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1.0 SUMMARY

A reactor building containment integrated leak rate test (CILRT) was
successfully corducted at Sequoyah Nuclear Plant (SQN) unit 2 March 19,
1989, iu conjunction with the cycle 3 outage. The CILRT was concluded in
10 hours and 40 minutes and included 65 samples. The measured total time
leak rate was 0.011326 percent per day.

The "as-found"” condition of the reactor building primary containment (the
condition of the containment at the end of the operating cycle) proved to
be leak-tight and demomstrated the leak-tight integrity of unit 2. The
“as-found" reportable 95 percemt UCL, including the addition of the local
leak rate test (LLRT) "leakage savings", was only 0.079 percent/day and
is less than half of the allowszble 0.1875 percent per day. This
improvement over the previous leakages recorded for unit 2 is attributed
to improved maintenance and expansion of the LLRT program.

The iritial CILRT attempt after 23 samples taken at 12:04 March 17, 1989
measured a leakage rate of approximately 6.24 percentage of contaimnment
air mass per day (percent per day) as calculated by the total time leak
rate (TTLR) method procedure outlined in Bechtel's topical report,
“Testing Criteria for Integrated Leakage Rate Testing of Primary
Containment Structures for Nuclear Power Plants" (BN-TOP-1, Revision 1).
Operations and Test personnel discovered two penetrations causing the
excessive leakage problem and had operations personnel isolate them.
First, the Reactor Coolant Drain Tamk (RCDT) outboard FCV, 2-77-10, on
penetration number X-46 was found in the open position. The CILRT
procedure listed this valve in the closed position except when draining
the RCDT. The total time leakage rate dropped from 6.24 percent per day
to 0.20191 percent per day after operations isolated 2-FCV-77-10.
Secondly, the lower Essential Raw Cooling Water (ERCW) penetration number
X-59 was found to be leaking though the outboard vents 67-693A and
67-693C. The total time leakage rate dropped from 0.20191 percent per
day to 0.011326 percent per day afte: operations closed these outboard
vents.

The CILRT was then successfully completed on SQN unit 2. The final
reportable leakage rate was .011326 percentage of containment air mass
per day as calculated by the TTLR method, ané the observed 95 percent
upper confidence limit (UCL) was 0.0620 percent per day. The above
mentioned 95 percent UCL includes leakage measured from tvpe B&C tests
for testable lines that were in service during the test. The reportable
leak rate was only 33 percent of the allowable 0 1875 percent per day
(0.75Ly). The March 18, 1989 "as-left" CILRT leakage rate also shows a
vast improvement over the previous leakages recorded for unit 2, proving
the "as-left"” condition of the reactor building primary containment to be
leak-tight.

Appendix D shows a complete summary of the LLRT performed on SQN unit 2
since the cycle 2 CILRT performed in November 1984.
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2.0 I4TROPUCTION

As prescribed in Sequoyah Nuclear Plant (SQN) unit 2 Technical

Specification 4.6.1.2, the leakage of air from the boundary forming the

reactor building primary containment is limited to 0.25 percent by weight

of the containment air mass per day at a pressure of P,, 12.0 psig. In

conformance with Title 10, Code of Federal Regulations, Part 50,

Appendixz J, BQN Technical Specifications require that a reactor building |
CILRT be performed as part of the surveillance programs to demonstrate

the continuing leak-tight integrity of the reactor building primary

containment.

SQN unit 2 by personnel of the Tennessee Valley Authority (TVA) om
March 19, 1989. This test was conducted in accordance with a
plant-approved surveillance imstruction (8I), SQN SI-156, which is on
file at the plant site. This SI implements the requirements of SQN unit
2 Technical Specaifications and 10 CFR 50, Appendix J. The American
National Standard for Containment Testing, ANSI 45.4-1972; the proposed
American Nuclear Society for Containment Testiag, ANS 56.8; and the
procedure outlined in Bechtel's topical report, "Testing Criteria for
Integrated Leakage Rate Testing of Primary Containment Structures for
Nuclear Power Plants" (BN-TOP-1, Revision 1), provided guidance for the
procedure implemented by the SI.

|
!
The second inservice reactor building CILRT was successfully completed on
|
1
|

employing an ice condenser pressure suppression containment. The Final
Safety Analysis Report defines the calculated peak accident pressure,
Py, to be 12.0 psig. The reactor building containment is divided into
four major compartments for the CILRT analysis--the lower ice condenser
compartment which houses the energy-absorbing ice beds, the upper ice
condenser compartment which encloses the support eguipment for the ice
condenser system, the lower compartment which contains the reactor and
the main piping systems, and the upper compartment which provides for a
large work area within containment and also can accommodate the displaced
air mass from the other compartments in the unlikely event of a
loss-of~coolant accident (LOCA). These four compartments are connected
by means of blowout panels located between the lower compartment and the
lower ice condenser compartment and between the upper and upper ice
condenser compartments. In the event of a LOCA, steam flows from the
lower compartment through the ice condenser compartments and into upper
containment. The upper compartment is sealed from the lower compartment
to ensure that any steam released ir an accident will be forced through
energy-absorbing ice beds., For che performance of the CILRT, the lower
and upper compartments were not sealed from each other to promote the
free flow of air in co. tainment.

