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PROGRAM MANAGER'S PREFACE

DIABLO CANYON NUCLEAR POWER PLANT - UNIT 1

INDEPENDENT DESIGN VERIFICATION PROGRAM

INTERIM TECHNICAL REPORT

ADDITIONAL VERIFICATION OF JET IMPINGEMENT

EFFECTS OF POSTULATED PIPE RUPTURE

INS IDE CONTAINMENT

This is the forty-eighth of a series of Interim Technical Reports

prepared by the DCNPP-IDVP for the purpose of providing a conclusion of the
program.

This report provides a description of the work done, summary and

evaluation of the results, and conclusions of the IDVP with respect to the
concern of the jet impingement effects of postulated pipe ruptures inside
contaianent.

As IDVP Program Manager, Teledyne Engineering Services has approved

this ITR. The methodology followed by TES in performing this review and

verification is described by Appendix B to this report.

ITR Reviewed and Approved
IDVP Program Manager
T edyne En ineeri n Services

D. C. Stratouly
Assistant Project Manager



I



TABLE OF CONTENTS

Section Title ~Pa e

INTRODUCTION...... ........................................ 1-1

SUMMARY. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

BASIS OF CONCERN............... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ 3-1

EOI FILES ISSUEDo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 4-1

4.1

4.2
SYNOPSIS OF EOI FILES.............................
RESOLUTION OF EOI FILES................

4-1

~ ~ ~ ~ ~ 4 2

SCOPE OF ADDITIONALVERIFICATION................:.......... 5-1

6.1

6.1.1
6.1.2
6.1.3
6.1.4
6.1.5
6.2

Purpose of Review......... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 2

Review of PGSE Procedure and Criteria...................... 6-2

Review Limitations. ~ AIBA ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 4

Acceptance Criteria............
Documentation Used.........

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ 0 ~ ~ ~ 6 6

VERIFICATION OF PGSE JET IMPINGEMENT REVIEW................ 6-7

JET IMPINGEMENT REVIEW. .. ~ ............................ 6-1

REVIEW OF PG&E JET IMPINGEMENT PROCEDURE................... 6-2

6.2.1
6.2.2

Purpose of Review.............
Verification of PGRE Jet Profile and Pressure-vs-Distance
Datao ~ ~ ~ ~ ~

6-7

6-7
6.2.3
6.2.4
6.2.5
6.2.6

Review Limitations.............................
Acceptance Criteria..........
Documentation Used.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 13

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 14

6-14

Verification of PGSE Jet Impingement Field Review.......... 6-9



1



TABLE OF CONTENTS (Cont)

Section Title ~Pa e

6.3 REVIEW OF PGSrE SAFETY EVALUATION.. ~ ~ ~ ~ ~ ~ ~ ~ 6 16

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5

Purpose of Review.. ~ ~ ~ ~ ~ ~ ~ ~
'

~ ~ ~ ~ ~ ~ ~ ~ 6 17

Review of PGSE Safety Evaluation............ 6-17

Acceptance Criteria
Documentation Used. ~ ....

6-21

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6-21

Review Limitations. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 20

CONCLUSIONS ~ ~ ~ ~ 7 1

APPENDIXES

A

B

EOI FILES

PROGRAM MANAGER'S ASSESSMENT



I



LIST OF TABLES

Table Title

2-1 Summary of IDVP Verification of Jet Impingement Reanalysis Inside
Containment

5-1 High Energy Lines Inside Containment Sampled for Jet Impingement
Verification



t



SECTION 1

INTRODUCTION

A review was performed of the PG&E jet impingement reanalysis inside con-

tainment for the Diablo Canyon Nuclear Power Plant - Unit 1 (DCNPP-1) by the

Independent Design Verification Program (IDVP). As a part of the additional

verification defined in Interim Technical Report (ITR) No. 34, Section 6,

the IDVP reviewed the procedure, its implementation, and the safety evalua-

tion pertaining to the PG&E jet impingement reanalysis inside containment.

This additional verification was initiated from the quality assurance find-

ing (EOI File 7002) by R.F. Reedy, Inc. that PG&E was unable to provide

specific documentation regarding the high energy line break (HELB) jet
impingement analysis inside containment. This documentation is necessary to

provide objective evidence indicating conformance with the licensing

commitments in the DCNPP-1 Final Safety Analysis Report (FSAR), Section 3.6.

To provide the required documentation, PG&E committed to perform a complete

reanalysis of jet impingement effects inside containment. In accordance

with the scope defined in ITR No. 34, the IDVP verified the PG&E reanalysis.

Specifically, the IDVP reviewed the PG&E jet impingement reanalysis pro-

cedure and, on a sampling basis, verified the PG&E-'developed jet profile
and jet pressure-vs-distance data, conducted independent field walkdowns to

verify the PG&E field review results, and reviewed the PG&E safety evalua-

tion.





l

This ITR describes the IDVP verification and presents the results and con-

clusj.pns of that verification.

1-2



I
Y

I

I



SECTION 2

SUMMARY

PGSE is performing a HELB jet impingement reanalysis inside containment to

document compliance with the licensing commitments specified in the DCNPP-1

FSAR, Section 3.6. Consistent with ITR No. 34, the IDVP has verified, on a

sampling basis, the PGRE efforts.

The IDVP verification of the PGSE jet impingement reanalysis included:

~ Review of the PGSE jet impingement reanalysis procedure technical

approach

Review of the PG&E jet impingement field review, including an

independent walkdown to verify the PGSE identification of jet
impingement interactions with safety-related targets

Review of the PGSE safety evaluation for jet-impinged targets.

