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1. BACKGROUND

On August 7, 1975 [1], the NRC requested Jersey Central Power and Light
Company (JCPL) to review the containhent leakage teitinq program for Oyster
Creek Nuclear Generating Station (Oyster Creek) and to proQido a plan for
achieving full compliance with the :equiggucnts cf 10CFRS0, Appendix J,
including appropriate design modificaticns, changes to technical specifi- ;
cations, orf reguest for exemption frcm the regquirements pursuant to

10CFRS0.12, where necessary.

JCPL responded on Decexber 24, 1575 (2] stating that the containment
lezkage testing program at Oyster Creek compared favorably with the Types A
and B testing of Appendix J but differed considerably with the requirements
for Type C testing. 1In a subsequent letter dated Auglst 12, 1976 (3], JCPL
regquested certain exempticns from the requirements cf Appendix J and also
forwarded Technical Specification Change Request No. 48 tc incorpcrate the

requested exemptions into the technical specificaticns.

Cn February 24, 1§77, a meering was held between NRC anéd JCPL personnel
in which the requested exempticns of Reference 3 were cdiscusved. Subse-

v, in a letter cdated Nevember 22, 1978 [4], JCPL submitted a mocdified

-

0

ne

-

«a

set cf requests for exemption from the requirements of Arpendix J. JCPL
stated that propcsed revisions to the technical specificaticns would De
withheld pending NRC acticn cn the latest requested exempticns.

The purpese of this report is to conduct technical evaluaticns eon all
cutstarding issues regarding the implementaticn of 1C0CFRSC, Appendix J, at

Cyster (reek, Accorcéingly, technical evalyaticns are srovided
requests for exemption from the recuirements of Appendix J submitted by

feference 4. The tecnhnical specificaticn change recguest cf Reference I has
not been evaluated since JCPL intends to submit revised technical specifi-

cation changes upcn receipt of NRC acticn con the exemp®icn reguests.

vvo. Franklin Research Center
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3. TECENICAL EVALUATION

3.1 REQUESTS FOR EXEMPTICN FROM TEE REQUIREMENTS OF 10CFRS0, APPENDIX J

Requests fcor exemption from the requirements of 10CFRSO, Appendix J were
submitted by JCPL as Tables 1, 2, and 3 of Reference 4 for Type A, B, and C
testing, respectively. A technical evaluation of each cf these requests for

exexpticn is included in the following secticns.

3.1.1 FRecuest for Exemoiicn from Praininc ané Ventinc Several Svstems
During Tvpe A Testing

Table 1, Item 1 of Reference 4, icdentifies-several systems, portions of
which 2re part of the reactcr coclant pressure bggndagy and may be open
directly to the containment atmosphere under post-accident conditions, which
JCPL dces not intend to cpen or vent to atmosphere and drain during Type A
testing. JCPL's bases for not cpen.ng and draining these systems during the
Type A test can be categerized into four groups, each of which is evaluated
separately below.

23233
i - -

vetem with FReactcr Vessel Penetraticns Eelow the wWater Level
equired wWhile Fuel is in the Vessel
sta

JCPL teé that three systems having reactor vessel penetrations below
the water level reguired while fuel is in the vessel would not be cpened cr

venteéd to atmcsphere and drained, These systems are:

Emergency condenser system condensate return

Reactcr cleanup syste=x.

JCPL stated that modifications would be made to the reactcr sample line
and the reactor cleanup system so that local leak rate testing cculd be
perfcrmeéd on the isclaticn valves. The local leak results woulé be added. to

- -

the result of the integrated leak rate test (ILRT). JCPL requested exempticn

LAl

€«

frem the reguirement to vent and drain the emercency ccncenser system cecnden~-
. £x'y

sate return lines because having these lines water-filled will not affect the

test results.

..A -le
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Evaluation. Section III.A.l.(d) of Appendix J does not require venting
and draining of systems which are part of the reactor coclant pressure bound=-
ary and may be cpened to containment atmosphere after an accident if the
system is required toc maintain the plant in a scfo'condition during the Type A
test. Secticn III.A.l.(d) further requires that the containment isclation
valves cf these systems be local leak rate tested. The results of the local

leak rate tests are then acded to the results of the ILRT (Type test).

