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‘ PREFACE

This guide has been developed to assist participating PWR
Utilities in determining the applicability of the various test

results from the EPRI program for their plant-specific evalu-

ations. The overall key'to using the guide is to most closely
match the valve/piping configurations tested by EPRI with actual

plant installations. 1In following this approach care should be

taken not to overlook the results of any test for possible

applicability, i.e., each test conducted on a repiesentative

&alve-tyée may have some éeneric or indirect applicability.

However; fhe closer the tie between specific EPRI tests and the
" plant inéﬁallétioﬁ, the more direct thé applicability of the

‘ reéults. It is expected that the approach developed in this

guide ‘will be useful for virtually all of the plant evaluations.
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I. INTRODUCTION

Purpose of the Application Guide

The purpose bf the application guide is to provide a pro-
cedure for utilities to follow in preparing plant-specific

submittals in respohse to NUREG-0737 ("Clarification of

TMI Action Plan Requirements") Section II.D.l?A,
Reguirements. Specifically, NUREG-0737 requires the

- following:

>

1. . An evaluation of safety and relief valve function-
‘ability for plant-specific operating and accident

-conditions.

2. An evaluation of piping and support adecuacy for

plant-specific conditions.

' In preparing the application guide, it was assumed that

the utilities would obtain assistance from the valve manu-

factﬁrers and NSSS vendors in performing the required

evaluations. Specifically, it was assumed that:

1. The utilities (with possible assistance from architect-
engineers o other piping designers) will perform the eval-

uations of piping and support adequacy.

2. The valve manufacturers will perform the evaluations

of valve performance.
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3. The NSSS vendors will perform the evaluations of

overpressure protection system performance.'

4. The utilites will coordinate the overall evaiuation
effort and prepare the plant-specific submittal to

the NRC.

The delineation of responéibilities outlined above is based
on impressions gained throughout the proéram regarding which
erganization(s) was prebably best suited to accomplish a
particular task. It is trecognized that some utilities may
elect to perform more Or fewer tasks than assigned in this
guide, The important p01nt is that the guide highlights
“the taeks that need to be done and assigns them to an
appropriate organization. The participating utility has
final control over both the scope of work details and the

organization a551gned.

‘The Application Guide is based on directly using test
results from the EPRI program in the plant-specific evalu-
ations. Thus, in order to ﬁse the guide, one must estab-
1ish the one (or more) valve/piping configuration tested
by EPRI which most closely matches the plant installation.
It is expected this approach will be useful for virtually
all of the plant'evaluations. The guide assists in de-

fining the limits of applicability of the EPRI data.
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’ B. Contents of the Guide

The contents of the application guide are summarized in

the following:

° Section II -- Procedure to be Followed in
Plant-Specific Evaluations

A. Flow Charts for the Evaluations

This section describes the overall approach
to be followed in pérforming the evaluations

‘of valve performance and piping/support adequacy.

B. Workscopes for the Evaluations

This section discusses the workscopes for the

s
g,
ad

evaluations to be performed by the utilities,
the valve manufacturers, the NSSS vendors and

‘., R EPRI.

o Section III -- Evaluation of Test Results for
- : ‘Plant-Specific Conditions

A. Ideﬂtificatién of Pertinent Plant Parameters

This section identifies the pertinent plant-
specific safety and relief valve, inlet piping,
discharge piping and valve actuation transient

parameters to be assembled by the utilities for

use in the evaluations.
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Procedures for Evaluation of Test Results

This section provides the procedures to be used
in performing the evaluations of valyé_performance
and piping/support adequacy. For thé valQe per-
formanée evaluation, it érovides guideiines for
jdentifying applicable valve tests, a table to

be used by the valve manufacturer to document
valve performaﬁce characteristics, and a suggested
set of acceptance criteria for valvg pefformance.
For the piping/support adequécy evaluation, it
provides sﬁggestéd guidelines for the evaluation
and a sugéested set'df structural acceptance

criteria.

Tdentification of Potential Problem Areas and

Possible Alternatives to rddress Undesirable
Valve Performance ‘

This Seétion provides a listing of potential
pféblem afeas'regarding valve performance'and
piping/support adequacy jdentified based on the
results of the EPRI safety and Relief valve

Test Program. Itnalso discusses possible alterna-
tives to be considered by the utilities to address

undesirable valve performance features.

Section IV == suggested Format for July 1, 1982

Plant-specific Submittal

This section of the guidé provides a suggested format

for the July 1, 1982 plant-specific submittal to the

NRC.
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Section V == References

This section provides a listing of the various EPRI

Program reports to be used by the utilities in per-

forming the plant-specific evaluations.

Section VI -- Appendices

A.

Procedure for Calculation of valve Back Pressure

This appendix outlines a suggested procedure
and quidelines for -the calculation of valve back

pressure.

Procedure for Calculation of Inlet Piping
Pressure Effects

This appendix provides a suggested procedure’
and guidelines for the célculation of inlet

piping pressure effects.

Procedure for Verification of Alternative Methods tc

be used in Evaluation of Piping/Support Adequacy

This appendix provides a suggested'procedure to
vérify the adeguacy of the alternative methods to.
be used to evaluate the structural adequacy of the

piping and supports.

Procedure for Assessment of Applicability of
Specific EPRI Safety Valve Tests

This appendix outlines a procedure to assist in

determining the applicability of EPRI safety valve

tests to specific plant evaluations.
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Load Combinations and Acceptance Criteria for
the safety and Relief Valve Piplng Evaluation

This sectioh provides recommended load cqmbinations
and acceptance criteria to be used by the utilities
in evaluating the adeguacy of the safety and re-

1ief valve piping and 'SUPPOTtS .

Justification of Relief valve Test conditions for
Plant Cold Overpressurization vents

This appendix provideé a suggested procedure to
be used by the utilities to justify that the
conditions phder which the felief valve was
tested are represenfative of the conditions

expected for plant cold overpressurization

events.

