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EVALUATION OF CONTAINMENT LEAK RATE TESTING CRITERIA

J. R. Dougan

ABSTRACT

Containment leaktightness is verified periodically through
pressure tests and the measurement of the subsequent leakage.
The verification process is composed of three types of test:
Type A tests of the entire containment system; Type B tests
of all containment penetrations, except isolation valves; and
Type C tests of isolation valves. These tests are conducted in
accordance with Appendix J of the Code of Federal Regulations
and an industry standard, ANSI/ANS-56.8-1981. Revision of Ap
pendix J, to reflect technological advances and testing experi
ence, has been under consideration for years and has culminated
in the issuance of a draft version of a proposed revision. To
assist in the revision process, a review of the existing and
proposed guidelines in light of utility test data and experi
ence was conducted.

A review of 49 Type A test reports and 46 Type B and C
test reports was accomplished. Exemption requests found in 25
reports and 100 Licensee Event Reports (LERs) were also re
viewed. Two major findings of the data analysis were that Type
A test durations of less than 24 h are practical and that al
most all Type A test failures and delays were caused by exces
sive leakage through Type B- and C-tested components. Excessive
valve leakage represented 38% of the LERs and highlighted the
need for improved maintenance, repair, and testing of these
components. Excessive airlock leakage was generally the result
of worn, damaged, misaligned, or dirty door seals.

The proposed revision to Appendix J appears to be very re
sponsive to the results of test experience and technological
changes. One major change is the requirement that "as found"
leakages must be reported as well as "as left" leakages. This
change should help eliminate the poor performance of local leak
testing programs. The clarification and rewording of several
areas should help reduce the number of exemptions requested.
The introduction of a regulatory guide provides a vehicle for
the Nuclear Regulatory Commission to specify any exceptions to
the relevant industry standards and to resolve areas of conflict,

1. INTRODUCTION

All nuclear power plants in the United States use a containment
structure of some type to completely envelop the nuclear steam supply



system. The two principal functions of a containment are to protect the
reactor coolant system from potentially disastrous events, such as air

craft impact and earthquakes, and to prevent the release of radioactivity
in the event of a loss-of-coolant accident. To accomplish the latter
function, containments must exhibit minimal leakage under accident condi
tions. Verification of this leaktightness is accomplished by pressuriz
ing the containment volume to the accident pressure and measuring the
rate at which air escapes by observing changes in the contained air mass.
Allowable leakage rate values range from ~0.1%/d of the contained air
mass to 2.6%/d of the contained air mass. These rates are generally site
dependent and are determined from such siting factors as allowable expo
sure doses and prevailing atmospheric conditions. To place these values
in perspective, a 0.1%/d leakage rate out of a containment volume of
56,634 m3 (2,000,000 ft3) under a pressure of 380 kPa (55 psia) at
339 K (150°F) is equivalent to that represented by a hole with a diameter
of -0.152 cm (0.06 in.).1

The process of verifying leaktightness through pressure tests to
measure leakage is known as leakage rate testing. Fundamentally, leakage
rate testing is composed of three parts (not conducted simultaneously):
a Type A test of the entire containment system, a Type B test of all con
tainment penetrations (except isolation valves), and a Type C test of
isolation valves. Type B and C tests are intended to detect local leaks
through potential leak paths, whereas Type A tests measure the overall
integrated leakage rate and detect unexpected leak paths. These tests
are conducted in accordance with the requirements stated in Appendix J of
the Code of Federal Regulations. Appendix J, which was enacted in 1973
and slightly revised in 1980, contains the requirement that all Type A
tests be conducted in accordance with American National Standards Insti

tute (ANSI) N45.4 — 1972, which was developed under American Nuclear So
ciety (ANS) sponsorship. This industry standard has been upgraded to re
flect knowledge gained from testing experience and changes in testing
technology and has been reissued as ANSI/ANS-56.8-1981,k Thus, Appendix J
requirements now in effect refer to an outdated standard.

Revision of Appendix J has been under consideration for years, but
with the issuance of ANSI/ANS-56.8-1981, new impetus was provided. Rec
ognizing the new standard, however, was not the only reason for revising
Appendix J. Many aspects of Appendix J concern the technical details of
test performance. The current philosophy of the majority of industry and
regulatory bodies is that the technical details of performing a test are
more correctly in the realm of industry and industry/generated standards,
with Appendix J providing the acceptance criteria. To incorporate this
philosophy would require revising Appendix J, as would incorporating more
flexibility in the appendix, updating it to match changing technologies,
and clarifying questions of interpretation.5

To assist the Nuclear Regulatory Commission (NRC) in the process of
revising Appendix J, the Oak Ridge National Laboratory (ORNL) conducted
an NRC-sponsored evaluation of the practicality of containment leak test
ing programs and the compatibility of regulatory requirements and indus
try standards. This evaluation consisted of a review of the existing
regulatory requirements in light of the testing experience obtained over
the years, a review of the proposed Appendix J revision,6 and a review of
ANSI/ANS-56.8-1981 for compatibility with the proposed Appendix J.



A rather large number of leakage rate testing reports have been pub
lished, although many of them did not contain sufficient information to
be included in this evaluation. Over 250 reports are known to exist,7
but only 65 documents were readily available to be used in this study.
Of these 65 documents, 49 represented Type A test reports (with and with
out Type B and C reports included), 4 represented Type B and C test re
ports only, 5 represented tests of secondary containments, and 7 were
supplemental reports containing corrections and amplifications to the
Type A, B, or C test reports.

This report documents the evaluation of the testing programs and the
regulatory and industry standards. Relevant standards are reviewed, and
the major technical criteria are evaluated in light of the test data.
Exemption requests and Licensee Event Reports (LERs) are also discussed.
Lastly, the proposed revision to Appendix J is evaluated based on the
results of the preceding work.

Two aspects of Type A tests should be defined before proceeding
further: the test method and the data analysis method.

Two kinds of Type A test methods have been used: the absolute
method and the reference vessel method. Both methods determine air and
moisture weight losses from the containment under the assumption that the
perfect gas law holds. The absolute method calculates air mass based on
direct measurements of vessel absolute pressure and the average absolute
air temperature determined from pressure, temperature, and humidity mea
suring devices placed throughout the containment. Each of the sensors is
volume weighted, and the containment-free air volume is assumed to remain
constant. The reference vessel method determines the air mass from the
pressure differential between the containment atmosphere and the refer
ence vessel atmosphere. The pressure differential is determined from a
manometer, one leg of which is open to the pressurized and leaking con
tainment, while the other leg is connected to a leaktight pressurized
system of tubing placed throughout the containment. The reference vessel
temperature and the containment temperature are assumed to be equal. Ad
ditional information in much greater detail can be found in Refs. 8—10.

Changes in the contained air mass define the leakage rate. Three
methods have been used to calculate the leakage rate from the air mass
values. These methods are named the point-to-point, total time, and mass
plot. Air mass calculations are made at routine intervals, usually on
the order of 10—30 min. The point-to-point method calculates leakage
rates from the data immediately taken and the data of the preceding set.
In this manner a leakage rate is calculated for all data sets except the
first. A linear least-squares fit to these rates determines the overall
leakage rate. The total time method calculates leakage rates from the
most recently obtained data and the data taken at the start of the test.
Therefore, each calculation is over a successively longer period of time.
As before, a number of leakage rates are computed by this method, and a
linear least-squares fit to them defines the overall leakage rate. The
mass plot method determines the leakage rate by a linear least-squares
fit to the air mass data. Only one rate is calculated in this method.
Additional information about these methods can be found in Refs. 4 and 11.



2. EXISTING GUIDELINES FOR TESTING

The major guidelines for testing are Appendix J of the Code of Fed
eral Regulations and the industry standard, ANSI/ANS-56.8-1981. A third,
less widely implemented but still important document is a Bechtel topical
report (BN-TOP-1), which provides guidance for conducting an acceptable
Type A test in less time than Is usually required.12 Each of these
guidelines will be discussed, and the more prominent technical criteria
in each will be outlined. The following discussions are not intended as
exhaustive presentations of each standard but rather as a means of high
lighting certain areas of each standard.

2«1 Appendix J

Appendix J requires a 24-h leakage test of the containment following
a 4-h stabilization period of the containment atmosphere after pressur-
ization. The test pressure may be at the peak pressure (Pa) or at a re
duced pressure (Pfc) of not less than one-half the peak pressure. If a
reduced pressure test option is chosen, then a preoperational peak pres
sure test must also be performed to provide a relationship between the
two leakage rates for future reduced pressure tests. The maximum allow
able leakage rate from a reduced pressure test is defined by

L < L (L /L ) , (2.D
t a tm am

where

Lt = the maximum allowable leakage rate at Pt
L = the maximum allowable leakage rate at P&

Lf = the measured leakage rate at Pt,
Lom = the measured leakage rate at P .
am

If L„ /L is >0.7, then L,. is defined by
tm am t

L = L (P /P ) . (2.2)
t a t a

The acceptance criteria require that Ltm be <0.75 Lfc for the reduced
pressure test, and that Lom be <0.75 L for the peak pressure test.
r ' am d

All Type B and C tests are to be conducted at a pressure not less
than P . The combined leakage rate of all penetrations and valves
(Type B and C tests) is required to be <0.60 La (with exceptions for some
valves) to be acceptable.

The frequency for Type A tests is as follows: After the preopera
tional leakage test, three tests are to be performed at approximately
equal intervals during the next 10 years, with the third test coinciding
with the 10-year plant shutdown. Type B tests (except for airlocks)



are to be conducted at shutdown periods, but at intervals of less than
2 years unless continuous monitoring is used, in which case the maximum
interval is 3 years. Airlocks are to be tested every 6 months unless
they are opened. Airlocks opened when containment integrity is not re
quired are to be tested prior to the time when containment integrity will
be required. Airlocks opened during periods when containment integrity
is required must be tested within 3 d of the opening. Airlocks opened
more often than once every 3 d must be tested once every 3 d during the
time of the frequent openings. Testing of the airlock seals fulfills the
3-d test requirement but may not be substituted for the 6-month test.
Type C tests are to be performed at shutdown periods but at intervals of
less than 2 years.

A supplemental or verification test is required by Appendix J to
verify the accuracy of the Type A test. The supplemental test involves
inducing a known leakage out of the containment and measuring the new
leakage rate. The results are acceptable if the difference in the leak
age rate of the supplemental test and L (or Lt ) is within 0.25 L (or
0.25 Lt).

Appendix J references ANSI N45.4-1972 as the acceptable procedure
for conducting leakage rate tests. This ANSI standard allows the use of
either the absolute or reference vessel method and either the point-to-
point or total time analysis method (the mass plot method was not widely
known, if at all, at this time). The test duration in the ANSI standard
is 24 h unless it can be demonstrated to all responsible parties that an
accurate leakage rate may be obtained in less time. However, this stan
dard is no longer in effect, having been replaced by ANSI/ANS-56.8-1981.

2.2 BN-TOP-1

The Bechtel topical report (BN-TOP-1) was intended to show that
Type A tests could be successfully completed in less than 24 h and
provide some recommended criteria for determining when the test may be
stopped. Specifically, four criteria to be met were stated as necessary
for the successful completion of the test. The first of these required
a minimum test of 6 h and at least 20 data points. The second required
the trend report (indicating the trend of the mean of the measured leak
rates, the trend of the least-squares fit to these leak rates, and the
trend in the change of the least-squares fits) based on total time cal
culations to indicate stabilization of the least-squares fit value at a
value less than L . The third criterion required the mean of the mea

sured leak rates, again based on total time calculations, to be less than
L . The fourth criterion required the satisfactory completion of a sup
plemental leak test. Although not specified as a criterion, the report
also recommended the use of the absolute method of testing over the ref
erence vessel method.