Venting and draining of systems with reactor vessel penetraticns below
the water level required while fuel is in the vessel, therefcre, is not
required by Section III.A.l.(d) since to do so wculd place the plant in an
unsafe condition. Furthermore, JCPL has committed itself to performing Type C
tests ¢f the ceontainment isclaticn valves of :he 'eacto: saxplc "ne ané tre
reactor cleanup systems. In Secticn 3.1.4.2 c£ this :epczt, FRC has ceter-
mined that the isclaticn valves cf the emergency condenser system cordensate
return lines do not require Type C testing because they are not relied upen to
perform a containment isclation function as defined in Secticn 11.B of
refe

ng
.

™voe A test and no exempticns from the requirements c¢f Appendix J are neces~

.-

"

Arpencix J with regaré to the leakage cof containment atmcsphere, Th

€,
=
:

"

o
F

"

the three systems of this category need nct be vented and drained cu

sary because all Appendix J requirements will be met.

ems with Reac:cr Vessel Fenetraticns Belcow the wWater lLevel

t S
in the Vessel During the Test

SCPL stated that five systems having reactor vessel penetraticns below

o

the level in the vessel cduring the Tvpe A test would nct be'cpered C©r ventel

tc atmcsphere and drained. These systems are:

"

eecwater system

Control rod driveline (CRD) hydraulic return &o reactor
Liguid poison

Cocre spray to reacter

Reactor coclant instruments.

- ol
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JCPL stated that modifications would be made to the feedwater system, CRD
hydraulic return to reactor, and liquid poiscon system sc that local leak rate
testing of isvlation valves could be perfcrmed. Local leakage results would
be acded to the results of the IL&T. JCPL re¢ ested exempticn from the
requiremants of Appendix J to vent and drain the core spray to reactor lines
and the reactor coolant instruments since these lines are not considered to be

scurces cf post-accident containment atmospheric leakage,

Evaluation., Section III.A.1l(E) of Appendix J does nct reguire venting
and éraining of systems which are part of the reactor coclant pressure bound=-
ary anéd may be cpened tc containment atmosphere after an accident if the
system is required to maintain the plant in a safe-cenditien during the Type A
test. Section III.A.l.(d) further requires that th ne containment isclation
valves of these systems be local leak rate tested. The results of the local

leak rate tests are then adcded to the results of the ILRT (Type A test).

FRC infers frem JCPL's statement that the systems in this category have
penetrations below the water level in the vessel during the Type A test and
that this level is the level necessary tc maintain the plant in a safe condi-
tien throughout the Type A test. 1If this were nct the case, the water level
woulé be lowered :o that level necessary to expocse the isclaticn valves of
these systems to the differential pressure of the Type A test and there

weculd te nc need for an exempticn reguest.

Provided that the water level maintained in the vessel during the Type A
test is the level which JCPL has determined to be required to maintain the
rlant in a safe conditicn, these systems need nct te vented and drained prics
to and during the Type A test. In the case cf the feedwater system, CRD
hyéraulic return, and liguid poiscn system, JCPL's commitment to perfcrm local
leakage rate tests ¢n the containment isclaticn valves in these systems and o
aéd to the measured leakage tc the ILRT results meets all requirements cf

Appendix J and no exempticn is needed for these systems.

»e
"

The ccre spray system designed to function throughout the pest-
h

accident period. It has sufficient reduncancy toc ensure that tlhe system
A sl
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will be pressurized to pressures greater than the peak calculated containment
accident pressure (Pa) regardless of a possible single active failure to the
system. Consequently, the isclaticn valves of chis system are not relied upen
to perform an isolation function to prevent loakaqé of contaiiment atmosphere
at any time throughout the post-accicent period. Consequently, these valves
are not containment isclation valves as defined by Section II.B of Appendix J
and therefore they need not be tested. The core spray system need not be
vented and drained during the Type A test and the iiolation valves need not be
local leak rate tested because Appendix J does not reguire this testing. No

exemption from Appendix J is neeced.

Reactor coolant instrument lines do not require Type C testing unless
they provide a direct connecticn between insice and cutside containment
atmospheres as required by Section 11.8.1 of ippendf;'a. " In the case cf these
lines, a passive failure of the instrument line cutside containment is
reqguireé in order for there to be a leakage path. 1In addition, since the
lines penetrate the reactcr vessel below the minizum water line, there is no
possivility for leakage of containment atmcsphere even with a passive failure,
Consequently, these lines ¢o nct need tc be vented and drained éuring the Type
L test nor do they require Type C testing in acccréance with Appendix J. No

exerpticn from Appendix J is necessary.

