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1.0

INTRODUCT ION

The Three Mile Island Nuclear Station Unit 1 reactor containment
building was subjected to a periodic integrated leak rate test during
the period from April 15, 1984 to April 19, 1984. The purpose of this
test was to demonstrate the acceptability of the building leakage rate
at the calaulated design basis accident pressure of 50.6 psig

(i:;f). The allowable leakage is defined by the design basis

accident, app.ied in the safety analysis, in accordance with site
exposure guidelines specified by 10 CFR 100, For Three Mile Island
Nuclear Station Unit 1, the maximum allowable integrated leakage rate
at tt('ne t)iesign basis accident pressure is 0.10 percent by weight per
day (Lg).

Testing was performed in accordance with the requirements of

10 CRF 50, Appendi x J, ANSI N45.4 1972, ANSI/ANS-56.8-1981 and the
procedural requirements as stated in GPU Nuclear Corporation Three
Mile Island Nuclear Station Unit 1 Surveillance Procedure 1303-6.1.
This procedure was recommended for approval by the Three Mile Island
Nuclear Station Unit 1 Plant Review Group and approved by the
Operations and Maintenance Director TMI 1 prior to the commencement of
the test. All testing was performed by GPU Nuclear Corporation with
the technical assistance of Volumetrics, Inc. Procedural and
calculational methods were witnessed by Nuclear Regulatory Commission
personnel and audited by the GPU Nuclear Corporation site Quality
Control staff.

The combined local lwakage rate from the reactor containment building
isolation valves and penetrations, required to be tested by 10 CFR 50
Appendix J, was less than 40 percent of the maximum allowable leakage
rate (L;), well below the allowable value of 60 percent, at 50.6
psig prior to the commencement of the integrated leak rate test.

The 1984 "As Found" leakage through contaimment isolation valve IC-v3
was about 24,000 scon. Subsequent repair prior to the ILRT failed to
correct the leakage. The leakage actually increased to about 70,000
scon. During the ILRT IC-V3 was maintained shut with its inboard
isolation valve IC-V2 also shut in accordance with the normal ILRT
valve lineup requirements. No special consideration or valve lineup
was performed on tne affected penetration during the ILRT. Repair was
accomplished after the ILRT and the "As Left" leakage through IC-V3
was 7813 scom, which was acceptable.

The calculated leakage rate based on the mass point method of
analysis, for a period of 24 hours was found to be 0.0374 percent by
weight per day at 50.6 psig. The leakage rate at the upper bound of
the 95 percent confidence interval was 0.0405 percent by weight per
day which is well below the allowable leakage rate of 0.075 percent by
weight per day at 50.6 psig. The low inteqrated leakage rate from the
reactor containment building, approximately one-half of the allowable
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ieakage rate, provides assurance that the reactor containment building
is capable to perform its intended safety function.

Since the Industrial Cooler System was in operation during the
integrated leak rate test, addition of the local leakage rate of the
system isolation valves, RB-V2A and RB=V7, (1321 sccm and 1201 scom
respectively) to the measured integrated leakage rate must be
considered. The combined local leakage rate of these isolation valves
is 0.0015 percent by weight per day. The addition of these values
changes the calculated leak rate at the upper bound of the 95%
confidence level to 0.0420.

The supplemental instrumentation verification at P,~ was 15.8% which
is within the 25 percent of L, requirement of 10 C?i‘?: 50, Appendi x J,
Section III A.3(b)

2 000sU



2.0
2.1

2.2

GENERAL AND TECHNICAL DATA

GEVERAL DATA

Owner:

Docket No.:

Location:

Containment Description:

Date Test Completed:
TECHNICAL DATA

Containment Net
Free Volume:

Design Pressure:
Design Temperature:

Caloulated Accident
Peak Pressure:

Calculated Accident
Peak Temperature:

General Public Utilities
Nuclear Corporation

50-289

Three Mile Island near the Eas* Shore
of the Susquehanna River in Dauphin
County, Pennsylvania.

Reinforced concrete structure composed
of cylindrical walls (prestressed with
a post-tensioning tendon system in
vertical and horizontal directions),
with a flat foundation mat
(conventional reinforcing) and a
shallow dome roof (prestressed
utilizing a three-way post tensioning
tendon system). The inside surface is
lined with a 3/8" thick carbon steel
liner.

April 19, 1984

2 x 106 cubic feet
55 psig
28107

50.6 psig

281F

006U



ACCEPTANCE CR1TERIA

Acceptance criteria established
10 CFR 50, Appendi x J, ANSI N45, ¢
follows:

The measured leakage rate (Ly,) at the calculated design basis
accident pressure of 50.6 psig (P5.) shall be less than 75
percent of the maximum allowable leakage rate (L), specified
as 0.10 percent by weight of the building atmosphere per day at
the upper bound of the 95 percent confidence level. The
acceptance criteria is determined as follows:

Ly = 0.10%/day

0.75L5 = 0.075%/day

The test instrumentation shall be verified by means of a
supplemental test. Agreement between the containment leakage
measured during the Type A test and the containment leakage

termined during the supplemental test shall be within 25
percent of L.




4.0 TEST INSTRUMENTATION

4.1 SUIMMARY OF INSTRUMENTS

Test instruments employed are described in the following subsections:

4,1.1 Temperature Indicating System

5 Resistance Temperature Detectors

Quantity 23

Manufacturer Yellow Spring Instr.

