
. ..
..

NUREG/CR-5043
EGG-2524

:

i
;

i
I

- -

I

| Containment Penetration System
! JCPS? Tests Under Accident Loads ;

!
i

I t

i |
I i

i, i

#

i

! !

! .

1 i

l
! Prepared by H.S. Crapo, R. Steele, Jr I
i !

l
Idaho National Engineering Laboratory |
EGGG Idaho, Inc. ;

,

Prepared for

{ CommissionU.S. Nuclear Regulatory

!

!

i
!
r

eBSMJIIt poR i

! CR-5043 R j
| t

!
!

- - _ . _ _ _ - - - - - . - . . _ - - - - ,_ . _ _ _ _ _ _ - . _ . . _ . .-



r--

'' 6, .,

i
,

NOTICE
|

This report was prepared as an account of work sponsored by an agency of the United States t

Government. Neither the United States Government not any agency thereof, t,' any of their
~

employees, makes any warranty, espressed or implied, or assumes any legal liabihty of re-
sponsibihty for any third party's use, or the results of such use, of any informJtion, apparatus,
product or orocess disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.
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NOTICE

Availabihty of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources: ;

1. The NRC Public Document Room,1717 H Street, N.W. [
Washington. DC 20555 ;

,

1 2. Tt.e Superintendent of Documents. U.S. Government Printing Orfice, Post Office Bos 37032,<

I Washington, DC 20013 7082
.

i

3. The National Techn. cal Information Service, Springfield. VA 22161 !'

L-

i f Although the listing that follows reDresents the maiority of documents cited in NRC publications,
i f it is not intended to be enhaustive.

;

f Re erenced documents available for inspection and copying for a fee from the NRC Pubbc Docui r

! ment Room include NRC correspe -dence and internal N'lC rnemoranda, NRC Of 6ce of inspution j

and En orcement bu!!etins, circutars, information notices, inspection and envestigation notices; tr

j Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and |
,

' licensee documents and corresponcence. L

f The follow;rN documents in the NUREG series are available for purchase from the GPO Sales
Progra m forrnal NRC staff and contractor reports, NRC sponsored conference proceedings, and i
N RC booklets and brochures Also a.ailable are Regulatory Guides. NRC regutations in the Code of ,

fecera Regataroons, and Nuckar Regulatory Commission Issuances. [r
,

| Oocuments available from the Natonal Technical Information Service incisde NUREG series,

j reports and technical reports prepared by other federal agencies and reports prepare <, by the Atomic j
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

1 Documents avaitable from pubhc and specal technical hbraries include all open literature stems, i

i such as books. journal and periodical t, ticles, and transactions. Iederal Rep < ster notices, federal and (
j state legrstation, and congressional reports can usually be obtained from these hbtaries. |

| Documents such as theses, dissertations, foreign reports and translations, and non N RC conference i

; proceedings are available for purchase from the of ganlistion sponsoring the pubbcation cited. |
Sing!e copies of NRC draft reports are aseitable free, to the extent of supply, upon written f

! request to the Division of Information Support Services, Distribution Section, U.S Nuclear |
!

1 Regulatory Commission. Washingtc 3. DC 20555,
I i

j Copies of industry codes and standards used in a substantive rnanner in the N RC regulatory process |

! are maintamed at the NRC Library, 7920 Norfolk Avenue. Bettesda, Maryland, and are available {
there for reference use by the public. Coces and standards are usuaHy copyrighted ar'd may be ;

=

}
purchased from the origtnating organization or, if they are American National Standards, f rom the
American National Stancurds institute 1430 Broadway. New York. NY 10018
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ABSTRACT

This report provides the results of accident simulation tests of three typleallight
water reactor containment penetration systems to preside a technical basis for the
support and development of equipment qualification procedures at design basis load
levels and to determine safety margins at se.cre accident load levels. The three systems
tested were (a) an 8-in. gate vah e system modeling a containment spray system; (b) an
8 in. butterfly sabe system modeling a parge and sent system; and (c) a 2 in. globe
s ahe system modeling the numerous small bore piping s) stems. The vahe types, vahe
sizes, piping configurations, penetrations, and supports used for the tests are typical
of those found in commercial U.S. nuclear power plants for containment isolation
applications. The three s,s stems tested w ere mounted in a fisture and exposed to simu-
lated sesere accident mechanicalloads by displacing the penetrations relative to the
piping. Thermal and pressure loads were aho applied. The test results indicate that
valve, penetration, or piping system failure during hypothesired accident esents is

I unlikely due to accident induced loads. 1
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EXECUTIVE SUMMARY

This report presents the test results of the outs. Important piping characteristics irmluded
mechanical displacements and thermal loads pipe lengths from containment wall to vahes,
applied to penetration systems as part of the Con- lengths to first elbow, and direction of first bend.
tainment Penetration Systems Testing Task. The in order to maintain test models that were as repre-
test program was performed by the Idaho National sentathe as possibic, only nuclear grade equip-
Engineering Laboratory for the United States ment and fabrication processes were used in the
Nuclear Regulatory Commission (USNRC),0ffice assembly of the three piping systems. Full scale,
of Nuclear Regulatory Research, complete systems (vahe, penetrations, piping and

The purpose of the Containment Per.ctration supports) were tested to avoid the uncertainties
Systems Testing Task was to provide an esperimen- inherent in analytical estrapolation of small scale
tal basis for support and de elopment of equip- test results.
ment qualification procedures with loadings up to The 2 in. piping system was configured so that
the design basis inel and to understand the margin extreme loads could be applied to the piping and
of safety of equipment during snere accident load- sabe to look for failure thresholds without being
ings. Speelfically, the test program addressed the limited by a simulated CPS geometry. As in the
operability and integrity of representathe pressur- 8-in. tests, full site nuclear grade equipment was
ired water reactor (PWR) containment penetration used.
systems (CPS) when subjected to thermal and The test apparatus consisted of a large welded
mechanical loads characteristic of design basis test frame, constructed from 14-in, square tubing.
accident and snere accident e ents, loadsincluded Each piping sptem was individually supported in
displacement of penetrations relative to anchored Ibe test frame using nuclear-grade supports includ-
piping, heating of sahe bodies tc elevated tempera- ing rigid struts, spring hangers, and bos beam sup-
tures, and increased pressures in the penetration ports. The support sizing and placement were
piping. The sahe operator inside containment was based on typical ASME Section 3 Class 11 dead-
not subjected to high temperature steam or radia- w eight and schmic analpes. The 8 in. penetrations
tion because that testing is more effecthcly per- were mounted on guided rollers and displaced by a
formed in separate effects testing. Containmerit hydraulic ram to simulate containment wall espan-
penetration systems include the piping, penetra- sion due to the effects of accident pressures and
tions, isolation sahes, and supports associated temperatures inside containment. The 2 in, pene-
with piping sptems that penetrate light water reae. tration was mounted solidly to the tnt frame, and
tor containments, the piping was displaced. Vahe bodies and selected

The two main criteria used to select sptems to be portions of piping were heated with flexible electric
tested in the CPS test program were (a) sptems resistance heaters. Piping sptems were pressurlied
with a relathcly high potential f >r leaking from the with air or nitrogen (depending on sptem) for esal-
containment emironment to the outside atmos- uation of sabe operability and leakage. Piping sp.
phere and (b) sptems that would be required to tems and pipe supports were instrumented with ,

mitigate the results of an adsanced snere accident, strain gauges, thermocouples, and pressure trans-
The three PWR CPS sptems identified and tested ducers to measure the sarious phpical phenomena
were (a) an 8 in, gate sabe sptem modeling a con. of interest,
tainment spray sptem (important to containment After checkout of the vahes and instrumenta-
integrity as it is the final heat removal sptem), tion, each piping sptem was subjected to thermal,
(b) an S in. butterfly vahe sptem modeling a mechanical, and pressure loads simulating design
purge and sent sptem (critical to containment basis and se ere accident nents. Containment wall |

integrity because of the direct path to the outside displaecments as large as 18 in, and temperatures to
en ironment), and (c) a 2 in. globe sahe sptem 350T were achin ed in incremental steps. load lev-
modeling the numerous small bore piping sptems, eh were doeloped from a rniew of other USNRC-

The 8 in, piping sptems were configured to be sponsored projects and information obtained in
typical of nuclear industry piping designs so that plant final safety analpis regwrts. The primary
the results would be directly applicable to existing areas of internt duiing testing were CPS sahe
plants. Numerous PWR CPS piping configura- operabihty and piping ssstem pressure boundary j

tions were te iewed to establish the test piping lay- integrity.

iii
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The resiew of the test results was based on exami- during severe accident tests, hlost of the pipe sup-
nation of measured parameters such as piping ports w ere not damaged or deformed. TWo excep-
strains, valve stroke times, operator currents, and tions were a support strut near the penetration that
leak rates as well as visual observations during and failed ir. tension and another support strut that
after the tests. Ilased on the parameters studied, the failed in compression (buckled) during the 8-in.
following conclusions concerning the operability, butterfly valve test.
leakage, and structural integrity of CPS valves, Although the three containment penetration sys-
piping, penetrations, and supports were deduced, tems were not tested to failure, system integrity was

All valves maintained as installed leak integrity maintained through simulated containment dis-
through the design bails accident simulation. Only placements well beyond design basis accident val-
the most highly loaded gate sal.e (inside contain- ues and through hypothesired severe accident
ment) showed increased leakage during the sesere loads. Valve operator performance parameters
accident test and after load release. The heated remained constant throughout the test indicating
inside butterfly vahe leaked on cooldown, that salve operability should not be a concern at
Although leakage occurred tbrough the inner design basis accident or se tre accident loading ley.
valves, the outer valves did not leak; thus, the dual. cis. In summary, the loads applied during mechani-
valve systems maintained leak integrity of the over. cal testing did not:
all penetration for all test conditions in all systems.
None of the sahes experienced any difficulty Increase the required operator torque for*

cycling during or after any of the tests, in terms of CPS vah .s,
operability, all valves performed well and were Induc', leaks through containment pene-*
unaffected, either during or after mechanicalload. tra''on systems, or.

ing. No obsersable structural damage occurred to Cause structural failures in CPS piping,*

any of the valves or penetrations. Some piping valves, or penetrations.
components experienced significant strain (s5%)
but showed no signs of buckling or failure of the However, it was verified that water trapped

| pressure boundary. Some spiral wound gaskets between valves can esperience significant pressure
leaked due to bending moments at flanged joints buildup during design basis accident conditions,

i
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CONTAINMENT PENETRATION SYSTEM (CPS)
TESTS UNDER ACCIDENT LOADS

1. INTRODUCTION

A number oflight water reactor systems are criti- water reactor CPSs when subjected to quasi static

cal to plant recovery and protecting the public from thermal and mechanicalloads resulting from contain-

the possible release of radiation during an accident. ment wall displacements and elevated temperatures

Such systems are designated .s@ty related. One of representative of design basis accident and snere acci-

the important considerations in evaluating the dent conditions in a light water reactor containment,

safety of nuclear power plants is to ensure that The CPS tests were not intended to be component

safety related systems willindeed function during qualification tests but rather a series of accident sim-
and after accidents. Safety rciated systems are typi- ulations which would proside in situ performarce
cally naluated based on analysis, qualification data under combined thermal and mechanicalloads
testing of major components, and code-certified applied to both the system and indhidual compo-
construction. The U.S. Nuclear Regulatory Com- nents. The systems approach was taken to eliminate
mission (USNRC)is sponsoring research to further the uncertainties imohed in calculating the com-

,

doelop the technical basis for the current equip- bined loads on each ndividual component and to
ment qualification portion of the system qualifica- account for the redundant capacity caused by system

tion process. responses which redistribute the loads. Exhaustive
One important group of safety related systems is testing of all sahe types and sites in many different

the hardware which allows the reactor coolant pip- piping configurations was neither practical nor nec-
ing to penetrate the containment walls. A contain- estary in light of the test objectises. A testing scheme
ment penetration system (CPS) includes the piping, was sought which included sy stems, piping configu-
penetration, isolation vahes, and supports asswi- rations, and loads representathe of the majority of
ated with a piping system that penetrates the con- U.S. plants. Sptems were chosen which represent
tainment. In conjunction with the containment both (a) systems with the potential for radioactive
structure and electrical penetrations, CPSs proside releme during a severe accident and (b) systems in
the last barrier to fission product release. The which sahe operation is required to mitigate the

|
USNRC is especially concerned with the uncertain- effects of an accident. A sptem was aho selected to

i 4 imohed in determining whether containments represent the numerous small-diameter penetrations
| will leak during an accident.I Ilecause of the large in a typical containment,

number of piping penetrations (l(0-200 per plant of it should be roted that the effects of high tem.
U.S. design), CPS sahes are among the prime peratures, radiation, steam, and chemical spray on
potential sources of localized leakage. This issue is the performance of the CPS inside sabe operators
being addressed in the USNRC spomoted Equip- and their associated cables and connectors wcre not
ment Qualification Research Program at the Idaho imestigated in this project. Motor ograted salve
National Engineering Laboratory (INEL), under operato' performance dur'ng design basis acci.4

the task of Containment Penetration Sptems Test- dents is demonstrated by the normal sahe qualifi-
ing. The CPS Testing Task was established to oalo- cation process. The need to address these effects for
ate the operability and leak integrity of severe accidents is the subject of other USNRC
safety related equipment when subjected to condi- research. Penetration and piping performance isi

tions typical of design basis and se ere accident not affected by tadiation, steam. or chemical spray
esents. The first phase of this work consisted of (no suwertible materials). The ability of purge and
design basis and safe shutdown carthquake load sent sabes to close again3t a rising flow has been
tests of three full wale nuclear grede CPS configu- imestigated in a companion USNRC-sponsored