3.1.1.3 Svetem Recuired tc be In Service to Maintain the Plant
in a Safe Shutdown Conditicn During the Test
JCPL stated that twe systems recuired to be in service to maintain the

plant in 2 safe shutdown condition curing the T™vpe A test wculd not be cpered

cr verted to atmosphere anéd drained. These systems are:

Shutdown ceoeling systenm

Reacter building clcsed cocling water system.

JCPL stated that modifications weculd be macde to the reacticr building
closed cocling water system to permit local leakace rate testing of this

svstem. The measured lezkace frcm trhese local leak tests would te adced 0

N e
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the results of the T_.RY. JCPL requested exemption from the reguirements of
Appendix J with regard to venting and draining the shutdown cocling system
during the Type A test since this system does not contribute to pest-accident
containment atmospheric leakage. :

Evaluation. Secticn III.A.l.(é) does not require venting and draining of
systems which are part of the reactor coclant pressure boundary and/cr may be
cpened to containment atmesphere after an accident if the system is reguired
to remain in operaticn during the test to maintain the plant in a safe condi-
tien, This section, howevsr, requires that the ccntainment isclaticn valves

in these systems be Type C tested.

Sinze the reactor building closed cocling water system isclation valves
will be local leak rate tested and the jpeasured leakage uill be added to the
ILRT results, this system need not be vented and drained pricr to and during

the Type A test and nc exempticn from the requirements of Appendix J is needed.

In Secticn 3.1.4.1 of this report, FRC determinred that the isolation
valves cf the shutdown cooling system do not require Type C testing lecause
they are not relied upon to perform a containment isclaticn functicn as
defined in Section II.B of Appendix J with regard tc leakage of centainment
atmosphere, Thercfcre, FRC finds that the shutdown cocling system need not be
vented ard drained for the Type A test and that no exempticn from the reguire-

ments cf Appendix J is necessary.

wa

.1.1.4 System Nermally Filled with sater and Cperating Uncder
Pest-Accident Conditicns

nat the CRD insert and withdraw lines are normally f£illed

"

JCPL statecd
with water when operating after an accident and therefcre would not be vented
and drained for the Type A test. JCPL requested exemption .<om the reguire~-
ments cf Appendix J to vent and drain these lines stating that they were small
lines (3/4 to 1 inch), seismically designed, and protected from damage éue to
pipe ruptures.

Fvaluation. Section III.A.l.(d) of Appendix J requires venting and

draining of systems which are part cf the reacter coeclant pressure boundary

-

> - -
- - —
e
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and may be cpen to containment atmosphere under post-accide$t conditions. The
CRD insert and withdraw lines connect to the reactcr cooclant pressure bcundary
but are not open to containment atnosphere under post-accident conditions.
These lines connect to the reacior coclant system at the bettom of the reacter
vessel, well below the minimum water level required tc maintain the core
coverec. In addition, the lines are designed seismically and protected -
against other secondary effects of the LOCA which could cause one ar several
lines to rupture. Since there is no potential containment atmospheric leakage
path from these lines, Appendix J does not require that they be vented and
drainec during the Type A test and no exemption is necessary.

3.1.2 Recuest for Exemption from Correcting Test Leakace Rates
fcr Instrument Error - =N -

Table 1, Item IB of Reference 4, identified the Licensee's intent not to
accé a statistically determined, roct-mean-sguare allowance for instrument
errcr to the "measured®™ leak rate. This reguest for exempticn was ccmbined
with the requirement of Secticn :II.A.!?(C) of Appendix J, implying that the
licensee was cf the cpinicn that this information is relevant to the instru-

ment error correcticn requirement cf that secticn.

Evaluation. Secticn I::.A.Iefc) of Appencix J requires that calculated
leakace rates (for both the Type A ané supplemental ILRT tests) be based on
the absclute value cf measured parameters (i.e., ccntainment pressure, ccn-
tainrent temperature, water vapor pressure, etc.) cocrrected for errers in
thcse instrurents used to evaluate these parareters. This article creates no
ceguirerents pertaining to addition of any ezror facter iz:c;;:i.,
cally determined "instrument error®) to a calculated leakace rate. JCPL's
request fcr exemption, therefore, is unnecessary since Appendix J does not
require the imposition of an instrument error to the measured leakage rate.