Type YSI Model, 4150-1/4-6-3-138-AW-G1/2-QR
(platinum)

Range, OF 60-120

Acauracy, OF +0.1

Sensitivity, OF +0.01

4.1.2 Dewpoint Indicating System

Dewcell Elements

Quantity 10

Manufacturer Foxporo

Type BO154WB, Lithium Chloride
Range, OF 40-100

Acauracy, OF +2.0

Sensitivity, OF +0.1

4.1.3 Pressure Monitoring System

Precision Pressure Gauges

Quantity 2

Manufacturer Texas Instruments (Modified by
Volumetrics to interface with ILRT
System)

Type Model 145.02
5 0006U
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Range, psia 0-100

P ccuracy, psia +. N 5% of indicated pressure

Sensitivity, psi +0.001
4.1.4 Supplemental Test Flow Monitoring System

i

Flowmeter
Quantity 2
Manufacturer Sierra
Type Model 14636
Range, scfm 0.0 - 20.0
Accuracy, +2% reading
Sensitivity, scfm +0.5% of full scale

4.1.5 Inputs from the aforementioned sensors (with the e xception of the
output from the mass flowmeters) is forwarded to the Data Acquisition
System (DAS) for conversion, display and forwarding to the computer.
The installed DAS unit was a Model A-100, manufactured by Volumetrics.

The DAS unit has the capability of monitoring over 100 channels. For
the ILRT, the channels were utilized as follows:

a.) Precision Pressure Gauge - 2 channels

b.) RTDs = 24 channels (Channels 1 to 24, 1 installed RTD was
not usable during the ILRT)

c.) Dewcells - 10 channels (Channels 30 to 39)
Output from the DAS went to both a hardcopy printer and to a computer.

4,1.6 Sensor input conditioning cards, precision pressure gauges, DAS unit,
etc., were purchased as a rack mounted unit from Volumetrics by GPUN
in March, 1984, Details of the unit and equipment specifications are
available onsite for review.

4,1.7 After the DAS unit converted the signal input into the desired
parameter of temperature, pressure, etc., these values were printed
out on a hardcopy printer and forwarded to the onsite computer for
processing. The computer used averaging and weighting factors as
delineated below:

6 000su



4.1.8

4.1.9

4.1.10

a.) Pressure - average of the two inputs

b.) Temperature - an equal weighting factor of about 4.35% was
assigned to each of the 23 operable RTDs. TMI-1 has 24 installed
RTDs but one of tnese (TE-655V) could not be used due to a ground
somewhere in one of the leads. This RTD was assigned a weighting
factor of zero (0.0%) which effectively removed the signal input
from the average temperature determination.

c.) Dewcells - each of the 10 dewcells was assigned a weighting
factor of 10%, which effectively resulted in a straight average
of the 10 values.

The accuracy of the DAS unit with respect to the different monitored
parameters is given below:

a.) Pressure - direct transfer of the number of counts from the
precision pressure gauges to the computer.

D.) Dewpoint accuracy: + 2.0%%F,
c.) Temperature: + 0.1%. (60%. to 120°F. range)

All operable RTDs and dewcells were assigned equal weighting factors.
This is beceause:

a.) There are very few cubicles inside the Reactor Building,

b.) There is free communication between all levels of the building
and also between the cubicles and the Reactor Building.

c.) The air inside the Reactor Building is continually recirculated
Dy the installed ventilation system.

d.) Almost all of the equipment in the Reactor Building, with the
exception of the aforementioned reciraulating fans and required
instrumentation, was deenergized during the test. This
eliminated any heat producing equipment in the building which
could cause local hot spots.

e.) No stratification has ever been observed during an ILRT,

See Appendi x A for an instrumentation layout followed by a listing of
the computer weighting factors.
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4.2

SCHEMATIC ARRANGEMENT

The arrangment of the four measuring systems summarized in Section 4.1
is depicted in Appendi x A,

The arrangment of temperature sensors can be grouped into five levels

as follows:
Level Elevation
1 287 feet
2 314 feet
3 346 feet
4 365 feet
to
405 feet
S 437 feet

Sensors

TE-655R
TE=-655S
TE-655T
TE-655U

TE-655M
TE=-655N
TE-6550
TE-655P
TE-655Q

TE-655A
TE~655G
TE-£551
TE-655K

TE-6550
TE=655J
TE-655L
TE=-655W
TE-655X
TE-6558

TE-655C
Tr=&55E
TE-655H
TE-655F

The average Reactor Building temperature varied by only .20°F

during the 24 hour test.

Of the 23 RTDs utilized, TE-&55X (365’

Elev.) indicated consistently 1low and TE-655N (314' Elev,) indicated

consistently high.

The average difference was 2,02°F,

results are summarized in Appendix B,

These

This analysis demonstrates that there was no large regional
temperature variation in the Reactor Building and also that no large

temperature fluctuations occurred during this ILRT,

Small

fluctuations, as discussed in section 5.2.2, were noted.
the three Reactor Building recirculation units provided satisfactory

temperature equalization throughout the building.

Uperation of



4.3

4.5

CALIBRATION CHECKS

Temperature, dewpoint, pressure and flow measuring systems were
checked for calibration before the test in accordance with GPU Nuclear
Corporation Procedure 1430-Y-23, as recommended by ANSI N56.8-1981.,
The results of the calibration checks are on file at Three Mile Island
Nuclear Station Unit 1. The supplemental test at 50.6 psig confirmed
the instrumentation acceptability.

INS TRUMENTATION PERFORMANCE

The twenty-three temperature sensors, ten dewcells, two precision
pressure gauges, flowmeters, and readout equipment performed
satisfactorily throughout the integrated leakage rate test. No sensor
or readout equipment malfunctions occurred during performance of the
test.

INS TRUMENTAT ION SELECTION GUIDE VALUE

Justification of instrumentation selection was accomplished, using
manufacturer's sensitivity and repeatability tolerances stated in
Section 5.1, by computing the instrumentation selection guide (ISG)
value. Utilizing the methods, technigques and assumptions in Appendi x
G to ANSI N56.8-1981, the ISG was computed for the absolute method as
follows:
a. Conditions

Ly =0.1%/day

P = 65 psia

T =72.30 °R = 531.99°R dry bulb (typical)

Tdp = 67.29F dewpoint (typical)

t = 24 hours
b. Total Absolute Pressure: ep

Sensor sensitivity error (E): +0.001% of full scale

Measurement system error (e): +0.002% of full scale

% = _’.l:(EF')2 + (cp)zj Vy‘__—no. of sensors |1/2
ep = +[ (0,002 & (0.002)7 | 12/ 7 p/2

ep = + 0.0016 psia

9 oouey




C.

d.