—
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’ II. PROCEDURE TO BE FOLLOWED IN
PLANT-SPECIFIC EVALUATIONS

A. Flow Charts for the Evaluations

1. Evaluation of vValve Performance

- Safety Valves

" The flow chart provided in Table II-1 illustrates
the overall procédure_to be followed in performing
the evaluations of safety valve perfofmance. The
ihput for the évaluations consists of:

° EPRI valve program'reports as listed in

Section V of this guide.

e List of pertinent plant parameters as

‘identified in Table I1II-1l.

. ’ - The evaluations to be performed consist of the
following:
° " An evaluation of test results by the valve.

manufacturer to identify any potential
, A
problem areas regarding valve performance.

° An evaluation by the NSSS vendor to identify
any potential problem areas regarding overpressure

protection system performance.
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° An evaluation py the utility of possible
alternatives to address undesirable valve

performance features.

The output from the evaluations consists of:

° A report for gubmittal to the NRC which
documents-the-results of the plant-specific
evaluations. This ‘report would address the

selection and schedule for lmplementatlon
by the utlllty of any required modifica-
tions to the valves and/or the overpressure

protection system‘parameters.

although not shown specifically in the fiow chart,
a signifrcant amount of interaction is expected to
be reduired among the uatility. valve manufacturer
.and NSSS vendor during the course of the evalu-
atrons. AlsO, it is expected that the utrlltles
will assumeé the reeponsibility for coordinatrng

the overall evaluation effort.

11 - 2
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Relief Valves

The evaluation of relief valve performance
should also be performed following ﬁﬁe_p;ocedure
shown in Table II-1. However, this.evaluation
should be more straightforward than the safety
valve performance evaluation and it is expected
that the utilities would verform the bulk of the

evaluation.

Evaluation of Piping/Support Adegquacy

The flow chart provided in Table II-2 illustrates the

overall procedure to be followed in performing the

evaluations -of piping/support adequacy. The input

for the evaluations éonsists of:

Verified computer codes for determination of

hydrédlic loads and EPRI valve program reports

,as'liSted in Section V of this guide.

/

List of pertinent plant parameters as identified

in Table III-1.

The evaluations to be performed by the utility consist

of the following:

An evaluation of the piping stresses and support
loads using the EPRI-provided codes or other
method which has been verified by comparison of
predictions with EPRI test data provided in

Reference 7.

A comparison of calculated vpiping stresses and
support. loads with allowables and identification

of any potential problem areas.

IT - 3
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° An evaluation of possible alternatives to
address potential'piping/support problem.

areas.

The output of the evaluations censists of a report
for submittal to the NRC which provides the results

of the plant-specifie evaluations. The report may

include, if required, the.selectlon and 1mplementa-

tion schedule of modifications to ‘the piping and

supports.

Workscopes for the Evaluatlons

Tables 11-3- through 1I-8 summarize the workscopes for the

varlous evaluatlons to be performed by the utility, the valve

manufacturer, . the NSSS vendor and EPRI. The tables are

identified as7follpws:

Table. Organization Evaluation

11-3 - - utility cafety and Relief valve
. pPerformance

I11-4 ' Utility : Piping/Support Adeguacy

I1I-5" valve Manufacturer - safety Valve pPerformance

I11-6 valve Manufacturer - Relief Valve pPerformance

I1-7 NSS Vendor gafety and Relief Valve

' Performance

alve performance and
Plplng/Support adequacy

I1-8 EPRI

II - 4
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APPLICATION OF VALVE TEST RESULTS TO PLANT — SPECIFIC
EVALUATIONS OF VALVE PERFORMANCE
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VALVE MANUFACTURER

NSSS VENDQR

PROGRAM REPORTS
FOR EVALUATIONS

EPRI UTILITY
- ASSEMBLES
PROVIDES VALVE PERTINENT

PLANT INFORMATION
(SEE TABLE III-1)

I

¢

EVALUATES TEST
RESULTS AND
IDENTIFIES ANY
POTENTIAL PROBLEM
" AREAS REGARDING
VALVE PERFORMANCE

EVALUATES TEST
RESULTS AND
‘IDENTIFIES ANY
POTENTIAL PRCBLEM
AREAS REGARDING
SYSTEM PERFORMANCE

{

N

X
IDENTIFIES IDENTIFIES
ALTERNATIVE ALTERNATIVE
VALVE SYSTEM/ANALYSIS
MODIFICATIONS' MODIFICATIONS
AS REQUIRED AS REQUIRED

i

PROVIDES -
: EVALUATES -
r;5siiiﬁisg , ALTEPNATIVES
séﬁiva*zo;N AND SELECTS
. ; >
& TIONS -
e rreD MODIFICATI
SCHEDULES
IMPLEMENTATION
OF SELECTED
MODIFICATIONS

AS REQUIRED

A

PREPARES
PLANT-SPECIFIC
SUBMITTAL
FOR THE NRC
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TABLE li-2 o ‘

'APPLICATION OF VALVE TEST RESULTS TO PLANT - SPECIFIC
EVALUATIONS OF PIPING ADEQUACY

EPRI UTILITY
PROVIDES VERIFIED ASSEMBLES
COMPUTER CODE AND PERTINENT
VALVE PROGRAM » PLANT
REPORTS FOR. INFORMATION
; UTILITY EVALUATIONS (SEF TABLE III-1)

- ’ ' ’ i USING EPRI-PROVIDED
© . CODE OR OTHER
VERIFIED METHOD
EVALUATES STRESSES
AND SUPPORT LOADS
IN PIPING

S
COMPARES LOADS
AND STRESSES
WITH ALLOWABLES
AND IDENTIFIES
ANY POTENTIAL
PROBLEM AREAS

EVALUTES, SELECTS
AND SCHEDULES
IMPLEMENTATION OF
MODIFICATIONS TO
PIPING AND SUPPORTS
AS REQUIRED

h

PREPARES
PLANT-SPECIFIC
SUBMITTAL

FOR THE NRC
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TABLE II-3

WORKSCOPE FOR UTILITY EVALUATION OF
SAFETY AND RELIEF VALVE PERFORMANCE

The utility will perform the following:

1. Identify pertinent plant information listed in
Table III-1, including:

- Valve parameters

- Inlet piping parameters

- Discharge pipiné paraheters

.f Valve ac;uatioh.traﬁsient parameters

2. EVaiuate alternative modifications identified by valve
manufacturer and/or NSSS vendor and select modifications

for implementation.

