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Introduction

Phase II of a U.S. Nuclear Regulatory Commission (NRC) Small
Business Innovation Research (SBIR) Contract investigated ten
Integrated Leakage Rate Test (ILRT) analysis models which have
been proposed for evaluation of ILRT data. This contract
involved in-depth analysis of two ILRTs with data collected at
accelerated rates and 80 conventional ILRTs with data collected
at a frequency between 10-15 minutes. All ten methods were
applied to all data. The study considered (1) the
appropriateness of each method to analyze containment data (air
mass versus time), and (2) the influence of data collection
frequency on ILRT duration, and (3) the influence of collection
frequency on each method.

The ten methods investigated were:

ANS 56.8 (ANS, 1987)

Total Time Double-Sided UCL (Cranston, 1972)
Total Time Single-Sided UCL (ANS, 1972)
Point-to-Point Double Sided UCL (Cranston, 1972)
Point-to-Point Single Sided UCL (ANS, 1972)

MS 021-5 (NRC, 1986)

30% Sliding Window (Duke Power, 1987)

50% Sliding Window (Duke Power, 1987)

25% Predictor (Brown, 1982)

EPRI Equations (EPRI, 1983)
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The first five methods give the different methodologies for
calculating leak rates from raw data and also give pass criteria.
The remaining five methods augment the ANS 56.8 approach by
giving different criteria to use to pronounce a successful ILRT.

Background
Current NRC regulations permit ILRTs to be evaluated using three

test methods: (1) ANS 56.8, (2) Total Time and (3)
Point-to-Point. When ILRTs are performed using these test
methods and incorporating single-sided, 95% Upper Confidence
Level (UCL) statistics, a minimum test duration of 24 hours is
mandated. Shorter duration ILRTs are allowed with either Total
Time or Point-to-Point if double-sided, 95% UCL
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statistics are used (Cranston, 1972). The use of double-sided
statistics has been deemed by the nuclear industry too
conservative and leading to excessive test lengths. The industry
has proposed several methods for determining a shorter but still
valid test. The work described here compares the majority of all
proposed methods using actual ILRT data.

ANS 56.8 Description

The ANSI/ANS 56.8-1987 model calculates the containment air mass
at each measured time and then a linear least squares regression
to the mass versus time data is performed. From the slope and
intercept of the regression line a mass percent per day leak rate
is calculated. The standard deviation around the regression line
is used to estimate the single-sided 95% UCL. If the 95% UCL
leak rate is less than 75% of the licensed allowable leak rate at
the end of 24 hours, the test is considered successful.

MS 021-5 Description

As described in reference (NRC, 1986), the MS 021-5 acceptance
criteria are used to determine when ILRT data are both linear and
stable enough to be consistent with ANS 56.8 assumptions. These
criteria are expressed as simple inequalities which must be
satisfied for a successful test.

Total Time Double-Sided UCL Description

For the Total Time analysis technique, a regression fit is done
to the leak rates calculated using the differences between the
measured containment air mass at each logged time and that at the
start time. The value of the regression line at the present time
is the Total Time method leak rate. A new regression line is
calculated for each new data point. The standard deviation
around the regression line is used with double-sided statistics
to calculate a leak rate value which must be less than 75% of the
allowable leak rate for a successful (even if less than 24 hour)
test.

Total Time Single-Sided UCL Description

The leak rates for this method are calculated using the same
method described in the section above. However, the UCL
statistic is single sided. For a successful test, test duration
must be a minimum of 24 hours and the calculated UCL leak rate is
below 75% licensed allowable leakage.

Point-to-Point Double-Sided UCL Description

For the Point-to-Point analysis technique, a fit is done to the
leak rates calculated with the differences between the measured
containment air masses at successive times. The value of the
regression line at the present time is the Total Time method leak
rate. A new regression line is calculated for each new data
point. The standard deviation around the regression line is used
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with double-sided statistics to calculate a leak rate value which
must be less than 75% of the allowable leak rate for a successful
(even if less than 24 hour) test.