Water Vapor Pressure: ep,

Sensor sensitivity error (E): + 0.10F

Measurement system error (e¢), excluding sensor: + 0.10F

At a dewpoint temperature of 67.20F, the equivalent water vapur
press;_re change (as determined from the steam tablss) is 0.011a2
psia/

Epv L 0. 1°F (0.01149 pSiaM)

Epv = + 0.001149 psia

epv = + 0.19F (0.01149 psia/oF)

epy = + 0.001149 psia

pv* 2 L(Erv)z + (Epv)zj l/y ZL:no. of sensors:! Lz
epy = +| (0.001149)2 + (0.0011492 |V27 | 10 W2

epy = + 0.0005138 psia
Temperature: et
No. of Sensors: 23
Sensor sensitivity error (E1): + 0.019F = + 0.01%R
System Error (°1): + 0.020F = + 0.029R

=+ [:(E?) . (67)2:1 1/2/ Enc. of sersorsjl/2
er=+[ Co1)2 « (0.027 | l/?-‘/ b Ty SR

et = + 0.004662°R

Instrumentation Selecticn Guidge (ISG)

- S Ui L
ISG = + 2400 ( )+ 2(‘*?\:\ - 2 _r) "
T '

t

— 2 —1/2
1SG = + 2400 0.0016 0016 + 2 ')00514 + 2/ 0.00466
T T \ 531.99 /
- /
ISC = + 0.00386
The ISG does not exceed 0.25 L5 (0.025%/day) and it is
10 0oCsU



therefore concluded that the instrumentation selected was
acceptable for use in de*ermining the reactor containment
integrated leakage rate.

4.6 SUPPLEMENTAL VERIFICATION

4.6.1 8 Hour Superimposed Test

In addition to the calibration cheds described in Section 4.3, test
instrumentation operation was verified by a supplemental 8 hour flow
test subsequent to the completion of the 24 hour leakage rate test.
This test consisted of imposing a known calibrated leakage rate on the
reactor containment building. After the flow rate was established, it
was not altered for the duration of the test.

During the supplemental test, the calculated leakage rate was

LC ‘-'Lv' + Lo

where,

Le = calculated composite leakage rate consisting of the
reactor building leakage rate plus the imposed leakage
rate

Lg = imposed leakage rate

Lyr = leakage rate of the reactor building during the
supplemental test phase

Rearranging the above equation,
W= L=l

The reactor containment building leakage during the supplemental test
can be calaulated by subtracting the known superimposed leakage rate
from the calculated composite leakage rate.

The containment building leakage rate during the supplemental test
(:.E-) was then compared to the calculated reactor containment
bullding leakage rate during the preceding 24 hour test (Ly,) to
determine instrumentation acceptability. Instrumentation is
considered acceptable if the agreement between the two building
leakage rates is within 25 percent of the maximum allowable leakage

rate (Ly).

11 000eJ



5.0
5.1

TEST PROCEDURE

PREREQUISITES

Prior to commencement of reactor containment building pressurization,
the following basic prerequisites were satisfied.

a. Proper operation of all test instrumentation was verified. As
noted, one RTD was declared inoperable prior to the start of the
test.

b. All reactor containment building isolation valves, with the
exception of those within the R. B. Cooling System and Decay Hea t
System, were closed using the normal mode of operation. All
associated system valves were placed in post-accident positions.
The Reactor Building Cooling System was in service for
temperature control during the test and the Decay Heat System was
in service to maintain the plant in a safe condition during the
test.

c. Equipment within the reactor containment building, subject to
damage, was protected from external differential pressures.

d. Portions of fluid systems whidch, under post-accident conditions
become extensions of the containment boundary, were drained and
vented.

e. The Penetration Pressurization and Fluid Blodck Systems were
depressurized. Manometers were installed at penetration
pressurization manifolds to provide means for detection of
leakage into the system.

f. Manometers or pressure gauges were installed on the purge valve
interspaces, and access hatch interspaces to provide means for
cetection of leakage into such systems.

g. Local leakage rate testing of containment isolation valves and
penetrations was concluded e xcept that one containment isolation
valve (IC-V3) had high local leakage prior to the ILRT and was
repaired and retested after the ILRIT.

h. Pnotential pressure sources were removed or isolated from the
containment.

; All accessible liner weld channels were vented to the containment
atmosphere.

J. A general inspection of the accessible interior and e xterior
areas of the containment was completed.

12 000sU



5.2
5.2.1

5.2.2

TEST PERFORMANCE

Pressurization Phase

Pressurization of the reactor containment was started on April 16,
1984, at 1700. The pressurization rate was approximately 1.9 psi per
hour rather than the desired 2.5 psi per hour due to low compressor
sizing. Building pressure and temperature were monitored hourly and
the amperage required by the recirculation unit fans (AH-E-1A, 18, 1C)
was monitored about every 2 hours. When containment internal pressure
reached 12 psig on April 17, 1984, pressurization was seaured.
Subsequently at 0830, an inspection team entered containment to
perform the 12 psig inspection. During the 12 psig inspection, one
dewcell and two RTDs were found in their storage position. They were
relocated to their proper test position. The 12 psig internal
inspection was completely satisfactorily and pressurization was
restarted at about 1000 on April 17, 1984.

During pressurization to the 50.6 psig pressure level, the following
observations were made:

a. The water in saveral of the penetration pressurization manometers
was blown out. This was apparently due to slight leakage past
the fuel transfer tube flange gasket.

b. Manometers on the purge supply and exhaust interspaces were
replaced with the original pressure gauges. The purge e xaust
and supply interspace showed an increase in pressure indicating
slight leakage from the inner valve.

€. A verygradual decrease in pressurizer level was noted as
pressure was increased. Concurrently, a gradual increase was
noted in Borated Water Storage Tank level. The allowed
pressurizer level band was broadened as required to accomodate
this level decrease. No makeup water was added to the RCS until
after completion of the ILRT. No increase in Reactor Building
sump level was observed. This loss of water from the reactor
building would cause the leak rate to appear greater than actual.

