movements

mal movements from the two thermal conditions at pipe supports were
mpared with those presented in GAI pipe support drawings [f the

movements exceeded the original values by 15% or more, and if they als

d them by 0.02 inch, an [R was generated
tngineering Mechanic Engineer Project Lngineer

€W and res n




Pipe Stress Review

All piping stresses were found to be within allowables for all analyses
performed Maximum stresses from each stress packages are presented in

Table 4-1

4.6 Support Load Review

All four load combinations for all supports were tabulated and compared
with the design loads from GAI pipe support drawings and supplements
provided by GAI. Foe terminal anchors, the loadings from SWEC's
inalysis were combined with the loadings from the interfacing side
which was not analyzed by SWEC. These loadings were provided to SWEC
by GAI and TES.

The load comparisons proceeded in two steps. The first step was to
calculate the difference between SWEC's values and the original design
values. The second step was to calculate the ratio of the difference
to the original design value.

Based on the information provided in the pipe support load comparison
tables, a summary table for each package was prepared to indicate
lifferences in values and in percentages. Unless noted otherwise,
SWEC's load in the summary tables is for an Upset Condition, generally
the controlling design case. The GAI load is for the same load
combination The value in the column "Difference" is SWEC's load
minus the corresponding GAI load. This wvalue divided by the
corresponding GAI load is recorded in the column '"Percentage". The
last column, '"Dominant Factor", indicates the load case contributing
most to this difference. There are probably four major factors that
contributed to differences. )ne is the effect of seismic response
(seismic inertial). The second is the effect of differential
»1smic support movement, noted ‘'« the tables as "Seismic Movement"
e third 1s the jet impingement fect, which could have been caused
by misinterpretation of the impi.ngement target area. The fourth 1is
modeling differences due to program differences and engineering
judgment .

1

Comparison Review - Package 101
parLis w = _rackage 1vli

package contains 32 supports and two anchors. The load comparison
ites that 20 supports and both anchors have load differences and
xceeding 100 (lbs, ft-lbs) and 15%. The primary contributor

thege 11 ¢4
LCUESE Al L1

erences appears to be the seismic response spectra

movement the Diesel Generator Building, which were not

idered in the original analysis Table 4&4-2 1identifies all

Lfterences

on Keview




15%. Four of these are probably
caused by the difierence in he effects of the seismic response
spectra One anchor (EFH-113) has a large discrepancy in My. This
seems to be caused by the difference in the mathematical models. SWEC's
model represents the physical location of the anchor, i.e., one foot
away from a vertical riser, while the GAI's model assumed the anchor
located at the 1intersection where the wvertical riser joins the
horizontal run. One support, EFH-048, is near the jet impingement
target from break number 32. The GAI load did not include this effect
jue to misorientation of this jet. For anchor EFH-111 all foice and
moment components except Mx are within the comparison criteria The
difference of Mx appears to be caused by deadweight. SWEC's analysis
shows that Mx due to deadweight is almost entirely caused by a valve
located only few inches away and having its center of gravity 8.5
inches off the pipe axis. The difference for the remaining support
EFH-057 seems to be from thermal effects. Table 4-3 identifies all
difterences.

ratios exceeding 100 (lbs, ft-lbs) and

Comparison Review - Package 103

lhis package contains 32 supports and 4 anchors. The load comparison
indicates that 6 supports and one anchor have load differences and
ratios exceeding 100 lbs and 15%. Three of these are caused by the
effect of jet impingement from break no. 33. This jet was misoriented
in the original TES analysis. The higher total loads in the anchor and
twc other supports were probably caused by higher thermal load. The
lifference for the remaining support EFH-4029 load is primarily due to
relative seismic movement. This 1is the vertical and lateral support
losest to the Reactor Building penetration.

n
18]

lable 4-4 identifies all differences.

omparison Review - Package 104

Thie

his package contains 12 supports. None of SWEC's support lcads
exceeded the comparison criteria.

Equipment Nozzle Load Review
Steam Generator Nozzle

forces and moments from each individual lo: case were
antially smaller than the allowables specified for this nozzle.

Pump Nozzles

+

lhe forces and moments from all required load combinations at the motor
iriven pump nozzles and at the discharge uozzle of the turbine driven
pump are smal'ier than specified allowables However, at the
] nozzle of the turt » driven pump the X-force component and the

ant

[1 condition are greater than the

1+

tant from Upset

sl L1




4.8 Reactor Building Penetration Load Review

The shear forces of SWEC's analysis for deadweight and seismic load
cases at the outside interface exceed the specified allcwables, but
fall within the values from the TES' analysis. Since GAl had concluded
previously that the penetration was good for the TES' forces, it should
be acceptable for SWEC's forces.

At the inside inlerface of penetration SWEC's analysis indicated that
all forces and moments are within the specified allowables.

4.9 Thermal Movement Review

4.9.1 Thermal Movement at Support Locations

Thermal displacements in unrestrained directions at all support
locations were reviewed and compared with the values on the GAI pipe
support drawings. No significant difference was found between these
two analyses. In two instances the difference exceeded 0.01 inch, but,
did not exceed 0.02 inch.

4.9.2 Thermal Movement at Supports with Excessive Gaps

The field verification effort identified two supports with excessive
gaps. These were EFH-099 and EFH-080.

EFH-099 (Stress Package 101) was originally designed as a North-South
restraint. During field walkdown the clearance was found to exceed the
criteria, therefore, this support was assumed ineffective in the stress
analysis. The result of the analysis verified that this assumption was
correct. The maximum thermal displacement is 0.019 inch at this point.
The total displacement including the effects of deadweight, thermal and
seismic will amount to 0.030 inch, much less chan the existing
clearance.

EFH-080 (Stress Package 103) was originally designed as a vertical and
tast-West restraint. Since the horizontal gap exceeded the criteria,
the East-West restraint was considered ineffective in the amalysis.
The result of the analysis indicates that thermal movement is 0.019
inch, and total displacement 1including the effects of thermal, seismic
and deadweight is 0.032 inch, much less than the existing clearance.
Therefore, the assumption is verified to be correct.

4.9.3 Thermal Movement at Supports with Small Clearance

EFH-4020 is a box-type vertical support with very little lateral
clearance, 7/64 inch. Normally, a clearance of at least 1 inch would
be expected. However, the analysis verified that the pipe lateral
movement is expected to be very small- 0.019 inch for thermal case, and
0.022 inch for maximum load combination.

4-12




4.10 Open Item Reports
4.10.1  Open Item Reports for Interpreting Field Walkdown Data

During the stage of preparing work sketches, seven OIRs requesting
clarification of field walkdown data were filed by the stress analysts.
These were reviewed by the Lead Engineer Mechanics Engineer, Project
Engineer and Project Manager. These OIRs were then resolved based on
the responses to FIRs

Open Item Reports for Analysis Review

[nitial Analysis
The initial analysis was completed based on the design criteria
provided by SCE&G and GAI. Review of the results indicated many
supports, some equipment nozzles and the Reactor Building penetration
exceeded the original design values or allowables by the amount
specified in the comparison criteria. Each of these items was
documented on an OIR and submitted to the Lead Engineering Mechanics

Engineer, Project Engineer and Project Manager for review and
resolution.

These OIRs were forwarded to and GAI for their review to be
certain that the input criteria provided to SWEC were complete and
correct. A meeting was held in GAI's office and attended by
representatives of GAI, TES and SWEC. During review of each
OIR, it became evident that some of the data transmitted to SWEC were
inconsistent and required corrections. These were:

Seismic anchor movement for Diesel Generator Building.

Jet impingement effect should not be considered pcsitive and
negative (X).