The PGSE reanalysis procedure and criteria were reviewed to establish that

they provided a sufficiently documented jet impingement program which

addressed the specific concerns in EOI File 7002. In conclusion, the IDVP

review determined that the procedure and criteria:

~ Met the licensing commitments in DCNPP-1 FSAR, Section 3.6

~ Described a comprehensive jet impingement technical review program
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~ Provided a method to document the technical approach and the

results of the jet impingement reanalysis inside containment.

Subsequently, the implementation of the procedure and criteria was verified

by the IDVP on a sampling basis. High energy lines were selected to repre-

sent approximately 10 percent of the estimated total number of postulated

HELBs inside containment. The sample of high energy lines consisted of

large and small lines including reactor coolant piping as well as secondary

system piping.

As the IDVP review was conducted prior to the completion of the PG&E re-

analysis effort, the IDVP sample was drawn from the completed PG&E work

available, which represented approximately 50 percent of the high energy

lines inside containment (see Table 5-1 for the specific list of high energy

lines in the sample, and see Table 2-1 for a summary).

The verification of the PG&E jet impingement field review was accomplished

in two steps. First, the IDVP verified the PG&E jet profiles and jet
pressure-vs-distance curves developed in accordance with the PG&E reanalysis

procedure. Second, via an independent field walkdown, the IDVP verified the

PG&E jet impingement target identification results.

The IDVP field verification effort revealed four cases of relatively minor

deficiencies (reported in EOI File 8065) where PG&E failed to identify four

safety-related targets which were impinged upon due to the sampled

postulated pipe break events. However, in comparison to the total 273

PG&E-identified jet-target interactions determined adequate by the IDVP (see

2-2





I Table 2-1), the IDVP concluded that these four discrepancies were isolated

instances and were not indicative of any generic deficiency in the PG&E jet
impingement field review. In addition, the results of a safety evaluation

of these targets indicated that accident mitigation capabilities would not

be impaired due to these jet impingement interactions.

The PG&E safety evaluation was conducted in accordance with the DCNPP-1 FSAR

licensing criteria and the PG&E-developed procedure. The evaluation was

rigorous, and it met or exceeded industry standards for plants of this
vintage. A small number of discrepancies was found by the IDVP in the

review of the PG&E safety evaluation. They were resolved and were con-

sidered isolated cases. A number of jet impingement targets (approximately

40 percent) was determined by PG&E as requiring detailed analyses of their
structural integrity in accordance with the PG&E jet impingement reanalysis

procedure. The IDVP concurred but did not review these detailed analyses

since review of these analyses was not within the scope of the IDVP as

described in ITR No. 34. The PG&E safety evaluation was determined adequate

based on the IDVP verification of 153 HELB interactions with safety-related

targets.

The PG&E reanalysis program, described by the documented procedure and

criteria, as well as the sampled documentation of this jet impingement re-

analysis has provided'ufficient information for the IDVP to conclude that
the specific concerns in EOI File 7002 have been adequately addressed and .

documented by the PG&E reanalysis.

2-3
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TABLE 2-1

SUMMARY OF IDVP VERIFICATION OF
JET IMPINGEMENT REANALYSIS INSIDE CONTAINMENT

Sam le Size Number

Number of high energy lines sampled (see Table 5-1)
Number of high energy line design basis breaks sampled

6

'52

Verification of Jet Im in ement Review

VERIFIED ITEMS:

Number of PG&E-developed jet profiles verified
Number of PG&E-developed jet pressure-vs-distance curves verified
Number of PG&E-identified jet-target interactions determined

adequate

22

22

273

DISCREPANCIES:

Number of discrepancies on jet profiles determined
Number of discrepancies on jet pressure-vs-distance

curves determined
Number of additional jet-target interactions identified
Number of misidentified jet-target interactions found

Verification of Safet Evaluation

VERIFIED OR EXCLUDED ITEMS:

Number of PG&E-identified pipe whip and jet impingement targets
in the sampled high energy lines

Number of targets identified by PG&E and concurred with by
IDVP as requiring further detailed analysis but the detailed
analysis was not verified by the IDVP

Structural 101
Mechanical 17

~ Electrical/Controls 4

Number of targets for which the PG&E evaluation was complete
and was verified by the IDVP

Number of structural targets for which the PG&E detailed
analysis was complete and concurred with but not verified
by the IDVP

320

122

153

43

1 of 2





TABLE 2-1 (CONT)

Verification of Safet Evaluation (Cont) Number

DISCREPANCIES:

Number of targets identified in the PGSZ field walkdown
but not included in the safety evaluation

~ Number of discrepancies on safety evaluation interpretations

2of2





SECTION 3

BASIS OF CONCERN

In the DCNPP-1 FSAR, Section 3.6, a specific commitment was made concerning

the protection of all safety-related systems, structures, and
components'rom

the jet impingement effects of postulated HEIBs.

In a quality assurance (QA) investigation by R.F. Reedy, Inc., as a portion

of the IDVP effort, EOI File 7002 was issued reporting that PGRE could not

provide objective evidence of jet impingement analyses of safety-related

systems, structures, and components inside containment. This documentation

is required to demonstrate compliance with the licensing commitments stated

in the FSAR.