Final pressurization was securec at 1119 on April 18, when Reactor
Building pressure indicated between 50.7 and 50.8 psig. The
stabilization perinod commenced at 1130 on April 18. The stabilization
criteria was satisfied and the twenty-four (24) hour test began at
1600. Reactor Building pressure at that time was 50.727 psig with an
average temperature of about 72.4%,

Integrat.ed Leak Rate Testing Phase

At 1600 on April 18, 1984, leakage rate testing was initiated. The
following fifteen minute frequency test data was collected (See
AppendixC).

13 000sU



5.2.3

a. Pressure indicated by the two precision gages was recorded.
b. The twenty-three RTD temperatures were recorded.

c. The ten dewpoint values were recorded. The average of the ten
values was converted to vapor pressure by a computer. This
permitted correction of the total pressure to the partial
pressure of air 'y subtracting the vapor pressure.

The use of vapor pressure (Py,), average temperature (T) and the
total pressure (Pr) is described in more detail in Section 6.1. All
original data is on file at Three Mile Island Nuclear Staticn Unit 1.
The plot of average temperature and weight of air was maintained for
each fifteen minute reading (See Appendix D).

At 0100, minor temperature fluctuations were noted due to cycling of
the Industrial Cooler. Initially, the Shift Supervisor attempted to
regulate air temperature by taking manual control of the system.

Small perturbations resul ted, however. At 0700, the Shift Supervisor
was told to maintain the Industrial Cooler Fans in the existing
configuration in manual control. No further temperature perturbations
resul ted.

The aforementioned temperature and pressure indications were monitored
at fifteen minute intervals by the Volumetrics DAS. The data was then
forwarded to a local mini-computer and also to a hard copy printer.
The data was retained by the computer on a floppy disc. The computer
also had a graphics display associated with it to allow the Shift
Engineer to munitor and more easily trend ILRT parameters.

Periodically, the calculated and measured leak rate values were
obtained. A graphic display of leak rate, temperature, pressure,
etc., was also available. This graphics display was very useful in
monitoring and trending the inputs into the computer.

At 1600 on April 19, 1984, the integrated leak rate test was
concluded. A final computer run for 24 hours of data collection
resulted in a calculated containmert integrated leakage rate of 0.0374
percent per day. At the 95 percent UCL, the containment integrated
leakage rate (corrected for RB-V2A/7) was 0.0420 percent per day.

This confirmed the preliminary data and was significantl / below the
0.075 percent per day limit at the 95 percent Upper Con!idence Level.

Supplemental Leakage Rate Test Phase

8 Hour Superimposed Leak Rate

After the 24 hour integrated leak rate test data was obtained and
evaluated, the leakage rate found to be acceptable, and a release
permit had been obtained, a known leak rate was imposed at 2000 on

0006y



5.2.“

April 18, 1584, on the reactor containment building through a
calibrated flowmeter for a period of 8 hours. During this time,
temperature, pressure, and vapor pressure were monitored as described
above. The average superimposed leak for the 8 hour period was 3.27
SCFM. This value equates to an integrated leak rate of 0.0538.
w¥/day. If this value is added to the calculated leak rate of 0.0374
wkday, the leak rate is 0.0912 w¥/day. This is within 0.0158 w¥%/day
of the 8 hr. leak rate of 0.0754 w¥%/day, and, therefore, meets the
requirements to be within 25% of L, (0.025) wX/day.

Depressurization Phase

After all required data was obtained and evaluated. The supplemental
test results were found to be acceptable. Permission from the Rad Con
Department and 0&M Director was obtained, and depressurization of the
reactor containment building was started. A post test inspection of
the building revealed no unusual findings.
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6.0

6.1

METHODS OF ANAL YSIS

GENERAL D ISCUSSION

The absolute method of leakage rate determination was employed during
testing at the 50.6 nsig pressure level. The Volumetrics computer
program calculates the percent per day leakage rate using the mass
point method of data analvsis. The results presented are based on the
mass point method.

The mass point method of computing leakage rates uses the following
ideal gas law equation to calculate the weight of air inside
containment for each quarter hour:

W= 144 PV = KP
RT T
where,
W = mass of air inside containment, 1lbm
K = 144 V/R = 5,3983 x 106 1bm - R - in.

>
P = partial pressure of air, psia
T = average internal containment temperature, °R
V = 2.0 x 106 £t>

The partial pressure of air, P, is calrulated as follows:

P= PTl + PTZ - P
——— WV

2
where,
Pr1 = true corrected total pressure from PI-390, psia
Pr2 = true corrected total pressure from PI-391, psia
Pyv = partial pressure of water vapor determined by averaging

the ten dewpoint temperatures and converting to vapor
pressure, psia.

The average internal containment temperature, (T), is calculated as
follows:

T = sumof 23 RTDs . 459,690R
23

16 N00sU



6.2

The weight of air is plotted versus time for the 24 hour test and for
the 8 hour supplemental test. The Volumetrics computer program fits
the locus of these points to a straight line using a linear least
squares fit. The equation of the linear least squares fit line is of
the form W = W, + Wit where W] is the slope in lbm per hour and

Wy is the weight at time zern. The least squares parameters are
calculated as follows:

Ie® L@ -Z¢ It W

T i i i i i
. S
XX
5 - 7 o
w_N Ltiwi utiuwi
1 3
XX
where,
2 2
Sxx N It - (@t

The weight percent leakage per day can then be determined from the
following equation:

we. %/day = =200,

o

where the negative sign is used since W) is a negative slope to
express the leakage rate as a positive guantity.

STATISTICAL EVALUATION

After performing the least squares fit, the following statistical
parameters were calaulated:

a. Standard error of confidence for the curve fit (Sg.).
b. Limits of the 95 percent confidence interval for the zurve fit.

The significance of the measured leakage rate can then be evaluated in
view of the number of data points exceeding the limits of the 95
percent confidence interval and by the magnitude of the upper bound of
the 95 percent confidence interval for the leakage rate.

