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FRCGRAM PLAN FOR THE
PERFORMANCE TESTING CF
SAFETY AND REILIEF VALVE

SUMMARY
A Program plan is presenced =3 evaliaze The safecy and desiszn
charactaristics of pressurized water r2acstor safszv and

relief valves. This program is responsive to NUREG 9874,
Section 2.1.2 "Perfscrmance Testing for 3WR and PWR Safezy
anc Relief Valves", and is focused on the kev issues

asscciacted with PWR Safety and Relief Valve system perfsrmanc

-
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A comprenensive experimental and analysical program is cuslis

- - ————— . - - - = — - -

b 3 i e s 1. ' i Y3 e : e i
WALCA Will eva.uate valve cperability anéd provide sufficiens

data 2 confirm meshcds for sredicting safety and reliaf valve
discharge piping loads. The experinental pragram includes

full-scale cests of actual PWR relief and saasw valves.

Availadle Zata ané sxperiesnce fram Soreign relief valve zass
Frograms will se utilized =2 minimiza sotantial delavs ia the

N
gxPeIlmental sragram.
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SAFETY

VALVES
AN ACTURER

Crosby Valve & Gauge

Dresser Industries

TABLE 1111 SAFETY VALVES IN PWR PLANTS

HODEL UNITS
HB-BP-06 Serles Farley -1A2 ANO -2
Rebinson -2 Harris -1,2,3,84
Zion -182 Byron -142

Mraidwood -142
Iindian Point -2
Beaver Valley-2
SL. Lucle -)1A2
Cook -142
Jamesport 182
Pravie 1sland |
FL. Calhoun =)
Trofan

Seabrook A2
Summer

South Texas -18
Walts dar -142
Comanche Peak -
Callaway -1A2

Conn Yankee

L3 Mc Guire 102
Tuvkey Foint -384
Vogtle -142
Wolf Creek
Millstone -1

L2  Glnna

Diablo Canyon -)42

Harble Hil) -182
Salem -1482
* San Onofre -1
2 Sequoyah - 182
Yellow Creek -182
182 Davis Besse -1
Novth Anna -3&4

Point Beach -1&2 WNP-31%  Kewaunee
1719 WA Yankee Rowe
31709 A Maine Yankee
31709 NA I'alo Verde -1, 2, A1

Pilgrim -2
Palisades

Perkine -1,2, 43
Cherokee -1,2, A3
Pehble Springs -182
San Dnotre -283
Bellefonte 142

WHE - 184
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TABLE

RELIEF VALVES

MANUEACTURER
Black, Stvalls

tontrol Components
International

Copes Vulcan

Croshy Valve & Gauge

RELIEF VALVES IN PWR_PLANTS

L

MODEL
70-18-9 DRTX

3" DRAG

3" <1500 Seriles

HPV-54

WIS

San Onofre -1

Mc Guire -1A2
Calawba -182

Farley -182
Robinson -2
Warris -1,2,3,84
Zion -182

lyron - 182
Wratdwood -142
Conn. Yankee
Indlan Point -283
lurkey Point -384
Jamesport -182
Millstone -3
Prairvie I1sland -14&2
Trojan

Marble thl) -142
Seabrook - 142
Salem - 182

Ginna

Sty

South lexas -142
Comanche PPeak -182
Point Beach -182

Davis Besse -1
Morth Anna -3%4



RELIEE VALVES
HANUFACTURER

Dresser Industries

Fisher Controls

sonellan
nlternatfonral

TABLYE 111-2 (Continued)

HODELS

31533Vx Serles

§5-103-55-95

20000 Series

UNITS

ANO -)

Calvert CYIffs -182
Pilgrim -2
Palisades

Midland -182

Oconee -1,2,43
Crystal ftlver 3
Maine Yankee

Three Mile Island -182
Millstone -2

Ft. Calthoun -1
Pebble Springs - 182
Rancho Seco
Bellefonte -142

WNP - 144

Yankee Rowe

Beaver Valley -2
VoglLle -182
Watts Bar -182

eaver Valley -1
Cook -142

Diablo Canyon -142
Sequoyah -182
North Anna -142
Kewaunee

B R ——



MANUF2CT2€3 MOCEL

Crosiy Valve & Gauge H8-8P-25 Series

Oresser Incussries 31700 Series
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MARUFACTURE?

Black, Sivalls

Contrsl Components
Intarnaticnal

Copes Yulcan

Crosdy Valve §
Gauga

> -
ingustries

Oresser

S o -
e -

Fisher s

Mascneilan In

srey

TAssume 1 SCRY
each 1 untie.

70-18-3CRTX

3* Orag Tyze
3"-1500 SERIZS

HPYV-3N

31833v

»<

for sach 344 an2 CE unit (exzest C2 uni

POPULATICN”

UNITS/VALVZS

-
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-
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[
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-
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TABLE 111-5

VALVL 1YPE

1. Safety
Valve (Spring,
Balanced

2. Safely
Valve (Spring,
Halanced

1. Sately
Valve (Pilot
Operated)

4. Relief
Valve (Pressur-
matic)

5. Rellet
Valve (tlectro-
matic)

6. Rellef
Valves (Alr
Operated)

RELTEF AND SAFETY VALVES

SELECTED FOR_TESTING

MANUFACTURE R

Crosby

Dresser

Target Rock

Crosby

Dresser

Control Components

Copes Vulcan

Fisher Controls

Masonel lan

MODEL DESTGNATED

HR-BP-XX Type

1700 Series

69C

HPV-SK

INSIWX Type

3" Drag

31500 Type
55-103-55-95 Type
20000 Sertes

SELECTED FOR TEST

HB-0P-86 (6M6)

31739 A
31709 NA

69¢C

HPV-SN

31533vx-30

1" brag
3*-1500
55-103-55-95
(Later)
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3. Exsended Oceratzion of High Pressure Taiecsisn Svszan~

. Prassurs Jange

The maximum transient pressure raages from ==

valve set pressure %o 3just above 2300 osia.