3. - Schedule implémentation of selected modifications to
valves. : '

4. Prepafe_plant-specific submittal for the NRC.

I1 -7
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TABLE II-4

WORKSCOPE_FOR UTILITY EVALUATIONS
OF PIPING/SUPPORT ADEQUACY

The utility will perform the following:

1.

Identify pertinent plant jnformation listed in
Table III-1, including:

-  valve parameters

- Inlet piping parameters

- Discharge piping parameters

- valve actuation-transient.parameters

Using EPRI-provided code or other verified (by comparison
with valve test results) method, evaluate stresses and

support loads in .inlet and discharge piping.

-Compare joads and stresses with allowable values éhd
identify any potential problem areas.

Evaluate,.seléct'and schedule implementation of modifica-

tions to piping-and supports as required.

Prepare'plant-specific,submittal for the NRC.

I1 - 8
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TABLE II-5

WORKSCOPE FOR VALVE
MANUFACTURER EVALUATION
OF SAFETY VALVE PERFORMANCE

Bases for Evaluation

The following will be provided to the valve manufacturer
for his use in the evaluations:

1. Applicable EPRI test proéram outputs.
2. Plant information listed in Table III-1

Scope of Evaluation

"The valve manufactufer will pérform the following:

1. =~ Define performance for as-installed valve ring settings
~ based on: o

C o EPRI test data
° valve manufacturer's test data

e valve manufacturer's supporting analysis
The evaluation should:

°  Dpetermine which fluid conditions result in stable
or unstable valve performance.

° Establish valve performance characteristics
(e.g., blowdown, 1ift, flow opening time, etc.).

2. Define performance for.optimal valve ring settings in
accordance with the steps identified in 1 above.

3. Recommend valve modifications to provide improved
~ performance, if needed (e.g., to provide reduced
blowdown, stable water performance, etc.).

4. Document performance recommendations and bases for
recommendations to the utilities.

II - 9
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TABLE II-6

WORKSCOPE FOR VALVE MANUFACTURER
EVALUATIONS OF RELIEF VALVE PERFORMANCE

Bases for Evaluation

The following will be provided to the valve manufacturer
for his use in the evaluations:
1. Applicable EPRI test program outputs.

2. Plant information.listed in Table III-1

.Scope of Evaluation.

The valve manufacturer will perform the following:
1;_ ‘Establish valve performéﬁce characteristics

,(e.g., Qpening time, flow, closing time)

5.  Recommended valve modifications to provide improved

performance, if needed.

3. Document performance recommendations and bases for

recommendations to the utilities.

I1 - 10
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TABLE II-7

WORKSCOPE FOR NSSS VENDOR EVALUATION:OF”
SAFETY AND RELIEF VALVE PERFORMANCE

Bases for Evaluation

The following will be pfovided to the NSSS vendor for
his use in the evaluations:

1.
2.
3.

Applicable EPRI test program outputs.
Plant information listed in Table III-1.
Valve performance characteristics (e.g., blowdown,

1ift, flow, opening time, etc.), as established by
the valve manufacturer. :

Scope of Evaluation

The-NSSS vendor will bérform.the following:

1.

" Evaluate test reéults and document system
. acceptability or identify any potential problem

areas regarding NSSS overpressure protection sys-
tem performance.

If potential- problems are identified:

-° Identify alternative modifications to NSSS
overpressure protection system and/or overpressure

transient analysis parameters to resclve un-
acceptable performance.

° Concur with system/analysis modifications selected

by utility for implementation.
° Prepare report which justifies acceptability

of system/analysis modifications selected for
implementation.

I1 - 11
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 TABLE II-8
WORKSCOPE FOR EPRI EVALUATIONS

valve Performance

1. Provide valve program reports for utility evaluations.

2. Provide on-going assistance to utilities in the
understanding and use of program outputs as
required. : ‘

Piping/Support Adeguacy .

Provide verified computer code and valve program reports
for utility evaluations of inlet and discharge piping and
support adequacy. The code provided by EPRI is to be used
for the calculation of the time-dependent hydraulic loads
applied by the fluid on the piping.

II - 12
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I1I. EVALUATION OF TEST RESULTS FOR
PLANT-SPECIFIC CONDITIONS

Identification of Pertinent Plant Parameteré

A list of pertinent plant parameters to be identified by
the utility is provided in Table III-1l. Possible sources
to be used by the utility in compiling the required in-
formation are listed below:

1. Plant Final Safety Analysis Report/Cold Overpressuri-
- zation Analysis Report _ o

2. Plant Technical Specifications
3. Plant installation drawings and system isometrics
4.- Valve Documentation and Nameplate Information

5. Initial valve manufacturer's test data and periodic .
set pressure verification test data.

In addition, the EPRI valve program reports (see Section V)

1andlthe éppendices to this guide should be useful as follows:

(1)

° The test conditions justification report (Reference (3)
and plant conditions justification report (References 4,
£ and 6) .should be useful in assembling the valve

actuation transient information.

°  Appendix A provides a procedure to be used for the

calculation of valve back pressure.

° Appendix B provides a procedure to be used to calculate
the inlet piping pressure drop associated with valve

opening and pressure rise associated with valve closing.

(1)

Justification of conditions resulting from cold overpressurization
events is not presented in the test conditions justification

report for certain PWR plant units. For these units,.the justi-
fication should be provided as part of the utilities' plant-specific
evaluations. A suggested approach to be followed in providing

this justification 1is contained in Appendix F to this report.
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B. Procedures for Evaluation of Test Results
1.  Safety Valve Performance and Associated .
Piping/Support Adeguacy , ‘

The procedure to be used to evaluate safety valve

performance for plant-specific conditions is as

follows:
° Step 1

The utility provides the assembled plant in-
formation (Table 111-1) and the applicable EPRI
valve test program output to both the valve

manufacturer and the NSSS vendor.