Standard error of confidence is defineg as f?llows:
— - — 1/2
il LA R, t
- N"Z !

—

where,
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Wi = observed mass of air

(W + W tj) = least squares calculated mass of air

N = number of data points

This parameter is an epression of the difference between an observed
and a calculated (least squares) mass point. The 95 percent
confidence interval of the fit is twice the standard error of
confidence (2Sg). The "degree-of-fit" is evaluated by determining

the number of data points, Wi, not falling in the interval (W +
Wlt) + 25q.

The 95 percent confidence limit for the mass leakage rate was
calculated per the formulas in ANSI N56.6, N274., It is a measure of
the uncertainty of the measured leakage rate.
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7.0
7.1

7.2

DISCUSSION OF RESULTS

RESULTS AT P,

The method used in calaulating the mass point leakage rate is defined
in Section 6.0. The result of this calculation is a mass point
leakage rate using absolute values of 0.0374 %/day.

The 95 percent confidence limit associated with this leakage rate is
0.0031 percent per day. Thus, the leakage rate at the upper bound of
the 95 percent confidence interval becomes

tam = 0.0374%/day
Lam (at 95% Confidence Limit) = L__ + 0.0031 = 0.0405%/day

The measured leakage rate at the upper bound of the 95 percent
confidence level is below the acceptance criteria of 0.075 percent per
day (0.75 Lg). A comparison of each of the observed weights with

the weights calaulated using the least squares line reveals only four
of the ninety-seven data points do not lie within the 95 percent
confidence interval. Therefore, reactor containment building leakage
at the calculated design basis accident pressure (Pz, of 50.6 psig

is considered to be acceptable.

SUPPLEMENTAL TEST RESULTS

After conclusion of the 24 hour test at 50.6 psig, a mass flowmeter
was placed in service and a flow rate, corrected for pressure and
temperature conditions, of 3.27 SCFM was established. This flow rate
is equivalent to a leakage rate of 0.0538 percent per day. After the
flow was established, it was not altered for the duration of the
supplemental test.

The measured leakage rate (L.) using absolute values during the
supplemental test was calculated to be 0.0754 percent per day using
the mass point method of analysis. The 95 percent confidence interval
associated with this leakage rate is 0.0150 percent per day. Only two
:f the 33 data points were outside of the 95 percent confidence
nterval.

The building leakage rate during the supplemental test is then
determined as follows:

lyr =L = Lo
Lyt = 0.0754 - 0.0538 %/day
Ly = 0.0216 %/day

19 000eU



Comparing this leakage rate with the building leakage rate measured
during the 24 hour test yields the following:

| Bam = byt || (0.0374-0.0216) | = 0.158

The building leakage rates agree within 15.8 percent of L, which is
below the acceptance criteria of 25 percent of La.

Therefore, the acceptability of the test instrumentation is considered
to have been verified.
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8.0 TYPE 8 AND C LEAKAGE RATE HISTORIES

Refer to Appendices G, H, anu I for the report on Type 8 and C testing
performed since the previous Type A test.
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APPENDIX A
INSTRUMENTAT ION
SCHEMATIC
AND VOLUME WEIGHTING DATA
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TMI-1 1984
INTEGRATED LEAK RATE TEST

bl
CHANNEL

-3 A g4

7
i1
13
13
17
19
pil

9
-

pet
i
2
M
3

NO FAUL

THE CONTAINMENT VOLUME (S 4.2008€+47 CUBIC FEET

TYPE OF CONTATNMENT
NO. SENSOR
RTDS 1 4.35
RTDS 3 4,35
aTDe § 63
RTDS 7 4,35
RTDE 9 4.33
RTD#LL 4,33
RTD#13 433
RTD#LS 4.3
RTD$L7 4.35
ATD#L9 4.33
RTD#2L 4,35
RTD823 4,33
DEW CELLS ! N )
Dkw CELLE 3 14,89
DEW CELLY S 0.0
DEW CELLE 7 19,88
DEW CELL® 9 1.4
TY PRESSURE GAGES

NUNBER OF RTDS [N USE ARE 23,

*

g

.

* Individual RTD total greater than 100% due to computer rounding.

PASC ROBLES CALIFORNIA

ILRT SUB-VOLUME NEIGHTING PROGRAM

THE

THE TOTAL PERCENT FOR RTDS (S [64.966 1
THE NUNBER OF OEW CELLS [N USE [S 1M,

THE TOTAL PERCENT FOR DEW CELLS IS (99,264 X

VOLUMETRICS

WEIGHTING FACTOR(Z)

26

0AS
CHANNEL NO.

TYPE OF
SENSOR

RTDS 2
RTD§ 4
RT08 &
RTD# 8
ATD41E
RTD#12
RTOH14
ATDRLS
70418
RTD426
RTD#22
RTDH24
DEW CELLS 2
OEW CELL# 4
DEW CELLY &
DEW CELLS 8
DEW CELL#18

CONTRINMENT
WEIGHTING FACTOR(Z)

B EER T EEERET Ce ca S
MmN g N n €0 en N

4
"o«

<

,-a-,,.a..:-,..n-‘.a.
g i o il e ol

s
Ca W (e
€n S on

e

4.8
18.38
18,98
8.9
1.8
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} F NEIX £
EMATIC ARRANGEMENT Of
TEST INSTRUMENTATION

(SIMPLIFIED)

LEVa37
EVA405
LEV 385
LEVAES
| V396
t 314

7IEN\ /YEN/TEN /TE "\ /TE
5L '44&.‘.' 0 J L5* 54 )
LH )( f )( g )\\.E )(ue } e
" v H i )
TE TE
/ "‘35) ('-‘if‘)
/ : :
TE 7TEN
("EE) {‘.54)
. P
TE\ /TE TE TE
uf»l)CSS) {‘.55) (w54 )
-2 X w o
L v n i
Wala TED .
(D)) ) ()
i v i
TE /TE TE /TE
(055 ) (055 ) (e85 ) (055 )
L N G A
11} v | "
) : TE TE /TE TE \ / TE
(€ "(:"")V'(!‘ ‘(-j‘l‘b“)lu“)(u;‘l)
| 1 1] v | " 11