3rations. The results of those tests are presented in project and reported by Watkins and discussed in
,

' Reference 2 and indicate that light water reactor Section 1.1.

|
CPSs will continue to properly operate and not leak The design basis and socre accMent loadings ini-
during and after worst case seismic nents. This tially were doeloped from other NRC research
report presents the respome of typical pressurized including:

1
'

1
,
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NUREG/CR 3234, Loads from Severe Accident 1,1 Related Research 1

Studies on Generic Containments (Appendix B)
(Zion, Bellefonte, Watts Bar, and Browns
Ferry 1)4 The primary purpose of the work presented in

this report was to assess the response of representa. )NUREG/CR 2228, Containment Response Dur-
tive containment piping penetration systems to theing Degraded Core Accidents initiated by Dan- mechanictllesds caused by the radial and vertical

sients and Small Break LOCA in the Zion / indian
%p p pw,5 movement of a containment structure during

,

design basis accident and severe accident tran.
NUREG/CR 3278. Hydrogen Burn Analyscs of sients. However, there are other important CPS

: Ice Condenser Containments (Sequoyah, equipment loadings during design basis accident

| hicGuire)6 and sesere accident transients that can affect con-
* '"*"Y ' Y" "' ' #*NURYGrCR 1391, Reliability Analysis of Con.

|
tainment Strength (Sequoyah, hicGuire)7

formed NRC-sponsored research whkh imohed
testing of three of these loadings.

NUREG/CR 1967 Failure Evaluation qf Rein. The first work dealt with requirements for con-
forced Concrete hfark /// Containment Structure tainment purge and sent vahe closure when
Under Uniform Pressure (Grand Gulf)8 exposed to the internal containment pressures of a

esign bads loss of coobnt adnt Ms wod
| NUREG/CR 4913, SAND 87 0891, Round-

' f '*" * " '"'* ''*'' *
"*'**P*''*

| Robin Pretest Analysis of a 1:6 Scale Reinforced l#' '* 'Concrete Containment AIodel Subject to Static
Interna / Pressuri:ation 9

terny vahes are generally used on light water
reactor containment purge and vent lines. Butter 0y

From these NUREGs and others, Table I was vahes are unique w hen determining closing torque
I doeloped, requirements in a compressible flow emironment.

The last document contains predicted contain. The butterny disc acts much like a wing of an air-
ment growths due to pressurization significantly plane where the peak force occurs just before the
peater than any of the early work. Radial growths wing stalls. Unlike a gate s alve w here the masimum
of up to 18 in. In full stre containments are closing forces are in the last 10re of closure, the
predicted. butterny valve peak torque occurs at 70 i 10re

Although sesere accident containment tempera- open. The utility responses to the Thti action plan
tures have been reported, the as allable literature did indicated that sery little research had been accom.
not contain contalnment thermal growth plished on butterfb ulve closure requirements in a

I
responses. Therefore, a study was performed at the compressible Guld emironment. The NRC deter-
INEL to desclop a generic thermal growth mined that it required a better technkal basis on

i

response, it was found that the radial thermal which to judge the analytleal responses it was
response was about equal to the radial growth from receiving from the utilities. A test program was
pressure. Howner, the thermal response study also devised wherein two 8 in butterny Sahts from dif.
rnealed a relathcly strons sertical respome. The ferent manufacturers and a 24 in, butter 0y sabe
amount of sertical growth due to thermal espan- were tested at inlet pressures up to 60 psi with the
sion that could be espected depended on how high downstream sented to atmosphere to establish
in containment a piping penetration was located, worse case conditions.
For the purposes of conser atism,2/3 of typical The two 8 in. sabes of different manufacture

' containment height was chosen for the sertical established a baseline, and the 24 in, vahe results
growth test requirements, provided data for validating the estrapolation of

A one to-sh scale reinforced concrete contain- small sahe results, which is industry's normal )
ment model w as recently tested to failure (caused by practice. The inlet pressures, vahe installation '

| static internal pressurization) at the Sandia geometry, and piping inlet conditions were saried )
National Laboratory. The containment liner tore at to match most of the possible field applications,
an equhalent radial growth of about 12 in, and The work also included single effects leak testing
depressurized the containment before total con- at design basis accid:nt and sesere accident tem-
crete failure. The INEL tests reported here were perature and pressure conditions. The results of
conducted at equhalent displacements of 13.2 to the work did cause a change in the American Soci- l

'
18.0 in. and can be considered consersatise. ety of hiechanical Engineers (ASNtE) Standard

|

2 1

I
,
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Table 1. Containment design and ultimate capacity predictions ;

Predicted
Design Ultimate Capacity

Pressure Temperature Pressure Temperature
Plant (psi) ('F) (psi) (' F)

: BWR htark I 62 281
| Dresden 2 62/35 175/281
'

Oyster Creek 62 281

hiillstone 62 281
Arnold 56 281

E. Termi 2 56 281i

1 Brow ns Ferry 56 281 117 375
BWRAtark 11 Drywell

| Sup. Cham,
Zimmer 45 340/275j

i LaSalle 45 340/275
WPPSS 2 133

BWR Stark 111
Perry 1 100i

| Grand Gulf 52

| htK 111 Standard 15 $6
'

PWR Ice Condenser>

Sequoyah 10.8 220 60 250
hicGuire 15 190 84 250
Watts Bar 13.5 220 120 350

PWR Subatmosphere
i North Anna 45 280

| PWR-Large Dry
: Palisades 55 283

Diablo Canyon 47 246
i St. Lucie 39.6 274 95 ,

| hiidland 70 120 |

1 Rancho Seco 59 286
' Zion 47 271 125 325
; J. bl. Farley $4 220
i SONGS 2A3 60 300

ANO2 54 300
1 Summer 57 283
| Comanche Peal 50 280 >

; Cherokee 116

| Indian Point i18 350
i Bellefonte 130 350

hiaine Yankee %
; Byron / Bra.idwood 99

,

QY-4, Functional Qua!y1 cation Requirements for The second containment isolation sahe flow
' Poner Operated Active l'alve Assemblics for interruption project imohed research to assist in

Nuclear Power Plantsl3, which is the ASNtE the resolution of the NRC's Generic issue 87,"Fail- '

nplacement standard for the currently released ute to HPCI Steam Line Without 15ohtion." This
ANSI B16.41 standard of the same title.12 The issue includes concerns about uncertainties in gate

i complete results of this work can be found in Ref. sabe operator sizing and torque switch settings for .

crence 3. high pressure coolant injection, reactor core !I

,

1
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:

.

| isolation cooling and reactor water cleanup system for Qualification of Safety Related Yahe Actua.
i isolation valves. The test program is currently in tors" is one of the most complete standards cur.

progress. The valves are full scale 6-in. gate valves rently issued for ensironmental qualification,
typical of tho>e irstalled in llWRs. The test condi- Considerabic work in the ensironmental qualifi-
tions are typical blowdown conditions with IlWR cation of salve actuators has been completed by
primary conditions at the vahe inlet and the vahe industry, in addition, the Central Electricity Gen.
outlet vented to atmosphere. The first part of the crating floard (CEGB) of the United Kingdom
test program is being conducted with subcooled (UK)is about to undertake a large effort for Sire. i

water at the vahe intet. The second phase is sched- well B. Sirewell 11 is a standard design Wes. j

uled to be performed with steam. A report on the tinghouse PWR being built in the UK. The CEGli i4

j water portion of the test program will be published has insited sabe and salve operator manufactur.
In FY 89, ers to cooperate in a complete qualific.Gon pro-

The third loading to which containment pene- gram before valves can be approsed for :

tration and isolation vahes have been subjected is installation in Sirewell. This includes valve life |
'

l seismic. Prior to performing the testing docu. testing, motor operator environmental qualifica-
mented in this report, portions of the piping, tion, salve qualification, and, when required,i ,

d vahes, and penetrations mounted on a tubular flow interruption testing. Sirewellis being built to i

steel fiame were subjected to simultaneous triasial the ASME Code, and US qualification standards i
acceleration at lesels up to and equhalent to west are being used for equipment qualification. This is .

coast safe shutdown earthquakes. The results of probably the most complete checkout of nuclear !
this work indicate that ads crse s ah e, penetration, equipment and qualification standards ever per- t

or piping system behasior during typical seismic formed, as most of the currerst qualification !

esents is sery unlikely. The complete results of this standards were issued after the peak plant build. !

work are documented in Reference 2 ing aethity in the US. It is hoped that the Sirewell i
" Design basis and sesere accident environments harsh ensironment qualification of sahe opera- '

can be scry harsh. Radiation, temperature, and tors will proside insights into the adequacy of the !
',

steam must be considered in the qualification of current qualification of operators for harsh !
lsabe operators. IEEE Standard 382, "Standard ensironments.

!
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2. OBJECTIVES
'

,

Characterize the response of typicalThe following objectives were established for t*

the physical loading tests of the CPS Testing safety-related CPS installations exposed.

Project: to simultaneously applied pressure, tem- i

perature, and displacement loads at t

Characterire the response of typical severe accident event lesels; and*

j safety related CPS installations exposed f

j to simultaneously applied pressure, tem- iProvide experimental results to support*

; perature, and displacement loads at in.prosements to the equipment qualifi.
design basis esent levelst cation standards and regulatory guides L

'

listed in Thble 2.-

Improve the understanding of vahe oper.. *

) ability and leak integrity in response to A potential benefit of the accomplishment of |
design basis loadst these objectives is to determine if the effects of )

.
physicalloads on CPSs are acceptable. If so, this

{ * Determine whether vahes with hardened
; would significantly reduce the safety concerns !

j metal seats can seal tightly enough to seal associated with one of the major potential sources
'

a heatup-driven water expansion pressute
; of localized containment leakage. !

transientt, 7
ij

Improve the ability to analytically predict i*)
! system response to design basis loadst

j * i

l

I Table 2. Equipment qualification standards and regulatory guides potentially sHocted bya

| CPS tes%ig results ;

i !

ANSI /AShtE B16.41, Functional Qualification Requirements of Power Operated Acthe Valve f-

Assemblies for Nuclear Power Plants (currently being resised as AS$1E QV-4)

ANSI /ASNtE N278.1 1975. Self Operated and Power Operated SafetpRelated Yahes Safety !-

j Specification Standard [
>

IEEE Standard 3521980, Qualification of Safety Related Whe Actuators-

i

IEEE Standard 627 l'.% Design Qur.lification for Safety Systems Equipment Used in Nuclear- ,

Power Generating Stations !,

i !

Regulatory Guide 1.145, Functional Specification of Active Yahe Assemblies in Systems important j-

i to Safety in Nuclear Power Plants .

1
Regulatory Guide 1.73, Qualification Tests of Electric Vahe Operators Installed Inside the i) -

'
l Containment of Nuclear Power Plants
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| 3. TEST DESIGN -

The objectise of the CPS tests was to determine sesere accident. The mo t likely systems to be
the response of typical containment penetration invohed in a release to the outside containment
system s to accident conditions. The considerations atmosphere are sptems that open to both the con-
invohtd in the design of the phpicalload tests of tainment emironment and the outside emiron-
containment penetration sptems included the ment. The leading candidetes fitting that

I following: description are the containment ventilating and
I sacuum release sptems. The sptems needed to
,

1 Selecting representathe systems for mitige,e besere accidents are most likely the cotr

| testing, tainment spray and sump recirculating and cooling
| 2. Determining the important thermal and sptems.
'

mechanleal loads and load combinations Therefore, it was decided to create three typical
that should be included, CPSs that represent a large number of low to-

3. Selecting appropriate hardware for the medium pressure sptems, w hlch in turn would pro.
tests, and side generally applicable terunts from the testing.

