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1. BACKGROUND

On August 5, 1975 (1], the NRC requested Nebraska Public Power District
(NPPD) to review the containment leakage testing program for Cooper Nuclea:r
Station and to provide a plan for achieving full compliance with 10CFRSO,
Appendix J, including appropriate design modifications, changes to technical
specifications, and requests for exempticn from the requirements pursuant to

10CPR50.12, where necessary.

NPPD's response dated September 10, 1975 (2], included five requests for
exemption from-:the requirements of Appendix J. On September 16, 1977 [3], the
NRC issued Amendment Nc. 38 to Facility Operating License No. DPR-46, autho-
rizing three of the five exemption requests. At the same time, the NRC
requested that NPPD provide additional information regarding the two remaining
exemption requests. This additional information was forwarded by NPPD on

October 30, 1978 [4]).

The purpose of this report is to provide technical evaluations of all
out'standing requests for exemption f{rom the requirements of 10CFRSO, Appendix
J, for Cooper Nuclear Station. Consegquently, techniéal evaluations of the two
remaining exemption requests of Reference 2, as amplified by Reference 4,

are included.
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2. EVALUATION CRITERIA

Code of Federal Regulations, Title 10, Part 50 (lOCFRS0), Appendix J,
Containment Leakage Testing, contains the criteria used for the evaluation of
the exemption requests. The criteria are either referenced or briefly stated,
where necessary, to support the results of the evaluations. !uttheribte, in
recognition of plant-specific conditions which could lead to requests for
exemption not explicitly covered by the regulations, the NRC directed that the
technical review constantly emphasize the basic intent of Appendix J, that
potential containment atmospheric leakage paths be identified, monitored, and

maintained below established limits.

- -2-
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3. TECENICAL EVALUATION

3.1 EXEMPTION FROM AIRLOCK TESTING REQUIREMENTS

In References 2 and 4, NPPD requested an exemption from the requirements
of Appendix J to test personnel airlocks at intervals of no longer than 1 vear
at 58 psig (Pa), at least every € months at 3 psig, and after each opening at
3 psig. NPPD stated that to conduct airlock tests at Pa, strongbacks must be
used, which can only be applied in a shutdown condition. Further, NPPD stated
that frequent airlock tests at Pa increase the .isk of permanent deformation
of the airlock doors and that yearly tests at Pa are sufficient to show
physical integrity.

.

Evaluation. Sections 111.B.2 and I11.D.2 of Appendix J require that
containment airlocks be tested at peak calculated accident pressure (Pz, at
g-month intervals and after each opening in the interim between 6-month

tests. These requirements were imposed because airlocks represent potentially
large leakage paths which are more subject to human error than other contain-
ment penetrations. Type B penetrations (other than airlocks) require testing

-

in accordance with Appendix J at intervals not to exceed 2 years.

Appendix J was published in 1972. A compilation of airlock events from
Licensee Event Reports submitted since 1969 shows that airlock testing in 2
accordance with Appendix J has been effective in prompt identification of
airlock leakage, Dut that rigid adherence to the after-each—opening require-

ment may not be necessary.

Since 1969, there have been approximately 70 reported airlock leakage
tests in which measured leakage exceeded allowable limits. Of these events,
‘ 25 percent were the result of leakage other than that resulting from improper

seating of airlock door seals. These failures were generally caused by

3 leakage past door operating mechanism handwheel packing, door operating
cylinder shaft seals, equalizer valves, or test lines. These penetrations
resemble other Type B or C containment penetrations except that they may be
operated more frequently. Since airlocks are tested at a pressure of Pa every

6 months, these penetrations are tested, at a minimum, four tines more
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frequently than typical Type B or C penetrations. The 6-month test is, there-
fore, considered to be both justified and adequate for the prompt identifica-
ticn of this leakage.