|
SON unit 2 is a 3,4ll-megawatt therm: ], pressurized-water reactor
|
|
|

This report outlines t’.« objectives, principal events, special equipment
used, and analysis of the test results for the CILRT completed on
March 19, 1989, om SQN unit 2.
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3.0

TEST _PURPOSE

The objective of the inservice CILRT was to demonstrate the leak-tight
integrity of the unit 2 reactor building containment for returan-to-power
operation.

For SQN unit 2, the leak-tight integrity is defined in Technical
Specification 4.6.1.2 to be that the leakage of air from containment is
not to exceed 0.1875 percent per day (0.0078 percent per hour) at peak
accident pressure, P,.

CONRUCT OF TESI

In compliance with Surveillance Instruction SNP §I-157, LLRTs were
performed on containment closures (hatches and resilient seals), bellows,
and electrical pemetrations. LLRTs were also performed on valves forming
the boundary of the primary containment in accordance with surveillance
instruction SNP S1-158.1. The above mentioned surveillance instructions
were performed prior to the CILRT. All valves and penetrations
satisfactorily met leakage requirements prior to the performance of the
CILRT.

The initial pressurization of primary containment to 12.534 psig was
completed at 08:19 on March 17, and the pressurization penetration (X-54)
was isolated.

The stabilization period began at 08:20 on March 17, during which the
primary containment boundary was tested for previously undetected leakage
using a soap solution. The imitial CILRT attempt after 23 samples taken
at 12:04 March 17, 1989, measured a leakage rate of approximately 6.24
percentage of containment air mass per day (percent per day) as
calculated by the TTLR method procedure outlined in Bechtel's topical
report, "Tes*ing Criteria for Integrated Leakage Rate Testing of Primary
Containment Structures for Nuclear Power Plamts" (BN-TOP-1, Revision 1).
Operations and Test personnel discovered two penetrations causing the
excessive leakage problem and had operations personnel isolate them.
First, the Reactor Coolant Drainm Tank (RCDT) outboard FCV, 2-77-10, on
penetration number X-46 was found in the open position. The CILRT
procedure listed this valve in the closed position except when draining
the RCDT, The total time leakage rate dropped from 6.24 percent per day
to 0.20191 percent per day after operaticns isolated 2-FCV-77-10.
Secondly, the lower Essential Raw Cooling Water (ERCW) penetration number
X-59 was found to be leaking though the outlisard vents 67-693A and
67-693C. The total time leakage rate dropped from 0.20191 percent per
day to 0.01132€ percent per day after operations closed these outboard
vents.

Reverification of stabilization criteria was successfully completed at

08:15 on March 18. The temperature and pressure data takem during the
stabilization period are shown graphically in figures 10 and 11l.
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The CILRT sampling veriod began at 08:41 and was conducted for 10 hours
and 40 minutes with 65 data samples collected.

After the completion of the CILRT, a supplemental imposed leakage
verification test was conducted to check the results of the CILRT. The
imposed leakage was measured using a mass flow meter technigue, utilizing
a Hastings Mass Flowmeter. A leakage rate (Lg) of 1.046 L, was

imposed on thr containment building. Agreement, as shown in Appendix B
using TTLR, between the CILRT and the verification test was found to be
~0.03871 L, which is clearly withio the & 0.25 L, reguired by

10 CFR 50, Appendix J.

Figure 1 depicts the seguence of events for the CILRT and its
verification conducted March 16-19, 1989. The following is an accountiag
of significant events occurring during the test program.

03/10/89 17:45 RCS pressurizer water ievel sensing line connected
to CILRT equipment.

03715789 04:00 Received ADMIN control of contaiament.

03/16/89 14:40 Lower airlock door seals tested.

03/716/89 15:01 Upper door seals complete, tested airlocks |
configured.

03/16/89 15:45 RTD locationm l4-channel 14 was reading erratic
while channel 114 was reading good. Removed from
data base and rebased.

DPE location 9-7/PE for this location could not b2
located. Removed from data base and rebased.

03/16/89 20:50 Pressure in containment is approximately 4 PSIG.

U3/15/89 21:15 Containment entry to check electrical connections.

03717789 01:41 Pressurizer water level verified and okay.

| 03/17/89 01:58 Compressors unloaded for 5 minutes and then brought
| back oun.