4. Determining which parameters would best An 8 in. gate sabe sptem (Sch. 40 piping) model-
characterite the respor,se to the phpical ing a containment spray sptem wat chosen because
loads. this latter sptem is inmortant to containment

intetrity as the final heat removal sptem. The,

Table 3 gises the r.omenclature used for this characteristics important for containment spray
series of CPS tests. The follov ing sections prcaide systems are leak integrity and vahe operability,i

dhcuuion of each of the considerations. Containment spray sptems are closed loop, liquid-
fiMed.

,

3,1 Selection of Representative An ther sptem that was chosen was an 8 in.
butterfly sabe sptem (Set. 40 piping) modeling aSystems'

purge and sent sprem. A purse and sent sprem is
critical to containment integrity be:ause of risk of

The criteria for selecting which CPS sptems to leakage to the outside emironment. Purge and sent
test were (a) choose sprems with a potential for sptems are gas filled, open-loop sptems using
itaking the containment emiroriment directly to elastomerically sealed sabes, requiring f(ak intes-

| the outside atmosphere and (b) choose sptems rity and sabe operabil;ty for presention of leaks of
that would be required to mitigate an adsanced radioactise materiah to the outside en ironment.

Table 3. Nomenclature
_ _ _

The following terms are used for describing hardware and instrument locatione

insids equipment located inside the simulated containment buildmg wall,

Outside equipment Wated outside the simulated containment building wall.

Upstream toward source of flow, auuminh flow from inside to outside of containment,

,

Downstream - opposite of upstream.

N direction parallel to asis of penetration pipe; pc.sitne from inside to outside

Z direction perpendicular to asis of penetration, positise from left to right when facing along the asis of
the penetration from inside to outside. (NY, Z form a right handed coordinate sptem, with Y wrti:al,i

| positis e up).
)

| Asial- parallel to centerline of pipe.
I

j

| 6 '
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The third system selected was a 2 in. globe sabe S) stem Unit 4 (WPPSS 4L The Class 2 penetra-
sy stem (Sch.160 piping) modding the many small- tions aho came from the WPPSS 4 plant, and the
bore piping systems that make up a large fraction piping and piping supports were purchased from
of containment penetration systems. Piping sys- nuclear pow er plant suppliers. T)pical containment
tems of this size show a large ratio of sabe stiffness wall rigidity was simulated using heavy steel mem-
to pipe stiffness, when compared to larger piping bers. Figure I shows a typical containment pene-
systems. tration installation for a wot coast plant. Figure 2

To establish the system configuration, informa- show s the fisture doeloped for mounting the pene.
tion was obtained from Peference 13 which trations in the CPS te t program. A Gued head
roiewed fise conninments considered to be repre- design was use for the 2.in. assembly and a nanged

'

sentathe of most types of US containments. This piping penetration design was used for the 8.in.
task analytically studied containment piping pene- assembly. Fabrication of the systems was per-
tration stresses in an accident emironment. Holew formed to the ASNIE Code without third party
of the piping penetrations and piping geometry inspection.

! established that most PWR CPS installations are The 8 in, containment spray and 8 in, purge and
similar on the inside of the containment. The pipe sent test systems were similar in design and used
comes out the penetration and within 15 ft makes a much of the same hardwara. As mentic>ned abose,
90' bend. In some systems, the sabe is in the piping configurations wert based on studies of
straight run and in others it is after the bend. For numerous nuclear plants and are typical of the pip-
the loadings being considered in this research, it ing located near the containment penetrations of
w as determined the most con enathe results er,uld the respeethe systems. Ilowner, the layout used is
be obtained with the vahe in the straight run before more t)pical of containment spray s) stems than
the bend. The piping geometry finally arrh ed at for purge and sent s) stems but prosided a comenient
ihe CPS test is comidered generic; howner, it is test bed for the butterdy sahes; the additional
modeled sery closely after one of the containment 5 upstream piping created consersathe piping loads
identified in the containment leak rate estimate and sahe reactions, it is otimated that enough of
task mentioned abou- the piping was included in each int configuration

The 8 in. test systems modeled piping inside and to dnelop essentially all of ite mechanical loads
outside the containment. The 2 in. test system typical of sahes and penetration auemblies in ant

modeled only piping inside the containment. The actual nuclear plant system with comparable wall
Desibility of the 2 in. pipe compared to the 2 in- motion, lloth 8 in, systems modeled piping both
globe sabe is such that no effect on sahe perform- inside and outside the containment wall with two
ance would be espected for snere accident loads isolation sahes. An hometrie diagram of the S in,
applied in the manner uted for the 8 in, tests. Sim- s>> tem; is presented in figure 3. Photographs of

|plifying the s) stem allowed testing at higher load' the gate $ahe assembly installation are presented as ,

in an attempt to imestigate failure modes and F sures 4 and 5. The 6 in, gate ul es were If 0-lb !throholds. Ty pical of sy stems that op rate st ambi- class Anchor / Darling butt weld gate uhes with *

ent temperat ure, the three config urations tested did Limitorque SNill motor operators. Figure 6 shows
not include pipe snubbers. Ambient temperature a cross section of the sahe. The butterny sahes
systems are considered to be the sy stems most sus- were Imtb class clastomerically scaled units built
ceptible to anchor mosements,

by Allis Chalmers. The insiJe $ ahe was operated b)

3.2 Hardware Considerations a Limitorque SNtil motor operator. The outside
s ,3 , utiii,ea a 333,auiie saa , operator. ii,ure 7
shows a typical butterfh sabe cross section. Iloth '

The sy stems used for the tests were designed to be S.in. te t systems used the same rigid structure and
| repreentstne of systems found in actual plants; Coor mounted piping supports and restraints. The

this applied to design and instalianon as well as plan and cloation siews of the 8 in. systems are
| hardware. All tests were prformed with full size shown in Figures 8 and 9. The penetration assem-

| components. The piping syvems were designed in bly was mounted with rollers on rads to Mrmit a
accordance ukh ASNIE Section 111 Class 2.34 The controlled displacement. A hydraulie ram was used
N stamped Class 2 sahes were acquired from the to incrementally mose the gnetration. simulating
cancelled Hope Creek Nuclear Power Station espansion of the containment during an accident
l' nit 2 and the Washington Public Power Supply (see Figures 10 and 11).

1
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The 2 in. test system was not based on any par- tainment spray (gate vahe) test. A lower, but still
ticular piping system geometry, but rather was conservathe, value was used for the gate valve test
designed to allow the valve and piping to be tested because of facility limitations. Both tests used the
with measured loads (shear and moment) in an 0.27 (15-degree) sertical to-horizontal rise ratio
effort to define failure thresholds without being typical of predictions for relative growth ratios for
constrained by predetermined displacement limits. moderate elevations in the containment. Imads
An isometric sketch of the 2 in. system is shown in were applied in increments to produce the desired
Figure 12. The one vahe was a socket weld 1500-lb deucction, hfeasurements of vahe operability and
carbon steel Y pattern globe valve. A cross section leakage were made at the incremental positions.
of the valve is shown in Figere 13. The pipe was 304 5!echanicalload on the 2 in, globe sahe test was
Sch.160 stainless steel. The penetration consisted based on a computer analysis of the test assembly
of a 2 in. by 12 in. stainless steel flued head welded which predicted the displacement and Icad neces-
to a 12 in. carbon steel pipe. All welds were socket sary to achie e Section lil, Class I, Lesel D stress,
welds except the attachment to the Oued head p_ne- This stress le el was defined as the stress at the end
tration which was a butt weld. of a design basis accident. Displacement at the end

of a severe accident was initially defined as
3,3 Load Considerations four times tiie design basis accident displacement.

Since displacement was not limited by the 2 in.

The CPS tests were designed to test the n echani- assembly test setup, displacement was eventually

eat imegrity and operability of penetration system c ntinued to 24 times the design basis value in
search of a failure threshold.vahes and piping in response to mechanical, ther-

mal, and pressure loads. Stechanical loads were The pressure loads (for 8-in, tests) chosen were

appliM by displacing the penetration relathe to the those that Aould test the leak integrity and opera-

piping which was anchored in a solid framework, bility of each vahe type under typicalload condi.

The framework was constructed so that there tions. For example, the differential pressure aeross

would be no interference with vahe operators dur. the butter 0y sabe was set at 60 psig for the design

ing piping displacements. Thermal loads were basis accident part of the test and 120 psig for the

applied to the sabe bodies and selected portions of sesere accident part of the test. These were near the

piping. Vahe motor operators were not heated, maximum salues expected for sabe operation
Pressure (air or nitrogen) was applied to check for under the stated conditions. The differential pres-
leakage across valve seats and to provide additional sure across the gate valve was set at 100 psig. For

loading during vahe operability tests (opening the gate valve leak checks and vahe function tests,

cycle). Sustained flow was not used. Nfechanical pressure was applied to the piping section between

loads on the containment systems were formulated the valves. For the butter 0y vahe test, pressure was

and applied in terms of penetration movement (dis. applied to the piping upstream of the salve being
placement). Radial d;splacement of the contain. tested. The test fluid for the 8-in. tests was air.
ment for design basis accidents was taken from The differential pressure across the seat of the
publhhed design data, which was re icwed and 2 in. globe sabe was set at 1500 psir. The test fluid
documented in the original test description and was nitrogen gas. Leak checks and i.ahe function
used for the 8 in. piping systems. tests on the 2-in. sahe were done with pressure

As mentioned in the introduction to this report, applied alternately in both directions across the
the sesere accident loads applied to the two 8 in, seat. The design basis accident portion of the 2-in.
CPSs were based on the pretest predictions and test globe sahe test also included a pressurization traa-
results of a 1/6-seale model concrete containment sient resulting from thermal expansion of water in
experiment recently conducted at the Sandia the downstream piping.
National Laboratory.9 Radial denections of up to The maximum temperature for the design basis
18 in. were calculated for containment pressures up accident portion of the tests was 280'E Tempera-
to 160 psig. The !/6-s' ale model reinforced con- ture loading on all systems saried with mechanicalt

crete containment liner tore at an equivalent radial loading up to a maximum of 350'F for the sesere

| growth of about 12 in during the experiment, accident portion of the tests. Only the inside sahe
i Therefore,18 in, of radial denection was used for was heated during the 8 in, gate sabe test. Iloth the
| the purge and sent system (butter 0y sahe) test and inside sabe and the penetration piping were heated

13.2 in, of radial denection was used for the con- during the 8 in butter 0y sahe test, lloth the sabe
1

| \
1
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2

and piping to the penetration were heated during sequences for the 8 in, and 2 in, systems are sum-4 '

the 2 in. globe valve test. matized in Table 4. Baseline and valve function
; data included leakage measurements through the

! 3.4 Instruments "*''''"*''''''''d**I'* P'"'' ''' '' ""d

; close to-open, and valve actuator current measure-
; ments when opening and closing. Opening current

The systems were instrumented to measure leak was measured both with the system at atmospheric |
rates, pressures, temperatures, valve motor opera- pressure and with the system at increased pressure |,

4 tor current, valve stroke times, and strains on the (on one tide of the valve at a time) for the initial |

3 valves and piping. Isornetric drawings showing unseatlag of the valve. In all cases, the valve func- i

instrument locations for the gate valve and butter- tion and leakage tests were repeated regularly )1

] fly valve tests are presented as Figure 14. A typical throughout the test to detect any changes in leakage
strain gauge installation on the piping consisted of or actuator demands.i

| six strain gauges mounted at each axial location. While the 2-in. pip!ng system was mechanically !

; Four gauges were axial and mounted 90* apart the simplest of the three systems tested, the opera.
around the pipe circumference. The'other two tional sequence involved a greater variety of condi- )
formed a stan: lard rosette configuration with one tions. The design basis accident simulation portion

i of the asial gauges (for torsion measurements). The of the 2 in. test included a heatup of the water-
,

; instrumentation on the 2-in, globe valve test system filled penetration pipe to 280'F with the valve
; is shown in Figure 12. Lists of the measured closed to check for oserpressurization due to ther-
l parameters r all three tests are presented in mal expansion of the water. The severe accident |

Appendixes A, B, and C. Valve seat leak measure- simulation portion of the 2-in. test included valve |
1 ments were taken with calibrated variable area flow function and leakage tests with increased displace-
; meters (0.0003 0.8 scfm). Flows exceeding the ment and temperature. Yalve testing was done with
; meter range were calculated from pressure decay. 1500-psig nitrogen pressure applied alternately
'

upstream and downstream from the valve. After

3.5 General Testing Sequence the severe accident simulation testing sequence, the
2 vertical support strut was disconnected to allow,

more direct loading c f the penetration assembly.
Each of the three systems was separately sub. Valve function and lealage data were not taken du r-

i jected to a testing sequence simulating design basis ing this portion of the test. After attempting to
'

and severe accident conditions. The basic testing induce damage in the penetration assembly, the ver-
| sequence consisted of (a) performing operational tical strut was reconnected to maximize moment
i baseline tests on the system and (b) heating the loading on the valve. Vertical displacement was
'

inside valve and displacing the penetration (or pipe) continued (with 5alve function and leakage tests)
i in a stepwise fashion until reaching the desired con- until the pipe was sufficiently bent to the point that

ditions, w hile monitoring sahe function, valve teat additional displacement would have caused the*

leakage, and strains on the piping. The testing valve operator to contact the pipe.