Improper seating of the airlock door seals, however, is not only the most
frequent cause of airlock failures (the remaining 75 percent), but also repre~-
sents a potentially large leakage path. Wwhile testing at a pressure of Pa
after each opening will identify seal leakage, it can alsc be identified by
alternative methods, such as pressurizing between double-gasketed door seals
(for airlocks designed with this type of se:l) or pressurizing the airlock to
pressures other' than Pa. Furthermore, experience gained in testing airlocks
since the issuance of Appendix J indicates that the use of one of these alter-
native methods may be preferatle to the full-pressure test of the entire

airlock.

Reactor plants designed prior to the issuance of Appendix J often do not
have the capability to test airlocks at Pa withcut the installation of strong-
backs or the performance of mechanical adjustments to the operating mechanisms

of the inner doors. The reason for this is that the inner doors are designed
to seat with accident pressure on the containment side of the door, and there-

fore, the operating mechanisms were not designed to withstand accident pres-
sure in the opposite direction. When the airlock is ptesiurized for a local
airlock test (i.e., pressurized between the doors), pressure is exerted on the
airlock side cf the inner door, causing the door to unseat and preventing the
conduct of a mean{ngful test. The strongback or mechanical adjustments
prevent the unseating of the inner door, allowing the test to proceed. The
installation of strongbacks or performance of mechanical adjustments is time
consuming (often taking several hours), may result in additional radiation
exposure to operating personnel, and may also cause degradation of the operat-
ing mechanism of the inner door, with consequential loss of reliability of the
airlock. 1In addition, when conditions require freguent openings over a short
period of time, testing at Pa after each opening becomes both impractical
(tests often take from 8 hours to several days) and.accelerates the rate of

exposure of personnel and the degradation of mechanical equipment.

- .
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For these reasons, the intent of Appendix J is satisified, and the
undesirable effects of testing after each opening are reduced if a satisfac-
tory test of the airlcck door srals is performed within 3 days of each opening
or every 3 days during periods . f frequernt openings, whenever containment
integrity is required. The test of the airlcck door seals may be performed by
pressurizing the space between the double-gasketed seals (if so equipped) or
by pressurizing the entire airlock to a pressure of less than Pa that does not
require the installation of strongbacks or performance of other mechanical
adjustments. If the reduced pressure airlc 'k test is to be employed, the
results of the iclkagc test must be conservatively extrapolated to equivalent
Pa test results. An evaluation of NPPD's proposed method of extrapolation of
these test results from 3 to 58 psig is discussed in Section 3.1.1 of this

report.

NPPD contends that the requirement to test the airlocks at Cooper Nuclear
Station at Pa every 6 months is excessive, since the installation of the
strongback necessary to perform the test requires shutting down the reactor to
gain access to the containment. NPPD proposes to perform an airlock test at
Pa once per year, at reduced pressure (3 psig) every 6 months, and at 3 psig
after each opening. In view of the above discussion, this proposal is unac-
ceptable because it does not meet the requirements of Appendix J nor does it

satisfv the objective of the regulation.

Since NPPD submitted its request, the NRC has revised Section III.D.2 of
Appendix J, effective October 22, 1980. Essentially, the revised rule
requires testing of airlocks as follows:

15 Every 6 months at a pressure of Pa (and after periods when the
airlock is opened and containment integrity is not required).

2. Wwithin 3 days of opening (or every 3 days during periods of
frequent opening) when containment integrity is required, at a
pressure of Pa or at a reduced pressure as stated in the Technical
Specifications.

NPPD should establish an airlock testing program to conform to the

requirements of the revised Section III1.D.2. No exemption from the require-

ments of Appendix J is necessary.

- -
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3.1.1 Extrapolation of Reduced Pressure Leakage Test Results

In Reference 4, NPPD stated that the results of reduced pressure airlock
tests (3 psig) and also reduced pressure bellows leakage tests (5 psig) are
extrapolated to 58 psig using the criteria of ASME Section XI, Winter 1976
Addendum, Article IWV-3000, "Test Procedure,® paragraph IWV-3420, which states:

When leakage tests are made in such cases using pressures

lower than function maximum pressure differential, the

observed leakage shall be adjusted to function maximum

pressure differential value by calculation appropriate to

the test media and the ratio beatween test and function

pressure differential assuming leakage to be directly
proportional to the pressure differential to the one-half

power.
Evaluation. This correlation, nam:.y that the leakage results are pro-
portional to the ratic of the test pressures tc the one-half power, is
appropriate when the characteristic of the leakage is essentially orifice=-
like. However, when the flow characteristic of the leakage approaches
capillary-like flow, this correlation becomes less conservative. As can be
seen by applying equation A-3 (Appendix A to this report) for capillary-like
flow, the correlation proposed by NPPD is less conservative by a factor of
11.9 for the airlock test and 8.7 for the bellows test. Although the actual
leakage path characteristic is some unknown combination of otifice and
capillary-like flow, the correlation prcposed by NPPD, particularly for the
situation in which the reduced pressure is a small percentage of the full
pressure test, is unacceptably non-conservative. 1t is recommended that

eqguation A-3 be used to correlate leakage results as follows:

ma . (Pa + Pat)? - (Pat)?

T (Pt + Pat)? - (Pat)?

(Note: @ is in terms of mass flow rate and Pat is atmospheric pressure.)

3.2 HYDRAULIC TESTING OF FEEDWATER CHECK VALVES

In Reference 2, NPPD requested an exemption from the requirements of

Appendix J to test the feedwater check valves with water as a test medium in

. -6-
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lieu of air or nitrogen. In Reference 4, NPPD provided analyses to demon-
strate that the feedwater check valves remained water covered following a
postulated accident and that feedwater system check valve leakage following a
LOCA will not exceed that established by 10CFR100.

Evaluation. Sections II1.H.4 and III.C.2 of Appendix J require that
containment isclation valves in main steam and feedwater systems of direct-
cycle boiling water reactors be tested with air or nitrogen as a medium.
Section II.B of Appendix J defines containment isclation valves as those
valves relied upon to perform a containment isolaticn function. It is clear
that the feedwater check valves are relied upon to perform a containment
isolation function, ané therefore, Appendix J requires that they be tested

with air or nitrogen.

For operating reactors designed or constructed prior to the issuance of
Appendix J, the substitution of a hydraulic test for the required pneumatic
test may be an acceptable exemption from Appendix J where the hydraulic test
is used to demonstrate that the valves will remain water covered throughcut
the post-accident period. By using the hydraulic test to demonstrate this
fact, the possibility of leakage of containment atmosphere is eliminated.
Th.refore, a determination cf the pneumatic leakage rate is unnecessary since

the valves are not being relied upon to isclate air leakage.

NPPD's submittal demonstrating that the valves will remain water covered
(4], however, fails to demonstrate that they will be water covered throughout
the post-accident period. 1In fact, this analysis demcnstrates that at the
average leakage rates of these check valves experienced at Cooper Nuclear
Station (8.3 fta/bt), the initial water inventocry in a feedwater line at the
start of an accident will be depleted after 421 minutes. At this time, unless
reactor water level has been restcred above the leve. of the feedwater nozzles
or the piping has been otherwise refilled, the check valves will be relied
upon tc prevent the leakage of containment air. This situation may be miti-
gated Dy cooling water being injected by the HPCI or RCIC systems, which are
initiated at the start of the accident. However, a single active failure in

either of these systems could result in one of the feedwater lines being water

4:;7:\ e,
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filled only by its initial water volume, which would be rapidly depleted by a

combination of flashing to steam and the average leakage rate of the check

valves.

Consequently, NPPD's proposal to test these valves with water in lieu of
or nitrogen i ‘' not acceptable. The feedwater check valves should be
pneumatically tested, with the leakage results added to the total pneumatic
leakage of the local leakage rate tests to determine acceptability in accor-
dance with Section III.C.3 of Appendix J. However, if liquid leakage limits
are established which demonstrate that the valves will remain water covered
cllowing a LOCA, hydraulic testing with acceptability based on
imits would be acceptable as an exemption to the pneumatic testing

ts of Appendix J.