Since EOI File 7002 is a QA Finding, the IDVP Phase II Program Management

Plan required that additional verification be considered. The IDVP has

chosen to verify the PG&E efforts in providing the required documentation;

i.e., the PGSE jet impingement reanalysis inside containment.
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SECTION 4

EOI FILES ISSUED

4.1 SYNOPSIS OF EOI FILES

EOI File 8065

EOI File 8065 was issued regarding the PG&E implementation of the jet
impingement procedure during the field walkdown. Specifically reported were

four items of field inspection deficiency, including three IDVP-identified

additional safety-related targets and one PGRE misidentification of jet-
target interaction. These items are described below:

A horizontal portion of main steam line number 227 falls within

the jet zone resulting from forward blowdown (from the feedwater

pumps) from both postulated break numbers 3 and 4 on feedwater

line number 555.

2. Safety-related (yellow) conduit KX-582 is a jet impingement target

for postulated break iumber 2 on reactor coolant loop 4 at the

reactor coolant pump outlet. This conduit was identified as a jet
target by PG&E; however, the conduit number was incorrectly

recorded.

3. Safety-related (grey) conduit KX-428 is impinged upon by a ver-

tical jet due to postulated pipe rupture location number 16 on

letdown line number 24.





4. Two vertical supports for the safety-related, excess letdown line

number 63 are targets for a horizontally traveling jet from postu-

lated pipe break number 12 on letdown line 24.

4.2 RESOLUTION OF EOI FILES

EOI File 8065

PG&E had evaluated the four jet impingement interactions with safety-related

targets. Based on the discussions detailed by the items below, all four

interactions were concluded to impair no essential functions required to

mitigate the effects of the postulated HELBs and to safely shut down theI
plant. These four discrepancies in jet, impingement target identification
were considered isolated instances and were not indicative of any generic

deficiency in the PG&E jet impingement field review. On this basis, EOI

File 8065 was closed.

Summarized below are the specific responses to each of the four items:

1. The PG&E response indicated that the horizontal portion of the

main steam line exposed to jet impingement effects is very limited

for forward blowdown from the postulated feedwater line break

numbers 3 and 4, and therefore, the jet impingement loads are also

very small. Furthermore, PG&E added that DCM M-65, Revision 0,

criterion 3.3.2.a.(1), i.e., the "size-on-size" criterion, is

applicable to the feedwater jet impingement interaction with the

4-2





main steam line.'ased on the above conditions, the main steam

line was considered to incur no damage due to this interaction.

2. The PG&E safety analysis had indicated that conduit KX-582 is not

essential for accident mitigation or reactor shutdown in the event

of the postulated HELB in reactor coolant loop number 4. The IDVP

reviewed and concurred with this conclusion.

3. PGRE applied the conduit allowable threshold pressures in DCM

M-65, Revision 0, Table 1 onto conduit KX-428 for the jet
impingement interaction from break number 16 in letdown line 24.

Since the span of the conduit as would be affected by the jet
includes an elbow, the IDVP questioned the applicability of Table

1 on this conduit with the specif'ic geometry. PGSE indicated that

the inherent conservatism of Table 1 justifies its application

onto this geometry, and concluded that conduit KX-428 is not

within the zone of jet influence from the postulated break. The

IDVP verified in the field that the conduit support span was such

that the conduit was capable of withstanding the jet thrust load

according to Table l.

As the review of internal Bechtel technical guidelines (i.e.,
Table 1) and, hence, the review of the application thereof was not

within the scope of the IDVP review (see Sections 6.1.3 and 6.2.4

for additional discussions of limitations in the review of Bechtel

documents), the PGRE response was considered adequate and

acceptable.

4-3
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4. The IDVP interpretation of the pipe whip trajectory, in conjunc-

tion with DCM M-65, Revision 0, did not agree with the PGSE inter-

pretation for pipe whips resulting from postulated break number 12

in line 24. The complexity of the piping configuration and the

surrounding plant layout is such that it is very difficult to

precisely define the pipe whip scenario and the resulting

traveling jet zone associated with break number 12.

However, based on the PGSE safety evaluation, the portion of line
63 in question is not required to mitigate the effects of the

postulated HELB or to br'ing the reactor to a safe shutdown con-

currently with the effects of break number 12 in letdown line 24.

The IDVP revj.ewed and concurred with this copclusion,
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SECTION 5

SCOPE OF ADDITIONAI VERIFICATION

In response to EOI File 7002, PG&E has committed to provide the required

documentation by performing a complete reanalysis of the effects of HELB jet
impingement on safety-related systems, structures, and components inside

containment. The IDVP verification of this PG&E effort consisted of a

review of the jet impingement reanalysis procedure, including the design

criteria, assumptions, and methodology used in this procedure.

Furthermore, the PG&E implementation of this procedure was reviewed by the

IDVP. Included in this effort were the following items:

~ Jet profile and pressure-vs-distance data

~ Jet zone of influence

Field walkdown results, including identification of jet impinge-

ment interactions with safety-related targets

~ Safety evaluation results.

C

In reviewing the PG&E implementation of the procedure, the IDVP examined the

PG&E documentation for a sample of high energy lines inside containment.

The IDVP review was conducted after PG&E had completed 50 percent of the jet
impingement reanalysis. From the completed work,. the IDVP requested the

PG&E jet impingement review documentation for a sample of high energy lines,
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for consideration. From these high energy lines, a sample was selected for
I

IDVP verification. This verified sample represented approximately 10 per-

cent of the estimated total number of postulated HELBs inside containment.

Table 5-1 identifies the list of high energy lines sampled by the IDVP.

This sample of high energy lines was selected such that the IDVP verifica-
tion would include a variety of line sizes, a reactor coolant loop, loop

branch piping and steam system piping, restrained lines and unrestrained

lines, as well as different plant locations inside containment.