Seismic effects due to response spectra and anchor movement
should be combined as square-root-of-the-sum-of-the-squares
(SRSS) instead of absolute summation.
As a result of these corrections new analysis was performed. This was
1lled "Comparison Analysis" and represents the basis for SWEC's
evaluations

"wmpdrxawh Analysis

\ comparison analysis was made to incoporate the changes of criteria
plus other minor adjustments, such as distribution of deadweight and
nsideration of pipe support attachment points offset from the pipe
The following OIRs were written and submitted for further review

result of this nalysis Copies of OIRs were

and TES r their




Package No. Total Number of OIR Review Category

20 Support Load, Section
2 Anchor Load, Section 4.6
Nozzle Load, Section 4.7

Support Load, Section
Anchor Load, Section 4.6

Support Load, Section
Anchor Load, Section 4.6

Penetration Load, Section

104

4.11 Potential Discrepanies

The OIRs were scrutinized and those reaching the following conditions
were classified as Potential Discrepancy (PD) items for which further
evaluation should be made and corrective action should be considered.

Difference between SWEC's and GAI's design loads is
substantial.

SWEC's maximum load 1is significant in respect to support
capacity.

Adequacy can only be justified with additional calculation.

majority of the OIRs stemmed trom three generic Potential
screpancies which are:

Diesel Generator Building

Seismic effects, including response spectra and support
movement, from Diesel Generator Building were not included in
the original GAI design data for Subsystem EF-01 (SWEC Stress
Package 101

Jet Impingemernt
jets were misoriented. In one

1stance the target area

1
i

I
i jet impringement in the design document (1902) appeared

be inappropriate Subsequent communication indicates that
the jet need not be included in the analyses because shield

[
[

nstallation negates this break load.
Mathematical Modeling Techniques

rt tiftnesses

’

geometrical Lfferences and

udgments [ iitferences




identifed which could contribute to freocuency shift and load
differences are the following.

SWEC's analyses used a consistent stiffness value of 1 x
1012 /in, in-lbs/rad) for all supports to simulate
the .S criteria which basically used rigid supports.
[ES's analyses however actually used several stiffness
values, i.e. infinite stiffness for supports oriented ir
global axes, 1 x 10® lbs/in for supports not oriented in
global axes because of modeling techniques, and 3.5 x
10* 1bs/in for the horizontal direction of support
EFH-4029 to represent the actual stiffness. This latter
support modeling is considered acceptable as discussed
in Section 4.13.3, however, the lower stiffnesses for
skewed supports could influence the loads on these and
adjacent supports.

SWEC's model did nect have any mass points at support
locations, while TES's did have mas: points at support
locations. Also, one of the elbows in EF-01 was not
modeled with reduced rigidity in TES's analysis. These
could influence the natural frequency of the subsystems
and cause different inertial loads. (Section 4.11.1
Package 101)

P@kkdgﬁ 101

)IRs (Section 4.10.2.2) were primarily due to the effects of

Diesel Generator Building seismic response spectra and support
movement, which were not included in the original design (Potential
Discrepancy No

A jet impingement force caused the suction nozzle of the turbine driven
pump to exceed the specified allowables (Potential Discrepancy No. 2)

omparison of the first mode frequency indicated a minor difference
between these two analyses. SWEC's mathematical model has a natural
trequency of 11.04 Hz in the first mode versus 11.9 Hz for TES's

-

’S1s (This was subsequently reduced to 11.7 Hz in the TES
revised analysis). This lower frequency will cause greater seismic

response in SWEC's analysis « the piping subsystem. There
numerous reasons contributing to this difference, such as
number N location )f lumped mass points, magnitude )f masses,

¢

geometr l difference, and stiffness of pipe supports (Potential

.4) were
viscrepancy
> A
screpancy N

t 11
u LUl

idgment: ire
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1. The difference does not occur in the controlling design
condition (supports EFH-051 and 4005, anchor EFH-111),

2. Difference appears to be insignificant for the as-built
support structure (support EFH-057),

3. Maximum design load appears to be substantially smaller than
any ccmmercially available support component (support
EFH-182).

4.11.3 Package 103

Five of the seven OIRs (Section 4.10.2.2) were classified as PDs.
Three of them for supports EFH-060, 61 and 62 were caused by an
erroneous jet impingement target (Potential Discrepancy No. 2). Two
others are linear type supports not oriented in global axes of the
model. These two supports (EFH-083 and 4029) were represented in TES's
analysis by a stiffness value smaller than others (Potential
Discrepancy No. 3). Consequently, TES's analysis indicated a smaller
load for these two supports than the case of consistent stiffness for
all supports.

Two OIRs for supports EFH-082 and 115 were judged to be satisfactory
without further evaluation or corrective action. The basis for this
judgment 1s that the difference exists in Normal Condition only, which
is not the controlling design condition. The OIR for Reactor Building
penetration No. 213 was resolved satisfactorily based on additional
information provided by GAI and TES. According to GAI, during original
design stage they recognized that TES's loads exceeded the specified
allowables. Further evaluation was made and it was concluded that the
penetration was designed adequately for those loads. SWEC's loads are
similar or smaller than TES's loads, and therefore the same conclusion
is valid.

4.12 Final Analysis

On August 13, 1982, a meeting among SCE&G, GAI, TES and SWEC was held
at TES offices in Waltham, Ma. The purpose of the meeting was to
review the OIRs issued as a result of the Comparison Analysis. In the
meeting, GAI advised that TES was to rerun the computer analysis for
EF-01 (SWEC Stress Package 101) to include the seismic input from
Diesel Generator Building. Also, three jet forces would be redefined.
GAI confirmed this information by a copy of a letter to SCE&G, dated
August 16, 1982 (Ref. 20, Section 4.3.1), in which three jet forces,
one each for subsvstems EF-01, EF-02 and EF-03, were reduced
significantly. In addition, these forces were to be multiplied by a
factor of 0.75 representing the combined effect of the dynamic and
shape factors.

SWEC performed a Final Analysis using these new jet forces and factors.
Results of this analysis were reviewed and compared with the new
support load summary sheets which were transmitted to SWEC by GAI as
attachments to a letter to SCE&: dated August 24, 1982 (Ref. 21,

4-16



Section 4.3.1) The support load summary sheets include all supports
except spring hangers and anchors for Subsystem EF-01, one support
(EFH-113) for Subsystem EF-02 and oae support (EFH-062) for Subsystem
EF-03 [ES subsequently telecopied additional information regarding
load summary sheets frr the two anchors in EF-01 and for the suction
nozzle of the Turbine Driven EF Pump.

Resolution of Open Item Reports and Potential Discrepancies
[he Open Item Reports and Potential Discrepancies issued as a result of
the Comparison Anaiysis were reviewed again with the latest knowledge
)f the new load summary sheets. Section 4.11 identified three
Potential Discrepancies for which corrective actions might be required.
Potential Discrepancies Nos. 1 and 2 were subsequently corrected in
IES's reanalysis. The remaining Potential Discrepancy No. .
Hathematical Modeling Techniques, is presently being reviewed. SWEC is
reviewing the TES computer input/output modeling of subsystem EF-01.
lhe results of this review will be incorporated in the final report.

qukggewjpj

omparison between the result of SWEC's Final Analysis and TES's new
load summary sheets indicates the following:

22,
4031 and 4034 are closed, since TES loads from the reanalysis
with Diesel Generator Building seismic response are now
within the evaluation criteria.

Eight OIRs for supports EFH-094, 095, 096, 098, 4019, 4022

OIR for support EFH-4023: SWEC's loads in Upset and

Emergency Conditions are within the evaluation criteria.
SWEC's load in Normal Condition is 141 lbs larger than TES's
load; however, this load is not a controlling design case, it

amounts to only 64% of the load in Upset Condition.
Therefore, this OIR is closed.

support EFH-4026: SWEC's ads in Upset Condition
compression ard 5251 lbs tension. The tensile
the evaluation criteria, while the compressive
the TES's load by 344 lbs and 16%. Since the
2 short rigid strut, pin to pin 13 5/8 inches, the
design load should be the larger tensile force
nsidered closed.

EFH-4046: SWEC's load in Emergencvy Condit

|

% over the TES's load. However, this

1S5 N«
iesign ase. Both SWEC's and TES's loads

tion are approximately 8 lbs Therefore,




4.13.2

Five

value is only about one half of the positive Mx value.
Therefore, this OIR is considered closed.