1
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1
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i
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i
|

Table 4. Summary of testing sequence
|

A fter
Design Basis Sesere Accident

;

System Integrity and Pretest Accident Simulation Sesere Accident Sirnulation Simulation
|

8 in. Systems-

Radiography of Piping Welds licat sahe to 280'F while lleat vahe to 350'F w hile Release load
300 psi Pneumatic Test displacing penetration displacing penetration to

1.04 in. (horizontal) 13.2 in. (gate $che) and Check for
100 psi Bubble Test 18 in. (butter fly 5ahe) leakage and
(Butter 0y Whes Only) Regularly monitor leakage sabe function
Baseline Whe Function and sabe function Regularly monitor leakage

;

and sabe function 1

2 in. Sptem:

4750 psi li> drotest Fill pipe with w ater Drain water from pipe Apply load to
Dye Penetrant Eum downstream from sahe flued head 1
Baseline Whe Function licat sahe to 350'F while j

fleat sahe and pipe to 280'F displacing pipe 8 in. Displace to |

w hile displacing pipe (sertieal) disfunction or |
2.0 in. (sertical) failure '

Regularly monitor for
Monitor pipe for preuure leakage and sabe function Whc function
buildup 4750 psi

hydrotest

Dye penetrant
cum

s
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4. TEST RESULTS ,

|

This review of test results is directed at providing Temperature and displacement were increased
I information to answer three questions: during the 8 in. gate valve CPS test, as shown on

Table 5. Both valves were kept closed except for
Are qualification testing loads conservative com. specified operational tests. At each displacement
pared to measured DBA loads? increment, leakage was measured through each
What effect did the thermal, pressure, and valve by pressurizing the piping between the valves

mechanical loads have on CPS valve to 100-110 psig and measuring leakage through cal-

operability? ibrated variable area flowmeters. Where valve |

operability tests were specified, the center section ;

What effect did the thermal and mechanical was again pressurized to 100110 psig, and the ;

loads have on containment penetration system'

upstream pipe was vented to the atmosphere. The
integrity? inside valve was then opened and closed while mon-
The first question addresses the issue of conserv. itoring operator current and measuring stroke

atism in qualification testing methods. The last two times. The sequence was then repeated for the out- ,

questions address the issue of whether typical con- side valve Leak measurements were taken prior to
;

tainment penetration systems can perform their proceeding with the next displacement step.1

Intended safety function during and following a The pace at which the test was conducted
Idesign basis or sesere accident event. This section depended on the heatup rate of the valve (limited to

of the report presents results from the tests and M).6'F/ min) and time required to perform leak i

interprets the results to answer these questions, checks and valve function tests and to fix problems !
A separate section is presented for each of the in the test hardware, both mechanical and elec-

three systems tested. Each section includes a tronic. A plot of the horizontal displacement and -

!descr,ption of the test as conducted and an evalua. average temperature of the inside valve vs. time isi

tion of the performance of individual system presented in Figure 15. As shown in this figure,
there was an 8 h interruption at the end of the#"# * ,

design basis accident simulation portion of the test, {

during which the temperature was reduced from
4.1 Containment Spray: 8 In. Gate .80 to 200'F. The temperature was increased to

Valve Testing and ResultS 280'F again in preparation for continuation of the:
experiment. The penetration position was held con.
stant during the 8 h hold. Displacement and tem-

The purpose of this part of the test program was perature were then gradually increased to 13.2 in.
to evaluate the ability of a containment spray CPS and 350'F during the severe accident simulation ,

Installation with gate valves to remrin leak tight
and maintain vahe operability when exposed to portion of the test. Displacement was interrupted

at 25 h to add extensions under (Se base of thedesign basis and severe accident temperatures. preg.
sures, and mechanicalloads. The gate valves were hydraulle ram. ,

There were no catastrophic failures during the |equipped with a flexible wedge, hardened seats, '

weld ends, packed stem, and a bolted bonnet (see testing of the 8 in, gate vahe sptem. Nor e of the
I

Figure 6). The valve was N stamped and met all of supports parted, the valves continued to operate
.

the qualification requirements for installation in (with some increase in leakage through the inside ,

I

; the Hope Creek Nuclear Power Plant. The system valve), and the piping did not experience local

was assembled and pressure tested at 300 psig prior buckling or any significant reduction in flow area. |
'

i to starting the design basis accident portion of the With the exception of the horizontal strut, all

I test. Piping welds were radiographed and inspected strains increased with increasing penetration dis.

to ASME, Section !!! standards. Stem packings in placement. Valve leakage reached a maximum of

the valves were replaced, and the vahes were given about 0.89 scfm after the drhing load was relieved i

|
baseline operability and leakage tests. The electri- from the penetration. The following sections pro. [

;

i cal heaters and insulation were installed on the vide a more detailed description of the behasior of l

j inside valve. Instruments and heaters were checked the various components during the displacement !
'

I for continuity and operability. and heatup cycle.
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| Table 5. Containment penetration displacement and valve temperature for 8-in. gate valve
test

1:
i

Horizontal Inside Valve Valve Horizontal inside Valve Valve
'

Displacement Temperature Function Displacement Temperature Function
(in.) (*F) Test (in.) (*F) Test |

!
T 0.0 AMB Yes 1.90 311

*
-

| 0.035 AMB 1.95 315 Yes-

! 0.31 AMB 2.01 319 - i-

0.39 120 Yes 2.08 323 -

>

0.45 120 2.12 327 --

0.52 120 2.18 331- -

0.64 120 2.24 334 Yes-

; 0.73 120 Yes 2.26 338 -

!

l 0.81 120 2.37 342- -

0.94 120 2.45 346 - |-;

2 1.01 120 Yes 2.54 350 Yes {
l.08 160 2.70 350 --

1.17 200 Yes 3.25 350 Yes ;
1.28 240 - 4.32 350 -

1.35 280 Yes 5.37 350 Yes
iEnd DBA - - 6.43 350 -
,

i Start SA - - 7.00 350 Yes
! 1.30 284 8.58 350 -

1

-

1 1.47 288 - 9.47 350 Yes
'

l.54 292 10.72 350- -

1

1.61 2% Yes 11.77 350
,

)-

1.69 299 12.84 350 |
- -

1.77 303 13.35 350 Yes-

] Load release 350 i-

; 1.84 307 9.50 Yes '- -
,
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4.1.1 Valves. Valve performance was character- unwedged from the seat, the higher current would
ized by operator current, stroke time, and valve seat be expected. The peak opening currents for the

,

leakage. Typical current vs. time curves for open- inside valve as a function of pipe displacement are
ing and closing the inside valve are shown in shown in Figure 17. The opening and run currents
Figure 16. The initial low level spike on the open- were not influenced by the penetration displace-
ing stroke is attributed to motor startup; the opera- ments and were similar to the values measured i!

tor was then loaded by the force required to before the test (baseline). At the end of the test, the

unwedge the valve disk from the seat ud to over- valve was left in the fully closed position and
come friction drag between the disk and seat result- allowed to cool frorn approximately 350'F to ambi- ,.

Ing from the pressure load of the applied 100 psid. ent. The first opening stroke after cooldown j
Once these two loads were relieved, the operator required a peak motor current of 1.46 A; subsc. j
motor attained the steady state running current quent cycles remained within the data extremes pre- r'

! required to overcome stem packing load and fric. viously recorded. Valve stroke times for both valves

i tion in the gears of the operator. A position limit remained essentially constant throughout the test ,

| switch interrupted current to the operator once the and were from 36.6 to 37.$ s as measured from limit j

vahe reached its fully open position. The closing switch operation. Operator current traces for the ;
!

stroke also started with a smallinrush current peak, outside valve are similar to those for the inside !'

{ then maintained a steady load until the disk made valve. The inside and outside vahe operators were [
; contact with the seat. The load and current then not measurably affected by the loads imposed on [

increased rapidly until the torque switch inter- the piping. j'

; rupted current. The highest currents occurred as The leakages through the seats of the inside and
'

the disk was lifting off the seat at the beginning of outside salves are plotted on Ihure IS versus dis-
the opening stroke and at the end of each closing placement. The inside valve leakage remained f

i

;

stroke. Since the start of the stroke was the time at below the 0.005 scfm required to meet speciflea. !

which maximum pressure load (about 100 psid) tions for tight shutoff until the displacement l

was applied and the disk was simultaneously being exceeded twice the design basis accident |
|

| 2s i
! l

I |
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specification. At a 2.6-in. horizontal displacement residual compressive stresses when the load was i

and 346*F, the leakage increased to about relieved after maximum displacement. This theory

0.103 scfm after cycling the valve. Leakage then is consistent with the fact that the largest leak

decread to a range of about 0.02-0.04 scfm for the occurred upon relaxation of the load. Strains in th::

remainder of the displacement ramp. When the load valve bonnet area remained well below yield

was released from the penetration, the piping system throughout the tests. Moments calculated frem the

returned about 4.2 in toward its original position, measured strains did not exceed the moments ;

and the leakage through the inside valve immediately which would have been required in valve qualifica.

increased. This leakage, calculated on the basis of tion testing to ANS! B16.41 (QV4). !

pressure changes, was 0.89 scfm. It remained at this A stem packing leak also occurred on the inside |

lesel when closing the valve with the operator. By valve late in the displacement cycle and was calcu.
lated to be 0.81 scfm. It should be noted that the {

i manually closing the valve with the integral hand. '

wheel, the leak could be reduced to levels similar to packing was dry, new, and had not been tightened
during the test. The packing was sealing dry gas j

,

those measured at the beginning of the test.'
and had been at a temperature over 350*F for more j

Strain measurements on the piping next to the "

than 12 h.
j inside valve nonle indicated that yield stress

The outside valve leakages are also plotted on
(approximately 1220 pin./in.) was exceeded in this Figure 18 and indicate no significant leakage and |; area (see Figure 19). Posttest mea urerrents have

no change in leakage throughout the test. -

I shown the bonnet gasket locating ring to be clon.
I gated by 0.010-in. in the axial direction. There was

i
also 0.005 in. clearance on each side of the top of 4.1.2 Mpe Supports. Strain was measured in the

two highly loaded inside struts. On the basis of i
! the gate. The measured strains on the valve body these measurements and strut geometry, the peak |

| and piping suggest that the seat wedge at the top loads were calculated to be 35,000a Ib for the
| was in compression during the test. Therefore, the

! opening of the seat at the top of the wedge was j

j caused by yield of the salve body and release of e. anw on so,oa> psi setJ; strut bodpenlonssid o :$r.. ;
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i

horizontal strut (7.7 times the rated capacity) and The force vs. displacement curves for the struts
61,000 lb (7.6 times the rated capacity) for the ver. are presented in Figure 21.a

! tical strut. Visual examination of the struts and
attachments revealed the following: the bushing at 4.1.3 Piping. The piping behased in a ductile

*

the piping end of the vertical strut had broken; the manner and survived local deformations and large
; bolt at the sertical strut attachment to the pipe bending moments that caused significant yielding
j clamp was severely bent; the pipe clamp was through the cross section. The highest measured

sescrely deformed (see Figure 20); the pipe under strak occurred on the inside pipmg at its entry into
,

the clamp was locally yielded; and the clamp had the penetration assembly. As lilt'strated in
slipped along the axis of the pipe. The pin in the gm strain reached 4.M Q.% b,

ifonj fixture attaching the vertical strut to the frame was *E
so e minor and scry localizedalso bent. The end connections on the sertical strut

had permanently elongated about $%. The support deformations associated with pipe supports, the

loads calculated from the measured strains greatly piping exhibited a significant amount of ovalizing
in the last (farthest downstream) outside elbow.exceeded the support design loads.,

The external shape had changed from a circular
i The horizontal strut was not damaged to the

cross section with a dlameter of 8.671n. to ossl with
! same degree, and there was no external esidence of

major and minor nes of 9.16 and 8.36 in. respec.
I bushing or pin failure. The pipe clamp for the hori. tively. The pipe strains tocatured at various loca.
) zontal strut was also deformed and had slipped tions throughout the system at the maximum
j along the pipe, and the pipe had locally yielded, horizontal displacement of 13.2 in, are listed in
j The horizontal strut was permanently elongated Table 6. Appendis A provides additionalinforma-
j 0.2% in the barrel section; no damage was appar. tion on the loc 1 tion at which the strains were
i ent in the threaded end connectors. The attach. measured.

ments of the horizontal strut to the test fisture were After the hydraulic pressure to the ram was
undamaged. relieved, the clastic strain in the piping system l',

.
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Table 6. Maximum pipe. system strains for 8-in, gate valve test
)

i
i

Strain '

Gauge Measurement
System Location Orientationa ( g o-6 in./in.)