2.3 ANSI/ANS-56.8-1981

The ANSI standard states that a Type A test shall last at least 8 h
after stabilization and shall have at least 20 data sets obtained at ap
proximately equal time intervals. The stabilization period is at least



4 h, after which the temperature is considered stable if the latest rate
of change of the weighted average air temperature, averaged over the last
hour, does not deviate by more than 0.3°C/h (0.5°F/h) from the average
rate of change of the weighted average air temperature averaged over the
last 4 h. A sample calculation is presented in Appendix F of Ref. 4 for
clarity. Pressure stabilization is assumed to have occurred with tem

perature stabilization.

The Type A test pressure is specified as P . No provisions are in-

eluded for a test at a reduced pressure. The acceptance criteria for a
Type A test require the one-sided 95% upper confidence limit (UCL) on the
leakage rate to be less than 0.75 L_.

Type B and C tests are to be conducted at P„, unless otherwise noted
d

in the technical specifications, and must last at least 15 min. To be
acceptable, the combined leakage rate (including the UCL) for all Type B
and C leak paths must be <0.75 L . As in Appendix J, some exceptions for
valves are noted.

Type A tests are to be conducted at the first refueling outage but
not more than 3 years after the preoperational test, and thereafter at
approximately equal intervals of less than 5 years. Type B tests (except
for airlocks) and Type C tests shall be conducted during shutdown or nor
mal operation periods with the interval between tests of an Individual
component being less than 2 years. Airlock testing is the same as speci
fied in Appendix J, except that if an airlock is not opened during a
6-month period, it need not be tested until it is opened.

The ANSI standard also requires a verification test be performed
after each Type A test. Two methods of performing the verification test

are described, one being the introduction of a known calibrated leak rate
and the other involving the injection or removal of a metered mass of

air. For the superimposed leak verification test, the difference in the
leakage rate of the verification test and L must be within 0.25 L„

° am a
(which is the same requirement as in Appendix J). For the mass step-
change verification test, the metered mass of air and the measured change
in containment air mass shall agree within 25% of the metered value.

The absolute method of leakage determination is specified in ANSI/
ANS-56.8-1981, as is the mass plot method of data analysis. These meth
ods, along with the other methods (reference vessel, total time, point-
to-point), are described in Appendix A of the standard. These descrip
tions are included for information only, since the appendixes are not
part of the ANSI standard.

Since the publication of ANSI/ANS-56.8-1981, several typographical
errors have been found, and certain aspects of the methodology have been
challenged. The typographical errors are confined to the appendixes to
the standard, and the methodology challenges refer to the equation for
computing the air mass and the definition of sensor weighting factors.

Appendix A of this report contains a discussion of these challenges as
well as a discussion of some apparent oversights in the standard. To
summarize the more important findings of Appendix A, the air mass equa
tion contained in the ANSI standard is fully adequate, the method of de
termining sensor placement and the volume fraction it represents (the
weighting factor) should be addressed in more detail, the typographical
errors should be corrected as soon as possible, and the additional over

sights are not critical but should be addressed.



3. TYPE A TESTS

A total of 49 Type A test reports were reviewed. The test method,
pressure, duration, analysis method, and special problems were recorded.
These data provided the necessary background for the evaluation of the
practicality of the standards. The results of this evaluation regarding
the major aspects of the standards follow.

3.1 Method

Industry has used two methods to conduct Type A tests: the reference
vessel and the absolute method. Of the 49 Type A test reports reviewed,
4 were conducted using only the reference vessel method, 43 used only the
absolute method, and 2 used both. One of the reference vessel test meth
ods was used as late as 1980; however, It was used in conjunction with an
absolute test method for comparison.

Major difficulties with the reference vessel method have led to its
rejection by practically all of the utilities, as is evidenced by the
data analysis. The difficulty in maintaining a leaktight reference ves
sel system Is the principal problem; therefore, the absolute method of
conducting a test is recommended. All three existing guidelines recog
nize and endorse the absolute method, but only Appendix J still allows

the use of the reference vessel method.

3.2 Pressure

The pressure for a Type A test is intended to be P , the peak pres
sure associated with the design basis accident. However, testing at a
reduced pressure, Pfc, is less hazardous, presents less risk of component
damage, requires less pressurlzation time, and is cheaper. The disadvan
tages are that reduced pressure testing does not measure the desired leak
rate directly, and the extrapolation factors used for correlating the
full and reduced pressure leak rates may be erroneous. These errors are
associated with changes in the leak path and flow characteristics at the
different pressures. Therefore, the successful use of a reduced pressure
test, which appears to be advantageous, depends entirely on the confi
dence in the accuracy of the extrapolation factors.

In the available data base, full pressure tests are represented 43
times, and reduced pressure tests are represented 23 times. Of the 23 re
duced pressure tests, 17 were part of the preoperational tests conducted
with the full pressure tests to develop the correlation between the two
tests. Therefore, reduced pressure tests were used only six times to de
termine the leak rate.

Table 3.1 contains the reported preoperational test data for the 17
plants that chose to conduct reduced pressure tests. Columns 2—4 contain
the full pressure, reduced pressure, and the ratio of the two, respec
tively. Column 5 contains the maximum allowable leakage rate at the full



Table 3.1. Preoperational test data for reduced pressure tests

p P_ L L L.. \a
Plant

a

[kPa (psig)]
t

[kPa (psig)] VPa (%/d)
am

(%/d)
tm

(%/d) Ltm/Lam (%/d)

1 330.9 (48.0) 172.4 (25.0;) 0.521 1.600 0.16340 0.20000 1.22399 1.15470

2 330.9 (48.0) 172.4 (25.0;) 0.521 1.600 0.23200 0.01750 0.07543 0.12069

3 337.8 (49.0) 172.4 (25.0;) 0.510 2.000 0.56600 0.71000 1.25442 1.42857

4 270.3 (39.2) 172.4 (25.0;) 0.638 0.100 0.02160 0.02540 1.17593 0.07986

5 317.2 (46.0) 158.6 (23.0;) 0.500 0.500 0.01410 0.00870 0.61702 0.30851

6 282.7 (41.0) 144.8 (21.0") 0.512 0.100 0.02700 0.00500 0.18519 0.01852

7 399.9 (58.0) 206.2 (29.9") 0.516 0.635 0.17600 0.16900 0.96023 0.45593

8 317.2 (46.0) 158.6 (23.0;) 0.500 0.500 0.04840 0.00680 0.14050 0.07025

9 317.2 (46.0) 158.6 (23.0') 0.500 0.250 -0.00020 0.01520 -76.00000 0.17678

10 406.8 (59.0) 206.8 (30.0;) 0.508 0.200 0.08150 0.02920 0.35828 0.07166

11 344.7 (50.0) 172.4 (25.0') 0.500 0.200 0.04660 0.01340 0.28755 0.05751

12 337.8 (49.0) 172.4 (25.0 ) 0.510 0.500 0.14990 0.04870 0.32488 0.16244

13 337.8 (49.0) 172.4 (25.0 ) 0.510 0.500 0.18701 0.15339 0.82022 0.35714

14 273.0 (39.6) 136.5 (19.8 ) 0.500 0.500 0.02500 0.01600 0.64000 0.32000

15 372.3 (54.0) 186.2 (27.0') 0.500 0.500 0.27600 0.00670 0.02428 0.01214

16 372.3 (54.0) 186.2 (27.O;) 0.500 0.100 0.01900 0.00100 0.05263 0.00526

17 379.2 (55.0) 193.1 (28.0 ) 0.509 0.072 0.00484 0.02230 4.62656 0.05137

aFor L. /Lom <
tm am

0.7, Lt = La <Ltn/Lam); for WLam > 0.7, Lt = La <VPa> i/2.



pressure, and columns 6—8 contain the measured leak rates at full pres
sure, those at reduced pressure, and the ratio of the two, respectively.
Column 9 contains the maximum allowable leakage rate at the reduced pres
sure as calculated in accordance with the Appendix J equations shown at
the bottom of the table.

Five of the plants, numbers 1, 3, 4, 9, and 17, measured higher
leakages at the reduced pressure than at full pressure. Plants 9 and 17
measured significantly higher leakages at the reduced pressure, with
plant 9 recording a negative leakage at the full pressure. The verifica
tion tests for plants 3, 4, and 9 confirmed the measured leakage rates,
whereas the verification tests for plant 1 were considered inconclusive.
Verification test information was not readily available for plant 17.
Both plants 1 and 4 rejected the reduced pressure test method and subse
quently conducted full pressure tests. Plants 3, 9, and 17 all continued
to conduct reduced pressure tests to determine the containment leak rate.

The remaining plants all measured higher leakages at full pressure
than at reduced pressure. Of these 12 plants, only plants 5 and 14 con
tinued to conduct reduced pressure tests. Plant 2 failed verification of
the reduced pressure test leakage measurement check; however, no reasons
are apparent as to why the other nine plants decided against the reduced
pressure test. The verification tests were successful in all cases.
Plant 10 may be continuing to use reduced pressure tests, but no informa
tion other than preoperational test data was available.

Data inconsistencies and the limited amount of data available in the
test reports reviewed do not enable a conclusion to be derived relative
to the retention of reduced pressure testing.

3.3 Instrumentation

The instrumentation of a Type A test is composed of pressure, tem
perature, and humidity (vapor pressure) measuring devices. A quartz ma
nometer is generally recommended for the pressure sensors, and platinum
resistance temperature detectors (RTDs) are recommended for the tempera
ture sensors. Both the chilled-mirror dewpoint hygrometer and the lithium
chloride dewcell have been used successfully to measure humidity.13
Evaluation of the test reports showed that dewcells were used about 60%
of the time, with the dewpoint hygrometers used the remainder of the
time.

A sufficient number of pressure, temperature, and vapor pressure
sensors are required to adequately sample the containment atmosphere.
Figures 3.1, 3.2, and 3.3 indicate the number of temperature sensors,
vapor pressure sensors, and pressure sensors, respectively, as indicated
in the test reports. The bars in Fig. 3.1 indicate a range of sensors
and show that over 50% of the tests were conducted using 20 to 25 RTDs.
Figure 3.2 indicates that most tests were conducted with six vapor pres
sure sensors, and Fig. 3.3 shows that most tests were conducted with
either one or two pressure sensors only. Judging from the recorded data
values, the spatial variation of temperature over an entire test was <5 K
(9°F), and there appeared to be sufficient sensors to measure temperature
and vapor pressure. However, it is difficult to state that one or even
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two pressure sensors is sufficient. Data were not available to allow a
firm conclusion to be drawn regarding multiple pressure sensors.

No requirements for the number of instruments are contained in Appen
dix J. A minimum number of sensors is specified in ANSI/ANS-56.8-1981.
Sufficient temperature sensors are required such that no one sensor sam
ples greater than 10% of the total value. At least three humidity sen
sors are required, and at least one pressure sensor is required. Assum
ing the containment is adequately sampled, the number of sensors becomes
an economic decision.

3.4 Duration

Type A tests are normally conducted during refueling outages because
they require the unit to be shut down. Theoretically, a test would not
necessarily be a controlling event in returning the unit to power, but,
in practice, these tests often take quite a lot of time to complete.
Thus the tests often are controlling events in returning a unit to power

and therefore should take no longer than necessary to establish the leak
age rate of the containment.

In the early days of containment testing, leak rate tests were con
ducted from a minimum of 24 h to a maximum of several days. The reason
ing behind the minimum of 24 h is not completely clear, although the gen
eral consensus is that the 24-h minimum time period eliminated any diur
nal effects on the early steel containments. In any event, the minimum
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time period of 24 h was adopted and continues to form the fundamental ap
proach of the NRC.5 However, there does not appear to be technical jus
tification for the minimum test period of 24 h. In fact, several indus
try sources have shown that successful tests can be conducted in much
less time. 7» 12»ll+ The NRC has recognized this fact and has approved
tests of less than 24 h. However, some utilities still feel constrained
to use the 24-h test because of their Technical Specification's require
ments. Analysis of the test reports revealed that the vast majority of
tests lasted 24 h, as shown in Fig. 3.4. Those tests shown lasting more
than 24 h experienced problems with leakage so early in the test that
they were corrected without stopping the test.