. Pressurization Rate

The precsurizazion ratce would He lass =han

20 psi/sec.

» vluid Conditions
for these transients, the valves zould czen on
team and experience a transition #rom stean =2
subccoled water flow, or they could cpen 2n sub-
coclec water. Water temperatzures could range

from 450 to §350°F.

¥ In most cases :tne extended operation of high pressur
injecticn would Se a4 conseguence initizted =y an SAR-:zv3
sransient.
IV - §
- . ———— i —— - . - - - - - - . ——

- - - — - — -




TASLE IV=-. 2PWR TRANSIENTS WHICH MAY

m_— e YL i s
R— - N

TALUY 2
Pk T Ao wBa st

2lant Transisnt

. £ 4. S a1 T 3 :
LO8S OF sxternal slectrizal lzad and/or suzhine =22ip

Loss 02 normal feedwater

Uncontrolied 2o0é withdrawal

oss of all AC zcwer

Main feedwater pire rupturs

ui
w
.0—
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w
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3 |
il
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o
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O
i
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Extanced cperazion of high pressure in‘ectisn syszen®

Sl

* Only in shose plantss whers the svstem is zajaszle of
iajection at valve se: prassurss (21400-2300
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V. PROGRAM FOR EVALUATION OF
SAPETY AND RELIET VALVE PERFOPMANCE

A. Tests to be Performed

Full flow tests of threae spring-lcaded safazy valves, cne

¢ iy e T L a'ig®
pilot-actuated safety valve, and six sower-cparated relief

24 & - . T T § -
valves will be performed under a wide range of f£luid cendi
tions. Zach will be a performance test %o demonstrate

the capability of the valves =2 cperate satisfas=orilv under
Seam inlet conditions, as well 2s 2 -range of subccoled water
and transiticn (steam %o wazar) flows. A numter of ses
pressures, capacities, peak pressures, sressure ramp ratas,

Teseat pressures and back zressures will se caoversd. As a

Fart of the valve tasting, Zdata will also se ch=aines ==
determine periormance saramezers such as valve capacizy,

- >

and flow reac..on far-es

(A

% ' y $ * Tl aes
@< CTests are Dased on the use of a2 sransisnt = W=

- -

RS

The specif

down type of test facility which usilizes acsumulatsrs charged
SO an apgpropriacte prassures and temgerasurs =2 3caiave

sonditicns represenczative 3f zacse axzect=ad in sersvis

- e

-
-

4%
v
- -

] , ! : ol g i o ‘

(Cepending cn tke type 3f sest, =he valve size an: ke fac
1 ¥ s i - T v 2 ] 3 - R

dtilized) which will ze suffisiens =5 sb=ai: valis sexfcrznance

>N
-

Sharscteristizs and 4a3=a.

——— L — . ——— e e - .- ————— L —— - ——_—_ T ———



Quring the course of tha specified tests, each valve will
\-. ‘ubﬂ‘c..d . - & . a4 ] - J - 0 -
= jecs €3 a mger of cperatiscnal cvoles. Zowever,
it shouléd be noted that the tes: Prfogram, o ze compla=esd

By July, 1281, is net intenced =2 provide valve sileting,

-y 2 3 d . i
SYS.iC fatigue or stasissizal reliabilisy Za=a.

Specific combinazicns of valve SyPes, piping configuraszisns
and test conditions are specified ia the test 2atzix

Fresented in Tadble V-l. The main elament of the test
FrogTram are sumrmarized selcow:

-

. The valve types %0 e =ested imclude essentially
2ll ¢f the generic valve tyFes in service (e.3.,
talanced spriag-lcaded safety valves, IZlacstraomasis ar-
?:nssu cmn:;: PCRV's, air-cperatzed jlobe valves and

self-actuacze
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and include models supplied by each of =he Zajer
surpliers (e.g., Drassar, Crosty and Targe: R2ck).

Such & grsouping results in zen PWR ses: valves.

¢ The aumerous piping z2ns

acdeled as f:llcows: The range of inlecs 3izing

!

coniiguraticns are coverasd 37 WO tast ses-ups

for zne safezy valves - cne represens: 2§ & saces,

. 1 . b | . - - . -
VeItila. inlet pire and one regresanting a2 waszas
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3 <nlet and discharge sressure

0

9 Inlet and discharge temperatur
2 Discharge (back) sressure

) Mass Jlow rate (measuremens of mass flow rasze will
De made Sy an upstream vensuri ané acsumulassr

iuver:::v Tsasurements; lastrumented stcol pieces =3
aczemmodass samma densitcmeter, drag disc a:d turaiae

aze being ur ~V"ed)

.

Special instrumenzasion will 2e proviied %0 measurs valve
Farameters, including:

. Valve stem gosition (strcoke) e.3., linear variaal

i-f‘c-cn.za transform 's, wne:e possibl

2 Valve body cemperasures.

° Accelercmeters for sensing opening and closins of
iaternal pilots ané disks anmé = esponse ¢ fluid
reaction loads.