€
he recuirements of Section IIZ.A.I?(C) with regard to instrument errors, as

)

applied to the measurement cf parameters, shouléd be followed.

I e
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3.1.3 Reguest for Exemption with Respect to Tvpe B Testing of Drywell Airlocks

Reference 4, Table 2, Items 2 and 3, requested exemptions with respect to
both the frequency and pressure of dry-ell airlock testing. JCPL proposed
thet airlocks at Oyster Creek be tested at 6-month intervals at a pressure of
35 psig using strongbacks to prevent “he inner door from becoming unseated, If
the airlock is opened during the interval between the G-mcntﬁ-tests, the air-
lock would be tested within 72 hours of every first of a series of cpenings at
a pressure of 10 psig, a pressure not requiring the use of stengbacks., The
tesult of the test at 10 psig will be conservatively extrapolated to a leakage

rate 2t 35 psic to determine th: acceptability cf each test.

Evaluation. Sect.ons I11X.B.2 and 111.0.2 of Appendix J reguire that
containment airlocks be tested at peak calculated accident pressure (Fa) at 6
month intervals and after each opening. This regquirement cof mere f£reguent
testing of airlocks than other isclaticn barriers is based on the fact that
these potentially large leakage paths are more subject to personnel error and
degracdation than other containment penetrations. A cempilation of airlock

P

events from Licensee Event Reperts submitted since 1569 shows that airleck

m
po
=

testing in accordance with Appendix J has been effectiv proempt identifi-
£

atio

0
bo J

cf airlock leakage, but that rigid acherence to the a ter-each-opening

"
"

Guis-ment may not be necessary.

m

b

nce 18t9, there have been 2. roximately 70 repcrted instances in which

!"
ailf.

kK testing results huve exceeded allowable lezkage limits. Of these

&

events, 25% were the result of leakage cther than that frem irprcrer seatin

(8]
™"

adirlock door seals. These failures were senerzlly caused oy leakace past

o cer shaft

-C

perating mechanism handwheel packine, docr-cperating cyli

e

O
O

scels, egualizer valves, or test lines. These penetrations are not unlike

ther Type 2 cr TyP

L J

C ccentainment penetraticns except that they may be cper-

'

ated mcre freguently. Since airlocks ars tested at a pressure of Pa everv 6

mcnths, these penetrations are tested, a% a minimum, four times zore fre-
Guently than tvpical Type B or C penetraticns. The 6-month test is therefcre

éentification of

considered to be both justified and acequate for the prempt

this leakace.

T -9-
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Improper seating of the airlock door seals, however, is not only the most
frequent cause of airlock failures (the remaining 75%), but also represents
the largest potential leakage path. while testing at a pressure of Pa after
each opening will identify seal leakage, seal leakage can alsc be identified
by alternative methods such 2s pressurizing between double;qalketed door seals
(for airlocks designed with this type of sea ) or pressurizing the airlock tc
pressures cother than Pa., Furthermore, exper ience gained in testing aitlocks
since the issuance cf Appendix J indicates that the use c¢f one of these alter-
native methods may be preferable to the full pressure test cf the entire

airleck.

Feactor plants designed before the issuance of Appendix J often do not
nave the capability to test airlocks at Pa without the installation of strong=-
backs cr the performance of mechanical adjusthents t& the cperating mechanisms
cf the inner docrs. This is because the inner coors are designed to seat with
accident pressure (i.e., accident pressure on the coentainment side of the
docr), and therefcre the cperating mechanisms were not édesigned to withstand

imow
ah €

e 4
L

accident pressur cppesite direction. When the airlock is pressurized

e
for a local airlock t

et (i.e., preseurized between the doors), pressure is
exerted on the airlock side cf the inner docr, causing the docr to unseat and
preventing the cenduct of a meaningf ful test. The strengback or mechanical
acjustments prevent the unseating of the inner door, allowing the test to
proceed, The installation cf strongbacks of performance of mechanical adjust-
ments is time consuming (cften taking several hours), may result in additicnal
radiaticn expcsure to cperating personnel, and may alsc cause degradaticn %O
the cperating mechanism cf the inner cdocr with conseguential lcss of reli-
ability of the airlock. In adéiticn, when cenéitions require frequent
cpenings over a short period of time, testing at Pa after each cpening becomes
impractical (tests cften take frem € hours to several davs) and accelerates

the rate of exposure to perscnnel and degradation of mechanical equipment.

for these reasons, FRC concludes that the intent of Appendix J is
iefied and the undesirable eifects cf testing after each opening are
reduced if a satisfactcry test of the airlock door seals is performed within 3

days of each cpening cr every 72 hours éuring a pericd cf frecuent cpenings.