Although criteria for determining the duration of a test have been
published,7'12*15 no specific criteria have been agreed upon as final.
However, as the result of a panel discussion at a recent conference, a
consensus was reached regarding 13 items that should be considered in de
termining a Type A test duration. These items are to be forwarded to the
committee responsible for ANSI/ANS-56.8-1981 for technical review and
evaluation.16 The 13 items are preliminary and therefore subject to
change. Of these, only six are directly related to test duration, the
balance being recommendations concerning instrumentation, test method,
data analysis method, weighting factors, volume divisions, diurnal ef
fects, and temperature stabilization. While all of the items are impor
tant to the conduct of a successful test, only those items directly re
lating to test duration will be discussed here.

First, the test must be conducted for a minimum number of hours.
This criterion is difficult to justify on a technical basis. The test

10 15 20

TEST DURATION (h)

ORNL-DWG 83-5880 ETD

25 30 35

Fig. 3.4. Reported durations of Type A tests.
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period must be long enough to obtain a sufficient number of data points
to define a trend and to verify the consistency of the data. But these
two points can be met using other criteria such as a required minimum
number of data points and convergence criteria. Specifying a minimum
time interval between data sets and a minimum number of points automati
cally specifies the minimum number of hours, but the minimum time inter
val between data sets was dropped in favor of the minimum number of
hours. In any event, it is highly likely that a minimum number of hours
will be specified. The choice of the number will be subjective and will
probably fall in the range of 5 to 8 h. This time period is in addition
to the time required for stabilization.

Second, a minimum number of data points must be obtained. The num
ber most favored is 20, based on utility experience with test data that
indicate a trend toward stability of the leak rate occurring around 20
data points in many cases.

The third item regards verification that the leak rate data are con
verging. The best method for accomplishing this verification is not
clear yet, but the need for one is clear. Data that are not converging
indicate either instrumentation problems or instability of the contain
ment atmosphere. Both conditions are cause for concern, and no Type A
test should be completed under these conditions.

Fourth, the one-sided 95% UCL on the leak rate must be either zero
or a positive value. For the UCL to be a negative value, significant
negative leakage (leakage into the pressurized containment) is necessary
and obviously in error. Minor apparent negative leakage can be expected
to occur for an extremely leaktight containment (actual leakage close to
zero) because of instrument error. This kind of leakage, however, would
not usually cause the UCL to become negative. Therefore, a negative one
sided 95% UCL on the leak rate indicates errors in either the instrumen
tation or the data analysis, and the test should be considered unaccept
able.

The fifth item, which is similar to the third, is that the least-
squares fit (LSF) to the leak rate data as a function of time shall have
stabilized with a negligible slope. The quantification of what is negli
gible has not yet been decided. Lack of stabilization of the LSF indi
cates an insufficient amount of data, a change in the containment atmo
sphere, or a change in the instrumentation.

The sixth item is that the "as left" leakage rate of the containment
must be <0.75 L . Although this is an acceptance criteria, it must be
met before the test may be successfully concluded. The rationale behind
this limit is that by requiring the "as left" leakage rate to be <0.75
L , a 0.25 L allowance is being made for potential containment degrada
tion between the current test period and the next one.

These six items represent reasonable criteria for defining Type A
test duration. Many details remain to be worked out, but solutions will
be found based on industry and regulatory experience. The 24-h minimum
test period specified in Appendix J should be replaced by technical cri
teria based on the data, such as the six items just discussed. The dura
tion criteria in ANSI/ANS-56.8-1981 should be expanded to provide assur
ances of data convergence and stabilization. With the likelihood of the
further development of the 13 items mentioned before based on industry
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and regulatory cooperation, the need for a separate set of criteria (such
as BN-TOP-1) disappears.

3.5 Frequency

The available data indicated that the utilities conduct Type A tests
every 3 to 4 years, with few exceptions. The deviations from this pat
tern are not considered critical. The analyses of the test reports, ex
emption requests, and LERs revealed that, although most tests were suc
cessfully completed, many required repairs or corrections to Type B and C
leak paths. Practically all Type A test leakage problems were caused by
Type B- and C-tested leak paths.7 The evidence indicates that the Type A
test frequency is certainly adequate for discovering leaks other than
those attributed to Type B and C components, because practically none
have been found. The one instance uncovered in this evaluation concerned
several holes inadvertently drilled in the containment liner. Otherwise,
no failures have been found that involved the degradation of the contain
ment shell. Thus, the Type A test interval could possibly be lengthened,
but only if increased testing of Type B and C components is initiated (to
be discussed in the next chapter). The testing frequency in Appendix J
is comparable to the one in ANSI/ANS-56.8-1981; both are more than ade
quate provided the Type B and C frequency is increased.

3.6 Analysis Method

There are three generally used data analysis methods: total time,
point-to-point, and mass plot. Review of the test reports revealed that
total time was used ~80% of the time, point-to-point ~35% of the time,
and mass plot ~48% of the time. The percentages do not sum to 100% be
cause many utilities use more than one method. The method that appears
to have the most stability and logically direct means of analyzing the
data is the mass plot method,11 in which the leakage rate is equal to the
slope of the linear LSF line to the air mass data. The slope is a direct
measure of leakage, that is, change in air mass with respect to time. A
typical comparison of the three methods is shown in Fig. 3.5. Linear LSF
lines were calculated by each method after each data point and were plot
ted vs time. The stability of the mass plot method is readily seen, and,
although the differences in the final leak rates are small in this in
stance, they can be quite large.

Appendix J, through its reference to ANSI N45.4-1972, allows the use
of either the total time or the point-to-point method, whereas ANSI/ANS-
56.8-1981 specifies the mass plot method. The mass plot method has re
cently become the preferred method of most utilities and should be ac
knowledged. The other two methods could still be used for verification
of data trends.
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Fig. 3.5. Typical comparison of the mass plot, total time, and
point-to-point methods of calculating leak rates.

3.7 Verification Test

A verification test is intended to verify the ability of the Type A
test measurement system and test method to determine the leak rate. This
test is conducted immediately following the Type A test so that there is
little risk of change in the containment environment. The test may take
the form of an imposed calibrated leak rate or the metered removal or in
jection of an air mass. The imposed leak should be on the order of L ,
and the metered mass change should approximate the daily allowable leak
age. If the instrumentation is capable of measuring these allowable
leakages, then confidence in its ability to measure values less than the
allowable is increased. If the instrumentation system is not able to
measure the allowable leakage, then clearly it cannot measure values less
than the allowable.

Appendix J, by referencing ANSI N45.4-1972, requires a supplemental
(or verification) test using the imposed leak method. No magnitude of
the leak is specified, and the test is satisfactory if the difference be
tween the verification test leak and L (or Ltm) is <0.25 h& (or 0.25
L ). Because no magnitude is specified, some utilities imposed large
leak rates that masked L (or l>tm) and made the test inconclusive. The
magnitude of the leak is specified in ANSI/ANS-56.8-1981 as between 75%
and 125% of L or the daily allowable leak rate, depending on the method
chosen. If the imposed leak is chosen, then the Appendix J acceptance
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criteria just discussed apply. If the mass injection or removal is
chosen, then the metered mass of air injected or removed and the change
in the containment air mass must agree within 25% of the metered amount.

The successful completion of a verification test provides added con
fidence that the instrumentation system is capable of measuring the al
lowable containment leak rate. Analysis of the test reports indicates
that few difficulties are encountered in verification tests. And there

is no apparent justification for making the acceptance criteria more re
strictive since, in all probability, the same result (successful comple
tion of the test) would be achieved but over a longer period of time.
Some thought has been given to including a 95% UCL on the verification
test leakage, but, with the relatively large range of acceptability
(±25%), this does not seem necessary.

3.8 Acceptance Criteria

Once the containment leak rate has been determined, it must be

evaluated against an acceptance criteria. The obvious choice is the
maximum allowable leakage rate (L) as specified in the technical speci-
fications and operating licenses. However, the use of this value does
not provide any margin of safety against potential degradation of the
containment during the time until the next Type A test. To provide the
margin of safety, a value of 0.75 L has been provided to and used by the
industry.

The 25% margin of safety is more than adequate for leak paths other
than those tested by Type B and C tests. These paths include the con
tainment liner and certain valves and penetrations exempted from Type B
and C testing. Few Type A test problems have been associated with these
paths.17 Therefore, any degradation occurring between Type A tests is
probably in the Type B- and C-tested leak paths. It is difficult, how
ever, to assess the degree of degradation in Type B and C leak paths.
This fact will be considered in the next chapter. For the immediate pur
pose, it is sufficient to say that because of considerable uncertainty in
the amount of "as found" leakage in Type B and C components,* an accurate
evaluation of the margin of safety cannot be made.

Appendix J requires the measured leak rate, Lam (or Ltm)» to be
<0.75 La (or 0.75 Lfc). But ANSI/ANS-56.8-1981 requires the one-sided 95%
UCL on L„m to be <0.75 L_. Ignoring the reduced pressure test require-

cim 3.

ments (Lt and Lt), the only difference is in the use of the one-sided
95% UCL. Because an accurate evaluation of the 25% margin of safety can
not be made at this time, there is no justification for changing the ac
ceptance criteria. However, the use of the one-sided 95% UCL is recom
mended .

information is not reported but is generally available.
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4. TYPE B AND C TESTS

A total of 46 Type B and C test reports were reviewed in this study.
Of these 46 reports, only 4 were not a part of a Type A test report.
Those reports that were included with the Type A test reports generally
lacked details concerning the conduct of the Type B and C tests and usu
ally presented only the results of the tests plus a brief discussion of
any significant problems. Therefore, with the exception of the test re
sults, most of the information used in the evaluation of the Type B and C
tests was obtained from exemption requests and LERs, which will be dis
cussed in detail in the next chapter.

4.1 Medium and Pressure

Both hydraulic (using water) and pneumatic tests (using air or ni
trogen) have been used in Type B and C tests. Hydraulic testing has only
been used for Type C tests of valves, whereas pneumatic tests have been
used for both Type B and C tests. Air or nitrogen is the preferred me
dium because they most closely approximate the containment environment
following an accident. Hydraulic testing has been used to verify that
valves covered with water (from a seal system) will remain so for the ex
pected duration of an accident. In some special cases, hydraulic testing
has been conducted in lieu of pneumatic testing because the systems could
not be completely drained, thereby making pneumatic testing impractical.
In these instances the water leakage was required to be conservatively
converted to an equivalent air leakage.

The test pressure used for the majority of the pneumatic tests of
Type B and C components was P . In some cases, such as airlock testing
and reverse pressurization of isolation valves, the use of test pressure
P prohibited the conduct of meaningful tests (details will be presented
in the next chapter). Therefore, tests of these components at a pressure
lower than P were allowed in these cases. But the leakage rates were
required to be extrapolated to an equivalent leakage rate at Pfl.

The hydraulic tests conducted in lieu of pneumatic tests were per
formed at P . The hydraulic tests intended to verify that valves covered
with water will remain so, were conducted at 1.1 Pfl, because these sys
tems are pressurized to a magnitude slightly higher than Pa to ensure
that any leakage during an accident will be into containment.