03/27/8% 01:54 Channel 234 jumped from 22.44 to 24.99 while channnal
235 continued with steady rise. Started watching
gauge closely for any additional abnormal jumps.

| 03/17/89 02:29 No clnge in pressure rate after cycling compressor.
|

03717789 02:43 Compartment 3 pressure reading is lower than other
compartment readings. Watched it closely.

| 03/17/89 02:43 Pressure is approximately 8.6 PSIG.

e 0243C/COC3



03717789

03717789

63/17/89

03/717/89

G3/17/89

03/717/89

03/17/89

03/17/89

03/17/89

03/17/89

03/17/89

03717/89

03717/89

03717789

03/17/89

03717789

03/17/89

03717789

03:27

03:55

04:23

04:34

05:27

07:40

08:19

08:20

11:00

12:00

12:30

13:30

13:54

14:35

14:50

15:04

15:30

15:40

Channel 234 is about 1.5 psi higher than redundant
channel.

RTD channel 201, local KTD 002 is reading
erroneously.

Channel 234 is about 0.9 psi higher than reduncant
channel 235.

Pressure inside containment = 10.16 psig.
E04356 mensor temperature reading is high.

Failed instrument ID local 2 due to erratic
readings. Absolute pressure at 26.87 psia.

Reached .est pressure at 27.023 psia.
Began stabilization phase (sample No. 1).
Isolated 2-67-693A which is vent for 67-87/88.

Stabilization data indicates MLR of approximately
6 percent per day. ERCW is suspect.

After 4 hours of stabilization data, the temperature
stabilization criteria was met with a value of .1138
of/hr. Made containment entry to isolate ERCW
valves so stabilization phase will continue.

Floor drain backed up. Identified water leaking
from 62-637, isolated 62-637.

Point to point leak rate dropped from 5.73
percent/day to 0.35 percent/day.

2-67-563A was closed.

Rebased backup computer to sample No. 34. MLR
dropped to 0.30 percent per day after one hour and
five minutes of data.

Completed costainment entry.

(Approximately). During containment entry, ASE
detected flow through RCDT; had unit operator close
77-10.

Changed sample f aquency from 10 to 15 minute
intervals during stabilization period.

. . 0243C/COC3




03/17/89

03717/8%9

03/17/89

03717789

03/717/89

03/717/89

03/17/89

03/17/89

03717789

03/717/89

03/18/89

03/18/89

03718789

03/18/89

03/18/89

03718/89

03/18/89

03/18/89

03/18/89

03718789

03718789

03718789

17:15

18:00

18:10

18:40

19:30

20:00

20:30

20:57

22:35

23:1%

01:18

01:30

01:56

01:57

02:01

03:08

03:41

04:04

04:10

04:33

04:44

04:58

MLR at 0.38 percent per day with 3.22 hrs. of date.
2nd containment entry to let operations pump sumps
down to zero levels.

Aligned non-essential control air to containment to
drain sump.

Started draining sump.
Sump drained.
Containment exit for crew that drained sump.

CVCS seal return realigmed for ILRT; individual
block valves for RCPs isclated.

Fitters enter airlock to blank off 2A ERCW cooler.

2A lower containment vent cooler + 2A CRDM vent
cooler blanked off.

Cooler still gurgling after blanking outlet.

Ultrasonic leak detector taken inside to help leak
check.

Coolers isolated but still leak.
Fitters exit containment.
67-576A + 67-576C capped closed.

67-693A closed (had been reopened to prevent water
leakage in annulus earlier.)

67-693C closed.
Reverified pressurizer level is tracking correctly.
Containment exit with ultrasonics.

MLR at 1.07 percent per day when rebased data is
sample No. 87 (taken at 02:15).

Rebased stabilization phase to 03:45.
MLR at 0.228 percent per day.
MLR at 0.57 percent per day.

Turning off lights inside.
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03/18/89 05:07 MLR at 0.072 percent per day.

03718/89 05:47 Containment entry to check 67-777 and 67-574C. No
water.

02/18/89 06:02 Lights turned out in No. 1 fan roocm.

03/18/89 06:20 Exited contaimment. Verified door confiqﬁrations
are correct.

03/18/89 08:15 Rebased stabilization to look at last 6 hours of
data. Stabilization phase will contain sample Nos.
87-111. CILRT phase will begin with sample No. 113
at 08:41 on 3/18/89. The temperature criteria was
excellent for the stabilization period. GSample
frequencies chaaged to 10 minute intervals for test
phase.

03718789 13:00 MLR at 0.0246 percent/day with 4:13 hrs. data.

03/718/89 15:50 MLR at 0.0182 percent/day with 7:11 hrs. data.

03/18/89 16:50 Sample No. 159 showed an abnormal drop in pressure
occurred for gauge No. 1, therefore, gauge was
deleted from data base and data recalculated.

03/7/18/89 16:55 With sample No. 162 MLR at 0.0247 percent per day
with gauge No. 1 removed, 8:17 bours of data.
Average pressure at 12.309 psig.

03/18/89 17:11 Completed CILRT at sample No. 164. Began taking
verification sample No. 1.

03/18/89 18:11 Waiting on operations to resclve problem of how to
open verification flow path.

