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Enclosure (1)

Letter dated March 20, 1978, L © Mayer, N5SP, to Director, NRR, USNRC

RESPONSE TO NOVEMBER 2, 1977 REQUEST FOR ADDITIONAL INFORMATION
MONTICELLO NUCLEAR GENCRATING STATION

CONTAINMENT LEAK TEST DURATION

L. Identify the computation procedures used to calculate the contain-
ment leakage rate and the upper 95% confidence limit for the
purpose of determining the acceptability of a specific contaimment
integrated leakage rate test (CILRT).

Response

The mass plot method is used., Containment mass, Wi, is computed
using the reference vessel method at approximately equal time
intervals.

ior the firet data point:

o= 144 (B -+ By q) W (1<1)

Ri;

For subseguent date points:
'] Wicp (L= Lg) (1-2)

Li = CBFg = By gq) s (Ty/Ty) (AR - By ) (1-3)

(Foq - pv,{.-l)

= leakage air mass as fraction of total contained air mase
W = Weight of air in the containment
V.= Pre¢ air volume of containment
R = (as constant for air
¥ = (Containment absolute pressure

£\ = Heference Chamber to containment differential pressure

-
fl

Contaimment weighted average vapor pressure
T = Contaimnment weighted average absolute temperature

i= 1 th data point, 41 = 1, 2, ..., n
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The leakage rate is determined from the above calculations of
the mass of air (Wy) at each time point 1 by applying a linea:
regression analysis to the data., A linear regression analysis
consists of minimizing the squares of the deviations of the
data points from a straight line:

W o= At 4+ B (1-4)
The slope (A) and the intercept (B) of the line are calculated
as follows (all summations are from 1 =« 1 to n).

A= Tewy - (Teglwp /o (1-5)

Bo= v - Aft, (1-6)

n

Where

= time of data poivt §, houre (t; = 0)

The leakage rate in weight percent per day is:

] = - 2‘00:) A

(1-7)
B
The 95% uprer confidence lirqt for L, UCLL, is calculated
using:
UCLL & 1 = iL (2400) tg g5 ne (1-8)
Where
Sa = Jn s
| 5 | A
X L 5 ([11 i ¥ L-il
- n
§-r /I(ui - Wl
W = Aty + B

t0.¢5.n-2 = 95th percentile of "t" distribution with n-2
degrees of freedom

r
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We will judge a test acceptable if:
a) ty 3 8 hours

b) n 221 after rejection of spurious data points
(see¢ item 2)

¢) UCLL€ 0.75 Lo
Where

lag is the maximum permitted containment leakage rate at peak
accident pressure, Pg,

Your September 2, 1977 submittal indicates that the point-to-point

calculational technique will be used to detect spuricus data points,

Discuss and justify your proposed criteria for data rejection,

E’_!EOD!G

The point-to-point method will be used to calculate a leakage
rate. 1.. for each data point using equation (1-3).

Point-to-point leakage rates will be subjected to a statistical
test. The widely used Chauvenet criterion will be used

(Re ference 1), A measurement in a set of n data points will

be rejected if it deviates from the mean value to the extent
that the probability of all such deviations at least as great
is less than 1/2n., A Gaussian distribution is assumed.

Analysis of data from the last four Type A tests indicates
that none of the data points would have been rejected as
spurious,

Discuss and justifr the methods used to establish the weighting
factors or volume assignments for the temperature and dewcel
Sensors.

F ponse

Rosemount Model 442A ALVHALINE Temperature Transmitters are
placed throughout the containment to monitor temperature, The
temperature sensing system consisted of twenty individual 2-
wire temperature transmitters each connected to a platinum
resistance temperature sensor and a regulated DC power supply,
Each resistance temperature detector is assigned a weighting
factor propertional to the volume monitored for use in calcula-
ting the average containment temperature, Tables 3-1 and 3-2
List the resistance temperature detector locations and assigned
weighting factors., The RTD signals are transmitted to the plant
process computer where a ten minute average of the temperature
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and justify the criteria used to establish the number of tem-
perature and devwcel! sensors, and the maximum volume fraction
that may be assigned to any particular sensor.

onse
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See response to question (3) above,

"

As noted in the response to question (3). the number and location
of temperature and humidity sensors was originally determined

by attempting to locate a senscr in each major region of the
containment. The containment was subdivided into twenty sensing
y volumes. One temperature sensor was located in each sensing

; volume. One humidity sensor was located in every fourth

| sensing volume in the drywell and every other sensing volume

in the torus (where vapor pressure is 8 more significant factor),
This philosophy resulted in 2 total of twenty temperature

sensors and six humidity sensors,

Instrument error analysis confirms that this number 1s more

than adequate. An overall figure of merit for the instrumentat on
eystem, based on the reference vessel method using a point-to-
point leak rate calculation over an eight hour interval, has

been computed to be less than one percent of th: allowabls
containment leakage rate,

Refer to the response to question (6) for a discussion of the
maximum volume fraction that may be aseigned to any sensor in
the event of instrument failure and reassignment of weighting
factors.