..A " A
——
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Furthermore, these tests, conducted between 6-month full pressure (Pa) tests,
may be conducted at a pressure less than Pa which does not reguire the
installation of strongbacks or performance of other mechanical adjustments.
However, leakage determined from such tests must be conservatively extrap-
clated to an eguivalent leakage rate at Pa to determine acceptability.
Acceptable methods for extrapolation of leakage rates are given in Appendix A
to this report. As can be seen in A;pcnéix A, a consezvativ;'cor:elation )
between the measured leakage rate at pressure Pt (ft) and the theoretical
leakage rate at pressure Fa (fa) is given by (where Fat = atmospheric

pressure):

ma _ (Pa + Pat)? - (rat)?

nt (Pt + Pa:)z - (Pat)2

In summary, JCPL's propesed édrywell a2irlock testing is acceptatble,
provided the results of testing at 10 psig are conservatively extrapclated to
35 psig. An exemption frcm the requirements of Appendix J is not recuired
recause the prepesed testing is in confcrmance with Section I1I.D.2, 2s
revised on Cctcber 22, 1980. The Licensee shculd ensure that it complies with

all provisions of the revised Secticn 111.D0.2.

3.1.4 Recuest fcr Exempticn from Tvpe C Testing Recuirerments

mable 3 of Reference 4 identifies 10 isclaticn valves fcr which SCPL has
requested exempticn from the Type C testing reguirements cof Appendix J. These

irg system (2 valves)

=

[

valves zre asscciated with twC systems, tle shutdewn ¢oC
and the emergency condenser system (8 valves). The reguest for exemption fcor

each system is evaluated separately below.

3.1.4.1 Request for Exerpticn from Type C Testing ¢f Shutdcwn Cocling Systea
valves V-17-19 and V-17-54

-~

JCPL requested an exempticn from the Type C testing recuirements for

shut-down cooling system valves V-17-19 and V-17-%4 on the basis that the

Y
- s
-
- —
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system is not expected to be a source of post-accident leakage. The valves
are closed during power operaticon. The system is closed cutside containment,
is seismically designed, and is protected from the effect of pipe ruptu.e.

Evaluaticn., Valves v-17-19-an4 V-17-54 are normally shut valves which
remain shut in the post-accident condition. Since the shutdown cocling system
ccnnects to the reactor coclant pressure -boundary through the reactor recircu=-
lation system, these valves will remain water-covered throur.out the post-
accident period by the water level in the reactor vessel (the recirculatien
nczzles penetrate the reactor vessel well below the level necessary to main-
tain the core coverecd). Ccnsequently, there is no path for containment atmo -

spheric leakage to penetrate the containment boundary through these two valves.

Secticn IIl1.A.l.(d) reguires that containment isclation valves in systens
that are cpen to containment atmesphere af“er an accident be tested by Type C
testing procedures. Section II.B defines containment isclation valves as
these valves relied upon to perform a containment isclaticn function. Since
valves V-17-19 and V-17-54 are nct relied upcn to perferm a containment iso-
lation functicn against potential leakage cf containment aiz, Appendix J does
not require that they be tested. FRC finds that these valves need not be
tested and that no exempticn from Type C testing reguirements of Appendix J is

necessary,

3.1.4,2 Reguest fcor Exempticn from Type C Testing of Exergency Ceondenser
System Valves V-14-30 Through V-14-37

JCPL reguested an exempticn frem the Type C testing reguirements for
erergency condenser system valves V-14-30, V-14-31, V=14-32, and V-14-33
(10=inch mctor-cperated stear line isolation gate valves) gnd V=14-34,
V=14-35, V=14-36, and V=-14-3" (10-inch mctor~cperated ccndensate return iso-
lation gate valves). JCiL's basis for this requezt is that the emergency
condenser system is designed to be operable fcllewing an accident and acts as

an extensicn >f the containment boundary. It is not a scurce cf leakage

uring the post-accident period. It is isclated actomatically cnly con high

o

€low, cor manually con high radiaticn in the condenser shell.

i -12=
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TER-CS257-36

Evaluation. Section III.A.l.(d) requires Type C testing cf containment
isclation valves which are connected to the reactor coclant pressure boundary,
Section II.B, however, defines containment isclation valves as those valves

relied upon to perform a containment isclaticn function.