03/18/89 19:29 Established verification flow. Will rebase start of
verification to sample No. 178 and include samples
165-177 in the ILRT phase.

|

03/18/89 19:35 Verification flow established at 113267.4 SCCM.
03/18/89 21:00 Rebased verification phase to sample No. 181 (at

20:02). |
03719789 01:25 Verification completed, samples 181-213.
03/19/89 02:26 Began depressurization of containment.
03719789 08:30 Depressurization complete. HP says o.k. to go iun.
03719/89 09:00 Post-test calibration started.
03719789 14:30 Post-test calibration complete.

03719789 Return ADMIN control of reactor building.
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The CILRT and subsequent verification tests were completed at 01:25 onm
March 19, 1989, and administrative control of the reactor building was
released at 16:00 hours. Test personnel then immediately began
investigation of the excessive leakage problems associated with
penetration numbers X-46 and X-59.

The excessive leakage from penetration X-46 was found to have occurred
because the RCDT outboard FCV, 2-77-10, on penetration number X-46 was
incorrectly lined up in the open position. The inboard FCV, 2-77-9, was
correctly b’ocked open during the CILRT to allow draining of the RCDT.
FCV-2-77-9 must be blocked open during the CILRT because it is an air-
operated valve which fails closed when control air is isolated from the
containment building. Since both the inboard FCV (2-77-9) and the
outboard FCV (2-77-10) were open, a direct leakage path from containment
occurred via the refuel canal drain lines, which are isolated during
normal operation and usually isclated during mode 5. After FCV-2-77-10
was isolated Auring the initial CILRT attempt, the leakage rate dropped
from 6.24% per day to 0.20191% per day. CAQR SQP 890195 was initiated to
investigate the CILRT valve line-up problem. and the results required a
revisirn to the CILRT procedure to add additiomal instructions for
tagging the handswitch for FCV-2-77-10.

The excessive leakage from penetration X-59 was also thoroughly
investigated and showed the following results,

Penetration X-59 had been tested per SI-158.1 on 3/3/89, and based on
test results, an “"as-left" path leakage rate of 0.3266 SCFH was
anticipated. During the parformance of S§I-156 on 3/17/89, the path
leakage rate appeared to be considerably higher. The 3/3/89 §I-158.1
local .ieak rate data for penetration X-59 showed that 67-88 leaked 0.4338
SCFH and 67-87/575A leaked 0.3266 SCFH. A unit action plan was initiated
on 3/18/89 to measure post-CILRT leakage and, if different from the
51-158.1 "as-left” data, to determine the cause. The valves were tested
in place after conclusion of the CILRT. The post-CILRT leakage rate data
showed that 67-88 leaked 570.4995 SCFH and 67-87/575A leaked 171.6762
SCFL. CAQR 890169 was initiated 3/19/89 to determine the cause for the
excessive Jeakage through penetration X-59. Maintenance was performed to
inspect and repair these valves. The results showed that the valve disc
on 67-88 was traveling past the normal seating position and a 0.016"
clearance between the disc and seat had opened. Next, it was found that
the valve disc on 67-87 was traveling just slightly into the seating
area. Mainten.nce personnel removed the check valve bonnet and found
that 67-575A had dirty seats from residue after evaporation of ERCW. All
valves were inspected in the closed position. Each valve was cleaned or
adjusted and reassembled for final “as-left" local leak rate testing per
§1-158.1. The final "as-left" S5I-158.1 leak rate data taken 3/22/89
showed that 67-88 leaked 0.0000 SCFH and 67-87/575A leaked 0.0000 SCFH.

The CACR invescigation evaluated the historical record of these valves
for generic implications per SQN AI-12 Part IlI paragraph 2.9.4.B.7 to
avoid re.vrring CAQRs. The "as-found" SI-158.1 leak rate data showed
that eleven of the seventeen lower ERCW tests had 0.0000 SCFH leakage.
Four more of these ERCW inboard isolation valves showed a leakage of
0.0000 SCFH following maintenance on the associated inboard check

=10~ 0243C/COC3



valves. During the performance of SI-156, only penetration X-59 showed
leakage in excess of the expected amount. Therefore, the excessive
leakage associated with pemetration X-59 certainly appears to be an
isolated incident and not a recurring problem or a programmatic
deficiency.

The investigation researched the cause for penetration X-59 to exhibit a
path leakage rate higher thar what was expected following the 3/3/89 "as-
left" SI-158.1 test. Pertinent event records were reviewed to gather
information on all maintenance, modifications, inspections, and testing
activities conducted on the lower ERCW system from 3/1/89 to 3/17/89.
This included: operations configuration comtrol logs; work comntrol group
records; MOVAT maintenance records; mechanical maintenance records;
modifications work plans; SI-158.1 chronological log sheets; and the
8I1-156 log book. The local leak rate procedure SI-158.1 used to perform
the 3/3/89 "as-left"” leak rate tests was thoroughly reviewed and
personnel interviews were conducted with the leak rate testers

involved.