Horizontal piping near tee (right branch facing penetration 4 - 13,4$0
from inside containment)

3 Horizontal piping near tee (left branch) 4 20,330
Vertical piping near tee $ 1,470
florizontal piping near inside elbow $ 3,200

j florizontal piping near inside valve, upstream $ 1,750 {-

; Inside valve noule, downstream
1 2,290-

; Piping near inside struts, dow nstream
1 7,000-

'
Near penetration, inside piping 1 46,860

:| Near penetration, outside piping 3 - 17,750
| Outside sabe nonle, dow nstream 2 - 280
j Near first dow nitream elbow, upstream $ 7,700

j First dow nstream cibow 3 12,870
j

I a. Orientations of strain gauges were as follows:(1) on top of pin measuring asial strain,(2) on right side of pipe, fadns
.

downstream, meanuting atlal strain,(3) on bottom of pipe measunns asial strain,(4) on left side of pipe, measurir asial strain,
|t.5) on top of pipe, measuring circumferential strain..

.i
;
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caused the piping to return 4.2 in, horizontally that there is a significant safety margin in such
(32% of the maximum displacement) toward its hardware with respect to proper performance
original position. Figures 23,24, and 25 show the under design basis accident conditions. At design
conditions of selected parts of the CPS following basis conditions, the valve performance was unaf-
load removal. The strut immediately downstream fected, and maximum pipe strains and support
of the outside valve is obviously misaligned and the loads were well within material yield levels. Valve
pipe clamp has rotated around the pipe as can been operation and leak integrity remained unaffected
seen in Figure 23. Figure 24 shows the misalign- until the horizontal displacement was in excess of
ment of the inside vertical strut. Also apparent in twice the DBA specification.
this figure is the bending in the pipe between the At the maximum horizontal displacement of |
inside vahe and the penetration. Finally, Figure 25 13.2 in., the performance of the valves was still |
shows the permanent bending in the long horizon- essentially unchanged-operator currents were l
tal section of the inside piping. normal and maximum leakage at 100 psid was less i

than 0.1 scfm. No struts had failed and the piping f
4.1.4 Penetration and Test Fixture. A thorough responded in a ductile manner with no local buck-
sisualinspection of the test fixture and the penetra- ling. The pipe clamps distorted and slipped to a
tion assembly identified no significant damage to sufficient extent to accommodate much of the pipe
either. The box beam support located at the end of movement. The pipe was locally indented at the ,

the right side branch of the internal piping rotated clamp locations and at some of the rigid supports, !

about 15 degrees as a result of the piping loads dur- but the pressure boundary showed no evidence of |

ing the test. Virtually all of this was elastic strain being near a failure condition. Although theinside !

and final misalignment was less than three degrees. valve leakage increased to between 0.003 and [
No other damage was obsersed. 0.1 scfm at displacements abose 2.6 in, and j

increased again after the load was released, the out- :
!4.1.5 Conclusions. The test on this representa- side vahe remained leaktight throughout the test.

tive containment spray CPS clearly demonstrates |

(
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Figure 23. Misaligned outside strut and pipe clamp for 8.in. gate sabe test.
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Given the judgment that the 13.2-in. horizontal After two hours at 350'F, due to electrical diffi-

and 3.3 in. vertical displacements and the 350* F teni- cultiss, the inside sahe was allowed to cool down.

perature are near or exceed most containments' ulti- Prior to reheatup, leakage was checked at 100'E

mate capacities, the results fmm this test show that The vahe was feund to be leaking. It was decided to

typical containment spray piping penetrations are replace the seals in the valvc and restart the test.

most likely capable of performing their intended The load on the piping was relaxed and the seals

safety functions during a severe accident, were replaced in the inside vahe. Iloth vahes were
again checked for leakage at 120 psig and found to
be bubble-tight. The flange upstream of the inside

4,2 Purge and Vent: 8-In, Butterfly valve was tightened to hold 135 psig nitrogen pres-

Valve Testing and Results sure. The upstream vake was again checked for
operability, and the test restarted from the new no-
load equilibrium position of the piping.

The purpose of this part of the test program was to The upstream vahe and penetration were heated,

evaluate the ability of a containment purge and sent pressurized, displaced, and checked for operability

CPS with elastomerically sealed butterny vahes to according to the schedule presented in Table 8. The

remain leaktight and maintain sabe operability w hen time at temperature sequence was kept apprcti-

exposed to design basis and sewre accident tempera. mately the same as on the first butterfly sahe tes'.

tures, pressures, and mechanical loads. The main until the no load equilibrium displacement of the
concerns for failure were possible deterioration of the initialtest was exceeded. A plot ofinside 5ahe tem-

clastomeric sahe seat due to prolonged exposure to perature and displacement-s s test duration is pre-

heat and failure of the piping or pipe supports due to sented in Figure 26 for the first test and the initial

the large displacements. part of the retest. A plot of the complete tempera-
Since the sabes uwd in this test nad been exposed ture and displacement history of the complete sec-

to temperature and pressure loadings in presious ond test is presented in Figure 27.

single-component leak tests,3 all the clastomerie seals During the test of the purge and vent 5> stem, the

were replaced in both sahes before installation in the CPS displacement was large enough to cause the

test system. Piping sections damaged during the gate failure of twc pipe supports (one in tension and one

sabe testing were replaced, and the whole piping sp. in compression). There were no other equipment

tem was pressure tested at 300 psig to ensure mechan- failures or loss of function. Thete was no measur-
ical integrity. The sabes were leak-checked after able leakage through either sabe and no noticeable

installation to ensure a bubble-tight seal at 120 psig. change in vahe operation.

The whole system wat checked for leak tightness at
135 psig. All pressure testing wat done with nitrogn 4.2.1 Valves. Vahe performance was again char-

aeterized by operator current, stroke time, andgas.
The upstream vahe was checked for operability by sabe seat leakage. Typical current ss.-time curves

opening the sahe with differential pressures of 0,60, for the inside vahe are shown in Figure 28. The

and 120 psig. Differential pressures were applied initial current spike on salve opening is attributed
i

from the upstream side with nitrogen. Alter operabil- to motor startup and the initial breakaway of thel

ity tests, the center piping section was sented to iero disk from the elastomerie seat. After the initial
preswre, reciesed, and connected to a flow meter startup, the motor settled into a steady-state oper-

which was monitored for 1-1/2 to 2 min to check for ating condition of 0.54-0.60 A, with moderate
sahe leakage. T he dow nstream sah e w as checked for meillatory behasior of unknow n origin. Shutoff on

leakage by pressurizing the center piring section and the opening cy cle w as accompf hhed with a position

monitoring the now meter conneded to the down- limit switch.

,
stream piping. Since the downstream butterfly sabe The closing stroke started with a smaller inrush

was not heated directly, it was felt nothing would be of current and settled into the same oscillatory

|
learned by operating the sahe; therefore it was left steady state behaslor until the seal disk made con-

! closed throughout the test, taet with the seat. The current then rose as the dhk
The upstream valve and penetration were then was forced into the seat and the closing limit

heated, displaced, pressurihed, and checked for oper- switch interrupted the current, As shown on Fig-

ability and leakage according to the schedule pre- ute 29, the unseating current was generally higher

sented in Tabic 7. The downstream sahe was ako with higher upstream pressures as espected. Aser-

pressurized and checked for leakage. age steady state operator current aho saried

33
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i Table 7. Containment parameters for design basis accident / severe accident conditions for f
8-in. butterfly valve test (first ramp)

,

<

i

1 Total I

Horizontal inside Butterfly !
*

Penetration Valve Vahe |
Displacement Temperature Pressure Function (

(in.) (*F) (psi) Test
'

,
.

'
Design 13 asis Accident Conditions i

t

j 0.00 AMB 60 a j
1 0.23 140 60 Yes ,

| 0.53 140 60 |-

1 0.53 160 60 !-

! 0.52 160 60 Yes !'

!O.82 200 60 -

'
| 0.89 200 60 Yes

O.89 240 60 l-

0.96 240 60 -

I 0.96 280 60 -

l.05 280 60 Yes
'

!
4 Severe Accident Conditions !
I :

1.05 315 90 i-

1.75 315 90 Yes |
,

1.75 350 120 |
-

2.38 350 120 |
-

3.00 350 120 Yes !

I

d.
5.00 350 120 -

6.63 350 120 -

; i

e
J a. flaieline tests.
I

,

i

'l

'
4

I

i

1

1

!
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j Table 8. Containment parameters for design basis accident / severe accident conditions for [
S-In. butterfly valve test (second ramp) [<

!'
'

! iTotal
i Horizontal inside Butterfly {.
>

Penetration Valve Vahe ,.

4

| Displacement Temperature Pressure Function [
s (in.) ('F) (psi) Test l-

r
<

['

Design Basis Accident Conditions .

;.

3.00 AMB 60 Yes :

3.05a 120 60 Yes [
.

3.05 160 60 Yes |
!

3.05 200 60 Yes

3.05 250 60 !
,

-

'
3.05 280 60 Yes

.' i

! Sescre Accident Conditions
1

I
3.05 315 90 Yes

] 3.05 350 120 t-

3.05 350 120 {-

a
' 5.00 350 120 Yes t

'/| 7.01 350 120 -

''

4 9.04 350 120 -

j 12.7 350 120 -

j 14.77 350 120 -

18.01 350 120 Yes
;

| 16.33 350 90 Yes

15.50 350 60 Y-s' ,

14.33 350 60 Yes !

! 14.33 100 60 -

1

I

j a. Piping was maintained at no-load equihbrium mdiion untd time-at temperature Natoop from rits: test was repheated.

I

i

i *

3

i

,

||

h
,
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somew hat (0.54 0.61 A), but there was no obsious of 350'F. The load was released and the bolts
effect of the simulated accident conditions on the retightened, which fixed the leak until another
start, unseat, or run currents. Stroke time for the small leak developed at a displacement of 18 in.
inside valve varied from 8.0 to 8.2 5 for both open- The leak continued until the vertical strut broke. A|

'
ing and closing cycles. The outside vahe was not general observation concerning the piping is that it
operated. behaved in a ductile manner and survhed local

Neither sabe showed un> measurable leakage deformations and large bending moments that
during the Feated portion of the test. The inside caused significant yielding through the cross sec.

( sabe showed some slight leaks during heatup tran- tion. The highest measured strain occurred on the
sients, but these went away when the sahe reached inside piping at its entry into the penetration assem-'

temperature cquhibrium. The inside valve show ed a bly. As illustrated in Figure 34, this strain
sustained leak of 0.88 sefm with 60 psie differential reached 6.2%.
pressure when cooled below 210'F after the high in addition to some minor and sery locallied
temperature portion of the test, deformations caused by the pipe supports, the pip-

ing became somewhat osal at both outside elbows.
The external shape had changed from a nominally4.2.2 Pipe Supports. The ends of the two struts circular cross section with a diameter of

near the mside vahe which were hi! P f. ad d dur-
8.M x 8.67 in. (inside) and 8.59 x 8.67 in. (out-ing the gate uhe test were rept e ' u ine - ,ter-

, side) to an osal crou section with major and minor
ny sahe test. Strain gauges electron callyo

ases of 9.36 x H.10 in. and 9.3 8 x 8.12 in. respec-
reierced for the butterfl> vahe ts ine horuontal tively. The elbow upstream from the inside vahe
strut was now equipped wah a 2 in. Sch. 40 body

was also deformed from a cross section ofwnh 1 in, roJ ends while the scrti$al strut was
8.68 x 8.65 in. to a cross section of 7.80 x 9.34 in.equipped with a 2 in. Seh.160 body and 1 1/4-in.
The pipe strains measured at various locations

rod ends. Due to the difference in the distribution throaghout the system at the masimum horizontalof the stiffncu of the two struts, they abo had a acement M M in. an hed in TaNes 9different dktribution of strain. The horizonta
"" ## ' ' " "" * * * , "

strut esperienced its extension it. the main body of
n e ca n at wM N mah werethe strut, while the rod ends and attachments were

*#"**not damaged. The sertica: strut esperienced defor- . preume to me ram waser e aumation in the bal: joint rod ends, one of which
rehered, the clastic strain in the piping systemfailed completely at a load of about 7.5 times its
ca #ng i utwn in. ntah

,

rated capacity. Both clamps again slipped along the
8% f the maximum displacement) toward itsasis of the pipe during the test. The lower rod end

rigmal p sition. Figures 35,36, and 37 show the
of the sertical strut yielded enough to pull the pin; en m f scleded parts of the CPS followingthrough the end of the c>e bec Figure 30). Force u.