Suction Nozzle of the Turbine Drive EF Pump: The moment
resultant is still higher than the specified allowable,
however, it is lower than TES's value. Since GAI considered
TES's value acceptable, SWEC's value must also be acceptable.
This OIR is therefore closed.
Unresolved OIRs: Ten remaining OIRs for nine supports and
one concrete anchor have not been resolved due to Potential
Discrepancy No. 3, Mathematical Modeling Techniques. The
supports and anchor are listed in Table 4.13, where the major
design loads from SWEC's and TES's analyses are also
tabulated for clarity.
Package 102

OIRs were resolved satisfactorily in Section 4.11.2. The

remaining three OIRs are discussed in the following:

L.

4.13.3

OIR for Support EFH-048: SWEC's Final Analysis with the
revised jet force indicates that the support loads fall
within the evaliuation criteria. This OIR is therefore
closed.

OIR for anchor EFH-113: The new load summary sheet from TES
indicates a My moment much larger than SWEC's wvalue.
Therefore, the concern expressed before 1is resolved
satisfactorily. This OIR is therefore closed.

OIR 1or anchor EFH-114: This OIR cannot be resolved. The
cause of potential discrepancy has been identified before as
Mathematical Modeling Techniques. This anchor along with its
major design load is also listed in Table 4.13.

Package 103

Two OIRs were resolved satisfactorily in Section 4.11.3. The remaining
five CIRs are discussed in the following:

s

Three OIRs for supports EFH-060, 61 and 62: SWEC's Final
Analysis with the revised jet force indicates that the
support loads are within the evaluation criteria. The
Potential Discrepancy No. 2, Jet Impingement, was corrected.
Therefore, these OIRs are considered closed.

OIR for support EFH-4029: SWEC's Final Analysis indicate a
much higher horizontal load than TES's. SWEC has made an
analysis wusing a horizontal support stiffness value
approximately equal to the actual stiffness of this support.
This had been done by TES to more accurately model the
distribution of Load between EFH-4029 and the containment




penetration which is only 1.7 feet away. The result of this
analysis indicates that the support load is reduced to less
than the TES's valve. When the representative stiffness is
used. Therefore TES's design value is considered to be
acceptable. This OIR is therefore considered closed.

OIR for support EFH-083: This OIR cannot be resolved. The
potential discrepancy due to mathematical modeling techniques
requires further evaluation. This support is included in
[able 4-5, Supports with Potential Discrepancy.

P1\§¢5¢

No Open Item Reports (OIRs) and uo Potential Discrepancies
(PDs).




"ONCLUSIONS

The independent seismic design verification analysis confirmed that all
piping stresses in the flow path of the Turbine Driven EF Pump of the
Emergency Feedwater System to Steam Generator C were within the ASME

)de allowables. Review of the piping thermal movement, Reactor
Building penetration No. 213, and all pump nozzles but the suction
nozzle of the turbine driven pump led to the conclusion that adequate
design data were properly used by GAI. However, SWEC's Comparison
Analysis showed that loads for 26 supports, four anchors, and the
suction nozzle of the Turbine Driven EF Pump were substantially higher
than design loads. These differences appeared to be caused by three
Potential Discrepancies. Two of these discrepancies, i.e. Diesel
senerator Building seismic input and jet imringement locations and
orientations, were subsequently corrected by GAI and TES. Results
of TES's reanalysis were compared with SWEC's Final Analysis with
revised jet forces. This comparisoia indicated that ten supports
ind two anchors still have differences exceeding SWEC's evaluation
criteria. These differences are probably due to differences in
mathematical modeling. (Potential Discrepancy No. 3) SWEC is
presently reviewing the computer input and modeling of subsystem
r£F=01 The results of this review should be available shortly and will
be incorporated into the fimal report.




Table 4-1: Maximum Piping Stresses from the Comparison Analysis
Package No. /stem Condition Equation Node No. Max. Stress (psi) Allowable Stress (psi)

101 Normal 8 323 2,097 15,000
Upset 1 9 197 4,991 18,000
11 1 20,188 37,500
Upsec 11 9 227 2,251 22,500
Emergency 9 197 5,833 27,000
102 Normal 8 950 2,374 15,000
Upset | 9 950 10,593 18,000
11 524 30,356 37,500
Upset 11 9 950 8,378 22,560
Emergency 9 950 10,648 27,000
103 Normal 8 1008 9,428 15,000
Upset [ 9 1008 12,801 18,000
11 14 28,104 37,500
Upset 11 9 1008 9,429 22,500
Emergency 9 1008 13,331 27,000
104 Normal 8 94 7,336 15,000
Upset 1 9 123 17,391 18,000
11 123 30,069 37,500

Upset J1 9 No Jet Impingement
Emergency 9 123 17,923 27,000



IABLE 4-2 SUPPORT LOAD REVIEW OF PACKAGE 101

SWEC's Corresp. GAI Percentage Dominant Support
l.oad L.oad Jifference (.;’ Factor [ypo

1352 /83 569 73 Seismic Movement U-Bolt
1424 1230 194 16 Seismic Movement U-Bolt
321 210 111 53 Seismic Movement Clamp
891 577 314 54 Seismic Movement Clamp
527 399 128 32 Seismic Incertial U~Bolt
2727 1034 1693 166 Seismic Inertial Snubber
1342 1039 303 29 Seismic Inertial Framing
3410 2307 1103 48 Seismic Inertial Strut
2173 1637 536 13 Seismic Inertial Rod
2478 1153 1325 Seismic Inertial Framing
549 22 527 Seismic Movement Snubber
2717 672 605 Seismic Inertial Snubber
2292 1083 1209 Sei1smic Movement Strut
1282 966 316 Seismic Inertial Strut
5251 2692 2559 Seismic Movement Strut
2171 2307 1864 Seismic Inertial Strut
050 2302 2748 Seismic Movement Framing
1613 110 1503 Seismic Movement Strut
2110 1216 894 Seismic Movement Strut
BB1# 633 198 Seismic Movem=nt Strut
1426 1057 369 Seismic Inertial Concrete
922 185 137 Seismic Inertial Concrete

Load are forces in lbs
“Emergency Condition




TABLE 4-3 SUPPORT LOAD REVIEW OF PACKAJE 102

Corresp. GAI Percentage Dominant
Load Difference (%) Factor

600 227 Jet Impingement
154 . Seismic Inertial
508 ) Thermal

710 Dead Weight

824 . Mode ]

970 477 Seismic Inertial
544 KRR Seismic Inertial

£

332 Lk Seismic Inertial

NOTE Unless otherwise noted lLoads are forces in lbs.
EFH-113 is an anchor, the indicated loads are Moment My in in-lbs.
‘EFH-714 is an anchor, the indicated loads are Forces Fx.
“Loads 1ndicated are from Emergency Condition.
EFH-111 is an anchor, the indicated loads are Moment Mx (in-1lbs) in Normal Condition,
all others are within the criteria.

Support
Type

Strut
Snubber
Framing
Trunnion
[runnion
Irunnion
Snubber
Strap




SUPPORT LOAD REVIEW OF PACKAGE 103

SWEC's . . 1 Corresp. GAI Percentage Dominant Support
Node No Load ; Difference (%) Factorx l'ype

1019 7157 238 31 Jet Impingement Strut
1020 513 let lmpingement Strut

1018 512 Jet [mpingement Strap

1029 AR 176 Thermal ‘raming

1500 21 852 Thermal Skewed Strut
1400 911 Thermal Trunnion
1001 . 1234 Seismic Movement Framing

NOTI “Orientation of support not in global coordinate system
“*Anchor, the indicated loads are Forces Fz in Nuormal Condit:on.
“**[oads in Normal Condition.

Loads are forces in 1lbs




4-5: SUPPORTS WITH POTENTIAL DISCREPANCY

Stress Surgort No. SWEC' ¢ SWEC's Difference Percentage
Package EFH- Node No. Load Loac (%)

1

101 ,, 403

1168

1056

2439

1821

1469

1500

A11 1

\1] yads are in lbs

An anchor, the loads are
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5.