. . Step 2
. The valve manufacturer identifies the specific

ERRI tests,which are applicable for the piant-

specific safety valve evaluation being performed.
An outllne ‘for conducting this type of evaluation .

is prdvided~in.Append1x D.to this report.

o Step 3
Based on the information provided by the utility
(see Step 1 above) and the valve manufacturer's
own test data and supportlng analyses, the valve
manufacturer determines the valve performance
characteristics and completes the performance
summary sheet provided in Table 1II-2 for both

as-installed and optimal ring settings.

111 - 2
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Step 4
The utility performs an evaluation of safety valve
inlet and discharge piping stresses and piping sup-

port and valve loads-

Step 5

The NSSS vendor compares the valve performance
characteristics listed in Table III-2 with the valve
characteristics assumed in the FSAR (or other design)
overpressure_protection system analyses and identifies
any conditions fof'ﬁhich the actual and assumed valve
performance characteristics are not consistent (see
Table III-3 for performance characteristics'to be
considefed). Where not consistent, the NSSS vendor
shéuld judge the acceptability of the deviation

and provide the basis for his judgment.

Step 6

The utility compares the safety valve piping/support
loads and stresses with the allowable values and
identifies any conditions for which the allowable
values are exceeded (see Table II1I-3 for definition

of piping and support allowable loads and stresses).

Step 7

The utility (with assistance from the valve
manufacturer and NSSS vendor as required) identifies
any conditions for which acceptable valve performance

is not obtained. The utility then evaluates

III - 3
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possible alternatives which could provide
acceptable valve performance and selects any needed

modifications to be made to the valves or piping.

Step 8

The utility, valve manufacturer and NSSS vendor
prepare reports which document their evaluations
and justify the acceptability of any modifications

selected for implementation.

2. Relief Valve Performance and Associated Piping/Support
Adequacy

The procedure té be uéed to evaluate relief valve per-
formance- for piant-specifié ;onditions is outlined in
'the following. It'is-noped that these evaluations

. should be straightforward and it is expected that the

S utility could.perform the bulk of the evaluations.

-

Step 1 _
The utility assembles the plant information (Table.

11I-1) and the applicable EPRI valve test program
outphts.

Step 2 \

Based on the plant~information and the EPRI valve test
data, the valve.manufacturer (or utility) determines

the valve performance characteristics and completes

the performance summary sheet provided in Table III-4.
This evaluation should consider any differences in the
air and/or electrical supply and for bilot-operated
valves the pilot vent discharge tubing for that in-

stalled in plants compared toO that tested.

111 - 4 ‘II’
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Step 3

The utility performs an evaluation of relief
valve inlet and discharge piping stresses and

piping support and valve loads.

Step 4

The NSSS vendor (or utility) compares the per-
formance characteristics listed in Table III-4
with the valve charﬁcteristics assuhed in the cold
overpressﬁrization analyses and identifies any
conditions fof which the actual and assumed valve
performance]éharacteristics are not consistent
(see Table IiI—3 for performance characteristics

to be considered).

.St’E'S ;

The ﬁtility compares the relief valve piping/
support ioadé and stresses with the allowable
values and identifies any conditions for which the
allowable values ére exceeded (see Table III-3 for

definition of piping and support allowable loads

and stresses).

Step 6

The utility identifies any conditions for which
acceptable valve performance is not obtained,

and then -evaluates possible alternatives

III - 5




‘Possible Alternatives to Address Undesirable

‘Based on the resulté of the EPRI valve tests, it is apparent

acceptable limitS'(as currently defined). As discussed in

‘the plant. Should these efforts be unsuccessful, several

Revision 2

which could provide acceptable valve performance.

and selects any needed modifications.

Step 7

The utility, valve manufacturer, and NSSS vendor
prepare reports which document theif evaluations
and justify the acceptability of any modifications

selected for implementation.

Identification of Potential Problem Areas and

Valve Performance

that there are some plant conditions which could result in

valve performance characteristics which are not within

previous sections, the first step in addressing these poten-.’
tial concerns is to perform analyses to attempt to demonstrat

that the observed valve performance can be accommodated in

alternatives are available to resolve these potential
problems. A liét of potentiél problem areas and some possibl
alternatives to be considered to address the undesirable
valve performance is provided in_Table,III-S. It should be
noted that this list is not intended to be pomplete, but
only to serve as a checklist or starting-point for the more
detailed performance evaluatibns'to be performed by the

utilities, valve manufacturers and NSsSS vendors. .

III - 6
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Table III-6 provides a general summary of the safety valve
test results obtained in the EPRI program. Sémé'éonsidera—
tions to be taken into account in evaluating off-normal
valve performance for various conditions as noted in

Table III-5 are discussed below:

- Safety Valves

1. Performance with Steam Flow

For virtually alllsafety valve/inlet piping
combinationé tested, ring settings were established
in the EPRI tests_whicﬁ provided stable valve per-
fo;manée with steam inlet conditions. However,
these ring settingé'resulted in valve blowdown
outside of normally accepted limits (i.e., greater
thaﬂ five percent). Therefore, re-evaluation of
'seiEQted NSS system overpressure transients should
‘3ny/ be-perfo:med»by the NSSS Qendors to show that in-
creased valVe blowdown is acceptable. Other poten-
tial alternatives would be to utilize an alternative

valve or shorten the yalve inlet piping so that

stable performance can be obtained with reduced

blowdown (i.e., near five percent) .

performance with subcooled Water Flow

For some of the safety valves tested, the valves

chattered with subcooled water inlet conditions.