S Valve cgerascr input parameterss (air sTessure,
electrical zower, etz.).

e —— - -

. Strain gages or lcad cell inssrumenczasisn

The parameters listed amcve will :se recos<ed far esach

test on a Righ speed Zata acguisision svszem. This sys~-
tem shall include the zapaszilizy =2 piss, Zisplay anéd/ec:

Print data Irom selec=ed channels Zor- Juick-lock" evalu-

23 ‘ & i "o
@TLLLC numbers 27 insisumnerzs,

asion afzer each t-zs:=. §

their locatizns, resscnse times, Tanges and acsuracy

G — v — - e - —— - — -
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reguirements will Ze Zdevelcred as 2 zars of detailed tess

Procedure sreparation. Preliminary lists are provided
in the workscope (see Appendices A, 3, and C) for =k

valve test facilities.

Test Facilisies and Schedulss

-- An‘av
EERE L

In order =0 be responsive the ssvers

requirements of NUREG-0578, the rseaguired PWR safety an

-l

sewwasen

-lm tambuUsSTian =Inm
as CCRRSTLIOnN &N

Though

sneerLing

sresently designed and

the safaty anéd -

NUREG-0Q578, =esc

and Wyle will be used where appropriase o replace zhose
corresyonding tests presen.ly idenczified 2oz Combustisn

Eagineering. The Mazshall facilizy

relief valve tests with steam condistisons. The Wyle
Sacilitcy will be used primazily to pezisrm watsr Slow

T2 = - : . .

tests with the relief valves, 5ut will alsc =ave z2e
Y % 8 L . 2 =

Sapability %2 zerform selief valve szean 2low zases.

The Marshall and Wyle facilities will he va

facilicies, and will have cnlv 2 minizum asoums af 2P~
strean and Jownstream 3ipiry. The Comubssisn Snginsering
(CE) facilicy will be usil. eé =22 zerfzrm zicse seguized
safety and relief valve tes:s under s=2am, wasss, and

steam 2 waters ' sendieiss
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transition (steam o

water) tasts wizh
tion of agzroxirately 10 %2 20 secanés

largest safety valve in service. 3

for the completicn ¢f sess facility constructien,
facilicy checkout tests and valve performance tess
is provided in Tahle V-3.

dvlie FTacilisy

The Wyle facilicty has the capabiliszy %o pexform val
tests up to a pressurs of aszous 2700 Psia. For sk

Wyle facility tests, the tes: valves

cff the bottom nozzle of a 300 5:3 steam or water
accumulator vessel as shown in Figure V-4. For &k
water flcw tests, a §0 5:3 nitsogen sugply vessel
1l be used 0 drive the water fram =he acaumul ator
vessel. The test relief valve will he electrisa lv

actuatesd

S0 initiace the test and she test will coan-

inve until the pressurs decays %o the valve reseat
Pressure and the valve is zlsosed (Figure V=2). 7Th
facilicy will have th capalility of perfcorming stweanm
or wat 2sts of PORV's wish a zest durasisn =7
agproximately 10 seconds. A curren: scheduls far =ha
Ayle faciliczy tests is pravided is Tasle 7-3.
Marsh Faclilisy
The Marshall facilicy has =he Casadilicy =2 perfasx
valve tasts U %0 a gressuze af 2scus 2333 peisa. 3
these tests, the 7alves will =e mounzed =<7 She steanm
Srum of a hQigh-pressure scilar a3 shcwn is Figuze V5.

will

a aest 3ura-
with =he

be mounted



The boillr has the capacity o provide a steady-state
steam Zlow rate egual = the capacisty of she lazges
Telief valve to be tested. The test ralief valve will
Se electrically actuated =0 initiate the tes:t and the

test will continue for agproximately 30 seconds uns

y . . y . Y LT
Cle test valve is closed. A current schesule 2for tae
- IpF ; i 3 e 6 A

Mazshall facilizy ctests is provided ia Table Vel.
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TABLE V-2

- - -
..\-¢---.’ - - ---.‘..ad\:

EPRI VALVE TEST PROGRAM
e

TEPE OF TEST TEST FACILITY

- -

Relief vValves

1 / 2,/

= T
ngineerings , Marshalls

- Staanm Tests ! cembusticn
g ] L/ ses1a2/3/

. e
ion Engineering=’, Wyle=

.- ¥
vy man

- Water Tests combust

8]
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oy

- Steam Tests ! Combustion

"
]
| -
~

- Water Tests f Combustion Engineering

‘.

esults will be used whers
-

o
=/ Marsh L

2 . *
e Simi ar tests at Combustice

agerses cias
Zagineerin

2/ These are valve tests facilities wish only miaizum
cischazsge pizing.
3/ Tae Wyle Jacilisy will alsc have tae capabilisy 23z

- :f:-m-"g ste2am tasts.
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u
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4/ This is*a cembined valve an
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TABLE V-2
VALVE TEST PAC-LITY SCHEDULES
TEST FACILITY
Phase CE l Wvle Marshall
¢ Complation of =est =
facilicy construction |Februazy 1341 Jevcber 1380 Cemplecad
!
|
. I | |
¢ Completicn of facilisy { |
checkous March 1981 November 1330 June 1980
* Ccmpletion of valve 3 |
testing | July 1931 January 1981 Jecember 1330
|

-
This scnedulea campleticn daza is hasad an tha sucsas
s;..,,.;:o
,. .C - - »
ing Wyle Tast factlisd

gant number 3f
iziase,
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sfy!
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relfef valve t2s%s %3 Se perdarmed 2
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Ceiiie

ecion af a
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OR PRESSURE ===

1T ow .
oAl e

ACCUML

'-K":—- INITIAL P

RE-SEAT P —u..

VALVE OPENING TIME .