Point-to-Point Single-Sided UCL Description.

The leak rates for this method are calculated using the same
method described in the section above. However, the UCL
statistic is single-sided. For a successful test, test duration
must be a minimum of 24 hours and the calculated UCL leak rate is
below 75% licensed allowable leakage.

Sliding Window Criteria Description

The Sliding Window Criteria analyzes ILRT data by sliding a
variable width window through the containment air mass versus
time data. At each window location, a 95% single-sided UCL leak
rate is calculated per ANS 56.8. The Sliding Window leak rate at
a point is the maximum UCL leak rate computed as the window
slides through the data from the test start to that data point.
Two sliding windows widths (in terms of the fraction of elapsed
time from test start) have been conventionally accepted and were
evaluated: 30% and 50%. For a successful test the Sliding Window
results must be below 75% the licensed allowable leakage.

25% Predictor Description

The 25% Predictor is based on ANS 56.8 statistics. This method
was developed to predict the end of a Type A ILRT with confidence
that the following Verification Test would pass within its +/-25%
acceptance limits. The 25% Predictor compares the calculated
leak rate of the last four hours with that of the entire test
duration. If the leak rates differ by less than 25%, the test is
considered acceptable.

EPRI 1982 Equations Description
This method builds on the ANS 56.8 equations. Its first

criterion requires continuous convergence of the 95% UCL leak
rate to the regression line leak rate over the ILRT’s last hour.
The second criterion requires the rate of change of containment
air mass in the last hour to be less than 10% of the difference
between the last calculated leak rate and 75% of the allowed leak
rate.

Results

For all the data analyzed, it seems the most interesting results
are revealed when applying the ILRT analysis methods to the high
collection frequency data. Two containments were tested by
collecting data at high frequencies. The first was a small BWR
(216,000 cubic feet) for which ILRT data were collected at 15
second intervals. The second was a small PWR (1.32 million cubic
feet) for which two data acquisition systems were used. The
first data acquisition system collected data at 60 second
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intervals, the second collected data at 300 second intervals.

The high collection frequency data sets were treated as a
statistical population from which subsets were taken and analyzed
independent of other sets. The same start and end times were
used for each subset. The BWR test data were analyzed at 15, 30,
60, 120, 180, 300, 360, 600 and 900 second equally spaced
intervals. Data collected from the first PWR system were
analyzed at 60, 120, 180, 300, 360, 600 and 900 second intervals.
Data collected from the second PWR system were analyzed at 300,
360 and 900 second intervals.

With the ANS 56.8 test method, the BWR results were in good
agreement over the entire data collection frequency range. The
least squares fit leak rate for the last point in each data
subset varied by only 1.4%. ANS 56.8 results from the first PWR
acquisition system were consistent to 1.1% while the second
system were consistent to 0.2%. The reason for the better
agreement in the later case is attributed to better digital
resolution which was 5 1/2 digits for the first acquisition
system and 6 1/2 digits for the second. All BWR and PWR data
subsets passed the ANS 56.8 criteria long before 24 hours.

When considered as a function of data collection frequency, the
least squares Total Time last point leak rates were not very
consistent with one another. The BWR ILRT results varied by 21%
and the results from the PWR varied by 27% and 4% for the first
and second systems, respectively.

The Total Time double-sided UCL leak rate analyses passed for all
collection frequencies for the BWR probably due to the much
higher allowable leak rates normal for small BWRs. The first PWR
system data passed Total Time double-sided criteria for only the
600 and 900 second intervals. The second PWR system data never
passed the Total Time double-sided criteria. This apparently is
due to the critical sensitivity of the analysis to the first data
point air mass value. The Total Time single-sided UCL analyses
for all BWR and PWR data passed for all collection frequencies.