étenn supply isclation valves (V-14-30 through V-14-33) are normally cpen
valves, and therefore the closed-locp emercency condenser pifing cutside -~ °
containment is constantly pressurized to reactor cocolant system pressure.
JCPL has stated that this piping is an extensicn cof the containment boundary.
The isclaticn valves are shut cnly on high flow cr high radiaticn in the
corderser shell, neither cf which results from a LOCA inside containment.
Conseguently, it is clear that the emergency condenset system isola;icn valves
(V=14-20 through V-14-37) are not relied upen to peggg:m a containment iscla-
t.:~ functicn fcllowing a LOCA, and therefore Type C testing is not required.

No exexpticn from Appendix J is regquired.

-(2\ “13-
... Franklin Research Center
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4. CONCLUSIONS

Reguests for exemption from the requirements qf 10CFRS0, Appendix J,
submitted by JCPL in Reference 4 vere technically evaluated. The following

conclusions are submitted:

© The following systems cr perticns of systems do not require venting - e
and draining pricr to and during the Type A test (Section II1I.A.l. (&)
of rppendix J). No exempticns from the requirements are neecded.

Emergency cocndenser system condeisate return
Reactor sarmple line

Reactor cleanup system
Feecdwater system

CRD hydraulic return to reacter
Ligquid poiscn

Cocre spray %0 reactor

Reactcr coclant instruments
Shutdown cocling

Reactor building clcsed cooling water
CRD insert and withéraw lines.

© The adéition of a statistically determined instrumen: errcr to the
T™ype A or supplemental test is_not required by Appendix J. The
requirement of Secticn I11.A.27(c) to calcula:e leakace rates based
spon absolute values corrected for instrument errcrs in the instru-
ments used to measure the paraveters shculd be followed.

¢ JCPL's preposal to test drywell airlocks at 6-menth intervals at a
sressure of Pa (35 gsig) and within 72 hours of every first of a
series of cpenings at 10 psig in the interim between €-month tests is
acceptable. No exemption is regquired because of the revisicn to
Secticn 1I11.D.2 of Appendix J, effective Octcber 22, 1980.

18,9

thutdown cocling system valves V-17-19 and V-17

O

1
C testing and no exemptichn is ceguired because Appe:
require that these valves be tested.

C nct reguire Type
dix J oes not

¢ Ederge cy cendenser isclation valves V=14-30 through V=-14-37 need not
e Type C tested and no exemption is reguired because Appendix I déces
not reguire that these valves be tested.

r

l«

P ali=

A)ﬂ---'h-"-ww



TER=CS5257-36

S. REFERENCES

NRC, Generic letter to JCPL regarding xmplementation cf 10CFRSO,
Appendix J at Oyster Creek
07-Aug=-7%

V. R. Finfrock, Jr. (JCPL)
Letter to K. R. Gecller (NRC)
24-Dec-75%

(GD=75=-020)

V. R. Pinfrock, Jr. (JCPL)
Letter to Secretary, USNRC
12-2ug-76

EA-76-781)

V. R. Finfrock, Jr. (JCPL)
Letter toc Directer, NRR
22=-Nov=78

A—_\

ve.. Frankiin Research Center
A Drvson of ™he Frarean msttuwe




APPENDIX A =

CONVERSION OF REDUCED PRESSURE AIR LEAKAGE MEASUREMENTS
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APPENDIX A. AIR TO AIR LEAKAGE CONVERSION

In pneunmatic leakage testing in which applicaticn of Pa psig is
called for by Appendix J, it is sometizes necessary to rcgquest an ex-
ezption tlhs' permits pneuma:ié testing at a lower pressure, Pt psig.
The leak#ge rate, Lt, measured under test c.aditions sust thea be cen-
verted mathematically to the leakage tate, la, that would occur if the. .
pressure were equal to Pa. It is esseantial that the conversioz be com=
servative. That is, the calculated value of La must ot be lower thaa
the actual leakage rate at Pa would be. Om the other haand, the conver=-
sion suould pot be more conservative than necessary in the light of
svailable data, because excessive comservatisa could frequently result
in the interpretatiozn that a given leak exceéa; its maxizum gllowable
1i=it when in fact it would not exceed that Iiait {f Pa were actually

applied.