FLUID TRANSIENT CONDITIONS FOR TYPICAL
RELIEF VALVE .(WATER OR STEAM) TESTS
AT THE WYLE FACILITY

FIGURE V-2

VALVE CLCOSURE
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In addition 20 the experimenzal program, zhe PWR Prog:
Sor evaluatisn of pizing ana-y:;:'; methods will ineled
parallel analycical effors including tae following maia
elements:

R State-ocf-Asc Survev cf Pising Design Mashods:

A survey nas Seen initiaced of NSSS, AZ's, and

Piping design sSrzanizaticns %0 decarmine:

Methcds ussd for safety and ralief valve
discharzge piping lcad prediction.

;x;o-.mcn: 1 or other verificasion data
available =2 supgor: these metacds.

-

3

The results of this survev will be usad =5 decer-ine
the state~of-the-art i{n the design and analvsis of
ischazge piping syssex

. Zvaluation of Pising Analvsis Mesacds

To tHe axtent Q:ac:;: &, Piping load predizstizn nezhods

B ——— - - - ——— e —— - - - — - - o — e ———

used by MNSSS, AZ's and others will ce evaluiated A gev

.

Part of cthis effor: will be the use ¢f sne or more sampl

problems which selected organizations will be ceguested
analyze 22r varicus 21:id condisicns. The samzle

problems will inccrporacte feaszures svpizal oFf dis-

I

fullescale valve perfcormance -ests. As disgcussad
above, =ie analysis srsgram will alss include =mare
Somplex <ischarge siping ssafigzuraszians Tegresencacive
Or actual PWR lnstallazizas =3 zonfism shas =he sase
conligurazions adeguazely mcdel =2 inporssns

sasamezars.

- — o — — e s —— - — o —
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Cevelosment of Seneric 2isinme Analvsis Mashods

it is expected tha: zhe state-of-she-ars and

survey

evaluation of publicly availahle analycical progranms

in *he selectizsn 2f one or

capable

for piping design will resuls

more specific generic methodologies selieved best

of predicting the hAvdraulic lsads and sesgonse.

These mechcds will se evaluaszed and Sgetiher

i data cbtained in the full-scale valve

experimens

will 2e made availanls %o

periormance tes: pragran,

#WR licensees. It should be noted =hat such

Teguires detailed evalua Sf the test data and

:
sicn

therefore will not be completad witiin the reguired
test complecticon date 2f July, 1331,
i - 4§
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1. ASME type venturi

O

Length "A" ¢
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(see Figure 2) gecmesciss.
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Valve Tyzes

Piping Configurations

Instrumentation Regquirements

Data Acguisition and Reductien

Regquiremenss

Quality Assurance Pravisions

Reporting and Cocumenzation
Requirements
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Pinineg Configuracions

The PORV inlet and outlet

in Duke Pcwer Company

Drawing
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Performance tests are reguired for each valve

type specified in paragrazh 3 above, for the fluid
transient conditions, and back pressures specifiad

-

in Table 3.

& : o -
Post-Test Inscection/Checkouts

Follewing each test series, the test valve shall uréd

the following at the direction of a tachn

m

tive of that particular valve company:
o Visual examination
o Refurbishmen:, if reguired, =5 mee: seat

leakage reguirements.

fter successf:il completion of an encire test
seguence for a given valve, the valve shall se
disassembled, inspected and photographesd. Resulzs

of all inspections and tests shall be documentced.

ACgcentance Crikeria
AcCcaptances sritaria will bhe provided sy =2RI.

cal rspresanta-
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systenx hydraulic loading and
thermal stress analvses
(for information, on.y)

instrumentation descri
including types, locaci
ranges, accuracies, re
times, etc.

i
e

-

pt
10
s?

onse

quali:y assurance informatsion
including calibration, <race-
h'lz:y, as-built dimension
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pe . e .
MEASUREMENT REQUIRSMENTS SUMMARY

-~ -

s B 4
MEASUREMENT RANGZ CZURACY=

| A. Pressure | 0 - 3000 psia | + 18
| | i ,
| 3. Differential { | |
| 2ressure across | ‘
Flow orifice , 0 - 340" W.D 4 3% or betzar
g - - et Bt 1 = - Sa & b
C. Temgerature 1007 - 7007¢ i3

|
g 0. Acceleration | 2/ + 3%
) - | - ) -
} | |
' £. Valve Position : 0 - 100% + 5%
' £. Valve Operator f

|

| Parameters

o
[
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or
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(&)
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wn
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O
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0
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w
"

@ mCotor cperator | 0 o 5 amps

{ L. Ratio of the errsr (27) %o the full-scale outsut scased on
! all error components c¢f transducer, signal conditicner,
; data acguisiticn and reduction svstam.

| 2. Parametsr wvalue %o be dazerminad.
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e Maximum test pressure - 2700 psia

' _ Maximum test te:

[
43
R4
o
L]
™
o
('™
1]
(1]
]
o
w
()
“
. .‘

¢ __Estimated capacity - 200,000 lbs/hr of saszurazed steanm; 1000
T _gpm of saturated water at 2500 psia or transienz_subcsoled
—water up t2 5,000 g@zm. N L=

. Valve inlet (V-2) £luid conditicns =~
- Saturated steanm
- Subcooled water (500 - 2700 psia at tempecatures
from 300~ §350°F)

. Back pressurs

P

= Dynamic back pressure up to 500 ssig
In acddition, the facility shall have the capabilisy o
persorm tests uncder all specified fluid conditions wish
& fixed orifice in place of any =est valve. This will

reguire that the Zacility provide rupture discs =2 zermis

. Valve 3cdy andé Piping Temperaszuces
- The vessels, tast valves and piping shall be
insulated and heated =2 achieve the %est condi-

) . ] . R
tions specified in Section G below.