1

PURPOSE

The purpose of this audit was to independently verify that an adequate
design control program, meeting the requirements of 10CFR50 Appendix B, was
in place and implemented for transmittal and utilization of input data for
activities associated with the seismic analysis of the Emergency Feedwater
Piping System for the flow path of the turbine driven Emergency Feedwater
Pump of the V.C. Summer Nuclear Station, Unit No. 1.



included the inputs used to perform the seismic analysis (pipe

analysis) of that portion of the Emergency Feedwater System

entified as subsystems EF-0l, EF-02, EF-03 and EF-22 on Figure 5-1. It

also included a review of the procedures for controlling design inputs

generated by Gilbert Associates, Incorporated (GAI) or provided to GAI by

manufacturers, through transmittal to the input user, Teledyne Engineering
Services (TES). Control of inputs such as the following were included:

Response Spectra
Design Specifications/Requirements/Conditions

Manufacturer's Data

Control of 4inputs to pipe stress analyses for other piping systems was
examined when necessary to provide sufficient basis to justify conclusions.
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General

The first stage of the audit was a pre-audit conference with GAI. (GAI is
the Architect/Engineer (A/E) for the V.C. Summer Nuclear Station). The
pre-audit conference was held May 19, 20 and 21. 1In addition to presenting
the purpose and scope of the audit, the conference was used to gain
understanding of the GAI organization and procedural program.

The flow of design information relating to pipe stress analysis was
discussed in detail. Based on this discussion and a review of applicable
procedures, a preliminary flow chart depicting the basic flow of pipe
stress analysis input was prepared during this period. This flow chart was
used as a reference document during the course of the audit and was
modified to reflect observe: information flow. (See Figure 5-2, Sheet 1).

Sheet 2 of Figure 5-2, which is based on discussions with GAI and procedure
review, is included for information only. The <cope of the audit did not
directly 4include pipe support design for, or field walkdown of, piping
systems. Figure 5-2, Shee®s 1 and 2, are simplified for clarity. Not all
documents, procedures and feedback loops are shown.

The GAI quality assurance program document hierarchy is shown on Figure
5-3. The procedures most directly applicable to the audit were contained

in the Project Management Manual (PMM) and Design Control Procedures
(DCPs).

The Reference PMM and the DCPs underwent major restructuring in 1977. The
restructured program was invoked on the V.C. Summer Project in November
1981. As explained by GAI, many of the changes in the program dealt mainly
with format. The significant difference in the program was the increased
requirements for controlling design verification (e.g., design verification
status reports). The present program requires that designs be verified
prior to installation except piping design (pipe stress analysis and pipe
support design). Verification of these designs may be performed after
installation, but prior to fuel load. This exception is provided for in
the PMM.

Discussion at the pre-audit conference included clarification of the
interface between GAI and TES. South Carolina Electric and Gas Company
contracted with TES to perform pipe stress analyses using inputs supplied
by GAI. The interface between CAI and TES is controlled by an interface
procedure (an appendix to the Project Management Manual for the V.C. Summer

Project).

Following the pre-audit conference, an audit checklist was developed.
checklist questions developed were basically of two categories:

Juestions that related to tracking a specific pipe stress analysis
it from its source (e.g., a GAI calculation or a vendor drawing) to
in pipe stress analysis.




General questions that dealt with a specific control aspect (e.g.,
control of specifications or control of vendor drawings).

Initial examination of evidence began at GAI on May 24, 1982 and continued
until May 28, 1982. On May 28, 1982, a status meeting was held with GAI.
The purpose of the meeting was tc advise GAI that the major part of the
audit was complete b.t the audit would resume in approximately one week
after SWEC had time to evaluate audit results to date. After this
evaluation was completed it was determined that additional documentation
should be examined. This was accomplished on June 9, 1982.

On June 10, 1982 a post audit conference was held to present the audit
results.

Audit Participants, including attendees at ti:e pre-audit conference, status
meeting and post-audit conference, are identified on Attachment 1.
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9.3.2

5.3.2.1

Examination of Evidence

Inputs to Pipe Stress Analysis

The initial planned approach and sampling are discussed below. In some
cases it was necessary to select additional items; these cases are
discussed in Sectici 5.5, Results.

Response Spectra (OBE) - The piping isometric drawings (isometrics)
identify the response spectra to be utilized by reference to a Figure
Number in GAI Specification SP-702-4461-00 (Specification 702). The figures
contained in Specification 702 were compared to the results of the dynamic
analysis (computer printout section of GAI calculation). This was
accomplished by comparing one or more points (at a peak or peaks) on the
curve in the specification against the dynamic analysis results.

It was then determined if the spectra (Figure Nos.) called out on the
isometrics were appropriate, considering piping locatiosa (building,
elevation).

The TES pipe stress analysis packages (EF-01,02,03 and 22) were then
reviewed to determine if the spectra identified on the isometrics were
utilized in the analysis. This was determined by comparing the spectra
listed on the input section of the stress analysis packages against the
isometrics.

All response spectra identified as applicable to the turbine driven pump
portion of the Emergency Feed Water System (subsystems EF-01, 02, 03 and
22) were compared in this manner.

DBE Factors ~ DLBE response spectra are obtained by factoring the OBE

spectra by a value that is dependent on the piping location (building).
The DBE factors are contained in Specification 702.

The DBE factors in Specification 702 (for the buildings of interest) were
compared to the factors in the FSAR for the same buildings. The factors
utilized in the pipe stress analysis (as evidenced in the input section of
the analysis) were then reviewed to determine if they were appropriate for
the location of the piping analyzed.

All DBE factors associated with subsystems EF-01,02,03 and 22 were tracked
in this manner.

Damping Factors - The response spectrum for a particular building

elevation, and direction 1is represented by several curves, each
corresponding to a damping factor.

The damping factors utilized in the pipe stress analysis packages (as
evidenced in the input section of the analyses) were compared to those
provided by GAI. The damping factors provided weie also compared to the
FSAR.

This methodology was applied to all subsyscems within the scope of the
audit.

5-11



Design Conditions - A sample design conditions (one temperature and
three pressures) jas selected m sign Specification DSP=-544C~
' ication 544C) and compared ¢ the source document
e.8., GAI calculation or Westinghouse Design Specification,. The input
section of the two pipe stress analysis packages that would utilize these
inputs were reviewed to determine 1if these design conditions were
evaluated.

044461-000 (Specif

(

Anchor Movements -~ Anchor movements (thermal and seismic) are identified on
the isometrics. A sample of three sets of seismic movements and one set of
thermal movements were selected from the isometrics and compared to the
results of CAI calculations. These movements were also compared to the
values utilized in the pipe stress analysis. Since the input section of
the pipe stress analysis package did not list anchor movements, 1t was
necessary to review the echo print from the computer run to determine
values used.

Jet Loadings - A sample of jet loadings (five load cases) transmitted by
GAI to TES, were selected and compared to the results of GAI calculations.
The echo print of the computer run associated with the pipe stress analysis
was reviewed to det:rmine if the transmitted loadings were utilized.

-

Pipe Materials - A sample of pipe materials was selected from the
isometrics consisting of material sizes and schedules in the run of piping
between the turbine driven Emergency Feedwater Pump *o the Steam Generator.
Comparisons were made between tne isometric, design specification and
piping drawing to determine if the materials and sizes were consistent.
Since the pipe stress analysis did not define materials but material
properties, the modulus and allowables in the pipe streseg analysis packages
were compared to those specified in ASME Boiler and Pressure Vessel Code.

Valve Weights - A sample of ten valves was selected from flow diagrams.
The weights of the valves, as determined from the suppliers' drawings, was
ompared against the valve weights 1listed in the system design
specification. The weights were also compared to the values used in the
pipe stress analysis by reviewing the echo print of the computer printout
ascociated with the pipe stress analysis.

Valve Center of GCravity (CGs) - Valve CGs are shown on the isometrics. The
same sample of valves used to compare valve weights was used in comparing
valve CGs.