The IDVP verification was limited to the PGSE jet impingement reanalysis

program. The IDVP reviewed the PGKZ proposed analyses or modifications

identified in the safety evaluation to ensure that all targets were

addressed by PG&E. Verification of these analyses or modifications, such as

structural analyses or equipment relocations, resulting from the jet
impingement program was not included in the IDVP scope of verification.

Additionally, the review of the criteria and methodology of the jet impinge-

ment reanalysis procedure was limited to its agreement with DCNPP-1 FSAR

commitments. The use of standardized Bechtel Power Corporation methodology

as acceptance criteria for portions of the jet impingement reanalysis was

considered acceptable practice. The review of the methodology and criteria
based upon standard Bechtel procedures were not included in the IDVP scope

of verification.

Finally, the PGSE interpretation of the DCNPP-1 FSAR licensing commitments

did not require the temperature effects of an enveloping or impinging jet
from a HELB inside containment be addressed as a design basis. The IDVP did
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not review any jet temperature-vs-distance data as proposed in ITR No. 34,

since these data were never utilized by'G&E. Section 6.2.2 presents

further discussion regarding jet temperature effect considerations.

5-3
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TABLE 5-1

HIGH ENERGY LINES INSIDE CONTAINMENT
SAMPLED FOR JET IMPINGEMENT VERIFICATION

High Energy System
Line

Number Loop
Plant
Area

No. of
Breaks

Reactor Coolant Loop (RCL) 4,8,12

Pressurizer Spray
(PZR SPRAY)

14

I,etdown (LETDN) 24 F,G 23

Main Steam (MS) 226

Safety Injection (SI) 236

Feedwater (FW) 555





SECTION 6

JET IMPINGEHENT REVIEW

The IDVP jet impingement review was classified into the following cate-

gories:

Review of PG&E jet impingement reanalysis procedure and criteria

~ Verification of PG&E jet impingement review, including:

Verification of PG&E jet profile and pressure-vs-distance data

— Field verification of PG&E jet impingement field walkdown

results

~ Verification of PG&E safety evaluation results.

Although the PG&E jet impingement reanalysis program was a sequential pro-

cess, its corresponding. IDVP review activities were independent of each

other. As such, the IDVP jet impingement review of the PG&E reanalysis was

organized into three separate reviews according to the three major categor-

ies. The following sections describe in detail each of these categories of

. the IDVP review.

6-1
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6.1 REVIEW OF PG&E JET IMPINGEMENT PROCEDURE

The procedure, criteria, and methodology utilized in the PG&E jet impinge-

ment reanalysis were reviewed by the IDVP.

6.1.1 Purpose of Review

The purpose of the review of the PG&E jet impingement reanalysis procedure

was to establish agreement with the PG&E technical approach. Specifically,
the review was to assure IDVP agreement that the documented PG&E procedure

presented a method to document the technical approach and the results of the

jet impingement analysis, that it described a comprehensive, technical jet
impingement analysis program, and that the procedure was in agreement with

the licensing commitments contained in the DCNPP-1 FSAR, Section 3.6.

6.1.2 Review of PG&E Procedure and Criteria

The review of the PG&E jet impingement reanalysis procedure consisted of an

examination of the applicable PG&E documents, including the Engineering Pro"

cedure and Design Criteria Memorandum (see Section 6.1.5 for details). Sub-

sequent exchanges of questions and clarifications regarding these documents

were conducted to help the IDVP develop an 'understanding of the PG&E pro-

cedure, criteria, and methodology.

The considerations included in the review of the PG&E jet impingement

reanalysis procedure are classified into the following categories:

6-2
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Technical adequacy of criteria and methodology

Procedural completeness in specifying the review activities and

the documentation program.

In the review of technical adequacy, the following items were considered:

Design basis high energy line criteria (in terms of maximum

operating temperature and pressure)

Break postulation criteria for design basis high energy lines

Criteria for postulating different types of breaks (longitudinal

or circumferential)

Configurations of postulated breaks in fittings

Criteria for establishing jet zones and jet directions (cone,

disk, or traveling jets with respect to pipe rupture restraint
locations and types)

Criteria for selecting jet expansion models (Moody expansion or

10-degree halE-angle expansion according to fluid state)

~ Methodology for using and developing generic damage threshold

pressures, as well as jet zone cutoff pressures for safety"related

items.





In the review of procedural completeness, the documented procedures were

studied to determine if the jet impingement reanalysis program had been

adequately described. Specifically examined was how the jet impingement

reanalysis procedure provided the following information:

~ A step-by-step reproducible approach

~ Interface required with other groups or technical disciplines for

the resolution of findings

~ A method for documentation of results.

The acceptance criteria described in Section 6.1.4 were applied. If a ques-

tionable area arose, discussions were conducted between the IDVP and PG&E to

assure that the PGSR position was correctly interpreted by the IDVP.

6.1.3 Review I,imitations

The IDVP review of the PGSE procedure and criteria addressed only the por-

tions pertaining to the jet impingement reanalysis. Pipe whip criteria were

reviewed only to the extent that they affect traveling jet considerations.

The IDVP review of the PGSE procedure for the jet impingement reanalysis

included those areas previously discussed; however, detailed criteria in the

procedure that were referenced from internal, standard methodology of the

..Bechtel Power Corporation were considered to have adequate documentation and

traceable reference and were not included in the IDVP scope of review. In .
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particular, specific threshold . pressures for safety-related piping,

conduits, and major structural components 'were reviewed for reference to

calculations or standard Bechtel methodology, but were not verified.