I1I - 7
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For these eases, if the fluid conditions for
a specific plant include subcooled water, the
utility/NSSS vendor could show that the subcooled
water can be handled by other than safety valve
actuation. This could be accomplished by use of
the PORVs to vent the flow’(at a pressure less
than the safety valve set pressure) OT by op-
erator termination of the transient. Another
possible solution is- to utilize an alternative
valve which performs in a stable manner with sub-
cooled water or to modify the existing valve
(e.g., using am assist device) to provide stable

performance.

pPerformance with Cold LoOP Seals

For the tests (with the spring-loaded valves)
whiCh'utlllzed cold loop seals at the valve, a

number of undesirable performance characterlstlcs

resulted, including large pressure oscillations i
the upstream piping., delayed valve opening until 1

seal clearing, and high pressures and loads in the

1

op

discharge piping. (Elevated temperature 1looOP seal

tests resulted in reduced piping loads.) Possible

alternatives to eliminate these undesirable per-
formance features include draining the 1looP seal,
heating the loop seal to near saturation ©OT

utilizing an alternative valve which provides bet

ter

111 - 8 ‘ln'
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performance with the loop seal. However, before
a decision to drain or heat loop sea}s_is_made,
careful consideration should be given to the
potential consequences, €.G., increased potential
for valve seat degradation and resulting steam/

hydrogen leakage.

Relief Vvalves

Acceptable performance was obtained with most of the
relief valves tested. An off-normal result obtained
was delayed valve élosure-fﬁf two of the relief valves
(Dresser Eleétromati; and Target Rock) with fluid
.condltlons that result ffom loop seal installations.

. For plants which utilize these valves with loop seals,
possiblé alternatives to consider include heating or
draining of ﬁhe loop seal, or utilizing an alternative
'vglve,which is'less sensitive to the thermal‘transient.
Ho&evé;,-before a decision to drain or heat loop seals
is made, careful consideration should be given to the
potential consequences 0of such operation as noted

above.

III - 9
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TABLE III-1
PLANT INFORMATION TO BE ASSEMBLIED BY UTILITY

Following is a list of valve/piping information to be assembled
by the utility for the evaluations: : :

1. safety Vvalve Information

Number of valves
Manufacturer

Type .

size (inlet, outlet, orifice)
Steam flow capacity (rated and.maximum)
Design pressure and temperature
vInlet'flange rating ‘ '
Discharge flange rating

Allowable applied load (should consider the applied load
which resulted during-test;ng)

Set pressure o _
Accumulation (specified and existing, if available)

'BlOWdown'(specified and existing, if available)

Ring settings'(specified and exis

ting, if available)

O:iginal valve procurement
Original valve guality ass

Maintenance'documentation

specification
urance package

package for valve

‘Relief valve Information

Number of valves
Manufacturer

Type

Ssize (inlet, outlet, orifice)
Steam flow capacity (actual)
Design pressure€

Design temperature

Inlet flange rating
Discharge flange rating.

Allowable applied load (should consider the applied loads
which resulted during tgsting)

III - 10




Configuration (include an isometric drawing of the

Revision 2

TABLE III-1 (Cont'd)

Oopening pressure (include all settings)
Closing pressure (include all settings)
Original valve procurement specification
Origiﬁal valve quality assurance package
Maintenance documentation package for valve
For-air—qperated valves:

- Air supply system pressure-and system schematic
(tubing diameter, length, configuration, etc.)

For pilot-operated valves:

- Electrical supply system voltage and current
and wiring schematic

- Pilot vent path schematic (pipe diameter, length,
configuration, etc.)

Inlet Piping Information

Design pressure
Design temperature

Configuration from pressurizer to valve (include an isometric
drawing of the installation showing piping diameter, length
and orientation)

Pressurizer nozzle configuration

Loop seal (include volume and temperature of water in
loop seal)

Piping supports (show location on isometric and list type
and capacityv of individual supports in a tabkle)

(1)

Steady-state flow pressure drop (including velocity head)
Bcoustic wave pressure amplitude(l)

Discharge Piping Informatioh

installation showing piping diameter, length and orientation)
Pressurizer relief tank design pressure

Piping supports (show location on isometric and list type
and capacity of individual supports in a table)

Design pressure
Design temperature
Note:

(1) See Appendix B, applies to safety valves only.
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TABLE 111 - 1 (cont'a)

5. yvalve Actuation Transient Information

- FSAR Transients

pressure (opening: peak. closing)
Temperature '
Pressurization rate at valve opening

(2)

Maximum pack pressure (steam condition)

Fluid range (@G saturated steam; saturated water,
gteam tO water transition, subcooled water)

valves actuated (number and type) ' : g
(1)

cold Overpressure Transients
" peak closing)

pressure ranges (opening: P
Corresponding temperature ranges
- PresSurization rate at valve opening

—Maximum pack pressure(z).(steam condition)

(1)

pressure range'(opening, peak, closing)

Corresponding temperature range
initial pressurization rate

(2)

Maximum pack pressure (steam condition)

Fluid range
Valves actuated (number andltype)

Notes: ) Applies to reIief valves only

(2) See Appendix A
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SAFETY VALVE PERFORMANCE

SUMMARY SHEET

Parameters for Safety Valve Installation in Plant

The following parameters are to be tabulated for the plant

installation.
tests with the representative va

They are to be used to identify the
lve/piping configuration

most nearly corresponding to the plant configuration.

Safety Valve

- Manufacturer

- Type -
<~ Size

inlet Piping

- = Piping length

- Piping diameter

" - Dry or loop-seal

Discharée Piping

- Back preséure range (for steam actuation)

- Steady-state

-Inlet'Piping Pressure Drop (Steam Actuation)

- Acoustic (after loop seal discharge)

'Applicable Test Numbers

(Selected by comparing preceding information with

EPRI test data)

valve Ring Settings

Ring Settings
Ring As-Installed

Optimal

Upper
Middle

Lower
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i .

TABLE III-2 (Cont'd)

B. valve Performance Summary

The following valve performance characteristics are to be
determined from the data for the applicable tests for
both as-installed and optimal ring settings.

l. Behavior Mode

- Fluid Condition Stable . ' Chatter Other

Saturated steam
Loop seal

Transition
Water
- 650°F
= 550°F
- 400°F
2. performance Characteristics® ‘
. , | Flow Closing
Fluid : ‘Opening : Opening Capacity pressure
Condition . - |Pressure (psia) |Time (sec) (1b/sec) | (psia)

"saturated steam
Loop seal

Transition

Water

- 650°F
- 550°F
- 400°F

In addition, Jetermine maximum back pressure for
saturated steam condition.