MOVATS records for the 2/15/89 testing of 67-87 showed an open to close
stroke time of 57.45 seconds and a close to open stroke time of 57.25
seconds. The 3/20/89 post-CILRT MOVAT test was made withou'. adjustments
and showed an open to close stroke time of 57.5 seconds along with a
close to open stroke time of 57.54 seconds. However, the fact that the
2/15/89 and 3/20/89 MOVAT tests are virtually identical only indicates
that the valve operator was performing as expected. The MOVAT stroke
time test does not indicate valve position because there are no internal
travel stops inside this type of butterfly valve. The travel stop limits
for this type of valve are set in the valve operator itself. The
operator limits were adjusted 3/22/89, and the subsegquent MOVAT test data
showed an open to close time of 59.96 seconds and a close to open time of
$9.92 seconds. The final “"as-left" SI-158.1 leak rate tost on 3/22/89
showed that 67-87/575A leaked 0.0000 SCFH.

Mechanical Maintenance used WRB 753972 to remove 67-88 from the X-59 line
on 2/4/89 for inspection and repairs. The valve body and the operator
were physically separated during the maintenance process. The valve
seating surfaces were inspected and cleaned, and on 2/5/89, 67-88 was
reinstalled in the line. Then the valve operator was attached to the
valve body. This sequence of installing the valve body without the
operator attached precludes the visual confirmation of valve disc
position when setting the travel stop limits, The MOVAT records for the
3/1/89 testing of 67-88 showed an opum to close stroke time of 29.5
seconds and a close to open stroke time of 29.46 seconds. The 3/29/89
post-CILRT MOVAT tests were made without adjustments and showed an open
to close stroke time of 29.5 seconds and a close to open stroke time of
29.44 seconds. However, the fact that the 3/1/89 and 3/20/89 MOVAT tests
are virtually identical only indicates that the valve operator was
performing as expected. The MOVAT stroke time test does not indicate
valve position because there are no internal travel stops inside this
type of butterfly valve. The travel stop limits for this type of valve
are set in the valve oparator itself. The operator limits were adjusted
3/721/89 and the subsegquent MOVAT test data showed an open to close stroke
time of 27.85 seconds and a close to open stroke time of 27.77 seconds.
The final "as-left" leak rate test on 3/22/89 showed that 67-88 leaked
0.000 SCFH.

«ll~ 0243C/COC3
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0

There was no evidence that any undocumented maintenance or modifications
was performed on these valves that could have accounted for their
unexpected failure during SI-156. Similarly, there was no evidence that
any non-documented maintenance or modification activities were performed
on the lower ERCW system. The test personnel involved with the 3/3/89
§I1-158.1 leak rate test were qualified per ASNT-TC-1lA. The apparent
cause for the incorrect SI-158.1 leak rate tests recorded 3/3/89 for
valves 67-88 and 67-87/575A has peen determined to be personnel error
during the conduct of the local leak rate tests. The root cause
apparently stems from inattentionm to detail in properly connecting the
hose from test equipment to the test connection for the valves being
tested. The test hose passed over a sharp edge which probably crimped
the hose flat enough to hinder the flow rate. The pre-test “free-flow"
verification .tep was performed with enough pressure to overcome this
flow restriction in the hcse and indicate that a clear flow path
existed. However, when the relatively low test pressure and flov rate
was applied, the hose restriction masked the correct leakage rate.

CAQR 890169 recommended that the local leak rate procedure be revised to
include additional instructions to check the routing of the test hose as
part of properly connecting the test equipment. I+ also recommends that
the Maintenance Department investigate setting the travel stop limits for
these type of butterfly valves while the valve is removed from the line
prior to reinstallation.

IEST RESULIS

The "as-found" condition of the reactor building primary containment (the
condition of the containment at the end of the o-erating cycle)
demonstrated the leak-tight integrity of unit 2. For Segquoyah unit 2,
the leak-tight integrity is defined in Technical Specification 4.6.1.2 to
be that the leakage of air from containment is not to exceed 0.1875
percent per day (0.0078 percent per hour) at peak accident pressure,

Pa. The "as-found" reportable 95% UCL, including the addition of the
local leak rate test "leakage savings", was only 0.079 percent/day, and
shows a vast improvement over the previous leakages recorded for unit 2.
This improvement is attributed t¢ improved maintenance, expansion of the
local leak rate test program, and the replacement of 5 isolation valves
with chronic leakage histories.

The CILRT sampling period began at 08:41 after stabilization was reached
at 08:15 on the 18th.