P
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4. CONCLUSIONS

Technical evaluations of requests for exemption from the requirements of
Appendix J for Cooper Nuclear Station, submitted in Reference 4, were

conducted. The conclusions are summarized below:

© NPPD's proposal to test containment airlocks annually at a pressure of
Pa, every 6 months at a pressure of ] psig, and atter each cpening at
a pressure of 3 psig is not acceptable. Airlocks should be tested in
accordance with the requirements of Section III.D.2 of Appendix J,
revised QOctober 1980.

© NPPD's proposed method for correlating reduced pressure leakage rates
to full pressure leakage rates is not sufficiently conservative. A
correlation assuming capillary-like flow characteristics should be
used.

© NPPD's proposal to test feedwater check valves with water in lieu of
air or nitrogen as a test medium is not acceptable because these
valves may be exposed to containment atmosphere during the post-
accident period. These valves must be tested in accordance with
Appendix J unless they meet liquid leakage limits which demonstrate
that they will remain water covered for 30 days following an accident,

.
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APPENDIX A

CONVERSION OF REDUCED PRESSURE AIR LEAKAGE MEASUREMENTS

TO EQUIVALENT FULL PRESSURE AIR LEARAGE
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APPENDIX A. AIR TO AIR LEAKAGE CONVERSIO

In pneumatic leakage testing in which application of Pa psig is

by Appendix J, it is sometimes necessary to reque an ex-

st
ption that permits pneumatic testing at a lower pressure, Pt psig.

The leakage rate, Lt, measured under test conditions must then be con-
verted mathematically to the leakage rate, La, that would occur if the
pressure were equal to Pa. It is essential that the conversion be con-
servative. That is, the calculated value of La must not be lower than
the actual leakage rate at Pa would be. he other haund, the conver-
sion ‘should not be more comservative than n ssary7 in the light of
available data, because excessive conservati could frequently result
in the interpretation that a ziven leak exceeds its maximum allowable

4

it when in fact it would not exceed that limit if Pa were actually

el 4
pplied.

The meaning of the expression "if Pa were actually applied" should
carefully considered. The assumption is made that the geometry and
of the leakage path would be the same with Pa applied as
t applied, or that any changes in geometry would not increase the
n the case of airlock doors in which Pt is applied in

th irection in wvhich Fa would be

n conditions, i pressure

applied in ( the seal should be improved if

-

changes at Pa were actually applied" in

case means :ally applied in the forward (mormal for

£y
4

ne 4 Aan
unction)

e of valves and other penetrations,
it i{s essentci hs applied pressure from Pt to Pa
change the o o increase the leakage te. For example,

ing the e :d valve should tend to improve its

ide the seal, and also in any other




potential leakage peths such as valve stem or packing that may have a
connection to the applied pressure. Such other potential leakage paths
are of course absent in valve designs in which the stem and packing

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

Reference 1, which is ASME Code, Section XI, paragraph IWV-3423 (e),
states the following rulg for tests at less than function differential
pressure:

"Leakage tests involving pressure differemtials lower
than function pressure differentials are permitted in
those types of valves in which service pressure will
tend to diminish the overall leakage channel opening,
as by pressing the dirk into or onto the seat with
greater force. GCate valves, check valves, and globe-
type valves having function pressure differeantial
applied over the seat, are examples of valve applica-~
tions satisfying this requirement. When leakage tests
are made in such cases using pressures lower than func~
tion maximum pressure differential, the observed leak-
age shall be adjusted to function maximua pressure
differential value. This adjustment shall be made by
calculation appropriate to the test media and the
ratio between test and function precsure differential,
assuming leakage tc be directly proportional to the
pressure differential to the one-half power."

In the discussion below, it is shown that if (a) the test medium
is air, (b) Pa is appreciable compared to one atmosphere, and (c) the
leakage path is such as to produce laminar viscous flow (i.e., capillary-
like rather than orifice-like), the calculation appropriate to this test
medium yields a‘substantially higher calculated value of Pa than would
be obtained by assuming leakage to be directly proportiocmal to the pres-

sure differential to the one-half power.