Type B and C pneumatic tests at a pressure of Pa provide a direct
measure of the expected leakage under accident conditions, as do hydrau
lic tests at 1.1 P of valves covered with water from a seal system. In

some special cases, such as airlock testing, reduced pressure tests may
be necessary part of the time. However, the difficulties encountered in
extrapolating the leakage rates from a lower pressure to a higher pres
sure require that reduced pressure tests be used sparingly. Although it
is recognized that in some cases no viable options may exist, the use of
hydraulic testing in lieu of pneumatic testing is not recommended. The
changes in leakage characteristics and the lack of acceptable correlation
between water and air leakage rates should serve to deter the use of hy
draulic tests in lieu of pneumatic tests.
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of Type A test failures or delays due to excessive leaks through already
tested (and presumably satisfactory) components. In order to implement
this kind of evaluation, utilities would be required to report the "as-
found" leakage measurements, which would most likely reveal that many in
dividual components are leaking excessively and that repairs made to
eliminate such leakage are temporary at best. The conglomerate of the
individual allowable leakage rates would still have to be less than some
percentage of La« Because of the relatively poor performance of Type A
tests (due to excessive leakage through Type B and C components) follow
ing the successful completion of local leak testing programs, no reason
is evident to justify relaxing the currently enforced limit of 0.6 L on
the conglomerate. This limit should remain the subject of review once
the effects of potential changes in the testing frequency and individual
leakage limits of components can be evaluated.
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one-half of the leakage measured by pressurizing between isolation valves
would be considered outleakage.

Appendix J does not specify that Type B and C tests be completed
prior to conducting a Type A test; ANSI/ANS-56.8-1981 does. By complet
ing the local leak tests prior to the Type A test, the "as found" condi
tion of the containment is lost unless the Type A test results are back
corrected using the "as found" leakages from the local leak tests. Back
correcting of the Type A test results is acceptable provided the "as
found" local leakages are used and are all considered outleakages, with
the exception of some isolation valve leakages. Only one-half of the
combined leakage measured by pressurizing between two isolation valves
need be considered outleakage.

The requirements for venting and draining fluid-filled systems are
the same in both Appendix J and ANSI/ANS-56.8-1981. The requirements
state that those portions of fluid systems that are part of the reactor
coolant pressure boundary that may be open to the containment atmosphere
under accident conditions shall be vented to the containment atmosphere
during the test. Portions of closed systems inside the containment that
penetrate the containment boundary and may rupture during the accident
shall be vented to the containment atmosphere during the test. The
vented systems should be sufficiently drained to allow exposure of the
isolation valves to the containment air test pressure (including any dif
ferential pressure caused by the accident). Systems required for safety
during the test shall remain operable and not be vented or drained.
Also, systems that are normally filled and operating under post-accident
conditions need not be vented or drained. However, the isolation valves
of these systems must be periodically tested by local leak tests.

The majority of the exemptions requested concerning venting and
draining of fluid-filled systems were the result of misinterpretation of
Appendix J. In many cases, no exemption was required because the exemp
tion request was within the requirements of Appendix J. In some cases,
temporary exemptions were requested until connections for draining and
venting could be installed on certain systems. In one case, a request
was made that the reactor vessel not be vented but rather filled with

water to prevent inleakage. Because of numerous leak paths isolated by
the water, NRC found the request unacceptable.

Because a Type A test is Intended to evaluate the leak integrity of
the containment in a condition simulating accident conditions, every ef
fort should be made to vent and drain all fluid systems that may be ex
posed to the containment atmosphere during an accident. Of course, sys
tems that are required for safety during the test should not be vented
and drained but should remain operable. Systems that will remain fluid
filled after an accident need not be vented and drained.

One issue that was raised during this evaluation concerned the pos
sibility and subsequent effect of an earthquake in conjunction with the
accident. Under accident conditions alone, a system designed to remain
fluid filled need not be vented and drained. Some of these systems, at
least, are not designed for seismic events, in which case the fluid might
escape and expose the system to the total containment air pressure rather
than the lower differential pressure present when the fluid is present.
For this sequence, these systems should be vented and drained.
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are not equipped to test airlocks at Pa without the use of strongbacks
or a modification of the inner door operating mechanisms. The inner
doors were designed to seat under pressure from the containment side of

the door. During a local leak test of the airlock, pressure is applied
within the airlock, thus exerting pressure on the Inner door in a manner
opposite that for which it was designed. The opposite direction pressure
will cause the door to unseat and prevent the conduct of a meaningful
test unless strongbacks are employed or adjustments made to the door to
prevent unseating. These modifications require extensive amounts of time

as does the subsequent test at Pg. Therefore, during periods of frequent
openings, testing at Pa becomes impractical in many cases.

Also, improper seating of airlock door seals is the most frequent
cause of excessive airlock leakage. Leak testing of the seals can be ac
complished by pressurizing between seals (for double-gasketed doors) or
by pressurizing the airlock to a pressure substantially less than P .
Thus, recognizing that the seals are the most probable leak path, during
periods of frequent openings the airlock could be satisfactorily leak
tested at a pressure less than Pa (low enough to not require door modifi
cations) or by testing the seals directly, as in the case of double-
gasketed doors. Appendix J was revised to incorporate this philosophy at
the time airlock testing frequency was being revised. The requirements
of ANSI/ANS-56.8-1981 also allow seal tests or testing of airlocks at a
pressure less than Pfl during periods of frequent openings.

The test medium specified in Appendix J and ANSI/ANS-56.8-1981 for
isolation valve tests is air or nitrogen unless the valves are pressur
ized with a fluid from a seal system, in which case the medium is the
fluid (water or nitrogen). Several utilities requested that they be al
lowed to conduct hydraulic tests in lieu of pneumatic tests on certain
isolation valves that were part of a fluid-filled system and not easily
exposed to an air or nitrogen test. In many cases the fluid-filled sys
tem could be shown to remain fluid filled during and after an accident;
consequently, the Appendix J requirements were satisfied and hydraulic
testing was allowed (no exemption was required). In other cases, the
valves could potentially be exposed to air and therefore should be tested
with air. The use of hydraulic tests in lieu of pneumatic tests should
be prohibited where possible because of the lack of an acceptable water-
to-air leakage correlation.

The exemptions concerning the test pressure and the direction of the

test pressure for isolation valves were closely related. The design of
most operating boiling-water reactor plants necessitates leak testing the
main steam isolation valves by pressurizing between the inboard and out
board valves. In so doing, the inboard valve is being pressurized in the
reverse direction of the accident pressure. Because these valves are de

signed to seat better under pressure, the test pressure tends to unseat
the inboard valve causing increased leakage. Appendix J and ANSI/ANS-
56.8-1981 allow reverse direction testing if the leakages so determined
can be shown to be conservative or equivalent. If the conservatism or
equivalency of the reverse pressure testing cannot be shown, then the
test must be conducted so that both valves are exposed to the pressure in

the direction in which they perform their safety function.
Because testing between isolation valves is acceptable in many

cases, exemptions from the required test pressure of Pa were sought.
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Testing at Pa unseats the inboard valve giving rise to excessive leakage.
Testing at a reduced pressure would not unseat the valve because the re
duced pressure would not exert enough force on the valve. Pressurizing
between isolation valves at a reduced pressure is inherently conserva
tive. Testing of the valves at Pa in the direction of the accident pres
sure creates a greater seating force on the valves than is achieved by
applying a reduced pressure between the valves. Therefore, reduced pres
sure testing is acceptable provided testing between the valves is also
acceptable. Appendix J requires valve tests to be performed at P ,
whereas ANSI/ANS-56.8-1981 allows for reduced pressure testing if the
pressure is included in the technical specifications.

Many requests were made for the exemption of several types of pene
trations from local leak rate testing. These types of penetrations were
passive barriers such as unused and capped penetrations, instrument
lines, and others not easily tested. Appendix J requires Type B tests
for penetrations whose design incorporates resilient seals, gaskets, or
sealant compounds, piping penetrations fitted with expansion bellows, and
electrical penetrations fitted with flexible metal end assemblies. The

results of both Type A and Type B tests indicate that passive barriers
are not generally prone to degradation between Type A tests. Therefore,
exemptions from local leak testing are in order for certain penetrations
provided they are exposed to Type A tests periodically. These penetra
tions could generally be described as those not designed to be locally
tested and that represent minor leak paths. Because each containment is
unique, there does not appear to be any justification for exempting all
passive barriers. These exemptions should be handled on a case-by-case
basis as in the past.

Several exemptions were requested from the schedule of Type B and C
tests because of differences between the technical specifications and
Appendix J and to allow time for modifications to be made that would per
mit testing of certain components. Such requests usually came after a
request for the component to be exempt was denied. In these cases,
strict adherence to the test frequency is impractical and exemptions
should be granted. Such requests should continue to be evaluated on a
case-by-case basis.

5.3 Licensee Event Reports

Of the 100 LERs reviewed, 87 were able to be placed in groups of 5
or more representative of the same type of event. The remaining 13
events dealt with such items as exceeding the specified time limit for
closure of isolation valves and exceeding the time limit on filing the
results of a Type A test. The LERs listed, although not a complete list
ing, are a representative group.

Six of the LERs dealt with the violation of the scheduled test fre

quency for either Type A, B, or C tests. The violations were generally
attributed to personnel oversight and were promptly corrected. In one
case the tests were postponed to allow the completion of seismic-related
modifications. In all instances, measures were instituted to help pre
vent a recurrence.
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Ten of the LERs concerned failed Type A tests, and nine concerned

failed local leak tests. Of the failed Type A tests, nine were directly
attributable to leaks through penetrations or valves that were subject to
local leak testing. The remaining failure of a Type A test was due to
excessive leakage through two holes that had been inadvertently drilled
through the containment shell. The failed local leak tests were due pri
marily to excessive leakage through valves. In all cases, repairs or
modifications were made and the components retested. In at least one in
stance, the frequency of testing was increased for particularly leaky
components.

The next three categories concern excessive valve leakage, excessive

airlock leakage, and excessive penetration leakage. Excessive leakage
was reported in these LERs, but it was not explicitly stated whether the
local leak test program had failed. Therefore, these LERs could not be
included in the previously discussed category.

Excessive valve leakage was the subject of 38 of the LERs. This
subject accounted for practically three times as many LERs as any other
subject. Valve leakages were repeatedly discovered during both Type A
and Type C tests, which indicates the need for more frequent testing of
these components and improved repair procedures. Valve leakages were
caused by an incorrect valve lineup (valve left open) in one instance,
but most often by packing leaks, worn seats, deteriorated elastic seals,
and loose flange bolts. In most cases, repairs were made (tightening
packing nuts and flange bolts, lapping worn seats, and replacing elastic
seals) and the valves were successfully retested. Component replacement
was required only occasionally. Because Type C tests are intended to un
cover and correct potential leakage problems before they become critical,
the continued occurrence of excessive leakage through isolation valves
during Type A tests indicates a general failure on the part of the Type C
test programs to correct the problem. A test frequency that is increased
or decreased based on the leakage performance of the valve should help
encourage utilities to ensure more leaktight valves.

Excessive airlock leakage was reported in 12 of the 100 LERs re
viewed. Leakage was attributed to such causes as a loose chain on the
handwheel operating mechanism, improper adjustment of the operating
mechanism creating a low seating force, and inadequate tightening of
strongbacks. Leakage through the handwheel shaft seal was noted three
times, and leakage past the door seals was mentioned six times; worn or
damaged door seals were the cause of leakage in four of these six LERs.
In all cases the seals were replaced. The remaining two door seal leak
ages were caused by misaligned door seals and dirty seals. Repairs were
effected by realigning and cleaning the seals, respectively. All leak
ages were found during Type B tests.

Seven LERs described excessive penetration leakages. Excessive

leakage was found past an escape hatch outer door and was traced to a
worn seat in the pressure equalizing valve. An electrical penetration
was found to be unpressurized because of an insulator bushing failure;
other electrical penetrations were found to be leaking through the epoxy
end seals. Also, a test connection had broken off from a residual heat
removal system because of fatigue from vibration. During a Type A test,
leakage was found in the reactor building differential pressure switches
resulting from ruptured diaphragms. The diaphragms had been incorrectly
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designed for a pressure less than P . A drywell head flange was found to
be excessively leaking during a Type A test due to insufficient torque on
the head flange. A through-the-wall crack was also discovered in a purge
line during local leak tests. The specific cause was listed as unknown.
Repair or replacement of the components was provided as required, and the
retests were successful.