The meaning of the expression "if Pa were actually applied" should
se carefully considered. The assuzption ig made that the geome:ry and
iimensions of the lezkage path would be the saze with Pa applied as

wvith Pe applied

o
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o
w
o
w
)
4
0
o
2]
™
®
n
o
.

gecmetry would not increzse the

..
1]
8]
(A
o
o™
2]
m
0
m™
O
re

eakage rate. irlock doors in which Pt is azpplied In
e

a
thg reverse direction, opposite Lo the direction ia which Pa woculd de

spplication of pressure is expected to tenc to cpen the seal and increase
rhe lea.age tate. Under function conditicns, im which press

u
irection, the seal should be izproved i< 1t

o
»

sdplied in the forward

smznges at all. The expression "if Pa were aczually applied" ia this
£

caje means "if Pa were actually applied iz the forward (acrmal for
fumction) directicn." In the case of valves and cther penetraticus,
ir is eg¢sentizl that increasing the applied pressure frcm Pt to Pa

a0t change the gecmetry €0 as to Increase the leakage

v

"
"

e. For exzmple,

-
=3

L

increasing the pressure con a closed valve should ten o improve its
r

sealing at the surfaces that srovide the seal, and also In any other

.
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poreatial leakage paths such as valve stem or packing that may have a

connection to the applied pressure. Such other potential leakage paths
are of ccurse absent in va.ve desigas i~ which the stem and packing

have a connection only to the downstream side of the valve.

Reference 1, which is ASME Code, Sectiom XI, paragraph IWV-3423 (e),
states the follewing rule for tests at less than functicn differeacial

pressure:

"'eakage tests iavolving pressure differentials™ lower o
than f:mction pressure differentials are permitted in
those types of valves ia which service pressure will
end to diminish the overa.l leakage channel opeaning,
as by pressizg the disk into or conto the seat with
r2ater force. Gate valves, check valves, and glcbe~-
t“pe valves having function pressure differeatial
app;‘ed over the teat, are exaxzples of valve applica-
ions satisfying this requirezest. When leakage tests
are zmade in such cases using pressures lower than func-
tion maxizuz pressure differentinl, the&observed leak-
age shall be adjusted to functicp zmaximuz pressure
differential value. This adjustzent shall be made by
calculation appropriate to the test zmedia and the
ratio bet veen test and function pressure differential,
aes"~‘~g skage to be directly proportional to the

J- c
- sure differentizl to the cne- nzlf osower."
,. - . HassBLlNata - - ~ e ae U= .

In the discussion below, it is shown that if (a) the test mdiunm

is air, (3) Pa is appreciable cocpared to one a:::s;he:e, aad (c) the

like zather than orifice-like), the calculatiocn apprepriate to this test
medius yvields a substantially higher calculated value ¢f Pa thaa would

be obtained by assuming leakage to be directly proporticnal to the pres-

sure differential to the onme-half power

s €dn gaivmtnn nan€Eaves €Y anty val st e

1fice, assuming uniforn flow velocdty

where 2 is the density of air in the crifice and v is veloecity in the

orifice. Assuniag that the discharge pressure is Pat = 1 atzosphere and

the source pressure is Po, where Po and Pat are both absclute pressures,

ra

' 4 5\
P 2 2vg Pat { Po < - e &
ov) g B ey e G (A=1)
y=1 no. t rat |
7




where y = 1.4 is the specific heat ratic for air, g = 32.2 ft/sec2 is

the acceleration of gravity, T is

(.R)- P’il absciute T3uTra (ng)

scurce (upstream, a* Pu) tewperature

3 R° = 53,286 it H/15°F is the gas

constan~ for air and G 1s given by

1] x1
¢ 2!LJ2 x ' xY -1 (4=2)
' ” Pat) Po
l‘ﬁ?'l ) i
20
xX ® <
fe
Pe = Pat for subsonic flow
Pe =

Choked flow occurs when

In Table A-1l, inspection of v
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ficient is assumed to be constant,

0.5283 Po for choked flow

GG
(e}

for an crifice-like lezkage
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mass flow rate zeasured wi

d for Pa = 60 psig will underestizate
r

actor 0.968/1.210 = 0.80, or 20%.

y assuzes that the orifice coefficient

5
-

ien concerning extrazpolatiem from

Po can be drawn if the orifice coef-
i.e., independent of Po. Ccmnsequently,

Aj3



Table A-1. /G for various Values of Po - Pat
for Orifice. (Pat taken = 15 psia.)