¥ Svstem Cleanliness
- System cleanliness nust e maintained suca zhas
aormal valve operation ané insstrumencation are

aot affected Ly sontaminants in the svssen.
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shall neotify the resresentacives
their respective test gerisds.

by Visual examinatics

o Seat leakage tast

" Refurbishment, if reguired,

leakage requirsments.
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for a given valve, the, valve shall

inspected and photographed. Res
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E. Accestanc? Criteria

AcCceptance criteria will be provided
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_The test program described herein shal

a formal QA program which meets appl:

"
v
w

]

= 4 Reporting and Documentasion Recuirerents

o
n
&
“
'
e

)

The following documenzatis

.

faz a

e

"
O

"a

‘o

[}

Decumentcacizsn

. systam schemaczics

. .
system isom sTics and componens
arzangement drawings

. system hydrauliz
tress analvsas |

w
1)
o

e ———— - e - TR b et PR ———— —



o ——

L - ——

- ——

- —— e L ———— o — —

Documentaczisn

instrumentation desc

ription
including types, locaticns,
fanges, accuraciles, response

times, e%c.

test specificasion

Sualicy assurance manual
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TABLE

TEST MATRIX

THRANSLENT CONDITIONS

! f FLULID CONDITIONS
! INITIAL ACCUMULATON
; ! CONDITIONS
4 TEST VALVE TNLET PIPING . - SET On P REQU T RED
ACTUAT TON HAMP ,
- s FLUIDS » . PEAK
rsia) (v) o b .
(rs (PSIA) (PS1/56C) (PSIA)
1 'ORV 5 fertical Contig-
‘ *ORve Vertical Contiy 2700 | 680 |Steam 2700 (1) 2700
(Solenotd wiratfon
i1lot Opret
@ atand)
T ¢ Croshby 2100 | 650 Waler 2700 (1) 2700
NPV - 4N
. _A‘ * rcaser
s IS 3vx- 10 2100 | 550 Water 2700 (1) 2700
- 2100 150 Waler 2100 (1) 2100
- 500 |46 Steam 500 (1) 500
NOTE (1) The test wil)l be Inftlated by electrically acluating the FORV; theretore, the
will Le zero
i (2) Theue ary fixed-flow teats with a liquid

Clow rate of approximately 1000 Jpm,

NE-SEAT
P
(PSIA)

23100

2300

2300
2300

400

pressure

19 e

Lamp

ANS TENT

DESCHRIPTION

Steam Flow, See
Flgme 2
Water Flow, Sece
Figme -'"’)
Waler |} luk." e
)
Filgyure £ “
Mater Flow, Sce
Py e 2 (2)
team Yiow, See

ate

DACK
PRESSUNE
(PSIA)

100
and

5090

100
and

100

100

L

£

HEMANKS

Tesls

Tesuts

fesut s
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(VERTICAL TYPE)
2 \)‘.'Q
VENTURI ] J }!‘»*r— v ee BF
<R -
| MANDAL BLOCK
- - pa—| YALvE VALVL NN
LOM POINT DRAINS J KN\‘T TEST SYSTEM INTERFACE

WYLE PORV INLET AND DISCHARGE PIPING
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PRELIMINARY WORXSCOPE FOR THE SAFESTY AND RELIZT VALVE TEST PE_.2AM

<
- -

AT THE COMBUSTION ENGINEERING FACILITY
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Title

Scope
Valve Tvres
Piping Configurations

Instrumenzaticon Reguirements

Data Acgquisition and
Reducticn Requiremen=

Facility Reguirement:

Tests

Analysical Suppors
Acceptance Criteria

Quality Assurance Pravisisnas

Reporsting azé Jocumentatisn
Reguirements
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A.  Scoce

: Purcose

The purpose of these tests is to obtain performance

data on pressurized water reactcr primary system

safety and relief valves and inlet and 2ischarze piping

for the range of fluid conditions under wh

be reguired t2 ocperats,

> Test Querviaw

~
Flow tests of safety and r.lief valves ars
7

required under water, steam and =ransizicn (s

-~
-

they may

water) flow condicions. Several back pPrassurss andé

varicus inlet and discharge Piping configurations

conducted (Figure 1) wish tae facilicy Tangem

shown schematically in Figure 2.

Data will e ocbtained £o Zdetermine valve flcw, cest

will be zovered. Quagi-s=aci= tvye tests wil

te

--\-

systenm

temperatures, pressures and piping loads. vValve leakage a‘fser

v

valve closure will also be measured frapm 0 to 10

¥ Similar rTe..e” va_ve zasts uncer szeanm andé waszer condi
adre presently planned a: Marshall and Wyle facilisiaes
'llp‘”"fl- . Where apgpropriate, the Marshall and Wyl
resul will Taplace tacse cooresponding zeszs slanse

- - - Qeria
--mu -k -Abg.-- - - .

e

’
2

gem + 1/2 gem.

-
-

H |

-8

-
-

e

L)
"
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‘7alve Tvoes

The following valves will

Valve Tvoe

Safety Valve
(spring-loaded)

Safecy Valve
(pilot=cresatad)

Relief Valve
(Pressurmatic)

Relief Valve
(Electzomatic)

Relief Valve 3
(Air-QOveraced) .

i2

2 1/2°

2 1/2"

x 3"

x 4"

‘ -
Control Ccmponeats

vulcan

Ccres

43-3P-84%
3173%A

e
31709NA

O

ah
e

C

s
v
<
'
"
L.’

(Later) Fisher Conz=zols £§5-103-338-33
(Later) Masoneilan (Later)

LR 2Y

safety and relie? valve

tarough §.