I ad rem sal. The strut immediately downstream
,

j displacement curses for the struts are presented in
f the outside nhe is obsiously misaligned and theFigures 31 and 32. The horizontal strut on the

right side of the upstream piping buckled under * '. lamp has rotated around the pipe as can be
compression loading (see Figare 33). I'#nin swe gme 6 shows & Wen

mside sertical strut .\ho apparent in this figure is
. ,

, t he bending in the pipe between the inside s ah e and
' 4.2.3 Piping. A major problem with the 8 in. the penetration. Finally, Figure 37 shows the per-

piping during the butter 0y s abe tests w,a the diffi- manent bending in the long horizontal section of
culty in maintaining a tight seal with the 150-lb- the inside piping.
elass raised face flanges and spiral-wound
(stainless' asbestos) gaskets. Since the seal on the
upstream face of the outside sahe was critical to 4.2.4 Penetration and Test Fixture. A thorough
leak measuremtrits, this joint was shen special sisualinspection of the test fisture and the penetra.
attention. The bolts were drawn up to gise metal- tion anembly identified no significant damage to
to metal contact on the compression gange around either. The bos beem support located at the end of
the periphery o the gasket. the right side bran:h of the internal piping main-r

During the secend buttern) uhe test, the Gange tained the 3-degree misalignment carried oser from
upstream from the inside sahe esperienced a major the gate sabe tests. No other damage was;

leak at a displacement of 5.0 in. and a temperatere c %ersed,

j
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] Table 9. Pipe system strains at maximum deflection for 8-in, butterfly valve test |
| (first ramp) .

!
,

Strain i
Gauge Measurement |

System location Orientationa (10 ~ * In./in. )
'

~
o

2/4 - 14429/20322 |Horizontal piping near tee (left branch facing penetration
from inside containment) I,

| Vertical piping near tee 5 1470, h
>

| Horizontal piping near inside elbow 2/4 - 107.2/2364 !
I Horizontal piping near inside valve, upstream 1/3,2/4 864/1582. -6M/1387 !

Inside vahe weld neck, downstream 1/3,2/4 - 2293/ - 316, - 587/411 |
: Piping near inside struts, dow nstream 1/3,2/4 - 6964/6753. - 998/3691

f Near penetration, inside piping 1/3,2/4 46SSI/ - 35016,24580/ - 8954

) Near penetration, outside piping I/3,2/4 16992/ - 17731, 1994/ - 1620

f Outside sahe weld neck, upstream side 1/3,2/4 206/ - 241 - 267/153
Near first downstream cibow, upstream 1/3,2/4 - 1359/ - 1692, 951/ % 9

First dow nstream elbow I/3,2/4 8105/12868 - 9399/650

a, Orientatiom of prain gauges were as foHoms:(1) on top of pipe measunns asial straio,(2) on right side of pipe, facing
downstream, measunns asial strain,0) on tatom of pipe measuring asial uraan. (4) on left side of pipe, measunng asial strain,(5)

( on top of pipe, mmurtng circumferentid urain.
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Table 10. Pipe system strains at maximum deflection for 8 in, butterfly valve test
(second ramp)

Strain
Gauge Measurement

System Location
_

Orientation 3 (10 - ^ in./in.)

1/ , / 150/ - 16M, - 20784/26748liorizontal piping near tee (left branch facing
penetration from inside containment)

Vertical piping near tec !/3,2/4 - 981/2360, 6353/4 %

! llorizontal piping near inside elbow 1/3,2/4 - 4265/3581, 1301/5435

liorizontal piping near insid: sab e, upstream I/1,2/4 - 2355/2845, - 1027/2152

1 Downstream from inside vahe Sheared off by -

} sliding pipe clamps

j Piping near inside struts, dow nstream 1/3,2/4 - 1653/1344, - 260/1344

; Near penetration, insiJe piping 1/3,2/4 62134/39729, 17224/ - 150

i Near penetration, outside piping i/3,2/4 18104/--18787, 3596/ - 2302

I Pipe upstream from sahe nozzle 1/3,2/4 479/ - $23, - 441/462
i

i Pipe downstream from outsidnahe 1/3,2/4 - 452/ - 1030, 79/16 %
l Second dow nstream elbow I/3,2/4 15721/ - 272, 396/ - 6120

__

a. Orientations of strai., gauges were at follows (1)on top of f are measurms asial strain. (2)on ryht side of pipe, racing

| downstream, measuring asial strain. Os on bottorn of pity meeuring asial strain. (4) on lert side of pipe, measurir.3 sual strain,($)
on top of pipe, measurirg 6ircurr ferential strain.
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4.2.5 Conclusions. The test on this representa- were installed on the vahe and on the pipe between
| tise purge and sent containment penetration sys- the vahe and the penetration. The heated vahe and|

tem clearly demonstrates that there is a great deal piping were thea insulated. Haseline valve function
of safety margin in such hardware with respect to and leakage tests were performed w ith iero pressure
proper performance under design basis conditions. and 1500 psig (N ) applied alternately under the2
At these conditions, the valve performance was plug and oser the plug (upstream 40-downstream
unaffected, and maximum pipe strains and support and downstream to upstreamt Tem;cratere, pies-
loads were well within material yield levels. Valve sure, load, and strain datn were recorded on strip
operation remained unaffected throughout the charts,
design basis accident and sescre accident tests. The The enclosed 4olume water espansion test was
inside sabe leak integrity remained unaffected performed first L part of the design basis accident
until the vahe was cooled to 210'F after the sesere simulation. This test was performed due to utility
accident test. The outside vahe maintained leak questions to the N RC os er ;he need to back fit older
integrity throughout the test program and thus pre- plants with relief capabilitics to ptnent entrapped
sented the potential of a containment leak to the water f rom oserpressurizing the system during an
outside atmosphere after the simulated sescre accident. The s abe y as closed and the dow nstream

accident. section was filled with watei ,,nd sented at high
At the maximum horizontal displacement of points to remose all air. The vahe and dow nstream

18.0 in. in the sescre accident portion of the test, piping were heated to 120*F. The end of the piping
the performance of the inside sahe was still was then displaced (lifted)in 0.25 in. inerements to
uncht.nged-operator current was normal and 1.5 in, as show n on Table 11. The u.he and piping
leakage at 120 psid was less than 0.001 scfm. Two wert then heated to 200*F and displaced 1.75 in.
struts failed (one in tension and one in compres. Heatup to 280'F was then initiated. power to the
sion), and the piping responded in a ductile manner heaters was shut off when pressure in the down-
with no local buckling. The pipe clamps distorted stream pipe reached 3S75 psN pressure continued
and slipped to a sufficient extent to accommodate to rise untilit reached a maximum of 4016 psig. A
much of the pipe mosement plot of the pressure temperature trar,sient is pre-

unen the judgment that the 18.0-in. horizontal sented in Figure 38. The pipe wa then sented to
and 4.8 in. sertical displacements and the 350*F release pressure and heated to 280*F. The pipe was
temperature execed most containments' ultimate then cooled to 200'E sented, and dried. After
capacities, the results from this test show that ty pi- reheating to 280'F, a two-way sabe function test
cal purge and sent containment piping penetrations was performed at 1500 psig, first pressurizing the
are capable of performing their intended safet> dow nstream pipe and then the upstream pipe, with
functions during a sesere accident. leak cheeks in both directions. This completed the,

design basis accident simulation sequence.

4,3 Small Bore CPS System The heatup and displacement were continued to
350'l and 8.0 m. (end of sesere accident simula-Testing and Results tion with leak checks and sabe function tests as
specified on Table 11). After reaching the full

The purpose of this part of the test program was sesere accident condition, arbitraril) set at
to esaluate the atility of a small bore cps system four times the design basis accident displacement,
with a globe sahc equipped with hardened seats to the sertical support strut was disconnected, and
remain leak tigh and operable when esposed to displacement continued (according to Table 11).
temperatures and mechanical loads typical of This was done to imestigate the effects of high
design basis and seu.re accidents. It was aho bending moments on the flued head and nearby
intended to determine whether sahes with hard- pipmg. Since bending moments on the sabe were

i

ened metal seats seal tightly enough to seal a reduced from the snere accident test lesch after l
heatup-drhen water espansion pressure transient. disconnecting the strut, leak rate and sahe fune.

The test sptem was assembled and instrumented tion tests were not perforraed during this portion of
as shown in f igure 12. The globe sake was the test. Temperature was maintained at 350*I. The
repacked and the entire system was hydrotested at displacement range for this portion of the test was

; 4750 psig. The flued becd weld and soeket welds from 8 to 24 ia.
were dye penetront tested to be sure there were no The sptem was allc. Aed to cool to ambient tem-
initial erasks, After the dye-penetrant tests, heaters perature. The support strut was reconnected, and
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Table 11. Containment parameters for design basis accident / severe accident conditions
for 2 in, globe valve test

Vertical
Displacement Temperature Leak Valve ,

'

(in.) (* F) Check Function

O.0 - x x

Design Basis Accident Water Full

0.25 120 - - -

0.50 120 - -

0.75 120 - -

1.00 120 - -

1.25 120 - -
,

1.50 120 - -

1.75 200 - -

2.0 280 x x

End Design Basis Accident

Sescre Accident System Dry

2.25 288 x

2.5 315 x x
3.0 350 x x
3.5 350 x
4.0 350 x
5.0 350 x x ;

i 6.0 350 x f

'

7.0 350 x
8.0 350 x x

i

End Sesere Accident

Penetration Bending Tests. Vertical Strut Disconnected.
i
'

9.0 350
10.0 350

'

11.0 350
} 12.0 350

14.0 350
16.0 350
17.0 350
18.0 350<

20.0 350
22.0 350
24.0 350

|

|

|

I
!

|
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Table 11. (continued) !

.

Vertical|
i Displacement Temperature Leak- Valve

(in.) ('F) Check Function'

a

d Ambient temperature valve tests.a Vertical strut reconnected.
14

|1 20.0 Ambient - -

|r 20.7 - - -

.) 22 - - - <

24 x' --

|4 26 - - -

i 28 x -- ,

30 - - - ,;

{ 32 - x x
1 34 - - -

,

x x !j 36 -

;@ x x-
<

! 44 (- - -

j 47 x x ,-

)
a. Upstrearn pressure only 015CO Psi. ;

;

1 !
1 t
|

| |

| 300 4500 |i ,
" x Temperature

j 'o Pressure oe o 4000-

o
4 x x x x gx o

275
]

- x 0 3500-

x x
o .

-

] F 3000 g |* -

x .
- x .a |250 x-

2500 3e o
B *x !

-

- e
" B2000 e-x

3; 225 o-

i * 1500 E |
-

} |

1000 :-
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i Figure 30. Thermal and pressure transient in piping of 2 in, globe sabe test,
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an attempt was made toload the sahe and piping to 4.3.2 Pipe Support. The pipe support for the 2-
effect a measurable change in vahe performance. 'in, globe sahe test was constructed with a 1 in.
Leak checks and vahe function tests were per- Sch. 80 pipe section and 3/4 in, threaded end con.
formed as according to Table 11. After final dis- nections, loads in the stiut as measured by a strain
placements, the sahe socket welds and Gued head gauge on the strut body reached the rated capacity
butt weld were checked with d>e penetrant for of 650 lb at a piping displacement of I in. The
cracks. The system was also hydrotested to measured load at 2.0-in, displacement (end of
4750 psig. design basis accident simulation) was 1277 lb,

There were no failures nor loss of function of any which compares well to the pretest prediction of
ef the equipment tested during the small. bore CPS !!07 lb. The load reached 2200 lb at the end of the

test. sesere accident portion of the rest (8.0-in, displace-
ment) and 3550 lb at the maximum displacement
of 48 in. Stresses in the strut remained well within

4.3.1 Valve. The sahe used in the small bore the elastic limit throughout the test (5550 psi masi.
CPS tests was characteriied by motor current, mum at 47 in. displaecment),
stroke time, and seat leakage. The main component
of the motor current was the inducthe current
needed to operate the motor regardless of the load 4.3.3 Piping. The piping behased in a ductile
(s0.42 A) Stem packing friction added from manner with no cracking or buekling and no leak.
0.04 A for well-broken-in packing to 0.14 A for age, men after displacement under hydrotest pres-
fresh packing. Lifting the plug off the seat against sure of 4750 psig. Although the pipe experienced
1500 psi differential pressure required up to 0.14 significant yielding, the etoss section remained cir-

additional amps. Closing the sabe against 1000 psi cular, within 0.6%. There was no cracking, leak-
typically took 0.02 A more current than opening it, age, or noticeable yielding in the socket welds.