The remaining category concerned the failure of tests on secondary
containments and includes five LERs. One test failed to demonstrate the

required vacuum due to a deteriorated seal on a railroad airlock. An

other failed because of excessive leakage past a deteriorated seal in the
rector building roof manway. Another LER described the failure of a test

to demonstrate that the leakage was within the allowable limits of the
technical specifications, but concluded that the specifications had been

changed to a higher limit. Leakage through the reactor building roof
hatch, the main steam tunnel to the turbine generator building, and a

heat exchanger access plug caused the failure of another secondary con
tainment test. Finally, during a preoperational test, leakages were dis
covered around reactor building roof flashing, personnel doors, electri

cal penetrations, and the railroad airlock doors. Repairs and replace

ment were made as needed, and satisfactory retests were performed.
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factors used to determine the full pressure leak rate may be erroneous
because of changes in the leak paths and the flow characteristics.

A review of the utility test data indicated that the difficulty in
defining and validating extrapolation equations and the potential for
changing leak paths and leak characteristics with time prompted most
utilities to abandon reduced pressure testing. Recognizing that the dif
ficulties involved will generally prohibit reduced pressure testing, but
acknowledging that the economic benefits make it attractive, it appears
beneficial to maintain reduced pressure testing as an alternative means

of determining the leak rate.
Another major change concerns the duration of the Type A test. The

proposed revision to Appendix J contains no requirements for a test dura
tion, therefore removing the stigma of the 24-h test specified in the
current Appendix J. The duration of the test should be dependent on the
behavior of the recorded data and not on an arbitrary time period. The
new test duration criteria will be best specified in an industry-gen
erated standard or a regulatory guide. The new definition of test dura
tion probably will incorporate requirements for a minimum number of data
points and a minimum time duration. The measured leakage rate probably
will be required to meet some quantitative limits on stability for a
specified length of time before the test may be concluded. Additional
criteria may be factored in to provide a test duration that will likely
ensure the successful completion of the verification test.

The proposed Appendix J also more clearly states the NRC position
that the Type A test determines the "as is" leakage status. Acceptance
criteria for Type A tests have been changed to incorporate limits on the
"as found" leakage as well as the "as left." Thus 95% UCL on the "as
found" leakage of a containment must be <La, whereas the 95% UCL on the
"as left" leakage must be <0.75 La. Both the use of the 95% UCL and the
limit on the "as found" leakage are new requirements. The use of the 95%
UCL will provide added confidence in the results, and the limit on the
"as found" leakage should provide a better indication of the leakage
status of a containment while helping to prohibit the "tightening up" of
a containment just prior to Type A tests.

The current Appendix J has only the one Type A test acceptance cri
terion of 0.75 La. The currently proposed revision incorporates a proce
dure by which the containment may be evaluated between Type A tests by
using the Type B and C test results. The maximum allowable leakage may
be prorated between 0.75 L and Lfl in proportion to the elapsed time
since the last "as left" Type A test and the anticipated time remaining
to the next scheduled "as found" test. This procedure assumes a linear
degradation in the containment leakage rate which may not necessarily be
the case. One proposed alternative is to add the increase in Type B and
C leakage (noted from the local leak tests) to the last "as left" Type A
leakage rate and compare the result to Lfl. In either case the idea is to
provide a more nearly continuous status report of the containment leakage
without conducting Type A tests more frequently. Because the leakage
changes or degradation may not be linear, the alternative method appears
more justifiable. However, Type B and C leakage increases added to the
last "as left" Type A leakage must be determined from the "as found"
leakage rates.
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25 recommended changes to ANSI/ANS-56.8-1981 has been prepared. The
areas of direct conflict will be discussed first, followed by a discus
sion of the areas of ANSI/ANS-56.8-1981 to which the NRC has taken ex

ception.

Five areas of direct conflict between the proposed revision of
Appendix J and ANSI/ANS-56.8-1981 have been noted. These areas are the
Type A test frequency, the test pressure for Type B and C tests, airlock
testing frequency, the acceptance criterion for Type B and C tests, and
the pressure for hydraulic tests.

The conflict regarding the Type A test frequency is based on the
maximum interval allowed between Type A tests. The proposed revision to
Appendix J specifies this interval as 4 years, whereas ANSI/ANS-56.8-1981
allows 5 years. The evidence presented in preceding chapters indicates
that most Type A test problems are caused by Type B- and C-tested leak
paths. Thus, Type A tests are continuing to uncover excessive leak paths
on a routine basis. Until changes in Type B and C test programs force
improvement in leakage characteristics of certain components (most nota
bly, isolation valves), the more conservative interval of 4 years should
be used. This frequency should be reevaluated in a few years to assess
the impact of the revised requirements of the proposed Appendix J regard
ing local leak testing.

The test pressure for Type B and C tests is required to be P for
pneumatic tests, except under special conditions. Both revisions of Ap
pendix J (proposed revision and current) and ANSI/ANS-56.8-1981 contain
this requirement; however, the ANSI standard allows a vacuum test to sub

stitute for a test to Pa. Because the extrapolation of test results from
a pressure less than Pa is not well defined or generally accepted, the
differential test pressure must be Pa. Therefore, the vacuum test pres
sure substitution should contain the stipulation that the differential
pressure must be at least Pa and subject to NRC approval.

Both the proposed revision to Appendix J and the version currently
in force require that all Type B tests be performed within 2-year inter
vals. This time requirement in ANSI/ANS-56.8-1981 is the same but is some
what unclear In the airlock testing section. If an airlock is not used

during a 6-month period, then ANSI/ANS-56.8-1981 allows testing of the
airlock after the next use rather than the 6-month interval. Because the

time period until the next use could exceed the 2-year test period for all
Type B tests, a discrepancy exists. A qualifying statement should be in
cluded in the airlock testing section to limit this test period to a maxi
mum of 2 years, thus satisfying the intent of Appendix J and ANSI/ANS-
56.8-1981.

Another conflict between ANSI/ANS-56.8-1981 and the proposed revi
sion to Appendix J concerns the acceptability criterion for the results
of Type B and C tests. To be acceptable, ANSI/ANS-56.8-1981 requires the
combined leakage rate (including the upper confidence limit) of Type B
and C tests to be <75% of the maximum allowable leakage rate. The pro
posed revision to Appendix J states that the combined leakage rate of all
Type B and C tests must be <60% of the maximum allowable leakage rate at
all times. The differences in these criteria are twofold. ANSI/ANS-
56.8-1981 includes an upper confidence limit on the combined leakages de
termined by adding the standard deviation of the leakage rate to the
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presently written, the instruments are required to be individually cali
brated within 6 months prior to a Type A test. Because of the possi
bilities of instrument damage, the NRC requests that instruments be cali
bration checked within 1 month prior to a Type A test. The preceding
positions were mainly NRC clarifications and a reemphasis of NRC phi
losophy regarding certain points. Exceptions of greater significance
taken by the NRC are discussed in the following paragraphs.

The containment sump level should be considered as affecting the
containment volume. The error resulting from neglecting the changes In
the sump level is not related to the fact that the water responsible for
sump level changes came from the containment air. The effect of water
vapor changes in the air mass is eliminated by air mass equations; how
ever, no provision is made for volume changes caused by water vapor con
version to water (or vice versa).

The mass step change verification test should specify a minimum num
ber of data sets (similar to the technique of requiring 20 data sets for
a Type A test). As it is presently written, only two data sets are re
quired, one before the mass change and one after. In all probability one
measurement will not provide an accurate estimate of the mass change.
Therefore, a minimum number of data sets is required. The determination
of this number should be subject to the same type of evaluation as the
Type A test duration criteria.

Both the "as found" and the "as left" leakage rates of Type B- and

C-tested components should be recorded to allow a more accurate evalua
tion of the containment leak integrity between Type A tests. Such a re
quirement would help to eliminate the practice of finding and correcting
local leak paths just prior to a Type A test without recording the "as
found" leakage.

The NRC also takes exception to the minimum duration of 8 h for the
Type A test. The draft regulatory guide calls for a 24-h minimum with at
least 20 data sets, unless a shorter duration test is explicitly ap

proved. This requirement is expected to change in light of recent de
velopments regarding test duration and will probably be eliminated by the
time the regulatory guide takes effect. Of course, should the work now
being done on Type A test duration criteria prove unacceptable to the
NRC, the 24-h test period might still be required.

As mentioned previously, the draft regulatory guide recommends the
format specified in ANSI/ANS-56.8-1981 for reporting test results. Be
cause of the varied report formats encountered during the evaluation of
the test reports, the specification of one uniform format would be useful
in aiding any future evaluations. The format contained in ANSI/ANS-56.8-
1981 is good; however, three recommendations are in order. First, both
the "as found" and "as left" leakage measurements for all Type B and C
tests since the last Type A test should be included in the report submit
ted to the NRC. Second, the data sets used to determine the Type A leak
rate should be tabulated with individual sensor readings indicated. In

clusion of individual sensor readings would show the stability of the

containment environment and the degree of stratification of temperature.
And third, a chronology of significant events that occurred during the
test should be reported. This information is currently required by
ANSI/ANS-56.8-1981 to be held as backup data, but its inclusion in the
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report to the NRC would allow a more complete assessment of a plant's
leak testing program at the time of the test.

Furthermore, to ensure that such information is reported, the format
and contents (plus revisions as discussed) could be specified in Appen
dix J. At the very least, a format could be specified in Appendix J to
eliminate the wide variation in reporting results encountered in this
evaluation.



p
i

X
)

S3
X

I
0

.
M

3
r
t

0
P

1
0

p
-i

H
O

33
r
t

O
i
t

M
l

p
-

P
4

a
.

33
a
.

c
r

ft
)

H
ft

)
X

I
0

4
0

X
I

0
0

r
t

X
)

r
t

<
:

X
I

M
l

p
>

33
33

<
^

ro
o

ft
)

r
t

o
ro

ft
)

ro
ro

ro
ft

)
ro

^
ro

ro
3

d
O

ft
)

1-
1

3
P

-
ro

P
-

ro
ro

O
3

d
X

)
0

ro
i
t

d
r
t

0
ro

r
t

ro
0

r
t

ro
p

-
P

-
ro

p
-

O
ft

>
o

C
O

o
o

ft
)

p
.

X
I

X
)

ft
)

C
O

ft
)

X
I

X
)

r
t

ro
C

p
-

fD
ro

3
r
t

T
O

0
O

ro
X

I
3

P
-

3
d

ro
p

-
0

M
0

0
p

-
ro

r
t

3
I
t

r
t

ro
r
t

A
"

r
t

<
r
t

A
*

3
r
t

r
r

A
*

ro
A

-
ro

r
r

ro
r
t

P
1

3
X

i
C

D
d

r
r

3
-

r
t

ft
)

3
ft

)
ro

ft
>

ro
3

r
t

0
0

<
0

p
-

C
O

r
t

ro
3

d
ro

33
f
t

r
t

ft
)

p
-

ft
)

r
t

ro
ft

)
ft

)
^

ft
)

ft
)

a
.

p
-

3
O

.
ft

)
3

r
t

<
r
t

3
^

i-
t

0
ro

r
t

I
t

p
-

3
a
.

C
O

ro
C

D
ro

^-
3

p
-

X
I

P
"

0
4

C
O

T
O

ro
C

O
c
f

er
a

T
O

0
3

a
i

3
ft

)
ft

)
3

ro
3

0
r
t

T
)

a
.

C
D

ft
)

ro
ro

i
t

C
O

•<
1-

1
a
.

ro
0

4
3

0
d

a
.