5. Discuss the manner in which the mass plot technique is applied
te terting with & reference vessel.

Ag DI
| A ,h“»nse

Refer to the response to question (1).

While the mass plot technique is best used with the absolute

method, it may also be used with the reference vessel methond.

Since the reference vessel method actually measures changes

i in the <ontaimmont maiss over time interval, the initiatl

| containment air mass must be calculated for the first data
point if the mass plot method is to be utilized, Equation
(1-1) is used for this purpose, P, Py and T are determined
using the CILRT instrumentation. V, the contairmment free air
volume wae measured during the 1974 Type A test and was reported
in reference (4). The measured volume was in excellent agree-
mert with the design value,

There does not appear to be a statistical advantage in applying
the mass plot method to the reference vessel technique. Other
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g E 3-1 DEYWELL DEWCELS AND RID's
: TABLE 3 RYWEL S _AND RID's

| lﬂﬁli*ﬂﬂ* Volume weighting
] sensor Ivie L Sensor No. | Elevation[Azimuth | ____ Factor
Dewcel 1 933 0 0,2158
2 951 90 0.2050
; 3 966 180 0.0787
| 4 994 270 0.0936
! RTD 1 933 0 0.0537
¥ 2 933 90 0,0537
3 933 180 0.0537
| 4 932 270 0.0537
| 5 951 0 0.0513
| 6 951 90 0.0513
| 7 951 180 0.0513
: 8 951 270 0.0513
; g 966 0 0,0198
| | ; ] ¢ 66 90 0.0198
i 11 | 966 180 0.0198
| 12 | 966 270 0.0198
| 13 . 994 0 0.0235
14 l 994 90 0.0235
| 15 ' 994 180 0.0235
1€ 094 270 0.0235
1 - N l
1 TABLE 3-2 TORUS DEWCELS KND RTD's
I
|
‘ ! -:;t: ion” Volume Weighting
Sensor Type } Sensor No, { *.evation|Azimuth Factor
I
: Lewcel l 5 ’ 915 0 0.2034
| , . | 915 180 0.2034
| RTD 3 .7 ] 915 0 0.1017 }
| : 1 - %15 90 0, 1017 -
| l 15 915 180 0.1017
| g 20 915 270 0.1017
| : 1

l *Referenced to the drywell floor at $70.5 ft, the torus center line at
912.5 ft, and the drywell airlock at O degrees.
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computational methods, such as the point-to«point method or
the total time method, combined with least-squares data
analysis, are more directly applicable. The mass plot tech-
nique is rapidly becoming the industry standard, however, and
we have adopted it in the manner described to permit it to be
used with our reference vessel instrumentation. The absolute
method may be used in the future.

Identify the criteria used to establish an instrument failure
and the maximum number of instruments that may fail before a
test is alorted. 1In addition, discuss the procedures for elimi-
nating the data from failed instruments from the leakage rate
calculations, including the replacement of data and recalcula-
tion of weighting factors.

Responuse

Foui Type A tests have been conducted at Monticello since the

begivnirg of commercial operation. No test instrument failure

has -~curred in any of these tests. Special precautions have

beer. taken to assure instrument reliability, both in the selection
“op guality sensors and in their installation.

ingtrumentation for those instruments located outside

-mment will be available during each Type A test (i.e.,
T -nt manometer, pressure gauge, and flow meter)., A
i1l oo of one of these instruments is not serious. Instruments
.oci' od inside containment, however, cannot be tepaired or re-
A -ed during the course cf the Type A test, In the event of
@ temperature or humidity sensor failure, provisions will be
made to continue the test by reassigning instrument weighting
factnrrs. Because of the large number of sensors used at
Monticello, multiple failures can be tolerated and a valid
leak rate messurement can still be achieved.