*
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TABLE III-3

DEFINITION OF ACCEPTABLE PERFORMANCE FOR
SAFETY AND RELIEF VALVES AND
INLET AND DISCHARGE PIPING

Following is a definition of acceptable performance for-
safety and relief valves and inlet and discharge piping:

A.

Safety Valves

1. Valves open and close in a stable manner. (A ninimum
amount of valve chatter or flutter is permitted pro-
vided no change in critical valve dimensions or
wear of seating surfaces results.) See Note (1).

2. Valve performance characteristics are consistent with
FSAR (or other. design) overpressure analysis assumptions,
including:

- opening pressure

- opening time

- flow capacity _

- closing pressure (i.e., blowdown)

Relief Valves

Valve performance characteristics are consistent with
cold overpressurization analysis assumptions, including:
- opening time

- _flow capacity .

- closing time

Inlet Pipiﬁg (see Note 2)

1. Piping stresses during valve discharge transient
" less than design stresses.

2. Piping support loads less than design loads.
3. Applied load on valve less than design load. (The design

loads should consider the applied loads which resulted
during testing.) .

(1)

(2)

It should be noted that when valve chatter occurred during non-
loop seal tests, the valve was assisted open to terminate tlre
event. Therefore, the degree of valve internals degradation
during an actual in-plant event under similar conditions may
be more severe than was observed in the testing.

Load combinations and allowable piping stresses and
support loads listed in Appendix E.
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TABLE III-3 (Cont'd)

1. Piping stresses during valve discharge transient

(The design loads should consider the applied loads

'D. Discharge Piping (see Note 1)
less than design stresses.
2. Piping support loads less than design loads.
3. Maximum pfessuré less than maximum acceptable
valve back pressure. :
4. Applied load on valve less than design load.
which resulted during testing.)
™

Load combinations and allowable piping stresses-and
support loads listed in Appendix E.

IIXI - 16




‘3; Valve Operator

4. Applicable Test Numbers

]
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TABLE III-4

RELIEF VALVE PERFORMANCE
SUMMARY SHEET

Parameters for Relief Valve Installation in Plant

The following parameters are to be tabulated for the plant
installation. They are to be used to identify the tests
with the representative valve.

1. Relief valve
- Manufacturer -
- Type
- Size
2. Inlet Piping

- Dry or.lbop—seal o

- Air supply system details or electrical
voltage/current

- Other (size, force capacity)

II1II1 - 17
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TABLE III-4 (Cont'd)

B. valve Performance Summary

The following valve performance characteristics are to ‘
pe determined from the data for the applicable tests.

Fluid Opening Flow ' _
Condition Time (sec) Capacity (1b/sec) Closing Time (sec)

Saturated steam
Water Seal

Transition

- Steam to water

- Nitrogen to
water

water (at high
pressure set-
point)

- Maximum _
. temperature . /

~ Minimum
temperature.

‘Water (at low

pressure set- -
point): ‘ o

- Maximum
temperature
- Minimum )
" temperature

III - 18




- ' Revision 2

TABLE III-5

LIST OF POTENTIAL PROBLEM AREAS AND
POSSIBLE ALTERNATIVES TO
ADDRESS UNDESIRABLE VALVE PERFORMANCE

Potential Problem Areas Possible Alternative

Safety Valves and
Associated Piping

1. valve blowdown reguired Re-analyze selected NSSS system
to provide stable valve overpressure transients to show
performance for steam flow that increased valve blowdown is
is not within FSAR/Tech " acceptable from the standpoint of
Spec limits. ) plant operation considerations.

> ' . (Note, since all plants are de-

signed to accommodate losses of
reactor coolant resulting from a
range of possible size openings
in the reactor coolant system, it
: . _ is apparent that increased valve
‘ . ' ' blowdown is not a safety concern.)

Utilize alternative valve which
provides stable performance with

smaller blowdown.

Relocate valve closer to pressur-
izer to allow stable performance
. to be obtained with reduced
blowdown. :

2. Valve chatters with subcooled Show that subcooled water condi-

water flow conditions and tions can be handled by other
blowdown cannot be adjusted . than safety valve actuation,

to provide stable valve e.g., operator action or use of
performance PORVs.

Utilize alternative valve which
performs in a stable manner

with subcooled water, (e.g.,
Framatome/Crosby 6M6, or Target
Rock 69C) or utilize an auxiliary
lift device with the existing
valve.
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TABLE III-5 (Cont'd)

Potential Problem Area

3. With  cold loop seal arrangement,
valve provides unacceptable per-
formance, €.9.:

- pressure oscillations (water
hammer) in upstream piping

-~ delayed valve opening until
loop seal clears

- high pressures and loads in
discharge piping

. Relief valves

With-cold loop seal arrangement,
i valve closure following discharge
b is_delayed' o

NOTE: (1) Before a decision to dra
is made, careful conside

Possible Alternative

Provide a drain at low poin
in loop seal piping back to
the pressurizer to Yrevent
water accumulation(l).

Provide heaters to increase
temperature of loop seal
water to near saturation
(approximately 650°F).(1)

Utilize alternative valve

‘which provides better

performance with loop seal.

provide a drain at low poin

in loop seal piping_to prev
water accumulation ).

Provide heaters to increase
temperature of loop seal
water.

Utilize;alternative valve
which is less sensitive
to the thermal transient.

in or heat the loop seals
ration should be given to

the potential for valve seat degradation and result-
ing steam/hydrogen leakage.