H
d

0
0

4
1

3~
T

O
ro

C
O

ro
ro

ro
3

ro
p

>
ro

i
t

ro
ft

)
0

<
s*

ew
3

ro
M

l
3

d
3

ft
>

ro
i
t

r
t

3
C

O
r
r

p
-

p
-

0
4

ro
ro

r
t

r
t

3
*

0
r
t

p
1

•
3

3
d

r
t

o
&

>
ft

)
3

ro
•

3
d

ft
)

0
ro

ft
>

C
O

O
3

ro
ro

i
t

ro
p

-
r
r

.
ft

)
3

d
p

-
0

3
0

4
3

P
-

ro
c
f

ro
0

P
-

C
O

P
-

r
t

i
t
i

ft
>

t-
>

33
3

i
t

ro
a
-

3
A

*
p

-
X

I
C

f
^3

0
X

)
3

p
-

0
i
t
i

3
22

C
D

T
O

r
t

0
4

3
ro

3
P

1
0

3
ro

o
3

C
O

ft
)

n
ro

c
r

fD
0

4
0

M
ro

ro
O

ft
)

3
ro

ro
3

0
r
t
i

ro
p

-
T

O
0

4
3

c
f

0
0

ro
T

O
H

0
0

r
t

P
-

H
ro

<
n

r
t

o
C

D
•
*

C
D

ro
0

4
ro

H
3

0
I
t

O
r
t

ft
)

0
<

!
i
t

C
D

C
D

ro
C

O
X

ft
)

3
<

0
r
t

H
3

0
I
t

0
0

4
^<

3
0

c
r

0
r
t

r
t

S3
0

o
3

r
t

3
d

*
*

0
r
t

d
ro

O
O

p
-

C
f

p
-

ft
)

3
d

3
d

ro
3

ro
0

r
r

r
t

ft
)

»
ro

3
*

M
l

H
5

C
O

0
p

-
0

•
ro

X
I

d
C

D
p

-^
-3

ro
ro

H
m

3
ft

)
ro

O
K

T
O

u
>

cu
ro

r
t

r
t

r
t

i
t

P
1

r
ti

P
1

0
C

O
3

ro
p

-
c
f

3
d

M
r
r

ft
>

ro
ft

)
^

3
rt

ro
3

ro
X

ro
C

O
0

3
<

3
v
j

d
X

I
3

0
4

r
t

3
f

ro
r
t

0
0

d
C

O
P

1
3

P
1

r
t

ro
ro

P
-

3
;

c
ft

)
C

O
X

I
0

ro
ro

3
p

-
r
t

P
-

X
)

ro
a
.

<
0

4
X

I
r
t

ro
M

ro
X

I
p

-
r
t

X
I

0
o

O
r
t

P
-

3
ro

>
5

C
D

C
O

ro
p

-
ro

ro
in

ro
ft

)
ft

>
p

«
ro

r
r

^
3

r
r

i
t

ft
)

0
ro

3
p

-1
ro

0
P

-
i
t

3
3

r
t

>
3

0
4

r
t

ro
*<

!
ro

r
r

3
ro

I
t

1
O

ro
X

)
ro

3
ft

)
3

to
0

p
-

r
t

0
.

r
t

C
D

0
4

X
P

-
C

D
p

-
i
t

S3
a
-

r
r

3
r
t

ft
)

3
i
t

0
p

"
<

0
0

0
0

r
t

0
s3

1
p

-
ro

3
d

r
t

3
d

i-
t

ft
)

o
r
t

A
*

ro
A

*
i
t

ft
)

0
ro

n
n

r
t

0
ro

ro
p

-
p

-
C

O
r
t

0
3

3
d

3
3

P
-

c
f

33
X

I
r
t

M
l

ro
p

-
O

ro
M

l
>

0
3

o
r
t

ro
ft

)
p

-
M

l
p

-
p

-
ft

)
0

4
ft

)
p

-
•

p
1

a
.

r
t)

iT
ro

ro
3

C
O

ro
M

l
O

r
t

X
C

D
ro

ft
)

3
0

4
M

ro
0

ro
3

r
t

0
.

P
-

3
r
t

M
l

o
r
t

C
O

p
>

r
t

r
t

N
T

O
T

O
3

X
)

ro
0

X
)

r
r

3
i
t

3
M

l
3

ro
i
t

ft
)

3
r
r

ro
3

ro
<

p
"

C
O

a
.

r
t

P
-

•
<

r
t

C
O

3
3

5
p

i
-*

•
r
t

P
-

ro
c
f

ro
T

O
ro

ft
)

ft
)

3
r
t

ro
C

D
O

p
-

P
-

C
O

ft
)

X
)

8*
3

3
d

•
0

ro
0

r
t

p
-

ro
>

O
ro

ro
O

.
M

T
O

X
I

^
3

d
p

-
3

^
r
t

A
"T

O
3

0
p

-
C

O
M

l
3

H
O

O
r
t

c
f

P
1

0
4

ft
)

ro
P

1
0

r
t

r
t

C
O

M
i

C
O

X
)

ro
C

O
M

l

O
3

d
p

.
X

3
ft

)
ro

C
O

T
O

3
p

-
H

3
ft

)
ft

)
0

4
0

0
r
r

C
O

T
O

^<
3

3
r
ti

p
-

O
0

0
4

0
*

*
P

-
M

l
r
t

X
I

C
O

H
r
t

r
t

o
3

o
i
t

3
ft

)
X

)
C

O
••

<
P

-
T

O
p

-
:

3
3

p
-

3
d

33
X

)
M

p
-

p
"

r
t

cu
n

ro
0

H
0

r
t

O
33

P
-

ro
3

d
ro

M
ft

>
O

0
.

r
t

3
f

0
4

tr
>

p
-

c
f

<
<

r
t

X
I

r
t

ro
3

X
3

C
O

3
O

ft
)

ft
)

ro
I
t

i
t

C
D

p
«

3
X

)
3

d
3

d
O

r
t

r
t

3
ro

0
3

3
0

ro
X

)
r
t

ro
p

1
i
t

P
-

I
t

ro
P

J
3

ro
ro

ft
)

ro
C

O
ft

)
P

1
T

O
3

I
t

r
t

•
^

3
d

i
t

ft
)

C
D

0
3

0
ro

3
ro

ro
r
t

d
ro

0
4

3
0

ro
9L

3
d

n
C

O
r
t

?
o

3
d

i
t

O
C

D
C

O
ft

)
1-

1
r
t

3
ro

ri
P

-1
ro

>
ro

ft
)

^
3

3
ro

0
ft

)
r
t

r
f

p
"

a
.

ro
ro

P
1

r
t

P
-

a
.

C
O

r
t

X
I

A
*

P
4

ro
o>

r
t

ro
C

O
ro

S3
O

C
O

C
O

>
O

ft
)

a
.

0
4

P
-

0
4

r
t

-T
j

P
-

ft
)

3
r
t

ft
)

t
o

0
0

3
X

I
I
t

3
d

X
p

-
r
t

0
ro

r
t

i
t

I
t

ro
C

D
r
t

ro
3

d
3

O
r
t

p
-

P
-i

C
O

1
ft

>
r
t

3
H

3
ft

)
P

1
0

X
)

ro
0

J
>

p
-

r
t

n
3

T
O

P
-

O
a
.

er
a

C
O

r
t

r
t

ft
)

p
-

3
d

C
O

r
t

C
O

ro
ro

C
O

r
t

3
r
t

3
ro

3
;

r
r

M
c
f

M
l

ro
••

<
C

O
3

>
<

:
M

l
0

r
t

1
3

p
-

ro
0

ro
ro

a
.

C
-l

0
3

r
r

0
A

1
X

I
o

ro
d

p
-

r
t

3
3

ro
p

-
ro

ro
r
t

0
4

to
0

3
ro

P
-

P
-

C
O

ft
)

X
I

ro
0

4
C

O
3

i
t
i

ro
3

d
3

O
a
.

r
t

3
C

O
i
t

p
-

0
4

C
O

r
t

•^
J

ro
3

p
>

3
3

i
t

r
t

N
0

4
C

O
ft

)
0

P
"

C
D

3
"

O
P

1
C

O
r
r

C
D

ro
M

l
p

-
ro

ro
0

r
t

ro
3

P
-

ro
p

-
0

0
r
ti

ro
ro

•

r
t

3
o

r
t

T
O

0
4

p
1

p
-

<
P

-
i
t

r
t

r
t

<
r
t

ft
)

r
t

r
t

p
i

C
O

C
O

d
ft

)
C

O
X

3
r
t

p
-

r
t

3
C

O
X

)
O

r
t

S3
C

O
3

P
-

C
O

0
ro

ro
O

o
P

-
^

C
D

ft
)

3
r
r

ro
P

-
P

1
3

d
<

ro
ro

r
t

.
ro

>
p

-1
c
f

0
r
t

C
O

ro
r
t

r
t

3
0

p
-

a
.

x
i

n
0

3
r
t

C
D

i
t

M
l

3
O

O
ro

O
i
t

T
O

0
r
t

ft
)

0
4

fD
ro

ro
r
t

C
D

0
4

ro
C

O
p

-
r
t

ro
C

D
0

4
r
t

C
D

C
O

0
ro

C
O

p
-i

r
r

r
t

i-
t

0
r
t

a
.

ro
n

r
f

r
t

C
D

M
l

M
l

O
4

0
t-

>
p

-
ro

ro
3

M
l

ro
r
t

n
C

O
ft

)
r
t

p
»

ro
C

O
>

.
.

ro
p

-
i
t

»
•

r
t

C
D

>
4

.
p

1
3

d
3

d
p>

ro
3

p
-

C
D

0
P

-
ft

)
ft

)
ro

0
ft

)
<

C
f

rf
C

O
<

X
)

ft
)

I
t

X
)

i
t

0
ro

C
O

0
p

-
0

O
p

-
0

C
O

r
t

0
ro

C
D

>
<

ro
2

3
C

D
r
t

c
f

j>
r
t

z
3

r
t

P
-

3
33

r
t

cu
3

r
t

ro
ro

3
ft

>
ro

P
1

3
ro

0
0

0
4

V
i

3
3

0
O

r
t

3
d

p
-

3
d

ro
C

O
0

.
c
f

3
r
t

r
t

t
o

ro
p

-
O

s
p

-
0

T
O

p
-

r
t

C
D

o
3

d
3

C
O

p
-

p
>

i
t

P
1

p
1

r
t

r
t

3
C

D
3

T
O

ro
P

-
^
3

3
<

O
r
t

3
3

0
.

r
t

3
"

d
3

d
3

M
3

0
3

3
t-

1
o

r
-
i

3
r
t

ro
0

4
ro

O
^

3
33

O
r
t

d
0

0
M

M
l

8*
3

ft
)

I
t

ro
X

)
P

-
ro

33
3

0
r
t

r
r

ro
ro

ro
3

ro
0

^
^

r
t

r
t

T
O

H
T

O
G

X
)

3
O

C
D

3
C

D
r
t

3
ro

d
C

O
ft

)
ro

O
ro

0
ro

r
t

ro
3

i
t

r
r

ft
)

r
t

X
I

ro
p

-
r
t
i

ft
>

M
l

r
t

C
O

C
D

p>
ro

ro
^<

3
C

/3

r
t

C
O

n
>

*•
ro

3
d

<
c
r

ro
i
t

r
r

3
3

ft
>

r
t

3
3

a
.

3
d

ft
)

3
O

3
p

1
<

3
i
t

C
O

p
-

r
t

ro
d

r
t

r
t

z
a
.

0
ro

X
I

X
J

M

o
A

*
I
t

P
-

ft
)

<
ro

3
p

1
P

-
p

-
r
t

X
I

A
*

3
3

0
4

1
—

'
C

D
ro

ro
3

0
4

ro
ro

ro
P

-
I
t

p
-

O
3

ro
M

l
0

ro
C

40
C

O
X

ro
r
t

O
e
ra

ft
)

3
d

0
4

n
T

O
i
t

ft
)

ro
C

O
0

ft
)

0
&

)
ft

)
W

ro
.

a
.