The following criteria will be used:

Instrument Failure

An instrument is considered to have failed i &

a, QOut of pange high or low

b, Intermittent indication

¢, Unexplained departure from trend of
previous readings

d. Analysis of a data point rejected using
the criteria described in item (2)
above indicates an unreasonable senso:
reading.

The output of all individual sensors will be scanned at
each data point.
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Maximum Number of Instrument Failures

Drywell - No more than four temperature sensors will
be permitted to fail, The failure of more
than two sensors at any one elevation will
not be permitted., No more than one humid-
ity sensor will be permitted to fail,

Torus No more than two temperature sensors vill
be permitted to fail., No more than ore
humidity sensor will be permitted to
fail.

In the event of instrument failures that exceed these numbers,
the test will be suspended and repairs made. A new Type A test
will be conducted when the minimum number of instruments are
again made operabie.

Instrument error anzlysis indicates that the above permitted
failures can be tolerated without significantly degrading the
figure of merit for the instrumentation system (the figure of
merit remains better than 357 1, - refer to question (4)). Be-

cause of its relative insensitivity to temperature sensor errcr.

the reference vessel method can be successfully used with far
fewer sensors than other methods.

When an instrument failure occurs, instrument weighting factors
will be reassigned and the faulty instrument will no longer be
used for computing average containment temperature or vepor
pressure. In the event that it is determined that past data
may have been affected by an instrument failure, computations
based on the faulty instrumed: can be repeated using the re-
assigned weighting factors and dropping the faulty instrument
readings froem the data set,

Weighting factors will be reassigned as shown in Tables 6-1
and 6.2,

Discuss the effects of instrument bias as functions of time,
temperature, and pressure on the CILRT results. Since the
0.25L, acceptance criteria for the supplemental verificatioc:
test was established based on a 24-hour test duration, discuss
the adequacy of this acceptance critiria as it relates to the
identification of systematic instrument errors for a test cf
shorter duration.

Response

Biag, or sysiematic error, can arise through faulty instrumen-
tation, calibration procedures, or cemputational techniquesg,

P
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TABLE 6-1

T L p—

RTD WEIGHTING FACTORS TO BE USED

AS A RESULT OF RTD FAILURES DURING THE TEST
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TABLE 6-2

DEWCEL WEIGHTING FACTORS TO BE USED AS A

RESULT OF DEWCEL FAILURES DURING A TES]
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Because leak rate computations deal primarily with changes
in containment parameters, errors in the measured leak rate
due to systematic errors tend to be small,

Before @ CILRT is begun, all instrumentation is calibrated
against standards traceable to the National Bureau of
Standards, This guarantees that at the start of the test,
eystematic error will be held to within very small limits.
Following the completion of the CILRI, a verification test
is conducted. This verificetion is a repeat of the CILRT
for a short period of time with a known leak rate superim-
posed on the contaimment overall leak rate. The CILRT
results are acceptable if the verification test confirms
the overall contaimment leak rate measurement to within

0.25L.. This places an upper limit on the effects of sys-
temati’ error whichk is independent of the length of the
CILRT.

To quantify the effects of instrument bias on CILRT results
ag a function of test duration, a number of calculationes
have been performed using the 1977 Monticello CILRT data.
Using this dala, worst cas¢ instrument error has been applied
as & bias and the effect on CILRT results noted. Using the
mass vlot method, the lezk rate and 95% upper confidence
level leak rate were computed for the unbiased data (Table
7-1) and various combinations of biased data, The following
cases were evaluated:

&. Pressure instrument bids of 1.71 INWCG high

and low

b. Temperature instrumentation bias of 0.1°F
high and low

¢. Dew point instrumentation hiag of ©.2 INWK
high and low

d. Manometer bias cof 0.01 INWG high and low
Tustrument bias has the grestest impact for the case of
Freagsure instrument bius laow
Temperature instrument bias low
Dew point instrumentation bias low

Manometer bias « no effesot

™his case is shown in Table 7-2 for comparison with the un-

bissed case sghown in Table 7-1, The cffect of worst case

cias is seen to change the 95% upper confidence level leak-

age by O,15%far a2 test duration of eight houre. The chang

is U.5% for a test duration c€ 24 hours, There is, there-
fore, no advantage in extending the CILET to 24 hours to

R R —

AR n——
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reduce the effect of systematic error.