6.1.4 Acceptance Criteria

The IDVP review of the PG&E jet impingement reanalysis procedure and cri-
teria was based primarily on the existing licensing commitment in the

DCNPP-1 FSAR, Section 3.6. Furthermore, in reviewing specific criteria used

by PG&E, guidance was obtained from the current industry guidelines and

regulatory criteria (see Section 6.1.5 for a specific list). As all the

current criteria and guidelines were issued after the docket date of the

plant, complete conformance to any of these criteria was not considered a

requirement by the IDVP.

In summary, the IDVP required in this review a documented procedure and

explicit criteria which:

Met the licensing commitments in FSAR, Section 3.6

~ Described a comprehensive jet impingement technical review program

~ Provided a method to document the technical approach and the

results of the jet impingement reanalysis inside containment.
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6.1.5 Documentation Used

The following documents were reviewed by the IDVP in this effort:

PG&E "Engineering Procedure for the Analysis of Jet Impingement

Effects Inside Containment," MEP-1

PG&E Design Criteria Memorandum: "Jet Impingement Analysis

Criteria for Inside Containment," DCM M-65.

The following document was used by the IDVP as a basis for the review of jet
impingement procedure and criteria:

~ DCNPP-1 FSAR, Section 3.6.

The following current industry guidelines and regulatory criteria were used

as references by the IDVP for this effort:

~ USAEC (USNRC) Regulatory Guide 1.46

~ USNRC Standard Review Plan 3.6.2

~ ANSI/ANS 58.2 - 1980. "Design Basis for Protection of Light Water

Nuclear Power Plants Against Effects of Postulated Pipe Rupture"

6-6
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~ Westinghouse Systems Standard Design Criteria, "Criteria for

Protection Against Dynamic Effects Resulting from Pipe Rupture,"

SS 1.19, Revision 0, March, 1978.

6.2 VERIFICATION OF PG&E JET IMPINGEMENT REVIEW

The PG&E jet impingement review results were verified by the IDVP. This

effort encompassed the verification of PG&E jet profile and jet pressure-vs-

distance data and PG&E field walkdown identification of jet impingement

targets.

6.2.1 Purpose of Review

The purpose of this review was to verify that the PG&E jet impingement re-

analysis procedure and criteria were implemented as detailed in the PG&E

documents identified in Section 6.1.5.

6.2.2 Verification of PG&E Jet Profile and Pressure-vs-Distance Data

In accordance with the jet impingement reanalysis procedure, PG&E developed

jet profile sketches and jet pressure-vs-distance curves to be used in both

the field walkdown and the safety evaluation efforts. As these data provide

a basic factor for the identification of jet impingement interactions with

safety-related targets, the IDVP verified these calculated data for the
'ampleof high energy lines being reviewed (see Table 5"1).

6-7
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The > review was performed by preparing a calculation and included, among

others, the following considerations:

Assumption of the jet expansion model according to the blowdown

fluid state

~ Consideration of different blowdown fluid states, if applicable,

in two-directional flows.

Consistent with PGSE criteria, the methodology presented in Bechtel Topical

Paper BN-TOP-2 and Westinghouse System Standard Design Criteria SS 1.19 (see

detailed reference in Section 6.2.6) was used, as appropriate, to develop

jet expansion models and the corresponding jet pressure-vs-distance data.

The results were used to verify the PG&E calculated data.

After agreement was established regarding the PGRE jet profile and jet pres-

sure-vs-distance data, this information was used for developing jet zones

during the IDVP field walkdown.

For the jet impingement reanalysis, PGSE considered jet envelopment temper-

ature effects on safety-related conduits to be contained in the considera-

tion of jet blowdown thrust loads and pipe whip impact loads. PGGE deter-

mined that the distan'ce required for the jet temperature to decrease below

the qualification temperature of 340 F for conduits (the limiting case for

temperature considerations) inside containment was relatively short, and as

a result, PGSE did not rely on temperature-vs-distance curves as previously

implied in ITR No. 34. Furthermore, the PGSE interpretation of the DCNPP-1
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FSAR, Section 3.6 licensing commitment did not require the temperature

effects of an enveloping or impinging jet from a HELB inside containment be

addressed as a design basis. Consequently, the IDVP did not review any

temperature-vs-distance data, as proposed in ITR No. 34, since these data

were never utilized by the PG&E jet impingement reanalysis program.

6.2.3 Verification of PG&E Jet Impingement Field Review

PG&E conducted field walkdown reviews for the identification of jet impinge-

ment interactions with safety-related targets inside containment. The IDVP

conducted independent field walkdowns to verify this PG&E effort. A sample

of high energy lines, described in Section 5, was selected for review. The

PG&E Jet Impingement Review Sheets along with other supporting information,

sketches, and documentation (see Section 6.2.6) were used as the basis for
the review.

Review of PG&E Field Malkdown Documentation

The IDVP conducted a preliminary review of the PG&E field walkdown documen-

tation. The PG&E results related to the sampled high energy lines were

examined for compliance with the criteria and methodology specified in the

PG&E jet impingement reanalysis procedure, which was reviewed by the IDVP

(see Section 6.1). 'Specifically, the scope of the review included the

following items:

~ Postulated break locations

~ Types of break: circumferential or longitudinal
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Types of jet: disk, cone, or traveling
~ Blowdown directions: one-directional, two-directional.

Where questionable areas arose, clarifications were sought from PGSE to

assure that the IDVP accurately interpreted the PG&E documentation. Alter-

natively, these items were noted and reviewed in the context of the site
conditions during the IDVP field walkdown. In either case, after the pre"

liminary review, the PGSE jet impingement review documentation became the

basis of the IDVP field walkdown.