III - 20
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TABLE III-6

EPR] PWR SAFETY AND RELIEF VALVE TEST PROGRAM
~ SAFETY VALVE TEST RESULTS SUMMARY (1)
(CRITERIA: STABLE PERFORMANCE/NO CHATTER)

TESTED VALVES ' INLET FLUID COMDITIONS
STEAM  LOOP SEAL  “TRANSITION IATER

_ 650°F 5500F 400°F
- - (2)
DRESSER 317394 YES T YES YES YES  YES(S)
SHORT INLET _ .
LONG INLET YES YES (4) YES YES NO -
DRESSER 31709NA YES NA YES YES YES © NO

~ SHORT INLET - |
Long INET3) 7. o - - - - -
CROSBY 36  YES N/A YES YES NO -
SHORT INLET | | "
LONG INLET . . YES . YES O - - -
CROSBY 616 - ves o oves Y YES © YES KO -
LONG INLET L
TARGET ROCK 69C YES YES YES YES(6) YES(6) YES (€
LONG INLET _
CROSBY 6N8 YES N . YES YES NO -
LONG INLET
FRAMATOME/CROSBY YES yes CYES 0 YES YES YES
EM6 LONG INLET :

NOTES:

(17 The summary is for valve performance after reference test ring
settings had been established and does not generally reflect ex-
pected performance with current in-plant ring settings.

(2) Indicates the condition is not applicable to the valve/piping
combination tested. '

(3) Plants which utilized this valve/piping combination have been
modified and now have a short inlet.

(4) Chatter observed on loop seal portion of test.

(5) The valve had a limited 1ift and did not relieve the transient.
(6) Observed inlet pressure fluctuations indicated possible
valve flutter.
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‘ Iv. SUGGESTED FORMAT FOR

. JULY 1, 1982
PLANT-SPECIFIC SUBMITTAL

A suggested format for the July 1, 1982,plant-specific.submittal
to the NRC is provided in the following. It should be noted that
the submittal outline is provided only as a general guideline

for utility consideration and it is recognized that more or less
informatibn may need to be includéd in a particular plant-specific

submittal.

I. DESCRIPTION OF SAFETY AND RELIEF VALVEvINSTALLATION

’ TThis section should.provide é_éummary description of the
overall valve installéﬁion. In addition, this section should
préviae a list of key plant parameters as listed in Table IV-1,

" including:

. " ° . safety valve parameters
o.
o

Relief valve parameters
Inlet piping parameters
° Valve actuation transient parameters

II. RESULTS OF PLANT-SPECIFIC PERFORMANCE>EVALUATIONS

A. Safety and Relief Valve Performance

This section should discuss the following:
1. Evaluation of peftinent test results and
identification of conditions which could

result in unacceptable valve performance.

2. Identification of modifications selected for

implementation to provide acceptable performance.




III.

V.
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B. Inlet and Discharge Piping Adequacy

This section should discuss:

1. Evaluation of stresses and support loéds-iﬂ
inlet and discharge pipiné and identifiéation
of any overstressed piping or overloaded

supports .

2. Identification of mo@ifications required to
provide acceptable stresses and loads in piping

and supports.

CONCLUSIONS

REFERENCES

This éectioh should include a listing of all references

‘utilized in the evaluations, including:

A. Safety and Relief valve Test Reports

. B. valve Seleétion/Justification Report

c. Plant énd_Test Condition Justification Reports

D. Discharge Piping Load Model Report

APPENDICES

The following appendices should be included:

A. summary of report by valve manufacturers which justi-

fies the acceptability of valves or the modification(s

selected for implementation.

B. Summary of report by NSSS vendor which justifies the

acceptability of ihe existing system OT modification(s)

selected for implementation.

v - 2
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‘ cC. Summary results of calculations of inlet -and

discharge pipiné loads and stresses.

D. Schedule for evaluation and implementation of

modifications (if modifications are required).

Iv - 3
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TABLE IV-1
LIST OF KEY PLANT PARAMETERS

1. safety Valve Information

- valve Parameters

Number of valves
Manufacturer

Type

size (inlet, outlet orifice)

Rated capacity (steam)

- Inlet Piping .Parameters
Diameter
LengthA

 Type (dri, loop seal/temperature)

- Actuation Transient Parameters

Fluid range (e,g.,_saturated steam, saturated

water, subcooled water, etc.)

Maximum back pressure (steam condition)

2. Relief valve Information

- valve Parameters

Number of valves

Manufacturer

Type
gsize (inlet, outlet, orifice)

Capacity (steam)

v - 4
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TABLE IV-1 (Cont'd)

Inlet Piping Parameters

Type (dry, loop seal/temperature)

Actuation Transient Parameters

Fluid range (e.g., saturated steam, saturated water,

subcooled water, etc.)

" Maximum back pressure (steam condition)

Ht
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V. REFERENCES
Following is a list of reports issued by EPRI to doéument the
results of the safety and relief valve test program. Also noted
are the draft and final publication dates of the report and the
date when the report will bé submitted to the NRC via the PWR

utilities.

Report Date

EPRI Report Draft Final Submitted to NRC
1. safety and Relief Valve Test
Report 3/1/82 4/1/82 4/1/82
2. “valve Selection/Justification
Report : 9/81 12/81 4/1/82
3. Test Condition Justification
- Report _ : ) 3/5/82 4/1/82 . 4/1/82
4. BsW Plant Fluid Condition
. Justification Report 10/8/81 3/17/82 4/1/82
's. CE Plant Fluid Condition
Justification Report 11/18/81 3/10/82 4/1/82
6. W Plant Fluid Condition

Justification Report 10/8/81 1/29/82 4/1/82

7. application of RELAP5/MOD1
for Calculation of Safety and
Relief Valve Discharge Piping
Hydrodynamic Loads (includes

Discharge Piping Data) 3/5/82 4/1/82 4/1/82
8. Marshall Relief Valve
Test Report 8/81 10/81 N/A
9. Wyle Phase II Relief _ '
Valve Test Report 9/81 12/81 N/A
10. Wyle Phase III Relief ‘
valve Test Report 3/9/82 4/1/82 N/A
11. CE safety Valve Test Report 6/1/82 7/1/82 N/A

 N/A Not Applicable. These reports contain supplementary
information. :
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VvI. APPENDICES
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APPENDIX A

PROCEDURE FOR CALCULATION OF
VALVE BACK PRESSURE
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Purpose

The purpose of this appendix is to provide a ;uggested
procedure and guidelines for the calculation of safety and
relief valve backpressure for the plant. This backpressure
is to be compared with the test backpressure as discussed in

Appendix D.