- -
»od

- —
-

<2 measurs zhs

né

v . . 2
tast valv «i8t8d in

Taramesers

Sperating andéd sontrailing

the

i
Ll
L]
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Data

Aczsuisicion anéd Reducsion Recuirsmencs

Data Acguisition
- 801t
the following data acguisision

:oquizcd:

2e recoried
recor

" All cata channels will
reduction and as a permarnen
signal frejuency is estinated a: 2

system capabilisy

for later
2. Maximum

— —

00 Hz for

channels, 20 2z 22r 21 channels and 2 =z # 13
channels. Cacta channels will 2e sampled as six
Cines their maximum freguency. Combined saxnpli
rate for all channels is approximately 32,000

samples zer second.

. Quick-look plots
channels will be provided
period Sclleowing test
records or reduced data plots will

withian a

- -
Either

of up to 13 selected Zata

:
cne hour

s )
oscillogranh

be provided.

Reduction

All cata channels will

unit plots within y,

& three dav

Plots

Facilitv Recuirements

: Test Tacilisv Mcéificatsion

The Contracstor will redesizn and

a 41 - : :
Cest Tacllicy at CIZ's Xreisinger

this zrogranm.

.

V-

compleced includa:

S8 axXist.n

)

nd discharse
=8 inlet and

sion of

-l R R s
- ...,..--a

- —Jad
peris

=€ Maior mecdifizaxions

will ze 83-1/2 x 1l inches of rezort gualisy.

nedify an exissing

E T
- alc (=)

acuse the =as=

—— -

- . b3
WO acsumulazor

vazisus
SaBpica=-
exzan-

syszanm.



i s coliale it . ke . e
™ - . -~ - - . -
-5i@ CT@ST .COCP will De rated at 32350 psiz and T00°rF.

The tesdt facilisy will be cajable of perisraing
quasi-steady-state tests with sufficient zess dura-
ticn to obtain valid valve cperability ané serfcrmance

characteristics.

The Contractor will perform checkout =es=s 27 =i

test facility and instrumentaticn and =2 srovide tase-
. ne data pricr to performance of valve =ests. Th
purpcse of these checkout tests will se =3 approxi-

mate specified fluid conditions, pressures and flaw

[

tes that will se erserienced zin alve -escs

D
]
b

8}

ing a fixed orif.ce in place of the test valves.

The tests will provide data

‘ot
(8}

: &
verify pr

L8
‘o
Q
"

facilicy cperacion as well as measuremenszs of flu:id
ané wvalve parameters. In addition, statis load tes=s

will e perfcrmed as needed to calibrate pipiang and
b i

SUSpOrT strain gages and lcad cells in order %2 permis

Synamic measurenent of piping and valve reacsisn lsais.

Suring these tasts locp sracess andéd sonsral inssousen=a-

..

ticno will also -e evaluaced.

24 1% = - 1 = : - .
Conzracers will also perfcza a zstal of eighs scaping
; el A ) i -
Te3T8 On tle test valves proviied v PRI, TR

valves will Se tested ac pressures senween 2320-235200
$sia. The purzose of zhese :z3s3s will be =3 Zs=armics:

~ . P 'c-
il Adeguate tast dvrations for such valves.



«

(= Ability of Contracsor =2

ieak tightness.

Adeguacy of test facilisy and measuremerc=s.

o The calibration range for piping strucsural

response instrumenczation.

‘o

erformanca Tes:s

3}
L)
i

ferio

relief valves provided nv Z2PRI

-

A total of 38 tests are planned.

ance tests con four safety valves and six

"
ars requirzed.

AS mentioned

earli:». the relief valve test resul=s obtained

from Marshall anéd Wyle facil

where appropriate, correspon

S e -
ities will replace,
- -
éding tests presently

lanned for Combusticn Zngineering. Tw number
g =1

*

©f tests %0 be performed on each test valve is

detailed in Taszle 2. 7The £

Post-Tass inssection/Checkouss

Contractor will allow for FOST~-Zest inspectisn anéd

checkout of the test valves.

checkout will alew far visual

leakace :est:.

After successful complecion

el :
«<<iS lnspecticn and

for a given test valve, Sontractor will allsw Zer a

€0 disassembls. inspecs, and




e —— —

— — —— i -

Analyeical Supscrs

LR}

contracteor will perform h analvses of the tes:

system. Adeguacy of the

and sizes, tank si:z

-l

-

xivial rmeédvnani

will

e avaliazaed,

Sydzrauli~ analysis zesults will be input iato

calculaticns to compute reacstion forces and define ce-

straint o: suppert load reguirements.

configurations, and tests for water,

tions will be included.

tion condi

will iaclude the inlet and discha:s

to determine the maximum support lo

The Cont-actar will perform analytical

= R 3
wiili actual %Lest resu.ts.

comparisen

analytical mcdels will be made as trhese

E R B
i - -

compariscns. Analytical mcdels develos

-,

the test valve inlet and dischazge configurazions. Y

Accestance Crisars

Criteri
Contracsor and IPPI will cdevelsy test acceptance sriseria
for each 7alve %2 he tested.

gualisy Assurancs Provisions

“Be tSast program willi be perforsed under 2 fozmal gualisy
ARSUSASCE RESCTEN, Prugared Ly the JSntTacisr in acsaziancs
with applicable Teguirsanents.

)
'
[l
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w

All tests shall be perfc med in acsordance with wrissten

— -

Procedures prepared by Contraceor,

Resorting and Documentatizn Recuirements

-~

the Contractor shall provide a final rezert whi

pozt which in
’ A description of che as-buils test facilicy.
. The test resul:s cbtained during the progran.
°

The results of the analytical evaluations.
In addition, the Contractor shall provide irterim cdas=a

- -

regorts tc IPRI.