The CG locating dimensions shown on the isometric were compared against the
supplier drawing for each valve. By reviewing the echo print of th
omputer printout associated with the pipe stress analysis, the locating

dimensions shown on the isometric were compared to the dimensions utilized
the pipe stress analysis.

no
i

Loadings - A sample of components was selected (steam generator,
ent penetration, and two pumps). The allowable loads on a nozzle
1 -~

the components were determined from the procurement
or the component. These values were mp: ] against the

. ad 4n ha nasel S mad A . t & } adi
ontained 1in the nozzle load summary Sec on I th ipe

pacKages.




5.3.2.2

Coatrol Methods

Certain aspects associated with control of pipe stress analysis inputs
through transmittal and utilization were evaluated. The first step was to
determine if procedures were available to cover these aspects. Secondly,
the procedures were reviewed to determine if basic elements were addressed.
In addition, documentation was examined to determine if specific areas of
the procedures were consistently implemented.

Vendor Drawing Control - Applicable procedures were reviewed to determine

if the following were addressed:

o Receipt control (logging/indexing)

o Review and approval by appropriate personnel
o Distribution to appropriate personnel

o Retention/filing

The index of vendor drawings was reviewed to determine if it is maintained
up~to-date and that the listed drawings were clearly identified.

Specification Contrel - Applicable procedures were reviewed to determine if
the following were addressed and evidence was examined to determine
implementation:

o Distribution of specifications (including revisions) to appropriate
personnel

o Maintenance and distribution of indexes
In addition, the specification issues identified on the index were compared
against those issues identified on isometrics and against those issues

transmitted for use in the pipe stress analysis.

Drawing Control - Procedures were reviewed to determine if the following

were addressed and evidence was examined to determine implementation:

o Distribution of drawings (including revisions) to appropriate
personnel

o Maintenance and distribution of indexes
In addition, the isometric revisions, identified on the index, were
compared against the isometric revisions referred to in the pipe stress

analysis packages.

Change Mechanisms =~ GAI utilizes several advance change mechanisms.

However, only one, the Engineering Change Notice (ECN) system was evaluated
since only ECNs were used to make changes to isometrics.

The procedure was reviewed to determine if the following were addressed and
evidence was examined to determine implementation:

0 Identification on the ECN of affected documents.



status and tracking
documents.

Interface Control (GAI/TES) The procedure establishing the interface
526;;:enente batween GAI ¢ S was reviewed to determine if methods for
transmicting information we provided and implemented, including
subsequent changes to previously transmitted information.

interface communication mechanisms is the use of a form called
r Information" (RF1). Methods for identifying and logging RFIs
were examined.
Computer Programs - Procedures were reviewed to determine if the following
were addressed and evidence was examined to determine implementation:

Requirements for utilization of verified/certified computer programs.

Methods for identifying/tracking the use of computer programs that are
not verified/certified to ensure later verification/certification.

Design Verification - Procedures were reviewed to determine methods
utilized in performing and documenting design verification. Evidence was
examined to determine implementation.
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EVIDENCE EXAMINED

The following is a list of the major documents examined -Auring the audit:
PROCEDURES
Project Management Manual (October 1371 - November 1981):

6.6 Manufacturer's Drawings

1¢3 Design Review and Verification
8.1 Drafting Interface Information
10 Design Changes

13 Schedules

Appendix 5A As-built Piping Verification - GAI and Subcontractor
Interface Control Document

Project Management Marual (Effective November 1981):

6.07 Vendor's Drawings

7.19 Design Verification

7.20 Vendor's Drawings and other Documents
8.0 Document and Record Control

9.0 Design Changes

Appendix 7A As-built Piping Verification - GAI and Subcoratractor
Interface Control Document

Design Control Manual (DCPs) (Old):

1.5 Design Control Program

3.2.1 Identification of GAI Drawings

3.4.1 Vendor's Drawing Control

3.6.1 Design Verification

3.12.1 Computer Program Development and Maintenance
3.12.2 Computer Program Verification/Certification
$:2.1 Design Analyses/Calculations

4.3.2 Design Specifications

Design Control Manual (DCPs) (Effective November 1981) (New):

2.05 Design Verification
3.05 Vendor Drawings
4.15 Procurement Documents

Qffice Procedures:

Correspondence Action Control

10.
10 Distribution of Project Cocuments

L

Specifications and Bills of Materials Department Instructions:

Instruction 1.4 - Setting Up the Specification Program
Instruction 1.5 - Developing and Maintaining the Engineering and Purchasing
Schedule

Other:
Piping Engineering Standard DS-8, General Procedure for Design Verification

Computer Applications Manual (CAM)
SCE&G Quality Control Procedure MF-14
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chnical Reports (Pipe Stress Analysis Packages):

Report TR-4813-8, Rev.l, Stress Analysis and Support Load Summary of

Feedwater Subsystem EF- ing for Virgil C mmer Nuclear Power
1 o B ) 1 )
L &4y 1982.

Technical Report TP-4813-9, Rev. 2, Stress Ana’ysis and Support Load Summary of
Emergency Feedwater Subsystem EF-02 Piping four Virgil C.Summer Nuclear Power
Plant, April 23, 1982.

Technical Report TR-4813-10, Rev. 1, Stress Analysis and Support Load Summary of

Emergency Feedwater Subsystem EF-03 Piping for Virgil C. Summer Nuclear Power
April 23, 1982.

Technical Report TR-4813~15, Rev. 1, Stress Analysis and Support Load Summary of

Emergency Feedwater Subsystem EF-22 Piping for Virgil C. Summer Nuclear Power

Plant, April 22, 1982.
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Isometric Drawings:
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low Diagrams:
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Piping Drawings:
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MISCELLANEOUS

Engineering Change

ECNs - 1891

Request for Information (RFIs):

RFls -

GAI Letters

1240 : . ' » 31 ( , 0140, 0017, 0195, 0082,
0285

CGGS 0760 2/23/77) b/ ‘ 1819 (1/21/74), Number not Recorded
( /23 19996 (2/26/80), 16207
6936 ‘ / 23248 (4/13/82, 20886 (7/3/80),

/19), 13 ( 77 9 (2/5/76)

oiler and Pressure Vessel Code, Section III
Summer 1973 Addendum)

Certification of Compliance for Turbine Driven Pump
Manufacturers Print Index Activity List dated 4/14/82

ngineering Change Status Report dated 5/13/82

9

~

GAL letter CGGS-23411/CGCT-0048 of 4/27/81,

AL letter of October 10, 1980, transmittal
;AL letter CGGS-22092/CGGT-00140f 12/1/80, transmittal
Request For Information Log

letter 313-159 of 5/26/82,

Drawing Dis

and SP702

of

information to TES

TES

information to TES




Inputs to Pipe Stress Analysis

Response Spectra - For all response spectra reviewed, the spectra figures
contained in GAI Specification 702 agreed with the results of the GAI
dynamic (structural) analysis.

The response spectra called out on the isometrics were appropriate for the
piping location except that it did not appear necessary to utilize Figure
64 (elevation 463 of intermediate building) as specified on the isometric
for subsystem EF-0l since the piping did not appear to extend to the

elevation represented by this figure. This was confirmed as indicated
below.

The response spectra utilized in the analyses were consistent with those
specified on the isometrics with the following exceptions/comments:

The isometrics covering subsystem EF-01 specifies the enveloping of
Figures 61, 62 and 64. The pipe stress analysis package indicates
only Figures 61, and 62 were enveloped. There was no documentation in
the package to indicate why Figure 64 had not been used. An RFI
(TES-0082) from TES which addressed the Jeletion of Figure 64 was
located in the GAI files. This RFI was approved by GAI. However, the
package did not reference the RFI nor was there evidence that TES had
marked up the ISO (as required by the interface procedure) to show the
delet’on of Figure 64.

[he pipe stress analysis package for subsystem EF-02 indicates that
Figures 7,8,61,62 and 64 are used in the analysis. Figures 7 and 8
are for the Reactor Building and Figure 64 is for elevation 463 of the
Intermediate Building. Subsystem EF-02 terminates in the Intermediate
Building and does not extend to elevation 463 of the Intermediate
Building. Therefore, it appears that the use of Figures 7, 8 and 64
was not necessary.

stress analysis package for subsystem EF-03 indicates that

(elevation 463 of the Intermediate Building) was used in the

(along with Figures 7, 8, 61 and 62). EF-03 piping does not

elevation 463. Therefore, it appears that the use of F‘gure
64 was not necessary.