ILRT

. ”ﬁ

10

'I

TESI
INSTRUMENIT

1E-655 A
1O - 655 X
TE-654
'U (()H‘ll
}] 3‘51)
P1-39)

F1-110

LE GEND

7 TE INSTRUMENT

NO

INSTRUMENTAT ION
CONSOLE /DATA LOGGER

F1\ J
N
g | | P s
—1"’1’

—Hw 1

RID ¢ \;
DEWCELLS

QUADRANT

DEVICE
MANUF ACTURER
RID/YS51
DEWCELL /
FOXBORO
PRESSURE IND./

TEXAS INSTR
55 FLOWMETER/

STEKRA

MA

QUADRANT
ORIEMTATION

10 ATMOSPHERE

GRAPHICS
TERMIMAL

|

ONSITE
MINMICOMPUTER




APPENDIX B
Average Temperature and Maximum
Temperature Differential for the Reactor Building
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APPENDIX B
Average Temperature and Maximum Temperature

Differential in the Reactor Building

TE6S5 TE655
N X

DATE TIME AVG. TEMP. HI TEMP, LOW TEMP, (Hi-Lo)

4/17784 1600 72.370 73.530 71.640 1.8%0
1700 72.350 73.500 71.600 1.9
1800 72.320 73.510 71.370 2,140
1900 72.310 73.490 71.590 1.9
2000 72.330 73.510 71.520 1.99%
2100 72,310 73.470 71.400 2.0
2200 72,320 73.500 71.419 2.09
2300 72.300 73,489 71.340 2,149

4/18/84 2400/0000  72.36° 73.500 71.680 1.820
0100 72.370 73.590 71.719(1) 1.88°
0200 72,330 73,530 71.510 2.020
0300 72,250 73.43° 71.399 2.04°
0400 72.22° 73.38° 71.519(2) 1.87
0500 72.23° 73.42° 71.31° 2.11°
0600 72.42° 73.57° 71.58° 1.99%
0700 72.27° 73.47° 71.42° 2.09
0800 72.26° 73.44° 71.29° 2.19
0900 72.31° 73.47° 71.450 2.0
1000 72.289 73.47° 71.350 2.10
1100 72.320 73.46° 71.400 2.06°
1200 72.280 73,430 71.39%0 2.04°
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1300 72,2% 73.4%
1400 72,320 75,520
1500 72,30 73,509
1600 72,320 73.510

Avg.: 72,310 73,49

(1) RTDs J and X both had the same reading.

(2) RTD J was low reading.




APPENDIX C
Reduced Leakage Rate Data
(24 Hour Test)
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TIME

25

o 75

1.25
1.5
1,75

225
245
275

3.25%
3.5
.75

4.25
4.5
4.75

525
S5
575

6.25
005
675

725
7.5
T.75

* Corrected for water vapor pressure

AVG.
TEMP.

53206

532,03
§32.04
$32.23
532.04
532.03
532+01
532.01
532.01
$532.04
532.01
532.02
532
532.05
532401
532.03
532.02
532
532
532
532
532.01
531499
532
532.01]
532
532
$31.97
531,99
531.97
532,26
532.1
532.05

AVG.
PRESS.
*

OBSERVED
MASS

6‘0729
64,728
64,T24
64,726
64,724
64,725
64,727
64,725
64,722
64,724
64,721
64,722
64,719
64,717
64,719
64,725
64,72

644724
64,72

64,723
64,72

64,717
64,717
64.716
64.718
64,71

6£4.708
64,711
64,707
64.71

64,747
64,727
64,714

**% Least squares fit

656742477
656769 ,66
656716473
656749,37
£56716.73
656739.22
656784,2
656763.91
656733.47
@56716073
556723.32
656721412
656715,37
656633,136
656703,03
656739.22
656700483
656766411
656725.52
656755.96
656725.52
656682,73
656707.42
656684,93
656692,.,88
656624.05
656603.75
656671,22
656605495
656661408
65667H,56
656673.11
656602.92

LOWER BOUND
MASS

656666433
656663,78
656606]),22
656658,66
656656,11
656653,55
656650,99
656648,44
656645,838
656643,32
656640,77
656638,21
6§56635,66
656633,

656630,54
656627.99
656625,43
656622.87
656620,32
650617,76
656615,.,2

656612.65
656610,09
656607,53
656604,98
656602,42
656599.86
656597,31
656594,75
«56592,19
656589,64
6£56587,08
656584 ,52

31

CALCULATED
MASS
Yok

656737.83

656735,28
656732,72
65673017
656727.61
656725.05
656722.5

656719.94
656717.38
656714,.,83
656712.27
656709.71
656707.16
656704,6

656702.04
656699,49
656696.,93
656694,37
65669]1.82
656689,26
656686,.7

656684,15
656681,.,59
656679.03
656676,48
656673,92
656671436
656668,.,381
656666,25
656663469
656661.1‘
656658,58
656656,03

UPPER BOUND
1ASS

65680934
6568B06,78
656806,22
656801.67
6556799,11
65679655
656794
656791444
656788,88
656786433
656783.77
65678]1.,21
656778.66
656776.1
656773,54
656770.99
656768,43
656765.87
656763,32
656760476
656758,21
656755,65
656753,09
656750.54
656747,98
656745,42
656742487
656740.31
656737.75
656735.,2
656732,64
656730,08
656727.53

DIFFERENCE
(OBSERVED-
CALCULATED)

* a939R8245
34 ,3R2045
“15.99]1442
19.,201928
=-10.,878342
14,168419
61,707929
43,970499
16.,086079
1¢9044065
11,052189
11,411579
te2153513
-T1.,236122
« 98440899
39.733%917
3.9007297
T1e734002
33,707183
66,699922
38,81493
-le413722
25.830613
5+895857%
16402917
-49,874126
67611937
2+4164865
=60,303801
“2+6181666
17,421169
14532445
=53.,100357
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532,01
532.09
5J2.22
532.06
532,05
532,03
%32
532,02
53ie%6
531.97
531.96
531.98
531.91
531.92
531493
531.91]
531.89
531.9%
531,92
531.92
SJ1.86
53149
532,02
532,11
532,09
532.01
531.94
531.96
531.96
531.9%
53194
531.95