8. Previous testing experience has shown that there are a number
of effects which become more pronounced a. the CILRT duration
decreases. In many cases, these effects are not adequately
reflected in the confidence limits of the CILRT results.

| Demoustrate that the proposed minimum test duration in con-

junction with the proposed testing procedure will adequately

reflect each of the following effects:

e L TR

a) the containment volume change following
pressurization;

b) outgassing and ingassing during and follow-
ing containment pressurization;

¢) the variation of internal system heat loads;
and

d) diurnal effects relating to variations in
[ the temperature of containment cooling
1 WELET

Resronse
ikl

a) Following pressurization and contaimnment atmo-

‘ sphere stabillzation, the containment volume

| will experience a very slight decrease as in-

ternal pressure decreases over the course of

the CILRT. For the Monticello pressure sup-

. pression type contaimment, the volume can be

, shown to decrease bess than 5ft3 for every
reduction in pressdre of 1 psi.

(ver the course of the CILRT, containment

— pressure may fall as much as 2 psia, If the

: period of the CILRT is t hours, this pressure
reductirn is equivalent to the introduction

. of air into contaimment at the rate of

5 0,76/t schin. For an eight hour test duration,
; the equivalent air addition rate is 0.09 scfm.
. This ie less thar one percert of lp and is

| negligible,

ingassing and outgassing during and following
containment pressurization has a small effect
on the CILRT results at Monticello, Experience
has shown that the effect of ingassing and
outgassing on tests of BWR contaimments is
elight because of the small internal surface
area compared to a larger PWR type contain-
ment, A BWR alsc has a larger specified value

L TR o
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of L, because of its smaller contaimment volume
which tends to reduce the effects of ingassing
and outgassing. (Reference 2).

The effect of ingassing and outgassing is evi-
dent in plots of containment leakage rate
versus time, As shown in the plot for the
1977 Monticello CILRT, ingassing generally re-
sults in a higher leak rate during the initial
phases of the test and outgassing results in

2 lower leak rate during the final phases of
the test., (Figure 8-1), Terminating the test
following eight hours of data collection would
result in & more conservative leakage rate
measurement than the measurement obtained after
24 hours of testing.

The variation of internal system heat loads is
not a concern during conduct of the CILRT at
Monticello,

During early CILRT's, some difficulty was
experienced in maintaining uniform stable
temperatures throughout the drywell. Since

then a number of procedural and equipment

chenges have been made to peruit confaimment
temperatures to stabilize rapidly following pres-
surization and to remain essentially constant
during the test. During the 1977 CILRI, over

the 24 hour duration of the test, the temperature
change amounted to less than 0.7°R. (Table 7-1),

The only significant heat load inside contain-
ment during the CILRT is the reactor vessel.
Careful regulation of reactor water temperature
by adjusting the RHR heat exchanger inlet valve
prevent  variations in this heat load., Strati-
fication of water within the reactor vessel is
prevented by running one recirculaticn pump at
minimum speed throughout the test.

Diurnal ezfects relating to variations in the
temperature of containment cooling water are

not a2 concern during the conduct of the CILRT

at Monticello. The worst case diurnal variation
in river water temperature is + 3°F during a

hot sunny day in July or August. During the
autumn, winter, and early spring months, daily
temperature variation is less than + 1°F. CILRI's
are conducted during refueling outages which are
generally scheduled in late autumn and early
spring,
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Diily cooling water temperature variation is
therefore small and gencrally has a negligible
effect on RHR heat removal rate or contaimment
fan cooler heat removal rate. In each case,
however, these temperatures are closely monitored
during the CILRT to prevent significant varia-
tion in average containment air temperature,

Since the Monticello containment vessel is
entirely enclosed within the Reactor Building,
the containment shell is not subjected to diurnal
ambient temperature changes. Containment shell
temperature remains essentially constant over the
course of the test.

We have been unable to detect any diurnal varia-
tion in containment leak rate versus time. Refer,
for example, to Figure 8-1 which shows no depen-
dence on time of day, Plots of all Monticello
CILRT results may be found in References (3)
through (7).

Digscuse and justify the baseis for the selection of an eight
hour srabllization pering,

Response

A eight hour stabilization pericd will not be used,

Current procedures require a four hour stabilization period
and this has generally been adequate during past CILRT's.

Future tests will use a temperature stabilization criterion,

Following containment pressurization to Pa plus one psi, con-

tainment temperaturc sensors will be read every 10 minutes.