Field Review of PGGE Zones of Jet Influence

For each high energy line in the sample, each break location as postulated

by PGSE was first located in the field. Then, the zone of jet influence was

developed spatially for the break location according to the PGSE documents."

This process included the following considerations:

Jet shapes (cone, disk, or rectangular)

Traveling jet zones for unrestrained pipes

Blowdown directions

Jet profiles.

Each zone of jet influence was verified in the field. The jet shape was

reviewed with respect to the allowed piping motion by accounting for the

types and locations of any pipe rupture restraints. The consideration for
each pipe rupture restraint, however, involved only the effects of the

restraint on the piping motion in case of a rupture event. Review of the
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rupture restraint design adequacy was not within the scope of the IDVP veri-

fication effort and was not performed.

For unrestrained piping with traveling jets, the pipe whip trajectory was

evaluated only insofar as it affected the extent of the traveling jet, zones.

Pipe whip interactions with safety-related structures, systems, and

components were not in the scope of the jet impingement verification effort
and were not considered in the field walkdown. The applicable PG&E

procedure was applied, and the following factors were considered:

Piping configuration

~ Pipe restraint locations, if any

General plant structural and equipment layout relative to the

piping (i.e., existing structures which limit the travel of an

unrestrained ruptured pipe).

For both restrained and unrestrained piping, the developed and reviewed

zones of jet influence were used in the subsequent identification of jet
impingement interactions with safety-related targets.

Field Verification of 'PG&E Tar et Identification

For the IDVP field walkdown, the documented results of the PG&E field review

were used as the basis of the identification of safety-related targets
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within each zone of jet influence. Each structure, system, or component

within the jet zone (i.e., target) was considered as described below:

~ A determination was made as to whether the target was safety-

related or not. If classification could not be made readily in

the field, it was recorded and then categorized later.

~ Each safety-related target within the jet zone was noted and used

to verify the PG&E list of safety-related targets corresponding to

the HELB of concern.

~ If the PG&E target list contained a safety-related structure, sys-

tem, or component not found in the jet zone, it was recorded.

However, no further action was required as this target identifica-

tion resulted in a conservative safety evaluation and there was no

bearing on the adequacy of the protection of safety-related

structures, systems, or components against HELB jet impingement

effects.

~ If the IDVP found in the jet zone a safety-related target which

was not identified by the PG&E target list, this target was

treated as a misidentified or as an additional IDVP-identified,

safety-related target. Each misidentified or additional IDVP-

identified target indicated a potential deviation from the proper ~

implementation of the jet impingement reanalysis procedure. Only

four minor potential deviations occurred as a result of the IDVP





field review. These differences in review results are identified

in EOI File 8065 (see Section 4 for details).

6.2.4 Review Limitations

The IDVP field walkdown was limited to the verification of PG&E identifica-

tion of jet impingement interactions with safety-related targets. Identifi"

cation of pipe whip targets was not within the scope of the IDVP verifica-

tion effort describe'd in ITR No. 34.

For the jet impingement review, PG&E postulated HELB locations according to

pipe stress data. The IDVP scope of review did not include any verification

of the PG&E pipe stress analyses or resulting break postulation analyses.

Hence, the IDVP treated the break locations as given, and no verification of

the postulation was conducted.

Consisten't with the PG&E procedure in developing the extent of zones of jet
influence for certain types of safety-related targets in the field walkdown,

PG&E relied upon tabulated withstand (allowable) threshold pressure data for

the targets in the criteria document. In the IDVP field walkdown, the IDVP

verified the PG&E consistent application of these data. As these data were

referenced from Bechtel internal standard guidelines and calculations, the

review of which was not within the scope of this IDVP effort (see also Sec-

tions 5 and 6 '.3), the review of the applicability of these data onto the''

specific conditions in the site was not considered to be part of the IDVP

scope of review.
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Additionally, review of rupture restraint design adequacy was not within the

scope of the IDVP verification effort. Rupture restraints were assumed

adequately designed to perform their intended function.

6.2.5 Acceptance Criteria

The IDVP verification of the PG&E jet impingement review was conducted to

examine the PG&E implementation of the jet impingement procedure and cri-
teria. As such, the acceptance criteria for this review effort were

primarily based on the PG&E jet impingement reanalysis procedure and design

criteria (see Section 6.2.6 for specific document references).

6.2.6 Documentation Used

The following PG&E documents pertaining to the sample (defined in Table 5-1)

were reviewed by the IDVP in this effort:

PG&E Jet Impingement Review Sheets (walkdown sheets) including

listing of jet-target interactions

~ PG&E Break Location Isometric Sketches

~ PG&E Jet Profile Sketches or Tables

~ PG&E Jet Pressure-vs-Distance Curves.
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The following documents were used by the IDVP in support of this review:

~ DCNPP-1 FSAR, Section 3.6

PGRE "Engineering Procedures for the Analysis of Jet Impingement

Effects Inside Containment," MEP-1

~ PGSE Design Criteria Memorandum, "Jet Impingement Analysis Cri-

teria for Inside Containment," DCM M-65

~ PGRE Piping and Mechanical Drawings

PGSE Zone of Influence Drawings (preliminary copies for informa-

tion only)

~ PGSE Line Designation Table

Bechtel Power Corporation Topical Paper, "Design for Pipe Break

Effects," BN-TOP-2, Revision 2, May 1974

Westinghouse Systems Standard Design Criteria, "Criteria for Pro-

tection Against Dynamic Effects Resulting from Pipe Rupture,"

SS 1.19, Revision 0, March 1978.
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6.3 REVIEW OF PG&E SAFETY EVALUATION

The PG&E safety evaluation for jet-impinged safety-related targets was veri-
fied by the IDVP. The design criteria established by the PG&E procedure to

implement licensing commitments made in the DCNPP-1 FSAR, Section 3.6, were

used to determine if targets were correctly identified as being essential to

mitigate the effects of the HELB, and thus requiring protection. To accomp-

lish this, verification was made of PG&E-identified jet impingement

interactions with safety-related targets including mechanical, structural,
electrical, instrumentation, and control components. The PG&E safety

evaluation was verified to determine if the jet. impingement targets

essential to mitigate the effects of the postulated HELB were correctly

identified by PG&E.