The CILRT was conducted for 10 hours and 40 minutes and 65 data samples
were collected. The calculated leak rate reported by the total time leak
rate method (TTLR) was 0.011326 percentage of containment air mass per
day (0.00047 percent per hour), and is shown graphically in figure 12.
The observed 95 percent uvper contidence limit for the weasured mass leak
rate was 0.06194 percent per day (0.0026 percent per hour). This
reportable leak rate represents 33 percent of the allowed 0.18750
percentage of containment air mass per day (0.75L,) as described in
Technical Specification 4.6.1.2. The mass leak rate (MLR) was 0.02785
percent per day and is shown graphically in figure 13, with a 95 percent
upper confidence limit of 0.03158 percent per day. The higher TTLR
confidence limit is due primarily to the different calculation technigque
used to determine confidence limits in the total time analysis as defined
in BN-TOP-1, Revision 1.
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After the completion of the CILRT, a supplemental imposed leakage
verification test was conducted to check the results of the CILRT. The
imposed leakage was measured using a mass flow meter technique, utilizing
a Hastings Mass Flowmeter. A leakage rate (Lg) of 1.046 L, was

imposed on the containment building.

The calculated TTLR during the 5 hours and 20 minutes verification test
was 0.26575 percentage of containment air mass par day and is shown

graphically in figure 19. Agreement, as shown in Appendix B using TTLR,
between the CILRT and the verification test was found to be -0.03871 L,
which is clearly within the s 0.25 L, required by 10 CFR 50, Appendix J.

The calculated containment mass leak rate (Lgy) during the 5 hours and
20 minutes verification test was 0.27232 percentage of containment air
mass per day shown graphically im figure 20. Agreement, as shown in
Appendix B using MLR, between the CILRT and the verification test was
also achieved and was found to be -0.07819 L,.

The CILRT and subsequent verification test were completed at 01:25 on
March 1%, 1989. The final reportable leakage rate was .011326 percentaqge
of containment zir mass per day as calculated by the TTLR method, and the
observed 95 percent upper confidence limit (UCL) was 0.0620 percent per
day. The above mentioned 95 percent UCL includes leakage measured from
type B&C tests for testable lines that were in service during the test.
The reportable leak rate wzi only 33 percent of the allowable 0.1875
percent per day (0.75La). The March 18, 1989 "as-left" CILR1 leakage
rate also sk ws a vast improvement over the previous leakages reccrded
for unit 2, proving the "as<left" condition of the reactor building
primary cont: inment to be leak-tight.

MEASUREMENTS AND CALIBRATIONS
6.1 Test Equipmenc

Table 1 lists the range, accuracy, and repeatability of the special
test equipment used in the umit 2, cycle 3 CILRT. Prior to the
start of the CILRT. all test equipmeut was calibrated by the TVA
Central Laboratories or other facilities with standards traceable to
the National Bureau of Standards. After installation of all special
test equipment inside containment, each sensor was checked for
functional operation. The special test instrumentation interfaces
with a portable mimicomputer which produces highly accurate remote
scanning of temperature, pressure, and dewpoint sensors. Upon test
completion and depressurization each sensor was again functionally
checked to ensure adherence to calibration.

Pressurization for the CILRT was achieved using portable
high-capacity air compressors. The compressors were rated at 3,500
SCFM of dry, oil-free air, and brought containment to test pressure
in approximately 17 hours, including final "topping off" stages of
pressurization.
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6.2

6.3

The leak-tight integrity of Sequoyah Nuclear Plant unit 2 was
accurately measured and recorded by computer-based instrumentation.
The computer-based data acguisition system provided reliable,
immediate calculaticns of test data, which allowed test engineers to
more easily monitor important test parameters.

Sensor Location

Table 2 lists the final volumetric weighing factor for each
temperature and dewpoint sensor based on the 4-compartment model.
Figures 3 through 8 indicate sensor locations. The pressure sensors
were divided so that initially two sensors measured each of the four
compartments through penetrations X-27C, X-87D, X-87A, and X-98.
Utilizing two pressure sensors per compartmen: allows the removal of
any one malfunctioning pressure gauge during the test and continue
to accurately monitor containment pressure. An additional pressure
gauge measured barometric pressure at the test statlion.

Computer-Based Data Acquisition and Data Reduction

The raw tes. data measured by the special test instrumentation
during the Segquoyah Kuclear Plant unit 2 CILRT was scanned and
collected by & new microprocessor based data acguisition system.
This raw test data was automatically presented to a portable multi-
tasking minicomputer system for correctionm to calibration curves and
reduction to containment leak rate. The minicomputer produced
immediate statistical and graphical results of the containment test
parameters, including temperature, pressure, vapor pressure, mass,
mass leak rate, and total time leak rate plots.

These calculated results were reported automatically to the test
director as ths data was collected. Figure 2 depicts tre functional
relationship between the special test instrumentation and the data
acquisition and analysis system.

All calculations performed by the minicomputer system were in
conformance with the procedures outlined in ANS 56.8, ANSI 45.4 and
Bechtel Topical Report (BN-TOP-1, Revision 1).

Source listings for all computer programs are on file with the
Computer Engineering Group, in Chattancoga, Tennessee.