54.711
64,719
64,736
64,718
64,715
64,712
64707
64,71
64,707
64,704
64,704
64.702
64,701
64,702
64,69
6‘.091
654.695
64,696
64,699
64,695
64,696
64,706
64,71
04,717
64,701
647
64,704
644,699
64,701
64,697
64,702

056621.35
65€604,29
656616,34
656631.17
656613.,07
656607.31
656593.61
656599, 36
£56642,98
656600419
656612453
656637.22
656653.,96
65663)1.46
6£56629.27
£56623.51
656567,01
656595.26
656580,72
656611.,17
656644 ,64
856605441
6£56558,78
656488,31
656584

656520.38
656596463
656612.53
656561.79
£56594,43
£§56566.18
656504 ,58

656581,.,97
656579,41
656576,85
656574,3

656571.,74
6565069,18
656566463
656564 ,07
656561,52
6556558,96
656556,4

656553,85
65655]1.29
656548,73
656546,18
656543,62
65654]1,06
656538.,51
6§56535,95
656533,39
656530,84
656528,28
656525,72
656523,17
656520461
656518,05
£§56515,5

656512.94
656510,38
656507.,83
656505,27
§56502,71

bS@bSJo“?
656650,91
656648, 36
6566‘506
bSQb‘BQZQ
656640,69
656638.13
656635,57
656633,02
656630.,46
6566279
6565625,35
656622.79
656620423
656617.68
656615,12
656612.56
656610401
656607,45
6£56604,89
456602434
656599,78
656597,22
656594 ,07
656592,.,11
656589,55
656587
656584 ,44
656581,89
656579,33
656576.77
656574,22

656724,97
056722.61
656719.686
656717.3

656714,74
656712.19
656709.63
656707,07
656704,52
656701,96
6566G99.4

6566964.85
656694 ,29
056671.,73
656689.,18
6566864582
656684,07
656681451
656678,95
656676,4

6566T73.84
656671.28
656668,73
656666,17
656663,6]
656661,.,06
65665845

656655,94
656653,39
656650.83
656648,27
654445, 72

“31.,617063
-46,620227
-320015009
-14,630781
=30.,17138]
=33,37]1346
-44,52397
-36,210066
9.,9607818
=30,269536
=15,369949
11.874067
3J1.167502
11230369
11591114
8390659
-45,557024
=l4,747927
=26,730415
6.2722546
42.,302782
S5.6273608
=3B.448015
106,36115
-B,1105105
“69,173216
96290136
28,0°1387
«20,09177
15,103595
=10,589763
J0,364829




TIME

16.25
16.5
16.75

17.25
17.5
17.75

18.25
18.5
i8.75
19
19.25
19,5
1975

2025
20.5
20,75

21.25%
215
2le75
22
2225
€245
22475
23
23.25%
23,5
23,75
24

W0 (THE LEAST SQUARES EQ. INTERCEPT POINT= wo =

AVG.
TEMP.

531.96
531.94
531.97
532

531.92
531}93
531495
531.97
S3l.%¢
532

531.98
532.01
531499
531,97
532,02
531.97
532.02
$31.97
532,07
531.98

+532.03

532.02
531.99
532,01
532,05
531.99
531.99
532,02
532,03
532,02
532.02
532.01

AVG.
PRESS.

64e7

h44695
64,693
64,699
64,704
64,0698
64,699
64,702
64,699
64,696
54,698
64,701
h4ée702
64,699
64,704
64,699
64,703
64,701
64,712
64,699
64,705
64,698
64.699
64,704
64,705
64,698
64.701
h4,097
64.708
64,704
64,7

64,698

“41 (THE LEAST SQUARES EQG, SLOPE

SEQC

(STANDARD EPROR OF CONFIDENCE)

95 PERCENT COMF . NENCE LEAK RATE
LEAKAGE RATE

DIFFERENCE
OBSERVED LOWER BOUND CALCULATED UPPER BOUND (OBSERVED~-
MASS MASS MASS MASS CALCULATED)
|
656571.94 656500416 656571.66 656643,16 28237221 |
656545,89 6566976 656569.]1 656840,6 =23,216763 |
65648R,56 656495,08 656566,55 656638,05 =77,981071 |
656512.63 6£56492,49 656563,99 656635,49 =51,56147 |
656661.9]1 656489,93 656561.43 656632,93 100,67713 |
£5658B.67 656487,38 656558,38 656630,23 29,797695 |
656574414 656484,82 656556432 656627.82 17,816275 |
256579.89 656482,26 656553,76 656625.26 26,131452 |
656586.48 656479,7]1 656551,21 656622.71 35,272385
656481.99 6564T7,15 656548,65 656620,15 =66,663713
656526496 656474,59 656566409 656617.59 =19.131338 |
656520,38 656472,04 656563,54 656615,04 =23,158132 |
656555421 656406948 656540,98 656612445 14,230282 \
656549,45 656466,92 656538,42 656609,93 11,02749) |
656538,.,48 656404,37 656535,47 65660737 2.6145816 ‘
656549,45 65646],8]1 656533,31 656606.5] 16140892
656528434 656459,25 656530475 656602426 «2,4191178 |
656569.75 65665647 65652842 6£56599,7 41,549197 |
656557,95 656456,14 656525,64 656597,14 32,310918
656537,11 65645]1,58 656523.,08 656594,59 14,025172
656536429 6566449,03 65652053 656592,03 15.760236
6564T77.6 656446,47 656517,97 656589,47 =40,370364
656524,77 656463,9]1 656515,42 656586492 9.3536666
656550,82 65644]1,36 656512,86 656584,36 37,964247
656511.61 656436,8 656510.3 65658],8 1,30693€8
656514.62 656436,24 656507,75 65657°,25 6.8759447
656545,06 656433,69 656505.19 656876,69 39.,874608
656467,45 65643]1,13 656502.63 656574,13 =35,177864
656546443 6£56428.57 656500408 656571.58 46,359242
656538,48 656426,02 656497,52 656569,02 40,9628°28
656497,89 656423,46 656494,96 656566,.46 2.9321821
656489,94 656620,9 656492,4]1 656563,91 =2,4552%35
|
656737,.83
= W]l = «]0.226199
= SEOC = 35,750628
= LR9S = ,0031471543
= LR = ,037370891
33 N006L
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APPENDIX D .
MASS/TEMPERATURE PLOT
(24 Hour Test)
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WEIGHT OF CONTALNMENT ALR (LBM)
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APPENDIX €