However, the PG&E analyses to determine the adequacy of jet-impinged struc-

tural targets, such as equipment supports and structural walls, identified
on the PG&E safety evaluation were considered outside the scope of the IDVP

additional verification effort, described in ITR No. 34, for jet impingement

analysis. Similarly, any detailed PG&E pipe stress analyses beyond the use

of the applicable threshold loads established in the PG&E jet impingement

procedure and criteria to determine the adequacy of jet-impinged essential

piping and pipe support targets were not considered within the scope of this
IDVP additional verification effort. The IDVP safety evaluation verified
that, for the sample of high energy lines listed in Table 5-1, all

jet-'mpinged

structural, piping, and pipe support targets exceeding allowable

threshold pressures were identified by PG&E as requiring further structural
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, analy'ses. The PG&E-proposed analyses of these targets were not considered

part of the concerns of EOI File 7002 and, therefore, did not require

verification.

All other targets (i.e., instruments, instrument tubing, electrical compon-

ents, and conduits) were assumed lost if impinged beyond their threshold

limits, and the effects of their loss were evaluated to determine if the

ability to mitigate the effects of the HELB were impaired. The IDVP verifi-
cation also included the confirmation of the PG&E application of the jet
pressure-vs-distance data as well as the safety-related .target threshold

pressure loads, if any, in accordance with the PG&E jet impingement reanaly-

sis procedure and criteria.

6.3.1 Pur'pose of Review

The purpose of this review was to verify that the PG&E safety evaluation

procedure was implemented as detailed in the design criteria documents,

including any licensing commitments in DCNPP-1 FSAR, Section 3.6.

6.3.2 Review of PG&E Safety Evaluation

The review of the PG&E safety evaluation consisted of an independent analy-

sis of both jet impingement and pipe whip targets to determine if they were

required to mitigate the effects of the postulated HELB. This analysis was

then used to verify the PG&E safety evaluation. Pipe whip targets were

included in this section of the IDVP review as loss of these targets would
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I coincide with loss of. the jet impingement targets. This combined loss of
1

all affected targets was considered in the safety evaluation.

The criteria used in the PGSE Engineering Procedure and Design Criteria

Memorandum, identified in Section 6.3.5, particularly the referenced

Westinghouse Systems Standard Design Criteria, were used to analyze targets

and determine whether they should be considered essential to mitigate the

effects of the postulated HELB. Determination of which targets were essen-

tial was dependent on the system, or a particular section of the system,

where the break was postulated and whether the target was required to miti-

gate the effects of that particular break. The piping drawings and system

schematics'ere used in the review of mechanical targets, and the electrical

conduit drawings and instrument schematics were used in the review of elec-

trical and controls targets.

The PGSE target evaluations were then compared to the IDVP evaluations. Any

potential discrepancies identified were discussed with PG&E to obtain

clarification.

The IDUP safety evaluation review developed several concerns considered to

be different interpretations of the Westinghouse criteria (referenced in

Section 6.3.5). They were resolved by further analyses.

~ For line 14, (4-inch pressurizer spray) break number 1:

The PGRE Engineering Disposition Record, Attachment 3 dated

May 24, 1983, for Target 2 stated "Per Westinghouse criteria break
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propagation to the RTD manifold is acceptable." This interpreta-

tion was not in agreement with Section 2.4.3.2 of Westinghouse

document SS 1.19, pages 2-10 and 2-11. PG&E concurred with the

necessity of assuring the integrity of RTD manifold and committed

to assess the ability of the line to sustain a 58 psig jet load.

For line 14 (4-inch pressurizer spray) break number 1:

The PG&E Engineering Disposition Record for targets 3A and 3B

(1.5-inch charging line 1992 and associated check valve) stated

"Break propagation to this sized line is acceptable in accordance

with the Westinghouse criteria." This interpretation was not in

agreement with the Westinghouse document SS 1.19, pages 2-7 and

2-10 which requires protection of the high head charging lines.

PG&E concurred with the necessity for protecting the charging

lines and reviewed all other breaks to assure proper protection

was provided consistently. For this particular break, PG&E stated

Westinghouse determined reverse flow in the line (causing the ~

concern) did not have to be considered due to infrequent. operation

of the pressurizer spray valves.