Reactor Building Containment Model

An ice condenser pressure suppression containmesnt presents special
problems not mormally encountered in the leak lesting of dry
containment structures. The pressure suppression design feature
requires the reactor building containment to ba divided into
distinct compartments, where vastly different temperatures and vapor
pressures may exist. While each compartment is vented to the
containment atmosphere during the performance of the CILRYT, the
direct circulation of air is limited.
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Since an ice condenser containment typically exhibits a 40°F
temperature differential between the ice compartments and others, it
is necessary to compensate by compartmentalization so the leak rate
is accurately measured. For Sequoyah unit 2 CILRT, a four-
compartment containment model was used to measure the leak rate.
The free air mass is calculated individually for each compartment,
and containment leak rate is calculated for the sum of the
compartmental masses. Each sensor within a compartment is volume
weighted for the calculation of compartment average temperature and
vapor pressure. Figure 9 depicts the four compartments used in the
Sequoyah unit 2 reactor building containment model.

The Reactor Coolant System (RCS) Pressurizer water level was
continuously monitored by the CILRT data acquisition system
throughout the CILRT period so that adjustments could be accurately
made to the contaimment “"free-air" volume calculations. Other
component levels in the RCS were monitored via plant instrumentation
by plant personnel during the CILRT to account for other "free-air"
volume changes not reflected by the pressurizer. With the exception
of the RCS, all other components exposed to CILRT pressure were at
100 percent level for the duration of the CILRT and subsequent
verification test. Thus, no additional "free-air" volume
adjustments were necessary. Test envineers requested that
operations control the water level in the primary system so that no
abrupt level changes would occur.

7.0 ANALYSIS OF TEST DATA

The previous sections of this report have discussed the general test
conduct, calibration methods, and test equipment. In this section events
and problems that influenced the test results are discussed and are used
to formulate conclusions on the performance of the Sequoyah unit 2, cycle
3 CILRT.

7.1 lpstrument Check

The data pre¢sented in this section reflects the test results
following recalibration and deletion, if necessary, of the special
test equipment ureZ during the test.

Tempe: ature sensor at location three (shown in Figure 3) was found
tc be out of tolerance at the 120°F range only. This did not affect
the outcome of the CILRT because the range of temperature for
location three was between 72°F and 77°F Jduring the entire test.

The corrections made to tne final CILRT and verification test data
did not effect the success of the CILRT performed on umnit 2. In
additional, all final test results and reported data in this report
reflect the above mentioned corrzc*ions.

The instrumentation error analysis of Appendix A indicates that the
instrumentation used in the unit 2, cycle 3 CILRT was accurate to
0.0130 L, in determining the containment leak rate for unit 2, far

irpassing the recommendations of ANS 56.8 which states that the
J.asuring system be capable of detecting 0.25 L,.
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The March 18-19, 1989 CILRT that was performed on unit 2 at Sequoyah
Nuclear Plant was concluded after 65 samples were taken in 10 hours
and forty minutes of testing. Figure 12 is a graphical represen-
tation of the TTLR and figure 13 is a graphical representation of
the MLR, expressed as a percentage of containment air mass jer day,
during the CILRT. Tabulated data accumulated during the CILRT is
shown in Table 3.

The temperature trends in the upper-ice compartment were cyclic in
nature (see Figure 14). The reason for the trends is directly
related to the defrost cycles of the ice condenser air handling
units. These temperature trends resulted in corresponding mass
trends in the upper-ice compartment as shown in figure 15.

Figures 15 through 18 show graphical representations of average
temperatures, pressures, and masses during the 10 hours and 40
minutes CILRT. Table 3 is a tabular listing of important measured
parameters and corresponding results for the unit 2 CILRT.

Final results indicate a TTLR of 0.011326 percent per day and a MLR
of 0.027854 percent per day. The associated 95 percent upper con-
fidence limits for the Sequoyah unit 2, cycle 3 CILRT were 0.062008
percent per day for TTLR anéd 0.031579 percent per day for MLR.

After instrumentation received post-test calibrations, the
calibration reports indicated that all instrumentation used in the
unit 2 CILRT and subsequent verification test was in proper
tolerance, with the exception of items already mentioned.

Riscussion of Agreement (Verification Test)

Appendix J to 10 CFR 50 specifies the technique for the calculation
of agreement between the CILRT and its subsequent verification.

Appendix J requires the absolute value of the difference between the
measured countainment leak rate with a superimposed leak and the sum
of th¢ imposed leak and the measured containment leak rate be less
than 0.25 L,.

The verification test was concluded at 01:25 on March 19, 1989.

After collecting 32 samples in approximately 5 hours and 20 minutes,
agreement, as prescribed by Appendix J of 10 CFR 50, betwsen the
CILRT (Lpy) and the imposed leak rate (Lp) was reached at

-0.03871 Ly using TTLR, which is well within tue & 0.25 L,
allowable limit.