When an isometric depicts more than one
ipplicable spectra figures are listed. The appropriate

each subsystem is the elect rom that list.

agree with the
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the FSAR specifies the following

OBE

12 inch or Smaller Piping 1.0%

Specification 702 presents damping factors as:

Working Stress No More At or Just Below
Than About 1/2 Yield Point Yield Point

Vital Piping Systems 0.5% 1.02
The FSAR damping factors were used as the basis for pipe stress analysis.

An additional factor, "gamma factor", is defined in Specification 702. The
The gamma factor accounts for vertical flexure in certain slabs under
seismic conditions. To obviate application of the gamma factor, GAI
performed a study (W.0. No. 04-4461-000, dated 9/11/8l) that demonstrated
that the direct use of 0.5%7 vertical damping would account for the gamma
factor and meet FSAR requirements of 1.0% damping. This information was
supplied to TES and the other subcontractor performing pipe stress
analysis.

Pipe Stress analysis packages for subsystems EF-01, 02, 03 and 22 all used
damping factors of 0.5%Z vertical and 1.0% horizontal, which meets or
'xceeds FSAR requirements.

Design Conditions - The sample of design conditions selected from the
design specification agreed with or were more conservative than the source
documents and the pipe stress analysis packages used the design conditioms.

Anchor Movements - Of the four sets of anchor movements initially selected,

two sets as depicted on the isometrics did not exactly agree w.th the GAI
calculation. The movements are very small and the differences were
negligible (e.z., 0.0722 versus 0.07064). In one of the GAI calculations,
the verifier had noted the differences as negligible. Since the movements
were so small, TES (in the pipe stress analysis packages for EF-01 and 02)

documented that anchor movements were not considered in the analysis.

the other two cases (one thermal, i the movements specified
isometric agreed with the GAI 1 ons The seismic movements

i in the pipe stress analysis kag 3 1 with the isometric.

he thermal movements utilized i ipe stress analysis package
did not appear to agree wi isometric for x-direction
isometric,-0.9645 in analysis) id slightly different for

1 *Q

(=1.679 on isometric,-1.698 in analysis).

Later correspondence
1982) indicates that

initiated by 1 udi (TES letter dat
TES had observed the he movements had
on Revision 1 of he isor ks N ] d the changes
and that reanalysis was no juired. The fac hat there were
and that he differences w yas n documented

stress analysil package.




Due to the above differences, an additional pipe stress analysis package
from a different system was selected for review; subsystem SI-09. The
anchor movements utilized in the pipe stress analysis package did not agree
with the anchor movements called out on the isometric.

The above mentioned TES letter of 6/23/82 states,

"The SAM displacements used in the analysis for the SI-09 subsystem
were obtained via a copy of Westinghouse letter, number CGWG-2290,
dated February 18, 1981 from Mr. James B. Cookinham of Westinghouse to
Mr. H.E. Yocom of GAI. This letter defined the OBE Seismic Movements
for a number of subsystems including SI-0S5. The copy was transmitted
informally at the V.C. Summer Station during an informal meeting for
which no record could be located. It was Teledyne's understanding, at
the time, that the C-314 isometrics for SI-09 would be revised to
include these movements. This was not done and the discrepancy still
exists between the drawings and the analysis. It is Teledyne's
understanding that the SAMs used in the analysis are correct and,
therefore, the C-314 isometrics should be revised to incorporate

them. .

There was no documentation in the pipe stress analysis package for SI-09 to
indicate why the anchor movements utilized were different than the
isometric values. In addition, there was no evidence that GAI had approved
or transmitted the movements utilized.

Jet Loadings - In each of the five load cases selected, the loadings
transmitted to TES agreed with the results of the GAI calculations and the
loadings utilized in the pipe stress analysis packages were consistent with
those transmitted. (The values utilized in the analysis were twice the
values transmitted since a dynamic factor of 2.0 was utilized).

Pipe Materials and Sizes - The comparison of pipe materials, sizes and
schedules between piping drawings, flow diagrams and design specifications
revealed currelation between input documents. [he allowable stresses and
modulus identified witliin the pipe stress analysis were in agreement with
those identified within ASME Section III 1971 Edition, including Summer
1973 Addenda for Class 2 piping.

Valve Weights - The comparison of valve weights contained on the latest
issues of vendor drawings, design specifications and pipe stress analysis
were in agreement.

The valve weights used i i stress anal;sis of subsystem EF-0l1 were 10%
greater than certified weights sin certified valve weights were not
available when the analysis was originally performed. This 10% margin was
consistent with the system design specification.

Valve Centers of Gravity (CG)s - The valve C( } the latest issue

of
vendor drawings agreed with the piping iso i e valve CGs utilize

R
94
-
4%

in the pipe stress analysis packages were consi with the CGs shown o
o o {

he isometrics, or if different were I fied by GAI approved RFIs which

were referenced within the pipe stress @nalvsis packages.




Nozzle Loadings ading 1 seven of the nine nozzles audited were less
than the allowables oads established within the component design
specifications.

Pipe stress analysis packages for subsystems EF-03 and EF-22 indicate that
nozzle loads exceeded the established allowable 1loads for Reactor
Containment Penetration No. 213 (inside and outside ends) and for Motor
Driven Pump XPP-2l1A-EF. Notes on the pipe stress analysis packages
indicate that the exceeded allowables are "ok by trade-off'. However, the
packages do not identify or reference what trade-off methods were used. An
RFI (TES-0285) was located during the audit that discussed allowable load
trade-offs. However, this RFI did not apply to subsystems EF-03 or EF-22,

The allowable loads evaluated for motor driven pump XPP-21A-EF were
compared for the DBE event rather than OBE event as required by
Specification 508A. When the allowable loads are compared to DBE load

P
combinations the allowable loads are not exceeded. Therefore utilization
of

"trade-off" methods is not required for this case.




Control Methods

Vendor Drawings - PMM 6.6 (old), PMMs 6.07 and 7.20 (new), DCP 3.4.1 (old)

and DCP 3.05 (new) establish the methods for control of vendor drawings.
These procedures provide for veceipt control, review and approval,
distribution and retention.

The Manufacturers Print Index Activity List of 4/14/82 was reviewed. This
index contained the GAI number, aumber of sheets, revision, description,
vendor drawing number, date received, (purchase order number or system bill
of material number). The index was consistent with all vendor drawings
examined in conjunction with valve weight and center of gravity input
comparisons.

Specification Control - PMM 13.0 established the requirements for

maintenance of an Engineering-Purchase Schedule. This schedule functions
as an index for procurement specifications. Specifications and Bills of
Material Department (SBMD) Instructions 1.4 and 1.5 and Office Procedures
(OP) 10.2 provide amplification such as distribution requirements. A
procedure for maintaining a mechanical design specification index was in
use but had not been formally promulgated.

Distribution of specificaticns and revisions was performed in accordance
with procedures for a sample of three selected specifications, DSP 544C, SP
702 and SP 220.

Comparison of revisions from the specification indexes to that called out
on the isometrics and that transmitted to TES was conducted. It was noted
that Rev. 5 to DSP 544C dated 4/30/82 had not yet been fortrally transmitted
to TES. The information contained in Rev. 5 was a reformatting of
previously provided data which would not affect the analysis.

Drawing Control - PMM 8.1 (old), PMM 8.0 (new), DCP 3.2.1 (old), DCPs 1.30

and 3.20 (new), and OP 10.2 established the requirements for drawings and
index distribution and maintenance.

Indexes were updated and distributed in accordance with procedures.

The revisions to the isometrics used in the pipe stress analysis packages
were consistent with the isometric index with the exception that one sheet
of an isometric series did agree with the index. The index had not been
updated to reflect recent revisions of this sheet. The latest isometric
revision had been used in the analysis. An additional sample of five
controlled tracings was compared to the index. The issue numbers agreed.

Interface - The interface between GAI and the subcontractors was formally

established by an interface procedure, PMM Appendix 5A (old) and 7A (new),
which was contractually invoked by SCE&G.