)
]



TAULE L
25 TION LHCINEERING /ALVE TFST FACILITY + *C$® SVSTIN wasuRsmpy-ya’
LT T 1 e TNl oS oA S IR R A ¥ L N
A. Jessel Prossuce Prevsure - Jugsal V-1 : 2
- Vessel V-1 : 2
8. 7low ?rassure Jr3p O1fferential = Jecwenn /essals V-l and Vel 8 20
Pressurs - Yassel V-l 13 Upseream 3f
Test Valve i h
- ACross Test Vaive i 29
. = ACTOSS Q.iscCharse ?iziag 3 0
~ ACTOSS Jack-Pressuce
Vaive (or Jrilice i P
= from Ixit of Jacke-?Tessure 7alve
%3 Atmossnece i be-}
S. [Flow Mace a73uga Qullezencial = FPlavw Jentuszi Usscreas 3¢
Test Valve Pressure Tese Valve N 2
9. Water Lavel Sifferenczial - Tassel V=L 2 0
Pressuse - Jessel V-1 H ]
E. Tluid Temperatuse Thermocaupie - Vassel V-l 2 N
- Vassal V-1 b 2
- Upstrean of Tes: Valve 2
= Jownstrean 2f Test Valve L 2
~ Downstream of Jack-?ressure Zalve i 2
F. Test Valve Accelerazion Acceleromecaer = Test Valve X-Axis : 290
- Thast Vaive YT-Axis i %0
« Test Vaive I-Axis i 00
S. Test Valve P3sitiza LT - Test Valve (Safecy Talves 3aly) s %0
4. Valve Cperazse Ilapus Alr 7ressuze or = Tesc Valve lpezatoc PCEVs oaly) . b}
Pazavecars Tlectrical ?Power
I. vValve 3edy Tempecazuse Thermwcsudle = Tast Valve 3ody 1 H
4. Test Valve Positida Meaiar ASsussic = On Test Valve 3n wen-.atarferancs
3as.s i a0
K. Piging Suppors 2eacsian
wads m Qeldl = At each ?iping Jupgor: locatiana i 290
L. Qischac3ye ?iping
ACTe.ezazion Accalerozecer =~ 3n Jischarze ?i3iag . igo
M. Jiscaarge ?7ijiag Pesitiaa LT = 3n Oischarge ?i3in§ 1 190
¥. Jischarjye ?13iaq¢ jezain Straia Gages - 38 Jiscrarse ?i3.2 3 %0
3. 3Jischarze ?iziag Pressure Irassuse = At Tl30ws LA liserarse :i3.ing 3 4]
7. Jiseharie ipiag well
“amperacise Therzocusilse = A% §t2ain Z4ge L2cazian: b ) 3
seT3s;
L. Coes 30c Laclide facilizy 3racess LastTumencazian.



TABLE 2

SAFETY VALVE TEST MATRIX

NOTE (1) Actual vomp cate will depend on Lthe capabilities of the test facility and the capacity of the test valve.
(2) These low pressurization rate tests should be performed for onl
two are specifled) ane for the low back pressuwie condition,
(1) Mo suat pressure will not boe diveetly controlled. Valves will be set to achleve a nominal Llowdown of 5t (about 125 psi)
(4) Poak pressace will ot be control bed 1t will depend on the valve Chacvacteristics under water flow conditions.
(5) These are tiked-flow tests with a Higutd flow rate of approximately 1000 gpm. 1t is possible Lhat repetitive valve
acluat ions will vcewr dur ing thess tests, .

|
\
(6) The higher (500 psia) back pPréssuie tests will include an inftlal steam flow perlod followed by a transition to l '

: FLULID CONDITIONS '
. Lo . THANSTENT CONDITIONS K
TEST VAILVE THLEY PIPInG e S iesttad il = ] REMARKS
! i " P T SET OR ¢ REQUIRED | 0 o > BACK
0 * I |ACTUATION|  wAme PEAK RE-SEA THANS LENT ohnbn
FLULDS " ' " _ PRESSUNRE |
wsin ey RATE ¢ DLSCRIPTION .
E (PSIR) (PS1/S5eC) | (1rSEA) (rsia) (FSIA)
i T ST Coltn hGa e K
Gafely Valves | ), Stratyht, vere- . -\-200“' 100
(apring Iuadm# 1cal dnletr, 2- l2400 |obo fil cam 2500 and 2600-2650 (3) pteam Flow, See and 15 Tesw .
Lypes) 1 feet loang) A 15t Flgure i 00 I
AN5 |
* Crosby ; ¢ e onl P S e L N, e | - . S SV N N W D
e S G “
. 2400|650 Mater | 2500 T (1) (3) fater Flow, See 106
* Dressce Flgute 105), (5* and 12 Tesw
11 739A 500
* bresser 2400 |550 Water 2500 ~ 15 (1) (3) Pater Flow, Sce
11 7090A Figure ) (5) b > Pants .
2400 j450 plater 2500 ~ 15 (4) (1) r{ulul Flow, :sicu 100 6 Tests ;
Figure 3 (5)
Satety Valves | Water Secal \-200(” 10¢
(pilot-oper - A rangement 24006 660 fiteam  |° 2500 and 2600-2650 (3) Pteam Flow, Sce and 3 Tests |
ated type) - 15“’ | igure 1 500 ’
* Target Nock e B ——— e e e e e e e |
byC 2400 [650 Mater 2500 “ 15 (4) (3) Nater Flow, See 100
lgure 1 (5),(6)] ana 2 Tests
a 500 ‘
2400 |550 later 2500 “~ 15 (4) (3) l.-lll.:l Flow, ‘gl,:d 100 ) Bead
tyute 1
e S C— LN R SIS, A el {
2400 450 lales 2500 ~ 15 (1) (1) Pater Flow, See 100 I Test o
Aygur e 1 (5) 46 Tesw ' ’
' ol
¥ =3
I a1 N et SO RS NS SR L SRR ARSI (I l |