Po - Pat :
oggsﬂa /E S WG,

0.01 0.5345 ~1.000
1 0.5332 0.998
5 0.5282 0.988
13.3 0.5185 0.970 - - -
13.4¢ 0.5184 . 0.970
15 * 0.5176 0.968
20 * 0.5230 0.978
25 * 0.5346 1.000
W * 0. 540 . 1.027
35 0.5648 1.087
a0 * 0.5811 ™ 1.087
45 * 0.5977 1.118
50 * 0.6143 1.149
55 * 0.6307 1.180

€0 * 0.6470 1.210

*Choked Tlow

for leakage paths that are kncwn to be acirely orifice-like, the assump~
tion that leakage mass Ilow rate is proporticnal tc pressure difference

to the one-half pcwer gives a reasonably accrrate correlationm, underesti-

TR B Bt % antny (L CNE I ; =

correct the underestizate, the ‘actor (WGANC ) /(GG ) has to
where a and ¢ mean Po = Pa and Pt, respectively. Referecces 2, 3, and &
discuss the conversion formulas to be zpplied for varicus fluids (e.g., air

-
-
.

and water) for various types of leakage path. or viscous flow of a gas,
the =mass flow rate from a source at absclute inlet pressure P, to absolute
cutle: pressure ?2 is preportional to (Plz- Pzz). The proportionality
factor is C/uT, where C is a function of gecmetry, T is azbsclute tezpera-

ture, and u is viscosity (which is a functien only of tesperature).

Assuming that test pressure Pt psig is applied at the sazme teTpera-

ture as that at which function pressure Pa psig is applied, and assucing



further that the downstream pressure is one atmosphere, Pat psia, then

the ratio of the mass flow rates is

(Pa + Pat)z - (Patli

(A=3)
(Pt + Pa:)z -(P;t)z

2a
ot

If the temperatur:s are sot the saze, the right side of.Equa:ion (A=3)
has to be sultiplied by

u(Te) Tt

w(Ta)- Ta edd

Assunming that Tt = Ta, Table A-2 shows the ratic ma/mt for wvarious
1/2

values of Pa and Ft, along with values of (Pa psig/Pt psig) Pat is

taken to be 15 psia in calculating ma/me.

. e -

Table A-2. ma/mt for Various Values of Pa and Ft.

ma/mt (Pa/Pt) (Pa/Pt)
Pt Fas50 55 60 0 35 80 W 50
(psig (psiq)
5 22.86 26.71 30.86 3.16 3.32 3.4 7.2 8.1 8.9
15 .93 6.83 8.00 1.83 1.91 2.00 3.2 3.6 4.0
25 2.91 3.40 3.83 1.41 1.48 1.%5 .1 2.3 2.5
35 1.7 .05 2.37 1.20 1.25 1.3] 1.5 1.6 1.8
a5 1.19  1.3¢ 1.€60 1.08 1.11 1.1§ 1.1 1.3 1.4
In all cases, the assumption that zass flow rate is properiicmal

to pressure differential to the cne-half power is unconservative for
purely viscous flow. For Pa = 60 psig and Pt = 5 psig, it is unceomserva-

tive by a factor of 8.9,

RECOMMENDED PROCEDURE

Any one of the following procedures, A, B, or C should be adopted.




A. Test Program

An extensive test program, covering several components of each
type for which a correlation from Pt to Pa is sought, should be per-
formed, in which sufficient experimental data showing the relation
between Pt and leakage mass flow rate are obtained to permit a con-
servative empirical correlation to be established. Care must be taken
tc ensure that experimental orifice-like leaks are not used to repre-

sent actual, potentially capillary-like or viscous leaks._

8. Conservative Theoretical Correlation

Use Equation (A-3) as the correlatien formula, imcluding the

factor (A=-4) if necessary.

C. Measure Leakage Characteristic

P s

For a given penetration, several values of Pt may be applied, so
that an expirical correlaticn can be established. A statistical analysis
of the data would be required to ensure at a 95X confidence level, that

the predicted value of ma is not exceeded by the actual value of ma.
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