The input information was foimally transmitted to TES by GAI. However, the
first transmittal of the input information did not clearly identify the
revision of all documents forwarded to TES. Subsequent correspondence and
discussions with TES confirmed that the latest revisions had been received.

The Request for Information (RFI) Log contained information such as RFI
number, applicable subsystem, date reviewed, date answered, etc. The log
was maintained in accordance with the interface procedure.



Computer Programs - The requirements for using verified/certified programs
are addressed in the existing procedural program as are methods for
tracking the use of programs tuat have not been verified/certified.
Computer program verification/certification requirements are established in
the Computer Applications Manual (CAM). A "Design Verification Record"
form is required by DCP 2.05, for each analysis. If an unverified/
uncertified computer program is utilized, the Design Verification Record is
annotated to indicate an assumption requiring later confirmation. This
information 1is also reflected on the Design Verification Status Report
(DVSR). The DVSR is a listing of open design verification items and their
current status.

GAI calculation, file code 2.9.2 (verified 8/11/8l1), was evidence of
implementation of this tracking method. The verifier recorded the use of a
program requiring verification/certification on the Design Verification
Record form. The DVSR appropriately reflected that the calculation used an
unverified/uncertified computer program.

As required by the CAM, a list of certified computer programs is issued
semi-annually. The latest listing was dated 4/17/82. Dist:iibution of the
list includes all holders of the CAM.

During the course of tracking pipe stress analysis inputs, the use of one
program for which there was no evidence of verification/certification

and no direct evidence of tracking the program use was observed. (Three
other computer programs used in analyses performed in 1974 and 1980 had
been verified/certified.) The computer program was identified as S051 (GAIL
number) and was used in GAI Calculaticn S-14:01 for developing the response
spectra for the Reactor Building. This calculation was performed in 1972
prior to any formal requirements for computer program verification/
certification. DCP 4.2.1, 1issued October 1972 addressed the use of
verified/certified computer programs in analyses and DCP 3.12.1, issued
October 1973, addressed computer program development and maintenance.

According to GAI, this program (S051) had been tested but the material had
not been compiled into a formal certification package. GAI was apparently
aware that formal verification/certification was required as evidenced by a
GAI memo dated 8/6/80. Verification/certification of this program was
completed during the audit.

As a result of this one instance, additional investigation was performed.
Fourteen additional computer programs were selected. All had been
verified/certified. However, due to the difficulty in reconstructing the
historical usage of computer programs, especially usage circa 1971, GAI
performed a survey of all Departments to determine if a v unverified,
uncertified computer programs had been used in finalize. safety related
analyses for the V.C. Summer Plant. The results of the survey indicated no
such usage.

MM 7.3 (old), PMM 7.19 (new), DCP 3.6.1 ( old),
Engineering Standard DS-8 provided direction

verification activities.
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review, conform or substantiate a design by one or more methods in order to
provide assurance that system design meets the specified design inmputs and
that these inputs were selected in accordance with appropriate design
criteria".

The implementation and documentation of the verification is by use of
various forms and checklists. For example, form 2.3, Review of Analysis,
includes:

dided Applicable Drawings

1. Have the latest revisions been used as a source of
input for the analysis?

2s30d Modeling

Is the system configuration as analyzed representative
of the layout depicted by the latest information?

2. Has acceptable modeling theory been utilized?

The form continues and asks similar questions regarding: design
conditions; static analysis; dynamic analysis; output; supports and
restraints.

Implementation of design verification was evident in all GAI calculations
and TES pipe stress analysis packages reviewed during the audit.

A major tool in controlling design verification is the Design Verification
Status Report (DVSR). The DVSR is a listing compiled from information
supplied by all disciplines that identifies all items (e.g., calculatioms)
requiring verification. The DVSR identifies, for example, if a particular
item has been verified and if assumptions have been confirmed.

The DVSR is a computer based information system that is up-dated on a
continuing basis. There is no specified frequency for issuing the DVSR but
recent DVSRs were issued approximately quarterly.
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5.6

5.6.1

CONCLUSIONS

Procedural Program

An adequate Design Control Program, meeting the requirements of 10CFR50
Appendix B, was in place for the transmittal and utilization of input data
for pipe stress analyses of subsystems EF-01, 02, 03 and 22 of the
Emergency Feedwater Piping System.

Only cne instance was observed in the existing program where there was no
formally approved procedure. Although formal procedures were available for
indexing of design and procurement specifications,the maintenance and
distribution of a mechanical specification index was performed using an
undated, uncontrolled instruction with no evidence that the instruction had
been approved. Although unapproved, the procedure was adequate and was
being implemented.

In the early stages of the project there were no formal procedures
governing the verification/certification of computer programs and their
use. During the course of audit the use, in 1972, of one program for which
there was no evidence of verification/certification was observed. (Three
other programs used in analyses performed in 1974 and 1980 had been
verified/certified). This led to additional investigation. A review of
additional program usage, procedures and tracking mechanisms indicates that
the existing program does address this area and controls the use of
computer programs. In addition, GAI conducted a survey to determine if any
other unidentified uses of unverified/uncertified programs had occurred; no
other instances were revealed by this GAI survey.



$.8.4 Program Implementation

The procedures associated with the activities reviewed during the audit

were adequately implemented except that the utilization of inputs to pipe

stress analysis 1in some <cases was not consistent with program

requirements. The instances are apparently documentation problems that

would not affect the design adequacy.

o The pipe stress analysis package for subsystem EF-01 did not utilize
Figure 64 response spectra as specified on the isometric. Aithough
GAI had approved the deletion of Figure 64 in an RFI there was no
evidence that the isometric had been marked-up to indicate that Figure
64 should be deleted nor was there documentation in the pipe stress
analysis package that justified the deletion of Figure 64 (such as by
reference to the GAI approved RFI).

o There was no documentation in the pipe stress analysi- -ackage for
EF-22 that the differences between the thermal movements .:ilized in
the analysis and the movements on the isometric had been e -iluated. A
letter to GAI from TES initiated as a result of this aud.c¢ indicated
that the differences had been evaluated when the analysis was
performed and that reanalysis was not necessary.

o The pipe stress analysis package for subsystem SI-09 apparently

utilized anchor movement information from a Westinghouse letter rather
than the movements identified on the isometric. There was no evidence
that GAI had approved or transmitted this information for use. In
addition, the pipe stress analysis package did not identify that the
movements utilized were different than the isometric and the reasons
for the differences. A letter submitted by TES to GAI after the audit
indicated that the Westinghouse anchor movement information had been
used in the analysis.

o]

The nozzle loadings in pipe stress analysis packages were noted as
acceptable by '"trade-off'. There was no documentation in the pipe
stress analysis packages that identified the method or the
acceptability of the method. There were approved RFIs in GAIL files
that addressed load trade-offs, but they were not referred to in the
packages.

Another area that was not clearly documented was the application of damping
factors. Although the application of damping factors complied with the
FSAR, this could not be discerned unless reference was made collectively to
the FSAR, Specification 702, pipe stress analysis packages, a GAI study,
and minutes of a meeting. The underlying cause of this condition was
apparently due to not updating Specification 702 to reflect the issuance of
Amendment 26 to the FSAR.

The response spectra utilized in the pipe stress analysis were consistent
with the dynamic (structural) analysis output. In some cases additional
spectra were utilized when it did not appear necessary. Utilization of
these additional spectra adds to the conservatism of the design.
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Recommendations

Procedures

A procedure governing the preparation and distribution of a specification
index for mechanical specifications .and for other discipline
specifications if necessary) should be formalized as part of the project
program.

Implementation

The extent of incomplete documentation in pipe stress analysis packages
should be determined and appropriate corrective acticn implemented.