This would indicate about 0.01 A for stem rejee. The load curse ss. denection for the test system

tion load. None of the components of the sahe piping is show n in Figure 42. The measured load at

motor current showed a response to sabe tempera- a deflection of 1.992 in. (end of the design basis

ture or pipe displacement. Motor starting current accident s mulation) was 448 lb, which was sery
<

was aho unaffected by system sariables. ci se to the pretest prediction of 469 lb at a dence-'

A plot of operator current s5. displacement is tion of 1.994 in. It is also interesting to note from

show n in Figure 39. T> pical operator current curs es the load 45.-deflectivi curse that the design basis |

for opening against upstream and downstream "C#Ident simulation condition is sery near the elas-
tieh.mit for this sptem. Figures 43 and 44 show thepressure are shown in Figures 40 and 41. Yahe

i cycle times saried from 35.0 to 35.5 i for the open- fin I denected condition of the test piping,

) ins stroke and from 34.2 to 35.0 s for the closing
; stroke. 4.3.4 Conclusions. The test on this portion of

Fc,r the most part, the sabe leakage rema;aed the small bore containment penetration system,

below the threshold of the flow meter demonstrates that there is a great deal of margin in
'

.
(0.0003 sefm). After one sahe function test at such hardware with respect to proper performance

i

| 280'F, and 1.75 in. displacement, with 1500 psi in under design basis or sesere accident conditions
j the upstream section (under the plug), the sahe and beyond. The vahe and flued head are .

showed a leak rate of 0.0195 sefm. After repeating estremely stiff relathe to the attaehed piping, and !
'

the sahe functien test, the leak tate again dropped the piping is desible enough to withstand large !
i

below the threshold of the now meter. denections without failure or transmitting failure- I

Packing leakage was measured with 1400 psi producing loads to the attached components. -

internal pressure. At a temperature of 350'F and a Water filled closed sptems can deselop signifi- i

displacement of 2.5 in., the packing leakage was cant elesated pressures due to thermal espansion ofi

0.54 sefm. At ambient temperature and 48.in, dis- trapped water at design basis accident
I placement, the packing leakage was 1.25 sefm. temperatures.
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5, Flf.8AL CONCLUSIONS

Comparing the analyses of the esperimental gate s ahe may hase had more problems than the

results with the project objectives prosides the fol- Desible gates in these sahes,

lowing insights:
The esperimental results from this testing pro.

The measured response of these generic piping side insights in two areas where current qualifica-

systems exposed simultaneously to pressure, tion standards may require improvement. The first

temperature, and displacement loadings equal to of theseis the pipe reaction End Loading Qualifica-

a design basis containment response enhibi s a tion Test, Annes D of ANSI B16.41. During thet

great deal of performana margin, w hich is seri- analyses of the actual end loadings sustained dur.

fied in the severe accident testing, ing the CPS tests, analysts compared loadings to
the qualification requirements of Annes D. Incon. |

Valve operability and leak integrity also show sistencies in the procedures were found particularly

considerable safety margin at design basis load. with sabes mating with pipe thicknesses greater
than Schedule 40. As presiously mentioned, CEGBings,
is using the US qualification standards at Sirewell.

Water filled piping systems penetrating contain- They aho had trouble with the procedures of this
ment without relief capability can build up esces- annes. The ASN1E sabe qualification subcommit-

sise pressure at design basis temperatures. The tee has been notified by both CEGB and the !NEL,

NRC's concern with this problem is valid. Not all and they base agreed to resfew the problem,

sahes will be as tight as the one tested in this The second area of concern is that the ASN1E
project: howner, the esperimental results do does not has e a released qualification document for

show pipe rupture is possible. nonmetallies. The purge sabe clastomeric seal
experiences compression set in the closed position

The ana!> tic procedures of the ASNIE rode for oser time, and the compression set is accelerated at

Lesel "D" allowables are based on component temperature. This allows a potentialleak path out
limit load concepts. These are ultraconsenathe of containment. The new standard is in draft rn iew

when one considers the load redistributions and our concernt about the sabe seals hase be.n
which generally occur in a system. ANCO Engi- made known to the committee. These concerns are
neers (Cuber City, CA), Energy Technology being considered.

Engineering Cen'er (Los Angeles, CA), and the The only failures in the CPS tests were the two
INEL aork all show piping system failure Inch strut failures. The horizontal strut that failed due
will be greater than 3% strain een w hen oscillat- to buckling failed because the load caused the pipe

ing seismie loadings are considered, clamp to slip. Friction pipe clamps cannot be
espected to hold during this type of oserload. The

The response of the piping systems and sabes sertical strut end failed in tension at arcater than
under snere accident loadings up to ultimate sesen times its rated load Both failures reduced the
containment capacity show that high loels of stress on the piping system.
strain can be sustained without piping system or Roiewing the results of these CPS tests and
penetration failure, and the redundant s ah e out- those of the CPS seismic test presides confidence

side of the harsh containment emironment pro- that the containment piping penetrations and
sides leak integrity. Operability was not affected sabes hase considerable margin to failure during

esen in the gate sabe where some permanent any credible design basis or sescre accident
plastic response was obsened. A solid wedge mechanical loading.

|

|
t

$l
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j APPENDIX A

INSTRUMENTATION LOG FOR GATE VALVE TEST (CPS 5)

Channei numbers tefer to the Data Acquisition System.
j instrument identifiers containing the same numeric designator are nominally located at the same asial

location on the system test pipe,.i

j To define orientation, flow h assumed to be fro.n the inside of the containment to the outside. "Left" and

! "right" assume the observer is facing in the direction of the flow, or toward the penetration, from inside the
contairrnent. 7

Pipe strain gauges (SG-XX) are welded or bonded to the pipe, l.ocations are referenced from the center of
:the gauge to the edge of the weld joining the pipe to the referenced fitting or component. Gauges designatedi

"(R)" are part of a three gauge rosette. Strain gauge data prosided qualitative understanding of piping !

I system performance, but general!y was not consistent enough to allow reduction to forces and moments uith
i unequhocal results. ;

i

! Channel IdentiGeation Location Comments
4 t'
I Thermoeouples Upstream valve Models inside valve (inside
j containment)'!ype K ,

: thermecouples [

j (Chromel alumel) j
. 5

01 TCS 10 Outside surface At longitudinal centerline
'

I 02 TCi 9 Inside valve Top of flow path. 3 in,
upstream from $ahe seas

*

1

j 0) TCI 10U Upstream seat Top, inside vahe !
l<

1 04 TCI 10D Dow nstream scat Top inside salve {
i

fiorisontal pipe, near "Tee" Bonded
[
!

05 SG 6A Top, circumferential (R) st 1/2 in, from wild
{
!06 SG411 Top, 45' (R)

]
-

!
i 07 SG-6C Top, asial(R)

[
-

1
J

08 SG-6D Right r,ide, asial(toward penetration) Failed at a displacement of !

l.74 in, f
'

i
09 SG4E flottom, asial f

-

| '

10 SG4F Left side, asial '-

| I
t,

I,

I
i

[
A3 L

r

I
'

_ _ _ _ _ . - _ _ - _ . - - - - _--- -- .. - - - _ - - _ -_
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!
,

!

i
'

|

I Channel Identification Horizontal pipe, near "Tee" Bonded

11 SG 7A Top, circumferential(R) 1 1/2 in. from weld
|

12 SG 7B Top 45'(R) I
-

l 13 SG 7C Top, asial(R) -

| 14 SG 7D Right side, asial -

.
,

i 15 SG 7E Bottom, asial -

i

16 SG 7F 1.cft side, asial - -

,

ik

>

Vertical pipe, near "Tee" Bonded |

] i

17 SG8A Side opposite from penetration (R) 13/4 in, from weld
a

Ii

j 18 SG8B Same as abcne,45' (R) -

| 19 SG 8C Same as above, asial (R) -

| 20 SG8D Right side, asial I-

21 SG8E Opposite SG 8C. asial -

I i

| 22 SG-8F 1. eft side, asial ;-

; !

j l

i
i !
! Horizontal pipe, upstream '

of inside sahe, near elbow Welded i

23 SG 9A A Top, cireumferential (R) 1 1/4 in. from weld i
; ;

] 24 SG 9A B Top. 45' (R)
'

-

1

25 SG 9A C Top, asial(R)
]

-

26 SG 9A D Right side, asial I in, from weld
1 |
| 27 SG 9A E Bottom, asial I in from weld !
l

.8 SG 9A F 1. eft side, asial I in, from weld
.

!

)
:

1 1

I |
|

|

|

A4 |
|

, _ _ - - _ _ _ _ . _ _ - - - - _ _ _ _ _ _ _ _ _ _ - - - _ _ . _ _ _ _ _ _ . - - _ _ _ . _ _ _ _ _ _ - _ _ . _ - .__ , _ _ . _ . . _ _ _ , _ _ _ _ - _ -_
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e

! Short pipe, upstream
Channel Identification ofinside valve Welded

_

t

) 29 SG-9B A Top, circumferential(R) 13/4 in. from weld (pipe to
salve)

30 SG 9B B Top, 45' (R) -

31 SG 9B C Top, asial (R) -

32 SG 9B D Right side, asial 13/4 in, froa pipe weld

33 SG 9B E Bottom, asial 13/4 in, from pipe weld
,

4

'

34 SG 98 E 1 eft side, asial 13/4 in, from pipe weld
4

,

4 Inside vabe weld rieck,

| downstream side Welded
i

35 SG 10-S Top, circumferential (R) 13/8 in, from valve body
'

i 36 SG 10 T Top, 43' (R) -

t

37 SG 10-U Top, asial(R) - !

| 38 SG 10-V Left side, axial On cross section with SG 10-S |
!

j 39 SG 10-W Bottom, asial On cross section with SG-10-S |
i

40 SG 10-X Right side, atla! On cross section with SG 10 S
i
!

l

!.
I Vahe body, upstream sahe, !

circumferential 1 1/2 in,
below bonnet flange Weided

41 SG 10-AA Downstream side -

j 42 SG 10-DD Right side -
(
t

t

43 5010 EE Uptream side -

(1 44 SG 10-FF Left sioe -

|i

.

t
!
l
i

:
i

A$ [
!

_ _ _________ _ _ - - _ ._ _ _ _ . - -- .- . __ - - _ . . _ . _ . _ _ _ . _ _ _ _ . _
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|

|
|

llorizontal pipe,
Channel Ident fication, downstream from inside vahe Bondedi

|

45 SG-II A Top, circumferential(R) s18 in, from vahe

46 SGllB Top 45'(R) -
i

47 SG 11 C Top, asial(R) -

i 48 SG11 D Right side, asial -
,

l

49 SG 1IE Bottom, asial |
4 -

1

$0 SGItF Left side, asial |-

i
- ,

,

l
Upstream from penetration Bonded ;

.

!
} $1 SG-13 A Top, circumferential 1 1/2 in from penetration

$2 SG13B Top,45' -

j $3 SG 13-C Top, asial -

) $4 SG 13 D Right side, asial -

|

| $$ SG-13 E Bottom, asial -

| $6 SG 13 F Left side, asial -

I l

l i

i ;

I
t

j Un pipe inside penetration Bonded
|

$7 SG 15A Top, circumferential (R) f-

-

| $$ SG 15B Top. 45' (R) -

t

j $9 SG-15C Tep, asial(R) - '

60 SG15D Right side, asial -

-l 61 SG 15E Bottom, asial -

i
62 SG 15F I. cit sue asial !; -

)

I

,

I
4

1
4

I,

1 A6

- - . . - - . _. .. - - - _ - . . - _ _
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1

Weld neck, downstream
BondedChannel Identification sahe, upstream side

_

63 SG 22 S Top, circumferential(R) I in downstream froma

i machined diameter reduction
i

|

j 64 SG 22-T Top, 45' (R) -

|!
65 SG 22 U Top, asial (R) -

] 66 SG 22 V Right side, asial As above

|

f67 SG 22 W Bottom, asial As abosej
I

68 SG 22 X Left side, asla! As abose

,

|

,

!
3 Body outside vahe, [

circumferential 1 3/4 in. '

below bonnet flange Bonded
;

69 SG 22 AA Dowstream side -

70 SG-22 DD Right side -
, ,

a L
1

71 SG-22-E E Upstream sidea -

I l

| 72 SG-22 FF Left side [
-

! f

! l
.| l

( On outside pipe, near cibow Bonded |
d :

(73 SG 24 A Top, circumferential(R) -
;

L.