0
0

4
ft

)
rt

P
3

d
0

g
ro

C
D

0
0

i
t
i

•3
1

0
ro

0
z

r
t

3
P

1
ft

)
0)

o
3

d
p

-
P

1
i
t

p
-

&
)

3
T

O
3

T
O

3
O

-
a
.

1
—

•
r
t

r
t

ro
C

O
P

-
p

-
A

*
-*

•
T

O
ro

3
ro

0
.

i
t

r
t

ro
ro

p
-

U
l

p
1

0
3

0
3

0
ft

)
0

4
ro

r
t

3
3

P
-i

<
<

&
)

C
O

A
*

ft
)

ro
ro

ro
O

0
)

>
#

3
d

M
l

r
t

3
d

r
t

C
O

ft
)

•
p

-
ro

C
O

r
t

a
.

O
S

0
r
ti

X
3

r
r

3
-
*

ft
>

ft
)

X
)

P
-

ro
ro

A
*

0
ft

)
0

O
3

C
O

ro
•

T
3

ft
)

0
d

0
0

ro
T

O
3

P
1

a
.

33
3

3
>

*
C

O
ro

ro
.

3
r
t

0
p

-
C

O
A

*
C

D
T

O
o

T
O

•
C

O
ro

P
"

T
O

0
M

l
0

r
t

.
C

ff
t)

r
t

r
t

ro
r
t

3
n

X
I

ro
ft

)
ro

ft
>

P
-

p
-

T
O

M
l

3
M

0
0

er
a

r
t

p
-

3
n

P
-

ro
ro

3
3

"
3

ft
)

ro
ro

i-
ti

0
3

•
p

-
P

1
i
t

r
t

3
0

r
t

p
>

3
H

0
s

0
•-

<
1

p
-

O
a
-

ro
i
t

3
p

-
a>

o
-

ro
r
t

ft
>

r
t

>
*•

X
I

I
t

ft
)

M
l

H
i
t

r
t

ft
)

a
-

r
t

0
4

p
1

ro
i
t

^
3

A
*

w
p

>
P

-
3

d
P

-
P

1
ro

H
—

S3
ro

3
C

D

O
3

p
1

^
3

ro
P

d
r
r

ft
)

p
-

i
t

3
*

r-
i

n
H

3
d

ro
p

1
ro

ro
V

3
M

l
3

d
C

D
•

3
ro

C
D

r
t

3
V

0
p

-
0

T
O

r
t

r
t

0
4

X
C

O
O

S3
ft

>
(D

ft
)

n
3

d
ro

ro
p

-
X

3
P

-
T

O
r
t

sr
ro

r
t

H
X

I
3

ro
c
f

<
C

D
0

0
r
t

r
t

r
t

3
d

ro
ro

ro
r
t

p
.

C
O

O
1—

•
3

p
-

c
f

X
_

*
4

ro
ro

ft
)

i
t

^
ft

)
r
t

p
-

g
r
t

O
^

<
r
t

r
t

3
3

0
C

O
ro

ro
ro

l—
i

3
d

ro
ro

r
t

0
M

l
3

T
O

ro
.

r
t

ro
ro

0
r
r

M
H

.
X

)
0

H
O

-
p

-
H

ro
ft

)
ro

i-
t

3
X

I
ro

p
3

0
0

)
d

r
t

0
C

O
a
.

.
C

O
X

I
ro

C
D

M
l

ro
r
t

C
O

C
D

3
"

C
D

C
D

3
<

3
d

ro
v

;
i
t

z
p

*
^

p
-

r
t

3
^

ro
3

0
ro

T
O

ro
C

O
3

d
c
f

3
<

0
C

D
r
r

r
t

3
C

O

ro
r
t

p
-

i
t

ft
)

ro
C

O
C

D
ro

ft
)

X
)

ft
>

cu
X

I
C

O
ft

)
X

I
n

cu
C

D
0

4
3

"
3

ro
0

0
c
f

0
X

I
d

ro
3

3
d

C
O

ro
r
r

c
r

n
ft

>
r
r

C
O

p
i

P
I

p
-

1
P

1
r
r

X
I

ro
P

I
3

C
O

0
ro

3
M

l
ro

0
0

p
-

3
"
>

p
i

c
f

0
ro

P
4

r
t

C
O

p
i

ro
ro

C
O

ro
r
t

p
1

"-
<

P
-

X
3

<
r
t

3
d

<
3

d
r
t

3
0

0
r
t

P
1

P
-

M
l

d
3

r
t

c
r

H
i
t

H
M

3
r
t

P
-

ro
ro

i
t

S3
i
t

i-
t

ro
p

-
*

•
•

ft
)

T
O

o
ro

ro
3

d
ft

)
fD

ro
0

0
3

C
D

ro
M

l
3

0
3

ro
P

-
P

<
0

3
p

"
r
t

fD
ro

^
r
t

P
-

^
^

<
P

1
a
-

C
D

3
3

d
ro

ro
C

O
ro

3
<

r
t

3
ro

ro
ft

)
M

C
O

<
3

O
X

>
0

O
P

1
0

0
4

ft
)

0
X

)
ro

3
X

I
a
.

0
C

D
0

m
O

X
r
t

X
)

ro
p

-
ro

ro
C

O
0

4
<

3
M

i
.

ro
p

-
ft

)
M

l
0

3
O

ft
)

0
ro

ft
)

0
p

-
r
t

o>
ro

C
O

T
O

ro
c
f

M
l

0
d

M
l

r
t

a
-

p
-

ro
0

0
O

M
3

•x
0

4
C

O
ft

>
X

0
4

3
M

l
1-

1
3

3
3

T
O

r
t

a
.

3
3

3
3

3
d

d
r
t

ro
o

-
M

r
t

3
d

C
D

3
1-

1
O

•-
<

0
4

p
-

ft
)

«
*

p
-

M
l

p
1

^
I
t

n
ro

a
.

P
-

P
-

0
.

ro
0

4
3

ro
a
.

r
t

O
ro

ro
C

O
0

3
C

O
r
ti

>
ro

C
O

r
t

ro
X

)
O

0
I
t

0
4

0
-

r
t

3
p

-
3

0
4

<
0

<
fl

>
3

d
IH

ro
0

4
O

r
t

r
3

p
-

C
O

p
-

ft
)

i
t

0
4

ro
r
t

r
t

ro
ro

r
t

a
.

3
P

-
p

-
C

O
0

4
g

r>
O

ro
o

ro
r
t

ro
ro

3
X

I
n

P
-

ro
r
t

n
N

i
t

3
n

P
-

•
m

ft
)

ro
O

r
t

ro
C

O
3

r
t

0
0

•
0

4
3

C
O

1—
1

d
ft

)
o>

r
t

X
)

r
t

P
-

r
t

r
t

ro
1-

1
P

1
ro

p
-

3
C

f
ro

0
3

X
3

ro
X

3
X

"
C

D
3

M
l

c
r

er
a

0
O

33
0

p
-

r
t

3
cu

p
-

P
»

C
O

3
r
t

p
-

3
d

r
t

3
p

-
fD

C
f

r
t

a
.

3
ft

)
r
t

3
ro

»
M

l
0

.
X

)
C

O
P

1
ro

O
0

p
1

P
-

d
O

ro
r
t

3
ro

p
-1

ft
)

0
4

p
-

3
ro

ro
3

d
0

ft
)

ro
r
t

ft
>

ft
)

*
<

ro
T

O
3

ro
ro

>
A

"
ro

O
r
t

0
0

r
t

i
t

n
a

ro
?
o

C
D

T
O

C
D

r
t

ro
r
t

0
4

ro
r
t

p
-

r
t

X
I

ft
)

ft
)

ft
>

P
-

3
r
t

C
O

A
-

C
O

i
t

C
D

3
g

3
p

-
O

i-
t

ft
)

O
p

-
C

O
P

-
0

g
ro

3
C

O
r-

1
ro

a
.

ft
)

0
ro

r
t

P
4

r
t

A
*

0
C

O
C

O
r
t

0
4

^
v

ft
)

O
r
r

3
d

P
-

ft
)

i
t

r
t

ft
)

0
4

r
t

i
t

r
t

d
r
ti

ro
i-

h
<

C
D

a
-

x
i

p
-

ro
P

3
•

p
-

r
t

A
1

i
t

c
0

ft
)

1
3

O
ft

)
ft

)
ro

T
O

c
r

ft
)

3
O

C
D

0
4

ft
)

C
O

0
ro

C
O

r
t

0
.

p
-

p
-

ro
p

-
3

r
t

a
-

0
4

?
o

r
t

3
3

d
ro

ft
)

T
O ro

r
t

o
^

<
o A

-
< ro 0

4

T
O fD

r
t

ro 0
-

M
i

P
"

P
"

ft
)

0
1

r
t

ft
)

p
- I

ro C
O

1
r
t

O P
- 1

ro
0 3

r
t

ro •

O 3 1

3 0 ro

ro C
O

ro
1

c
f

ro a
.

C
O

C
O

P
-

3
O ro a

.

ro
1

ro
C

D
ro

1

O
S



37

The proposed revision to Appendix J appears to be very responsive to
the results of the test experiences. Elimination of the 24-h test dura
tion as a requirement and penalizing the frequency of Type B and C tests
instead of the Type A test frequency, that is, when Type A tests fail
because of Type B- and C-tested components, are two of the more signifi
cant revisions. Also, the requirement that "as found" leakages must be
reported as well as "as left" leakages is a major change. These revi
sions follow directly from utility and NRC test experience and are sup
ported by the data evaluated in this report. Also, clarification of al
lowable test pressures (for airlock and isolation valves), provisions for
hydraulic testing in lieu of pneumatic testing, and the general rewording
of several areas improve the regulation and should help reduce the number
of exemption requests.

To maintain flexibility, reference to ANSI/ANS-56.8-1981 probably
will not be made directly in Appendix J. More likely, reference will be
made in a regulatory guide that can be more easily revised than Appendix
J in case it becomes necessary to reference a new industry standard
should one be developed to replace ANSI/ANS-56.8-1981. Also, exceptions
taken by the NRC to the guidelines in ANSI/ANS-56.8-1981 can be dealt
with in a regulatory guide, as can areas of direct conflict between the
ANSI standard and Appendix J. Five areas of direct conflict were noted

in the evaluation. First is the Type A test frequency, which should re
main as specified in Appendix J because the data are somewhat unclear as
to whether or not a change is warranted. Second is the test pressure for
Type B and C tests, which should be Pa (except for special cases); any
vacuum tests should reflect a differential pressure of P . The third
area is airlock testing frequency. All Type B and C tests should be con
ducted at intervals of 2 years or less. The wording in ANSI/ANS-56.8-
1981 could allow an unused (or little used) airlock to remain untested
for many years. The acceptance criteria for Type B and C tests comprise
the fourth area of conflict. Because of the overall repeated poor per
formance of many Type B- and C-tested components, no relaxation in the

Appendix J acceptance criteria is warranted. In fact, except for the
knowledge that the testing frequency is being changed to more frequent
testing of faulty (excessively leaky) components, the acceptance criteria
should probably be more strict. The final area concerns the pressure for
hydraulic tests, which should be 1.1 P . The higher pressure is required
for water-filled systems that remain water filled after an accident, be
cause these systems are generally pressurized to a pressure slightly
higher than P and should be tested at a higher pressure. For hydraulic
tests conducted in lieu of pneumatic tests (not recommended), the higher
pressure provides an added degree of conservatism.

One area that is not covered by Appendix J but probably should be is
the format for reporting the results of the tests. The format contained

in ANSI/ANS-56.8-1981 is recommended, with three additional comments.
First, both the "as found" and "as left" leakage measurements should be

reported. Second, the data sets obtained during Type A tests should be
reported with individual sensor readings. And third, a chronology of
significant events should also be reported.