To preclude future misunderstanding and provide «clear traceability
regarding application of damping factors, corrective action, in the form of
either a revision to Specification 702, or a memorandum of explanation in
the pipe stress analysis packages, or other appropriate equivalent, should
be performed.
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ATTACHMENT 1 TO SECTION

AUDIT PARTICIPANTS

PRE-AUDIT CONFERENCE ATTENDEES (MAY 139, 1982)

Braddick Project Manager
Gabel Project Engineer
Helwig Project Control Engineer
Kershner Piping Engineer (and Primary Contact during Audit)
{.A. Manning - Quality Assurance Program Manager
Moreadith Manager of Engineering
J.B. Muldoon Department Manager, Specialty Engineering
Paschall Manager, Design Control
Rentschler Piping As-Built Verification Task Manager
Sandman Project Piping Support Designer
SWEC
MacKinnon Design Control Audit Manager
Malone Audit Team Leader
Twigg Auditor
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N.R. Barker
F.G. Boutros
G.J. Braddick
C. Chen

E.C. Goodling
J.R. Helwig
D.R. Kershner
Lisney
Manning
Meck
Moreadith

.
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B. Muldoon
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Paschall

Rentschler
. Sheldon

J
H
W
F
J.
C.
C.
R.

SWEC

P. Dunlop

J.H. MacKinnon
D.L. Malone
R.W. Twigg

STATUS MEETING ATTENDEES (MAY 28, 1982)

Vice President & General Manager QA Division
Manager, Nuclear Section

Project Manager

Manager, Strucctural Department

Section Manager, Piping Stress Analysis
Project Control Engineer

Piping Engineer

Structural Project Engineer

QA Project Manager

Vice President, Projects

Manager of Engineering

Manager, Specialty Engineering

Manager of Design Control

Section Manager, Pipe Support Design
Mechanical Engineer

Project Manager

Design Control Audit Manager
Audit Team Leader

Auditor

Page 3 of 4



POST-AUDIT CONFERENCE ATTENDEES (JUNE 10, 1982)

GAL

F.C. Boutros - Manager, Nuclear Section

G.J. Braddick - Project Manager

K.R. Gabel - Piping Project Engineer

J.R. Helwig - Project Control Engineer

E.K. Hess - Vice President

D.R. Kershner - Fiping Engineer

J.E. Lisney - Structural Project Engineer
H.A. Manning - QA Project Manager

J.B. Muldoon - Manager, Specialty Engineering
C.C. Paschall - Manager of Design Control

W.F. Sailer - Manager, Program Management QAD Division
T.F. Sheehan, Sr. - Manager of Projects

R.J. Sheldon - Mechanical Engineer

SWEC

J.H. MacKinnon - Design Control Audit Manager
D.L. Malone - Audit Team Leader
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1. INTRODUCTION:

1.1 GENERAL SCOPE

Stone & Webster Engineering Ccrporation (SWEC) was engaged by
South Carolina Electric & Gas Company (SCE&G) to perform an
independent review of the seismic design for the Turbine Driven
portion of the Emergency Feedwater System at V.C. Summer Nuclear
Station, Unit No. 1. The review consisted of three majc:r tasks,
specifically;

1) Field Walkdown:Verification of the as-built piping
configuration

2) Stress Analysis and Evaluation:reanalysis of the as-built
piping system, review of stresses and support loads, and

3) Design Control Audit: review of the design control pro-
cedures and implementation thereof by Gilbert Associates
Incorporated (GAI), the designer of V.C. Summer Nuclear
Station, Unit 1.

1.2 STONE & WEBSTER QUALIFICATIONS AND INDEPENDENCE

SWEC has extensive experience in the engineering, design, con-
struction and startup operations for nuclear power plant projects
as well as special expertise involving seismic design analysis,
field verification efforts, and pipe stress and support reanalysis
required by recent NRC I&E Bulletins. SWEC also has extensive
experience in Quality Assurance aspects of the nuclear power in-
dustry and in auditing of large highly technical and complex pro-
jects. Stone & Webster is justifiably proud of its record and
large staff of capable and experienced personnel.

SWEC, its parent company Stone & Webster, Inc., its affiliated
companies and all personne) assigned to this evaluation are in-
dependent of South Carolina Electric & Gas Co.

Work performed by Stone & Webster and its affiliated companies for
SCE&G represents only a miniscule portion of Stone & Webster's
business. All key technical personnel assigned to the project
signed disclosures (Attachment 1-1). Table 1-1 lists personnel
assigned to the various tasks. Dr. P. Dunlop, Project Manager,
has overall responsibility for the project. Dr. K. Y. Chu is
Project Engineer responsible for the technical evaluation (Tasks

1 and 2) and is independent of Mr. J. H. MacKinnon who is respon-
sible for auditing the GAI design control program (Task 3).
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It is not known what impact these inconsistencies might have on the
detailed stresses and support loads in the piping reanalysis. This
task is expected to be complete by July 27, 1982.

Task 3: Design Control Audit - This task consists of three parts.
These are:

(1) Review of the GAI design control program

(2) Verification of program application

(3) Confirmation that the structural dynamic analysis output
was consistent with response spectra provided to Teledyne
Engineering Service (TES) for analysis of the turbine driven
portion of the Emergency Feedwater System.

The above three parts of this task have been completed. The
following are SWEC's conclusions based on the design control audit.

Procedural Program

An adequate Design Control Program, meeting the requirements of
10CFR50 Appendix B, was in place for the transmittal and utili-
zation of input data for pipe stress analyses of subsystems
EF-01, 02, 03 and 22 of the Emergency Feedwater Piping System.

Only one instance was observed in the existing program where
there was no formally approved procedure. Although formal
procedures were available for indexing of design and procure-
ment specifications, the maintenance and distribution of a
mechanical specification index was performed using an undated,
uncontrolled instruction with no evidence that the instruction
had been approved. Although unapproved, the procedure was
adequate and was being implemented.

Program Implementation

The procedures associated with the activities reviewed during

the audit were adequately implemented except that the utilization

of inputs to pipe stress analysis in some cases was not con-
sistent with program requirements. The instances are apparently
documentation problems that would not affect the design.

® The pipe stress analysis package for subsystem EF-01 did
not utilize Figure 64 response spectra as specified on the
isometric. Although GAI had approved the deletion of Figure
64 in a request for information (RFI) there was no evidence



isometric had been marked-up to indicate that

ould be deleted nor was there documentation

stress analysis package that justified the

igure 64 (such as by reference to the GAT
There was no documentation in the pipe stress analysis
package for EF-22 that the differences between the thermal
movements utilized in the analysis and the movements on the
isometric had been evaluated. A letter to GAI from TES
initiated as a result of this audit indicated that che
differences had been evaluated when the analysis was per-
formed and that reanalysis was not necessary

'he project scope was expanded to include SI-09 because of

the difference noted in EF-22 above) The pipe stress analysis
package for subsystem SI-09 3pmare"tL” utilized anchor movement
information from aWestinghouse letter rather than the movements
identified on the isometric. There was no evidence that GAI
had approved or transmitted this information for use. In addi-
tion, the pipe stress analysis package did not identify that
the movements utilized were different than the isometric and
the reasons for the differences. A letter submitted by TES to
Al as a result of the audit indicated that the Westinghouse
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Project

TABLE 1-1 PROJECT PERSONNEL

Project Manager: Peter Dunlop

Engineer: K. Y. Chu

Assistant Project Engineer: J. F. Pam

TASK FIELD WALKDOWN
N. Roth
K. Anderscon
J. Y. Chen
D. Loffa
A. Moss
L. Peterson
V. Saleta
TASK STRESS ANALYSIS AND EVALUATION
T. Wei
D. Loffa
) ] Chen
J. Chiang
Y. Chin
J. Chu

)

esign Control Audit Manager:
J. H. MacKinnon

TASK 3 DESIGN CONTROL AUDIT

one
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TABLE 1-2 PROJECT PROCEDURES

PROCEDURES

WALKDOWN EFFORT

S-1 Field Walkdown Procedure

ANALYSIS AND EVALUATION

Analysis and Evaluation Procedure
Analysis and Evaluation Criteria

DESIGN CONTROL AUDIT

Design Control Verification Plan

PROJECT GENERIC PLANS/PROCEDURES

Quality Assurance Plan

Document Control Procedure - VCS-2
Quality Assurznce Records Procedure - VCS
Engineering Assurance Audit Program