~ For 4 LOCA breaks affecting steam generator instrument tubing,

and, for 9 non-LOCA breaks affecting primary instrument tubing

potentially causing a small LOCA, further documentation was pro-

vided by PG&E to substantiate their acceptability.
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6.3.3 Review Limitations

The IDVP review of the PG&E safety evaluation verified that all safety-

related targets identified in the field walkdown were addressed by PG&E in
the safety evaluation. The IDVP further verified that assumed failure of

instrumentation, instrument tubing, electrical components, and . conduits

identified as HELB pipe whip or jet impingement targets did not negate the

ability to mitigate the effects of the specific HELB. However, for safety-

related structural and mechanical targets, including pipes, piping and

equipment supports, structural beams and columns, concrete walls and floors,
, the IDVP only verified that PG&E had applied the applicable threshold loads,

if any, in accordance with the PG&E jet impingement reanalysis procedure and

criteria or, as required,'hat PG&E had identified the targets for further
detailed analyses. These analyses would determine the structural adequacy

of the targets to withstand the loads from the postulated HELB jet impinge-

ment or pipe whip events. In most cases, detailed structural or pipe stress

analyses "were involved. The review of these analyses was not considered

within the IDVP scope of additional verification as defined in ITR No. 34 in
response to EOI File 7002, because EOI File 7002 did not identify detailed

structural and pipe stress analyses as a concern. Consequently, any sub-

sequent protective measures, such as structural modification and equipment

relocations resulting from these analyses were also considered not within
the scope of this IDVP review. Table 2-1 summarizes the category of targets

requiring further detailed review.
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6.3.4 Acceptance Criteria

The IDVP verification of the -PG&E safety evaluation was conducted to verify
that the PG&E Engineering Procedure and Design Criteria Memorandum (see

Section 6.3.5 for details) were properly incorporated within the IDVP

sample. The Design Criteria Memorandum uses the Westinghouse Systems

Standard Design Critiera as a basic document for the safety, evaluation.

This document provides specific recommendations for protection of targets

for the. lines in which breaks are postulated. The criteria are specific to

the particular sections of the system in which the break occurs. These cri-
teria and the additional criteria of the Design Criteria Memorandum formed

the acceptance criteria for the safety evaluation.

6.3.5 Documentation Used

The following PG&E documents pertaining to the sample (defined in Table 5-1)

were reviewed by the IDVP in this effort:
't

PG&E "Engineering Procedure for the Analysis of Jet Impingement

Effects Inside Containment," MEP-1

~ PG&E Design Criteria Memorandum, "Jet Impingement Analysis Cri-

teria for Inside Containment," DCM M-65

PG&E Engineering Disposition Records (safety evaluation sheets):
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The following documents were used by the IDVP in support of this review:

~ PG&E Piping and Mechanical Drawings

~ PG&E Conduit Layout Drawings

~ PG&E Piping Schematic Diagrams

~ PG&E Instrument Schematic Diagrams

~ PG&E Technical Specifications

~ PG&E Circuit Listing

PG&E Raceway Schedule

~ 'G&E Instrument Index

Westinghouse Systems Standard Design Criteria, "Criteria for Pro-
I

tection Against Dynamic Effects Resulting from Pipe Rupture,"

SS 1.19, Revision 0, March 1978

Westinghouse Systems Design Manual, Section 4-1, "Protection and

Separation of Safety Class Equipment," SR/10-1, Revision 3, .

March 1978.
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SECTION 7

CONCLUSIONS

The conclusions concerning the additional verification of jet impingement

effects of postulated pipe rupture inside containment follow:

1. The PG&E jet impingement procedure and criteria were found to:

Meet the licensing commitments contained in the DCNPP-1 FSAR,

Section 3.6

~ Describe a comprehensive jet impingement technical review

program

~ Provide a method to document the technical approach and the

results of the jet impingment reanalysis inside containment.

2. The PG&E jet impingement review, including the field walkdown, is

being conducted in accordance with the procedure and criteria.
Minor deficiencies were identified in the field walkdown where

PG&E failed to identify four jet impingement interactions with

safety-related targets (see EOI File 8065 for details). However,

in comparis'on to the total number of 273 PG&E-identified jet-
target interactions determined adequate by the IDVP, these four

minor discrepancies were considered isolated cases and were not

indicative of any generic deficiency in the PG&E jet impingement

field review. In addition, the results of a safety evaluation of
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these targets indicated that accident mitigation capabilities

would not be impaired due to jet impingement interactions.

3. The PGSE safety evaluation, within the limitations of the IDVP

review, was conducted in accordance with the DCNPP-1 FSAR licens-

ing criteria. Several minor discrepancies were found by the IDVP.

The small number of discrepancies in relation to the total number

reviewed indicated that these discrepancies were isolated cases.

Approximately 40 percent of the jet impinged targets associated

with the IDVP sample of high energy lines required further

detailed analyses by PG&E and were included in the IDVP review.

The IDVP concurred but did not review these detailed analyses.

The PGRE safety evaluation was determined adequate based on the

IDVP verification of 153 HELB interactions with safety-related

targets.

4. The PG8cE reanalysis program, as established by the procedure and

, criteria as well as the sampled documentation of this reanalysis,

provided sufficient information to conclude that the concerns in
EOI File 7002 which required objective evidence of a jet impinge-

ment analysis inside containment have been adequately addressed

and documented.

5. Based on the satisfactory results of the IDVP review, no further

verification is required in the area of jet impingement analysis

inside containment.
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APPENDIX B

PROGRAM MANAGER'S ASSESSMENT

Independent review by TES of the tasks performed by SWEC to verify the
additional verification of jet impingement effects of postulated pipe
rupture inside containment was done in accordance with IDVP Phase II
Program Management Plan dated June 18, 1982 and ITR-34.

ITR-34 Rev i s i on I, is sued on March 24, 1983 ident ifi ed five (5) areas
of concern which required additional verification.

This ITR describes the work performed by the DCP and reviewed and
verified by SWEC.

The review involved a visit to the site, DCP offices, and the SWEC
offices for detailed discussions and discussions with SWEC personnel, of
the work performed as related to this task.

The DCP performed a reanalysis of the effects of jet impingement of
postulated pipe rupture inside containment. The IDVP verification
concluded that the reanalysis adequately addressed the original concerns.

Accordingly, no further additional verification is required.