The containment atmosphere will be considered stabilized when
the change in weighted average air temperature averaged over

an hour does not deviate by more than 0,5°R/hour from the
average rate of change of temperature measured over the previous

four hours.

the time when stabilization is essentially complete.

The acceptance criteria proposed in your September 2, 1977
submittal is based on a point-in-time measurement. Discuss
the manner by which leakage rate trends will be reflected
in the acceptance criteria.

NESDPONSE

The mass plot method of computing CILP™ leakage rate is
rapidly becoming the standard in the industry. The method

] 7=

This is & widely used criterion for detemining

Bt
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hus a number of advantages over older methods. The method
generally results in marrower confidence intervals for leakage
since maximum use is made of all measured data,

The mass plot method involves the assumption of a linear
relationship between the containment ai:- mass, W, and time,
t. Thie is equivalent to assuming a constant rate of change
of containment air mass, This rate of change is the contain-
ment overall leak rate, L.

L is, in fact, a function of the differential pressure across
the containment shell and penetratioms. 1t may also be in-
fluenced to some extent by other factors such as temperature.
In actual tests of a reactor containment vessel, however,
these effects were shown to be very small, (Reference 8).

During a CILRT, pressure will stay within 2% of Py. Assuming
A conservative laminar flow through leakage paths, this varia-
ticn in test pressure results in a 2% change in L. This
change is within the statistical uncertainty of the mess plot
method. Temperature effects on the measured value of L are
negligible since temperature remzing constant within 194
throughout the test. Because of the slight dependence of L

on test pressure, 2 larger value of | will be measured if the
test duration ig short,

10 swmmarize, the mass plot method assumes & constant contain-
ment leak rate, L. In actuality, there is a slight dependence
of L on test pressure, This could be taken into account by
fitting @ higher order polynomial to the W versus t data at
the expense of complicating the statistical analysis of the
data, This is unnecessary, however, because of the very
small departure of the W versus t relationship from a

straight line. The linear assumption for the relationchip
yields conservative values of 1 if the test is terminated
before test pressure falls below P,.

Identify the procedures that will be used when excessive
leakage is encountered during the performance of a CILRT.

Regoornise
S T I

ihe Monticello Technical Specifications state:

If leak repairs are necessary to meet the allow-
eble (CILRT) leak rate, the integrated leak rate
test need not be repeated provided local leak
measurements are conducted and the leak rate
differences prior to and after repajirs, when
corrected to P, and deducted from the integrated
leak rate measurements, vield & leakage rate

<18~
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vialue not in excess of the allowable operational
leak rate Lg,.

Appendix J to 10 CFR 50 currently requires a Type A test to
be repeated in the event repairs are necessary to reduce
leakage to an acceptable rate, Therefore, the current Tech-

nical Specifications and Appendix J are in conflict on this
point

We believe that if, during the CILRT, excessive leakage is
identified through a testable penetration, the leakage may be
isvlated end the CILRT continued. Type B or Type C tests made
before and after repairs to the leakage path can be apolied

to the CILRT leak rate to determine the as-found and as-left
overall containment leak rate, A request for exemption from
this requiremert of Appendix J will be submirted to permit

the course of action described to be followed. This will be
included in a supplement to our submittal dated May 5, 1976,

"Request for Exemption from Certain Requirements of 10 CFR 50,
Appendix J,"

<19+



REFERENCES

o

wang lau, L., "Data Analysis During Containment Leak Rate Test,"

Power Engineering, February, 1974, p. 46.

Fleshood, David L, Carolina Power & Light Co., "Containment Leak
Rate Testing: Why the Mass-Plot Analysis Method is Preferred,"

Power Engineering, February, 1976, p. 56.

Reactor Conta nt Buildi ntegrated Leak Test - May, 1973,
submitted by NSP for NRC review August 5, 1973.

Feactor Containment Building Integratod Leak Test - May, 1974,
submitted by NSP for NRC review August 12, 1974,

Reactor Containment Building Integrated Leak Test - November, 1975,
submitted by NSP for NRC review January 23, 1976

Supplement No. 1 to Report of Conta nt Buildi ntegrated Leak
Test - November, 1976, submitted by NSP for NRC review March 16,
1976.

Reactor Containment Building Integrated Leak Test - November, 1977,
submitted by NSP for NRC review February 8, 1978

ube

~
L)

Bingham, G. E., Final Results of the Carolinas Virginia T
Reactor Contaimment Leakage Rate Tests, IN-1399, June, 19,
(TID-4500)