Recuced Leakage Rate Data

(8 Hour Superimposed Leak Test)



TIME

W25

75

1.25
1.5
175

2,2%
245
275

3,25
3.5
375

4,25
4.5
4475

5.25
55
5.75

6.25
6.5
675

Te2%
T+5
Te?5

AVG.
TEMP.

53201
532.03
532.03
532.0]
532,01
532

532

S32.05
532.02
532,04
532.02
§32.02
532.04
531,99
531.99
532

$32.01
532,01
532

532.01
532.03
532.7%2
532

532.0)
532.02
532.02
532.04
532401
531.98
531.95
532

531.95%
531,97

AVG.
PRESS.
*

64.699
64,696
64.697
64,693
644069

64,694
64,691
64,693
64+695
64,695
64,695
64,689
64.094
64,688
64,682
64,689
64,685
64,688
64,685
64,686
64,685
64.68

64,682
64,564
64,685
64,68

64,679
64,685
64,682
64,68]
64,675
64.67

64,078

OBSERVED
MASS

6565004089
656444 ,97
656455,12
656439,21
656408476
65646) ,69
65643].25
656389 .85
656447.16
656422,48
656447,16
656386,28
656412.34
656413,15
656352,.,26
656410496
656358,03
65638R.47
656370437
656368.,18
656333.36
656294 .96
656339,93
656347,88
656345,69
65629%94,96
656260,14
656358.03
656364,.6
65639 .47
656268,.9
65627964
656336,35

LOWER BOUND
MASS

£56395,89
656390,73
6560335,58
656360,42
656375,.26
656370,1
656364,95
656359,79
656354,63
656346,47
656344,32
656339,16
656334
656328,64
656323,69
656318,53
656313,37
656308,22
656303,006
656297.9
656292,74
6502687.59
6562682,43
656277,27
656272411
656266,96
65626],6
656256,64
656251.,48
656246,33
656241,17
656236401
656230,65

CALCULATED
MASS
%%k

656462.03
656456,87
65645]1,.71
656446,56
656“1.‘

656436,24
65643]1.09
656425,93
656420,.77
656415,61
656410.,46
656405,3

656400,14
656394 ,98

656389,83°

656364,67
656379.51
656374,35
656369,2

656364,04
656358,488
656353,72
656348,57
656343,41
656338,2%
656333,1

656327.94
656322.78
656317.62
656312447
656307,31
656302.,15

UPPER BOUND
MASS

656528.17
656523,01
656517.85%
656512.7
656507.54
656502, 38
656497,22
656492407
656486491
656481,75
656476,59
65647],44
656466428
056461,12
656455,97
656450,81]
656445,65
656440,49
656435,34
656430.18
656425,02
656419.86
656414,7)
656409,55
656404,39
65639%,23
656394,08
656388,92
656383,76
656378.6
656373,45
656366429

DIFFERENCE
(OBSERVED-
CALCULATED)

36.058227
-11,90328
3.4007087
=7.3515699
«32.,635159
25,449454
« 16529339
«36.07374)
264390311
6&,B8B710826
36,705072
-19,0)834)
12.196806
18,164008
«37.5627838
26.28735%7
214481542
l4,116808
11707761
41375863
-25.525742
~56.765728
-8,6412434
4,4731317
T«4404087
'3‘0136206
«67,796] 3]
35.,249643
46,9784 -
79.004167
«38.412463
«22:310545

wo
wl
SEOC

(THE LEAST SQUARES EQ,
(THE LEAST SQUARES EQ, SLOPE
(STA'IDARD ERROR OF CONFIDENCE)
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APPENDIX F
MASS/TEMPERATURE PLOT

(8 Hour Superimposed Test)
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THREE MILE ISLAND UNIT 1

1982 REACTOR BUILDING LOCAL LEAK RATE TESTING REPORT
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REACTOR BUILDING LOCAL LEAK RATE TESTING REPORT

1982 REFUELING FREQUENCY

1. PURPOSE
1.1

To provide analysis to the Nuclear Regulatory Commission
on the type B and type C leakage tests performed on the
Three Mile Island Unit 1 Reactor Building in the interval
between the sixth and seventh periodic refueling frequency
leak tests.

This is in accordance with "Reactor Containment Leakage
Testing for Water Cooled Power Reactors". Appendi x J,
Part 50, Title 10 Code of Federal Regulations which
required the contents of this summary report to become
part of the Type A test report along with the details of
any other type B and type C testing performed since the
previous type A test (also required per technical
specification 4.4.1.1.8).

The unit has been in cold shutdown since the March 28,
1979 Unit II accident.

2. SUMMAR Y OF WORK ACCOMPLISHED

2.1

2.2

Valve Testing/Repairs

During the time period covered by this report Appendix J
Type B and C leak tests were performed on the components
as listed below.

AH-V1A/1B8/1C/1D

& Personnel Access Hatch.

. A Emergency Access Hatah.

Monthly leak checks were done when convenient starting in
May 1982 in addition to annul tests of R. B. Purge valves
AH-V1A/B/C/D due to recurring seat leakage. Results on
these leak chedks were used to epedite timely

ad justments/repairs.

Access Hatch Testing/Repairs

2.2.1 Door Seals SP 1303-11.25 - Several door seal tests

were performed though not required in the cold
shutdown plant conditions <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>