Point-to-Point analyses of the same BWR and PWR data set were
also less consistent with one another than the ANS 56.8 analyses.
Final time leak rate results from the BWR varied by more than
28%. Results from the PWR varied by 3% for both data collection
systems. The calculated Point-to-Point leak rates were extremely
erratic compared to ANS 56.8 and Total Time leak rates.

Point-to-Point double-sided UCL leak rates indicated a successful
ILRT for collection frequencies of 300, 360, 600 and 900 seconds
for the BWR. The Point-to-Point double-sided UCL analysis did
not pass in any case for the PWR. The Point-to-Point
single-sided UCL analyses passed for every data collection
interval for the BWR data. The Point-to-Point single-sided UCL
analysis passed only for the 900 second interval of the first PWR
acquisition system.
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The MS 021-5 analyses passed for all data collection frequencies
of the BWR and PWR data. The equations measuring the linearity
of the decaying air mass had consistent results with respect to
data collection frequency, that is, the tests all passed at about
the same time using the linearity criterion. The equation
gauging data scatter passed later in time as the data collection
frequency increased, apparently due to the increase of the time
density of random error as data collection frequency increased.

The 30% and 50% Sliding window analyses passed in all instances
with the BWR and PWR data. It is important to note that as data
collection frequency increases the first acceptance times
decrease. It is also notable that the 50% Sliding Window passed
significantly sooner in time than the 30% Sliding Window. This
is due to the increased number of data points observed with the
larger window size and corresponding reduction in statistical
uncertainty.

The 25% Predictor analyses of BWR and PWR data passed all
collection frequencies. The 25% predictor passed sooner in time
as data collection frequency increased. This again is due to
the higher number of data points analyzed in a time span as data
collection frequency increases.

The EPRI analyses passed for all collection frequencies. An ILRT
can probably never fail the first EPRI criterion, and thus the
first criterion is practically useless for test disqualification.
This is because criterion one requires convergence of the UCL to
the Least Squares Fit Leak Rate regression line. With typical
ILRT trends, these lines will always converge. The parameter
qualifying criterion two becomes more erratic as data collection
frequency increases.

The results described above were generally found true for
analysis of conventional ILRT data (collected at 10 to 15 minute
intervals). 80 data sets were evaluated but space does not
permit thorough discussion, however, one test must be noted.
That data set implied such a large initial negative leak rate
that the Total Time and Point-to-Point models retained a negative
leak rate for over 30 hours even though the ANS 56.8 analysis
indicated a clear failure. The Total Time double-sided UCL
analysis did not pass; however, the Total Time single-sided UCL
analysis passed throughout the entire ILRT. The Point-to-Point,
single and double sided UCL analyses never passed.

Conclusions

Results show that the ANS 56.8 and MS 021-5 combination can pass
most valid tests in less than 24 hours with a high level of
confidence that the resultant leak rate is accurate and the test
data reliable. This combination also gauges the standard
assumptions that ILRT air mass decay is linear and must contain
enough repeatable data to achieve high confidence in the result.
It is notable that our MS 021-5 results differ from previous
publications. This difference is attributed to NRC changes in
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the calculations which compute the MS 021-5 Regulatory Guide
results. The most recent MS 021-5 Regulatory Guide is dated
October, 1986 while the previous MS 021-5 Regulatory Guide was
dated May 31, 1985.

The other test methods in general did not appear as consistent
and give as valid results as the ANS 56.8 and MS 021-5
combination. Total Time with a single-sided UCL was found to
pass a failing containment. Total Time double-sided UCL analysis
has proven to be too conservative and lead to unnecessarily
lengthy tests. Point-to-Point with both single and double sided
UCLs is unreliable with respect to the resultant leak rate. 30%
Sliding Window, 50% Sliding Window, 25% Predictor and EPRI
criteria do not test for the basic assumptions for computing ILRT
results as defined by ANS 56.8. These four test methods for a
successful ILRT appear to be too sensitive to data collection
rate and other typical ILRT parameters.
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