74 SG 24 B Top. 45' (R) -

! 75 SG 24-C Top, asial(R) !-

I r

76 SG 24 D Right side, asial i-

) :

| 77 SG 24 E nottom, asial |-

'

i

78 SG 24 F Left side, asial !-.

!
,

J 79 SG 244 Strut ncar first Bonded I

i outside elbow {
! |

I |
i
'

|

! !
: ,

I
li

!

i
!

A7
I
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!

|

On centerline of first
i Channel Identification outside elbow Bonded !
l I

80 SG-25 A Top, circumferential(R) -

81 SG 25 B Top,45' (R) -

82 SG 25 C Top, axial (R) |-

'
!

83 SG 25 D Right side, asial t
-

,

;

! 84 SG 25 E Bottom, asial !
-

:
'

I 85 SG 25 F Left side, asial -

! |

j Strut locations Bonded
'

) i
; 86 SG 25-Q Vertical strut near far outside elbow

'

-

) 87 SG ll-Q Yertical strut near inside sahe -

4 ,

88 SG 1l R llorisontal strut near inside salve I-

l i
'

Esternal measurements !
! :

89 SP 24 11)draulic pressure to ram S/N 20$770 i
i

90 S P-21 Pressure, upstream pipe S/N 6625$3

| 91 SP 22 Pressure, middle pipe S/N 662$$2 [
92 SP-23 Pressure, dow nstream pipe S/N 662555

{ 93 DP-1 Vertical displacement S/N 703 !
1

| 94 DP2 In line displacement S/N A27609
i

j 95 VP1 Position, inside sabe stem -
;

j % VP-2 Position, outside sahe stem j-

i97 VC 1 Electrical current,inside sabc -
1

i

f
98 YC 2 Elcetrical current, outside $ abe -

l 99 VV1 Vahe soltate )-

\

i

!
!

J

>

i
j

j A8 I
: i

, _ . _ . _ . _ - . ___ __ _ _ _ _ _ _ _ . _ , _.___ _. _ _ _ _ _ _ _ _ - _ _ _ _ _ ,_.__I
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INSTRUMENTATION LOG FOR BUTTERFLY VALVE TEST (CPS 6) f
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1
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| APPENDIX B

INSTRUMENTATION LOG FOR BUTTERFLY VALVE TEST (CPS 6)
i

Channel nurnbers refer to the Data Acquisition System.
Instrument identifiers containing the same numeric designator are nominally located at the same atla!

,

location on the system test pipe.-

| To define orientation, now is assumed to be from the inside of the containment to the outside. "Left" and
j "right" assume the obscrier is facing in th.: direction of the now, or toward the penetration, from inside the

j containment.

Channel Identification location Comments
|

Thermoeouples Upstream salve Models inside vahe (inside:

! containment) T)pe K
1 thermocouples

i
j (Chromel alumel) )

'
i

01 TC 1 Flange, right side Embedded 1 1/4 in. into |
'I 3/8 !n. thick seat retainer i

j Danse !
i i

j 02 TC 2 Flange, left side As abose }

ff 03 TC 3 Pipe surface Near inside valve

! l
: 04 TC4 Pipe surface Near outside valve t
. t

l 05 TC 5 Outside sabe flange
|

| 06 TC-6 Ambient tsmperature .

.

3
i

!
i ,

Pipe strain gauges (SG NN) are welded or bonded to the pipe, locations are referenced from the center of I'

Ithe gauge to the edge of the weld joining the pipe to the referenced fitting or component. Gauges designated
"(R)" are part of a three gauge rosette.

| |

|
i

i
:

i

|

I
i
>

f
i
!
-

11 3 f

!
i

_ _ _ _ _ _ _ . _ _. _ _.. _ - _ _ .
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,

I
ia

! !
i

Horizontal pipe, near 7 3/4 in, from C/L |

| Channel Identification tee, right side of tee, bonded

07 SO4A Top, circumferential(R) 1/2 in, from weld
;
;

|08 5048 Tbp, 45' (R) -

| 09 SG-6C Top, asial(R) -

I 10 50-6D Right side, asial (toward penetration) -

I ,

!I 11 SO 6E Bottom, asia! -

! !
t 12 SO4F Left side, axla! I

-

t

!

| Horizontal pipe, near 7 3/4 in. from C/L of !

tee, left side tee, bonded I<

I I

|i 13 SG 7A Top, circumferential(R) -

| !
J 14 SG 78 Top,45' (R) i

-

i t
'

15 SG 7C Top, axial (R) i-

:

16 SG 7D Right side, axial I-

l i

17 SG 7E Bottom, asial -

i 18 SG 7F Left side, asial -[-

i i
'

i. l
i

Ya

! 1/2 in, from weld,
,

Vertical pipe, near tee bonded j

|] 19 SG 8A Side opposi e from penetration (R)t -

J i

20 SG 8B Same as abcne,4$' (R) j]
-

j 21 SG 8C Same as abose, asial(R) -

22 SG 8D Right side, asial '
j -

|i

23 SG 8E Opposite 50 8C, asial -
t

< >

j 24 SG-8F Left side, asial |-

!i

I |

i :
I I
|

-

1 |

1

$
1

| B-4

! 1
.. _ . _.
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I

I

i

! }{orizontal pipe, 32 in from salve

l Channel Identification upstream from inside satse flange face, bonded
_

;

i 25 SG 9A Top, circumferential(R) 1/2 in. from weld

1
26 SG 9 H Top,45' (R) -

27 SG 9-C Top, asial(R) -
,

1

28 SG 9A D Right side, a.slal 1/2 in, from weld
,

29 SG 9A E Ilottom, asial I/2 in, from weld
4

30 SG 9A F L.cft side, asial I/2 in, from weld

|
.1
1

,

j inside tabe weld neck, 4 l/2 in from vabe ;

]
upstream side flange face, welded ,

,

|31 SG 10-A Top, circumferential (R) -

| 32 SG-10-B Top,45' (R) -

,

i ;
~

33 SG 10 C Top, asial(R) -

'
34 SG 10-D Left side, asial -

,

I [

] 35 SG 10 E Bottom, asial - ,

-

t

36 SG 10-F Right side, asial -

i
j '
I

| f

| llorizontal pipe daw nstream Sheared off during r

from inside sabe test by sliding clamp _ (
i _

l.
.

I 37 SG II A Top, circumferential (R) -

| 38 SG II B Top. 45' (R) j-

| c-

39 SGIIC Top, asial (R) ti
-

;
;

Ij 40 SG ll D Right side, asial -

!

41 SG11E Ilottom, asial - l

1 :

3 42 $G ll F Left side, asial -

*
!

) o

|
,

1

|

|

| ,

6
t

B-5 t

|
'

_ - - - - . - . . - . - - - . - _ _ - - - - _ , - - - _ _ - . . - - . _ , , . - - - -- . - , - . _ _ . __. -_



_ - _ - _ - _ _ _ _ - _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ - -

,

1

|

Between clamp and 37 l/4 in, from|

| Channel identification penetration penetration plate, bonded ._

43 SG 12 A Top, circumferential -

44 SG12B Top.45' -

45 SF 12 C Top, asial -

i 46 SG 12 D Right side, asial -
,

4

!47 SG 12 E Bottom, asial ->

i
'

'
48 SG 12 F Left side, asial - -,

Not used Ij 49 - -

' !

j $0 Not used i
- -

'

'I1

|

i [

! On pipe upstream from I in from penetration !
; penetration plate, bonded
1 i
J $1 SG13A Top, circumferential(R) -

,

$2 SG 13B Top.4$'(R) |; -

$3 SC 13C Top, asial(R) -

I $4 SG-13D Right side, asial !; -

i

r

1 $$ SG-13E Bottom, :-'xial ;-

i i
'

$6 SG 13F Left side, asial E-

i

i On pipe inside

i.
penetration Bonded ;

l
$7 SG 15A Top, circumferential(R) '-

l
$8 5G 1511 Top, 45' (R) (-

!
'

$9 SG15C Top, asial (R)
|

-

'
60 SG 15D Right side, Asial -

.

!

61 SGl!E Bottom, asial -

1
'

62 SG1$F Left side, asial i-

! I
'

;

,

.

B6

,
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,

'

.

]
i

|
j Weld neck,on

!
downstream valve, 4-3/4 in, froer valve

! Channel Identification upstream side flange face. bonded
i

| 63 SG 22 A Top, circumferential(R) -

1
j 64 50 22 8 Top. 45' (R) -

65 SG 22 C Top, asial(R) -

I 66 50 22 D Right side, asfal -

\
j 67 $0 22 E Bottom, asis) -

) 68 $0 22 F Left side, asia! -

|

Not used69 72
-

-

;

! i

On outside pipe, 13/4 in, upstream from
near elbow clamp, bonded

. SG 24-A Top, circumferential(R)~ -

! i
1

74 SG 24 B Top.4!'(R) -

I
I

75 $0 24-C Top, asial (R) -

[76 SG 24 D Right side, asial -

t
'

77 SG 24-E Bottom, asial -

|

78 50 24 F Left side, asial -

;

; 79 50 24.Q Outside strut, near first downstream Bonded I

elbowd

{
1On centedine of first
foutside elbow Baded,

|

I 80 SG 25 A Top, circumferential(R) -

|
81 50 25 B Top. 45' (R) -

{82 SG 25-C Top, asial(R) ~

|83 SG 25 D Right side, asial -

|

|84 SO 25 E Bottom, atial -

85 50 25 F Left side, asial -

,

!
- _ . _ _ - - - . - _ _ . - . . - . _ - . - . _ . - - - ._ __J



'

, . i -;

Channel Identification Strut Locations Bonded
,

'

! 86 SG-25 Q Vertical strut near far outside elbow'
-

87 SG 11-Q Vertical strut near inside valv: -

-
p,

88 SG ll R Horizontal strut neu inside valve *
-

External measurements Bonded

89 SP-24 Xydra.ilie pressure to ram S/N 205770
,

90 SP 21 Pressure, downstream p;pe S/N 3315
.

91 - Not used -

92 SP-22 Pressure, middle pipe S/N 662555

93 DP1 Vertical displacement S/N 703 '

94 DP2 In line displacement S/N A27609
,

,,

'
95 VP1 Position, inside valve stem -

96 SP-23 Pressure, upstream pipe S/N 662553
!

97 VC 1 Electrical current, inside valvea -

2 98 Not used- -

99 VV1 Valse voltage -

i

!

e

|

\

l
'

1

4

1

a

1

i

l

,
j

' B8
a

- - -- -m. _ . . - - _ . - m. --
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APPENDlX C

INSTRUMENTATION LOG FOR 2 IN. GLOBE VALVE TEST (CPS 7)

!
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!

APPENDIX C

INSTRUMENTATION LOG FOR 2-IN. GLOBE VALVE TEST (CPS-7)

Since the Data Acquisition System was in use for CPS-6, during CPS-7 strip chart recorders were used for
data acquisition.

To define orientation, flow is assumed to be from the inside of the containment to the outside "Left" and
"right" assume the observer is facing in the direction of flow-

Recorder #/
Pen Color (#) Identification Location Comments

_

Strain ganges All strain gauges are welded

AN SG 1 Top, downstream from valve, near -
.

valve, axial

1 RED SG 2 Top, downstream from SG 1,45' --

1 BLU SG 3 Top, downstream from SG-2, -

circumferential

1BRN SG 4 Top, downstream from SG-3, ulal -

1 BLK SG 5 Left side At same cross section as SG-2

2-G RN SG-6 Bottom At same cross section as SG-2

2 RED SG 7 Right side At same cross section as SG-2

2 BLU SG-8 Bottom, near penetration weld, -

axial

2 BRN SG 9 Bottom, downstream from -

penetration weld

2 BLK SG 10 On body of supoort strut, axial -

Displacement - Cable reel potentiometer

1PUR DISP 1 Upstream end of pipe Used as correlation signal

2 PUR DISP-1 Upstream end of pipe Used as correlation signal

3 #6 DISP 1 Upstream end of pipe Used as correlation signal

|

4.#6 DISP 1 Upstream end of pipe Used as correlation signal '

4 #$ DISP 2 Near pipe support strut Used only when strut is
disconnected

C3

- _ _ _ _ _



Recorder #/
Pen Color (#) Identification Location Comments

Valve Parameters

3-#1 POS1110N - Open/ Closed signal

1 3-#2 AMPS - -

t

3 #3 VOLTS - -

i Pressures
f

3-#4 P-UPST Upstream pressure Tap between cibow and valve

3-#5 P DWNST Downstream pressure Tap at penetration end of pipe

Temperatures Type K thermocouples

4 #2 TC V On valve body -

4 #3 TC P On pipe between valve and -

penetration

lead cell

4-#4 1.C in series with lifting link at end of -

pipe

|

|

I

|

C-4

__
_ . _ .
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