Discussion

Because of the sensitivity to back pressure exhibited by

'the safety valves in the EPRI test program, it is recom-

-mended that the plant back pressure be calculated on a

realistic , rather than conservative, basis. Therefore,

it ‘is suggested that a hydraulic code such as RELAP or

'similar method be utilized. In this regard, EPRI

has-funded/de?eloped a steady-flow hydraulic code
specificaily for determining valve backpressures.

Further_information regarding this code can be

,obtained.frem EPRI.

It is suggested that back pressure calculations be performed
assuming simultaneous actuation of either all safety valves or
alirelief valves on steam or with a loop seal if one is present.
Consideration should be given to the effects of accelerating
the loop seal in the discharge piping on the transient back
pressure. This can most~easilyvbe done by usiﬁg RELAPS5/MOD1
with the appropriate portion of the loop'seal initially placed
downstream of the yalve. Also, use the maximum galve flow

rates as determined by the valve manufacturer.
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The computed steam backpressures are to be compared to those

developed during EPRI steam tests to assess applicability.
EPRI liquid testing was performed with the same discharge
piping backpressure orifice as was utilized during a
specified steam test. The backpressures developed-during
the liguid tests correspond to those expected in a plant
having the same "steam" backpressure as was developed
during the specified'steam test. Therefore, if the steam
backpressure developed exceedé the expected in-plant steam
backpressure) the corresponding liquid backpressures de-
yeloped will exceed those expeqtgd in the plant under

similar conditions.
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APPENDIX B

PROCEDURE FOR CALCULATION OF
INLET PIPING PRESSURE LEFECTS
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‘ A. Purpose

The purpose of this appendix is to provide a ﬁ%déédﬁre for
determining the inlet piping pressure drop associated with
spring-loaded safety valve opening or the pressure rise
associated with valve closing for the plant safety valve
‘installation. This plant pressure difference is to be
cémpared with the teét pfessure difference as discﬁssed in
Appendix D. As discussed in Appendix D, if tﬁé plant pres-
'sure difference is lesé than the test pressure difference, the
;ﬁ-plant valve would béfexpected to have performance at

least as stable as-the tested valve.

B. Discussion

“The procedure described below is only applicable to inlet
‘ ' piéihg instaliétions which have a constant flow area*. The
méihod con;iStg bf:calculating the transient inlet piping
pressﬁfefﬂifférpnceféue'to flow effects and acoustid.wave
prppagatian éna the étéady-state flow pressure difference

for both valve opening and ciosing. The larger of these pres-

sure differences (transient versus steady-state) is to be used

in the plant versus test comparison discussed in Appendix D.

Note that the inlet piping pressure differences must be com-

puted both for valve opening and for valve Closing**,

* The procedure can also be used for in-plant piping with a

reducer at the pressurizer nozzle exit and/or just upstream
of the valve inlet.

* % The eguations in this appendix should onlv be used. for the
purpose of determining the inlet Piping pressure differences
for use in the plant versus test comparison discussed in

‘ Appendix D. They should not be used for the purpose of de-
termining absolute values of the vressure differences (e.qg.,
for the purpose of determining the required valve blowdown
setting for the plant installation).




Transient Flow Preséure Difference (APF)CaiduIation
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The flow pressure difference due to pipe friction
and fittings is given by:

where,

B el]o

APp =

= plplng equlvalent length/dlameter con51der1ng

= steam den51ty at nominal valve set pressure

If T < 2L/a,

(K + £E) (CM)

choAz’

APp =

If T>2L/a,.

(K + %E)(cﬁ)z (3-1—‘)2

2
2g_pPA"

= summation of expansion anA contraction loss

+ - coefficients corrected if required to correspon
to the inlet piping flow area. (NOTE:. The con
traction from the pressurizer to the inlet pire

- loss coefficient can be assuned to be zero)
'(dlmen51onless)

. can be assumed to be smooth and therefore tne.

= frlctlon factor (see Reference 1)
(dimensionless)

effects of elbows and friction (see Reference
for pertinent data) (dimensionless)

= rated valve flow rate for steam as specified in
Table B-1 (lb/sec)

= gravitational constant (32.2 lb-ft/lb—secz)

(1b/ft3)
= ' inlet piping flow area (ftz)

‘steam sonic velocity (ft/sec) - use 1100 ft/sec
for all calculations

(o1

:
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L = inlet piping length (from the pfessu:izer inside
diameter to the interface between’ the inlet pipe
flange and the valve inlet flange) (ft)

T = valve opening or closing time for steam
inlet conditions as specified in Table B-~2
(sec) ,
C = flow rate constant for valve opening or closing as

specified in Tarle R-?

Transient Acoustic Wave Amplitude (8P,,) Calculation

The acoustic wave amplitude is calculated based on
information in Reference 2. There are two situations

to consider:

>

‘= If T ¢ 2L/a,

: a (CM) (CM)
AP = +
- 3 AwE _ IcA chggf
.= If T>2L/a, :v2 (2L 2
' 2L (CM) (ch) (E)
4P, =g ar  * 2

Aileparéme;ers'are defined in Section B.1 above.

Plant-Specific Transient Pressure Difference Calculation

The pPlant-specific transient pressure difference
associated with valve opening or closing is equal
to the sum of the flow pressure difference (APF) and

the acoustic wave amplitude (APAW) as determined

above.,
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Plant-Specific Steady-State Flow Pressure Differecrnce
Calculation

The steady-state flow pressure difference associated ‘

with valve opening or closing is given by:

fL . 2
(K + 5—) (CM)

29, 0A%

APF =

All parameters are défined in Section B.l above. Note
that the values of the flow rate constant, C, are differén

for valve opening and closing and are provided in
Table B-2. ’

1..

. Flow of Fluids through Valves, Fittings and Pipe,
- Crane Co., Technical Paper No. 410, 1981 -

Waterhammer Analysis, John Parmakian,
Dover Publications, Inc., 1963

'Sample Problems

1.

a. Valve Opening

Problem #1 T ' o -

Following is a sample calculation of the plant-specific
pressure difference for the assumed safety valve/irlet

piping configuration illustrated in Figure