For air flow through an orilice, assuming uniform flow velocity
over the orifice area, the mass flow rate per unit orifice area is pv,
where p is the density of air in the orifice and v is velocity in the
orifice. Assuming that the discharge pressure is Pat = 1 atmosphere and
the source pressure is Po, where Po aud Pat are both absolute pressures,

pv is given by

i ¢
2 R - Pat Po_ _
(ov) =t iT l 3=~ 1 } G (A-1)



a
ft/sec” 1is

temperature

pressure (psf) 3.26 £t-1b/1b°F is the gas

air and G is given by

4~

Pat for subsonic

0.5283 Po for

pe—
pv/ Po-Pat. Values of v

"0
-0

1 ’—; 11
value of /G for small (

f the
ance, leakage
the one~half
in Table A-l),
flow rate measured with Pt =

will underestimate

Shele)




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

Po ;1Pat ':_G' fG//%:
0.01 0.5345 1.000
1 0.5322 0.998
5 0.5282 0.988
13.3 0.5185 0.970
13.4* 0.5184 0.970
s = 0.5176 0.968
20 * 0.5230 0.978
&5 * 0.5346 1.000
» * 0.54390 1.027
kA 0.5648 1.087
40 * 0.5811 1.087
45 * 0.5977 1.118
50 +* 0.6143 1.149
55 +* 0.6307 1.180
60 * 0.6470 1.210

*Choked flow

for leakage paths that are knocwn to be entirely oritice-lika. the assump-
tion that leakage mass flow rate is proportional to pressure differeuce

to the one-half power gives a reasonably accurate correlation, underesti-
mating the leakage mass flow rate by at most 201 for Pa < 60 psig. To
correct the underestimate, the factor (/57/523./(/EV/E:)C has to be applied,
where a and t mean Po = Pa and Pt, respectively. References 2, 3, and 4
discuss the conversion formulas to be applied for various fluids (e.g , air
and water) for varicus types of leakage path. For viscous flow of a gas,
the mass flow rate from a source at absolute inlet pressure P1 to al'solute

2 is proportional to (Plz- Pzz). The proportionmality

factor is C/uT, where C is a function of geometry, T is absolute tempera-

outlet pressure P

ture, and u is viscosity (which is a functiomn only of temperature).

Assuming that test pressure Pt psig is applied at the same tempera-

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

A-4



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

the ratio of the mass flow rates is

%ﬂ e [(Pa + Pa:); -(Pat): (A=3)
ot (Pt + Pat)” - (Pat)

If the temperatures are not the same, the right side of Equaticn .(A-3)
has to be miltiplied by

u(Te) Tt

u(Ta): Ta (A-4)

Assuming that Tt = Ta, Table A-2 shows the ratio ma/at for various
values of Pa and Pt, aloug with values of (Pa psig/Pt psig)llz. Pat is
taken to be 15 psia in calculating ma/mt.

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

gﬁagﬁt}
ha /it paspt)'/? NOYSMAS
Pt P50 55 &0 % 5 80 50 B &

(psig) (psig)

5 22.86 26.71 30.86 - 3.16 3.323.46 - 7.2 8.1 8.9
15 5.93 6.93 8.00 1.83 1.91 2.00 3.2 3.6 4.0
25 2.91 3.40 3.93 1.41 1.48 1.55 2.1 2.3 2.5
35 1.76 2.05 2.37 1.20 1.25 1.3 1.5 1.6 1.8

45 .19 1.39 1.60 1.05 1.11 1.15 .3 .3 1.4

In all cases, the assumption that mass flow rate is proportionmal
to pressure differential to the ome-half power is unconservative for
purely viscous flow. For Pa = 60 psig and Pt = 5 psig, it is uncomserva-

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
to ensure that experimental orifice~like leaks are not used to repre-
sent actual, potentially capillary-like or viscous leaks.

B. Conservative Theoretical Correlation

Use Equation (A-3) as the correlatiod formula, including the

factor (A-4) 1f necessary.

C. Measure Leakage Characteristic

For a given penetration, several values of Pt may be applied, so
that an empirical correlation can be established. A statistical analysis
of the data would be required to ensure at a 952 confidence level, that
the predicted value of ma is not exceeded by the actual value of ma.
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