The proposed revision to Appendix J represents a valuable and neces
sary update to the current Appendix J. Rewording of certain parts of the
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document and additional clarifications should help eliminate many misin

terpretations and, consequently, reduce the number of exemption requests.
Furthermore, the elimination of certain technical aspects will allow the
regulation to remain current without the need for costly and time-consum
ing revisions. The introduction of a regulatory guide will allow the NRC
a vehicle for specifying any exceptions to the relevant industry stan
dards.
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Appendix A

RECOMMENDED REVISIONS TO ANSI/ANS-56.8-1981

During the evaluation of CILRT experience and the relevant guide
lines, several areas of potential improvement in ANSI/ANS-56.8-1981 were
noted. Also, an independent review of the ANSI standard by EXTRAN, Inc.,
was made available.1 The two principal findings of the EXTRAN review
were that the air mass equation in the ANSI standard is incorrect and ex
tremely unconservative in some cases, and that the standard lacked impor
tant definitions, thereby allowing manipulation of the test data by
utilities to achieve an acceptable test. Another equation was proposed
by EXTRAN for calculating the air mass; this equation was compared to the
ANSI/ANS equation for two sets of utility Type A test data. Additional
evaluation of the EXTRAN equation was made using a computer program to
generate simulated temperature data. The results of the evaluation of
the EXTRAN equation will be discussed first, followed by a discussion of
the missing definitions and the other noted areas of potential improve
ment.

The mass of air M in a volume V may be defined as

M= J pdv , (A.l)
V

where dv is a volume element and p is the density within that volume ele

ment. The perfect gas law may be written as

P- |f, (A.2)

where p is the density, P is the pressure. R is the gas constant, and T
is the temperature. Substituting Eq. (A.2) into Eq. (A.l) yields

M-/ |pdv . (A.3)

Because the pressure Is assumed to be uniform in the containment (for a
given point in time) and R is a constant, Eq. (A.3) may be rewritten as

M=|- /idv . (A.4)
R ^ 1
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For the trivial case in which T is uniform over the volume, Eq. (A.4) be
comes

M-H, (A.5)

which is the basis of the air mass equation in the ANSI/ANS standard.
However, the temperature within the containment is known to be variable
over the containment volume, although the exact relationship between the
temperature and volume at every point is not known. Instead, only a few
points are known through the use of temperature sensors. Therefore, the
integral in Eq. (A.4) must be approximated rather than exactly deter
mined.

By definition

N . n

V 1-1 I i-l i
Ik" •£ t -r- 'v- -tl-r »v, , (A-6)

where N is the theoretical number of volume subdivisions (approaching in
finity in theory), and n Is the actual number of volume subdivisions (a
finite number in practice). Substituting the end result of Eq. (A.6) for
the integral in Eq. (A.4) yields

R i-l Ti i

and, furthermore, by defining the weighting factor w^ for a temperature
sensor as the fraction Av±/V, Eq. (A.7) may be rewritten as

M=|^E^. (A.8)
R i-l Ti

This equation represents the EXTRAN formulation of the air mass equation.
The ANSI/ANS formulation of the air mass equation assumes the spe

cial case of uniform temperature as indicated in Eq. (A.5). Because the
temperature is known not to be uniform, this formulation is technically
incorrect. The temperature term used in Eq. (A.5) is the mean of the
sensor readings, generally obtained by the following equation:

n

T = £ w T . (A.9)
i-l
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to or from the approximate containment temperature. Sensor temperatures
representing a hot or cold spot are obtained by modifying the approximate
containment temperature by the specified difference of the hot or cold
spot and then proceeding with the spatial variations. Following typical
practice, the input temperatures are in degrees Fahrenheit, which are in
ternally converted so that the output is in degrees Kelvin. The output
consists of the generated sensor readings (for inspection), the tempera
ture terms as formulated by EXTRAN and ANSI/ANS, and the actual maximum
spatial variation that was generated.

A large number of simulations were conducted, and it became apparent
that only under extreme circumstances was any significant difference in
the EXTRAN and ANSI/ANS formulations noted. For a given set of input
data, repeated simulations of sensor readings were performed. Only the
results representing the widest variation in the two temperature terms
are presented in the belief that they form an approximate upper bound.
Table A.3 presents the simulated sensor readings and results for an input
average temperature of 300 K (80°F), with a maximum allowable spatial

Table A.3. Simulated sensor readings and results
for an input temperature of ~300 K (80°F) with a

maximum allowable spatial variation of —111 K
(200°F) and no hot or cold spots

Sensor
Weighting
factor

1 0.065

2 0.040

3 0.040

4 0.022

5 0.022

6 0.058

7 0.041

8 0.041

9 0.041

10 0.070

11 0.070

12 0.070

13 0.070

14 0.070

15 0.070

16 0.070

17 0.070

18 0.070

Temperature

[K (°F)]

329.673

289.407

309.274

336.979

329.309

279.714

344.626

300.969

323.278

260.222

247.085

302.786

349.679

256.561

331.069

355.134

296.061

252.881

(133.742)

(61.263)
(95.222)
(146.892)

(133.086)

(43.816)

(160.656)

(82.074)

(122.230)
(8.729)
(-14.917)

(85.346)
(169.753)
(2.139)
(136.255)
(179.570)
(73.240)
(-4.484)

aEXTRAN temperature term = 297.18482; ANSI/ANS
temperature term = 301.54499; percent difference =
1.46716.

^Actual spatial variation, 108.04859 K.
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variation of 111 K (200°F). After the temperatures were generated, the
actual spatial variation was about 108 K (194°F), and the difference in
the two temperature terms is seen to be quite small (<1.5%). The results
of another simulation are presented in Table A.4. The specified average
temperature was 294 K (70°F), the maximum allowable spatial variation
(excluding a hot or cold spot) was ~56 K (100°F), and a cold area was
specified for the last four sensors. The cold area represented approxi
mately an 83 K (150°F) difference from the average containment tempera
ture. The actual spatial variation, which includes the cold spot, was
~131 K (236°F), and the difference in the two temperature terms was <5%.
Another simulation was performed using the information from utility data

aTable A.4. Simulated sensor readings and results
for an input temperature of ~294 K (70°F) with a

maximum allowable spatial variation of ~56 K
(100°F) and a cold spot of 83 K

(150°F) for four sensors

Sensor
Weighting

factor

1 0.027

2 0.027

3 0.027

4 0.027

5 0.027

6 0.027

7 0.027

8 0.075

9 0.075

10 0.030

11 0.030

12 0.030

13 0.025

14 0.025

15 0.025

16 0.025

17 0.118

18 0.118

19 0.118

20 0.118

Temperature
[K (°F)]

313.147

282.187

318.107

302.439

305.016

299.371

302.197

309.277

298.769

310.306

294.067

267.823

280.170

293.184

316.528

281.229

186.627

229.712

191.157

213.111

(103.995)
(48.267)
(112.922)

(84.721)

(89.359)
(79.197)
(84.284)

(97.028)
(78.114)

(98.880)

(69.650)

(22.412)
(44.637)

(68.062)

(110.080)
(46.542)

(-123.741)

(-46.189)
(-115.588)

(-76.070)

aEXTRAN temperature term = 244.63686; ANSI/ANS
temperature term = 255.18517; percent difference =
4.31182.

^Actual spatial variation, 131.47970 K.
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set 2 of Table A.2. The results are shown in Table A.5 and agree quite
well with the difference observed previously. Therefore, for practical
applications, little difference has been observed between the EXTRAN and
ANSI/ANS equations. Extreme circumstances [spatial variations of 56—111 K
(100—200°F) and extreme hot or cold spots] are required before any sig
nificant difference is noted. These circumstances are clearly outside

the realm of normal conditions found during leak rate tests.
An important definition missing from the ANSI/ANS document is that

concerning the sensor weighting factors. Although these factors are
generally understood to be volume fractions determined by an assessment
of the amount of volume a particular sensor is assumed to represent, no
clear technique is known to exist for determining them. And it is not re
quired for the utilities to verify that these factors are accurately de
termined. Along the same lines, there is no guidance provided for deter
mining sensor placement. A technique for determining weighting factors and
sensor placement should be developed and presented in ANSI/ANS-56.8-1981,

Table A.5. Simulated sensor readings and results
for an input temperature of -300 K (80°F) with a

maximum allowable spatial variation of ~5 K
(9°F) and no hot or cold spots

Weighting Temperature
Sensor

factor [K (°F)]

1 0.027

2 0.027

3 0.027

4 0.027

5 0.027

6 0.027

7 0.027

8 0.075

9 0.075

10 0.030

11 0.030

12 0.030

13 0.025

14 0.025

15 0.025

16 0.025

17 0.118

18 0.118

19 0.118

20 0.118

301.069 (82.255)

301.452 (82.943)

302.180 (84.253)

298.679 (77.952)

297.857 (76.473)
298.820 (78.207)
298.288 (77.248)

299.530 (79.484)
300.684 (81.561)

297.617 (76.041)

302.145 (84.192)
302.055 (84.030)

299.251 (78.982)

299.877 (80.108)

302.049 (84.018)

297.955 (76.650)
297.484 (75.801)

297.340 (75.542)
301.695 (83.381)

297.659 (76.115)

aEXTRAN temperature term = 299.00779;
ANSI/ANS temperature term = 299.61716; percent
difference = 0.20380.

^Actual spatial variation, 4.83954 K.
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along with a requirement that the placement and weighting factors be
verified.

The stabilization period called for in ANSI/ANS-56.8-1981 is in
tended to allow the containment environmental conditions (temperature,
pressure, etc.) to come to some sort of equilibrium. Conditions are al
lowed to stabilize for at least 4 h after a test pressure has been
reached, and stabilization of the containment atmosphere is based solely
on the stability of the average air temperature readings. A definition
of containment stabilization needs to be based on more than the contain

ment average air temperature. Individual sensor readings of pressure,
vapor pressure, and temperature should be consulted to determine contain
ment stability.

Also, the equation in ANSI/ANS-56.8-1981 for calculating the air
mass represents English units only. Use of the equation with variables
having SI units will result in an error because of the English unit con
version factors. Because the equation symbols are defined with both En
glish and SI units, it seems reasonable that the air mass equation should
be presented in a form applicable to each system of units.

Furthermore, the definition of the gas constant R is not consistent
with respect to the specified units. The value of R in English units is
given as 53.35 ft lbf lb_l0R-1, which is a specific value that includes
the molecular weight of air. The supposedly corresponding value in SI
units is given as 8.3144 J g-mol-1°K_1, which is a universal value that
does not include the molecular weight of air. Both values are correct,
but they represent different definitions of the R value. Both values
should be presented as either specific (including the molecular weight of
air) or universal (without the molecular weight of air).

Finally, several revisions are necessary to some of the Appendixes
in order to correct typographical errors and to increase clarity. Be
cause these corrections concern the Appendixes (which technically are not
a part of the standard) and because they are generally known, they will
not be presented here.

In summary, the EXTRAN formulation of the air mass equation is tech
nically correct while the ANSI/ANS equation is not, because it is based
on the invalid assumption that the containment air temperature is uni
form. However, reported test results Indicate that the temperature is
very nearly uniform, so that the assumption may not be seriously in er
ror. Also, a study of the amount of nonuniformity necessary to create a
substantial difference in the EXTRAN and ANSI/ANS formulations indicates

that unrealistic extremes are required to even begin to show a differ
ence. Therefore, it does not appear that revision of the ANSI/ANS air
mass equation is necessary.

Temperature sensor weighting factors should be properly defined, and
the definition of stabilization should be improved to include pressure

and vapor pressure stability. For clarity and consistency, the air mass
equation should be presented in a form applicable to both SI and English
units, and the definition of the gas constant should be consistent with
respect to units.
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