Y one Inlet piping configyuration (Configuration 1| where

subcooled vaiter flow.
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ASME type vensturi

Length "A" toc be as shors as possible whil
accemmocasing the differans salazy valve inles,
outle:, 7nd locp seal (see Figure 2) gecmeuries.

within 4 &0 3

Length "3" :£0 be €
constraiats.

on the facilisy

-

The spool piece lengshs and diameters shouls =
cons.istent with the valve dizensicns anéd lengzhs

"A" and "3".

are pralinminary).

can e useé
desir

£ the hackgpressucs

ce
valve if

ia place
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The piping suzsert types are 52 he desers=ired

By the contrasssr f£2¢m piping Slexibilisy

analyses. If necessary, an exsansisn joias =ay

be used in lengsia 3. )
. The piping sugppeor should include load colls

for measuring srca s-e“- Teacticn forces.

One pressure sensor is ruguired at the dischass

of the safezv valvc TO Reasure backpressuce. Two
Pressule senscIrs are reguired at the piging elisws
for measuring inlet pressure. (Senscr lscatisns shcwn
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PIPING, PAESSTIL SINUSCES. SUPPIRTS, TENTTRI, 3I72.. AZE

THE SAME A THAT SACWN 2 SONTISCRATESN A (FIgvas - IRSTIT
FOR THX LOCP STAL AT TRZE SAFITY VALVE INLIT AND THZ 370CL 712273

2 s asem -

THE LOCP STAL SHCULS 32 CONSTARCCTID OF POUR §° 3G 3ao:vs
EIACWS WITH 21' T2 J' STRAIGHT VERTICAL SECTIONS A3 3HOWN.
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i. PIPING, PREI3URE 3aces, SUPPORTS. VENTURI, Z7C.. Az
SAME AS THAT SHCWN N SSMFISUAATIAN A (FISURE L), B
THE ISCLATION VALVT AT THZ P08V INLZT.

2. A 90 JCTAZT LONG ANDLIUS ELITW SHOULD 3E USED AT Tug
INLET OF A 2CRV MOUNTED HORIIONTALLY.

3. A SPCCL PIZCT 'a¢ 32 ACJUTAZS N e VEATICAL 2UTLED
PIPING TO AQCCSUNT POR TUZ ASOCY 4EICHT SF =uT SQLNTICH

VALVE AND 30° I13CW AT 20AY SISCLARCE . b
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APPENTIX O

SCMMARY QF FOREIGN VALVE
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EST PROGRAMS
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Germany, France and Japan are presently

programs whizh
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Safety and relief valve system data

analytical methods.
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¢ Serman Procracs

- 3MFT/RS 240 Prscram
The 3MFT/RS 240 zest program is being serform

- 1 LB - -4 5 ™.
18 ancizled "Iavestigation 3n ke Tun
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Thess progracs ars of interes-
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T3e have Seen
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- DR ?rocranm
a conjunc=ion wisth tihe planned HDR slowdown =ascs,
Sests have Seen periormed on steam line isolasion valves
and feecwater check valves of twe 2iffarenc sizes.
Extensive thermal avéraulic anéd strucsural measuresencs
were nade during these valve tests. While =hese ax-
Feriments nave not invelved relief valves, thev ars
inportant since the 2ata may se useful in the veri-
fication ¢f aralysis metheds.

Srench Procrams

- EDF Procran
ZDF is performing a test progran oo a proestyeizal

valve

Si-st22dy szazs

tests were perfcrmed in ish the valve was

mechanically held in the full-cgen sosizicn and suk-
cted S0 sulcocled liguil dischaazge (3 = 1707 ssi,

T ® §20°F).

The facilizy is linmited 5y its maxizum pressure rating

of 1700 psi bus thers ac-e slans =2 LPITALR LE% Saza~

9ility %o 2900 psi. \Yego cisns wisth I3F aze ndes-

way tT0 exclhange valve 28t ialfarmasion.
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Famatsme Praogran
R . P ——

Framatome i1s glanning a safezy/relief valve systam
test during hot functicnals of a consracs Prograzme 1

PWR during March, 1981, and ~as invited IPRI =3

"

parsicipate in this program. The specific ob
of these tes:ts ars: =2 determine fsrzes on pipin
and suppcres during discharse and =2 iavestigacze
condensation phencmena in the relis? sank during

a "leng” duration relief vi've discharse (approxi-

mately one minute). One test wil
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sequential cpenings of two of the zhrae salety
valves during a short (five-secand) Aurasion

discharge.
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Jatanese Progranms

The Japanese are planning %o serfarm 3WR2 and PWR Saf ty/
Relief Valve Tests at the Nuclear Power zIn ineering Test
Center lcoccated at Isogo, Japan (near Yokanama). The valve
test facility is driven bv a boiler Sapable of providing

St/hr of superheatad steam 2: 173 bar and 334°c

The extent of ?WR sa? fecty/rellef valve z2sts and =he ac=ual

S2stT conditions =2 e usilized are not known as thisg t¢im

The test facilicy is in full cperazisn and a siznifisans
number and tyrve of nuclear valves ars slanned S0 e
Sested. Efforss will 2e suriued =2 develsp 2 technizal

exchance.