Agreement was also reached using MLR and was found to be -0.07819
Lo+ Appendix B details the methods of agreement ~alculatious.

Tabulated data collected during the 5 hour and 20 minute
verification test is shown in Table 4.

Figures 19 and 20 show the mass and total time leak rate plots
during the 5 hour and 20 minute hour verification test, while
Figures 21 through 23 show graphical representations of average
temperature and pressure and mass.
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8.0 CONCLUSIONS

The reactor building containment integrated leak rate test performed on
Sequoyah Nuclear Plant unit 2, cycle 3, was successfully completed on
March 18-19, 1989, The final reportable leakage rate was .011326
percentage of containment air mass per day as calculated by the TTLR
method, and the observed 95% upper confidence limit (UCL) was 0.06194%
per day. This 95% UCL includes leakage measured from Type B&C tests for
testable lines that were in service during the test. The reportable leak
rate was only 33% of the allowable 0.1875% per day (0.75LA),
demonstrating thet the “as-left" condition of the unit 2 reactor building
primary containment was leak-tight. Therefore, the leak-tight integrity
of the unit 2 containment was in conformance at the end of cycle 3 and
continues for the beginning of cycle 4.

As mentioned earlier, the local leak rate procedure will be revised to
include additional instructions to check the routing of the test hose as
part of properly comnecting the test equipment. Also, the ERCW valves
are rubber lined butterfly valves which do not have internal travel
stops. The travel stops are set in the operator, usually with the valve
installed in-line and, therefore, the valve position camnnot be
gusranteed. Therefore, vhenever maintenance has removed one of these
type of valves from the line, it would be best to reinstall it with the
operator attached and the limits adjusted. It has been recommended that
the Maintenance department investigate setting the travel stop limits for
these type of butterfly valves while the valve is removed from the line
prior to reinstallation.

Modes 1, 2, 3 and 4 reguire that containment leakage rates shall be
determined to be in conformance with the criteria specified ir Appeudix J
of 10CFR50 and SQN L.C.0. 3.6.1.2. The allowable leakage (La) for
Sequoyah Nuclear Plant umit 2 is currently defined ir the Technical
Specifications as 0.25% per day of the containment free air volume at a
calculated peak accident pressure (Pa) of 12.0 psig, or 225.2 SCFH.
Technical Specifications alsc define the acceptance criteria for the
Containment Integrated Leak Rate Test (CILRT) as 75% La, or 0.1875
percent per day. The condition of the Sequoyah Nuclear Plant unit 2
containment at the end of the operating cycle proved to be leak-tight.
with the "as-found” leakage rate less thas half of the allowable limit
(0.1875 percent per day). The excessive leakage encountered during the
initial CILRT attempt resulted from isolated incidents occurring only
during the cycle 3 maintenance outage, and were not a reoccurring
containment problem or programmatic deficiency. Subsequent to operations
personnel isolating FCV-2-77-10, the leakage rate was initially measured
at 0.20191 percent per day. While this initially measured leakage rate
exceeded the SON unit 2 technical specification limit of 0.1875
percentage of containment air mass per day, it was ftill below the La
allowable limit of 0.25 percent per day. The draft version of Appendix J
to 10 CFR 50 dated October 29, 1986, under section III.A.7.Db states that
the "as-found” leakage rate must not exceed La. The unit 2 "as~-found"
CILRT leakage rate would have been acceptable under this philosophy. The
“as-left" reportable 95% UCL leak rate measured 0.0620 percent per day.,
which is only 33 percert of the allowable limit (0.1875 percent per

day). Therefore, the leak-tight integrity of the unit 2 containment was
in conformance at the end of cycle 3 and continues for the beginmning of
cycle 4, with the excessive leakage occuring only during the cycle 3
maintenance outage.
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The technique of multicompartment modeling coupled with a computer-based
data acquisition system yielded immediate results that accurately
measured and displayed the unit 2 containment leak rate.

In summary, the "as-found"” and "as-left" condition of the uni! 2 reac*or
building primary containment has improved dramatically, probler valves
have been replaced, LLRT and CILRT procedures have been expandea and
improved, and past CILRT leakage problems have been specifically
identified and positive corrective actions have been taken to prevent
recurrence. The specific cause of the excess leakages during the cycle 2
and cycle 3 CILRTs have been directly addressed through the local leak
rate test program. Test results and problem identification have
demonstrated that a general containment leakage problem does not exist.
We conclude that the ccaditions which czused the leakage to exceed the
leakage limit set forth in the techmical specifications can best be
addressed through local leak rate cesting.
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I.
II1.
I11.
Iv.

II.
111.
Iv.

femperature

Upper compartment
Lower compartment
Ice-upper compartment
Ice-lower compartment

Rewpoint

Upper compartment
Lower compartment
Ice~-upper compartment
Ice-lower compartment

Number of

Segment

Iransducers Volume

13
25
6

" |
48

:;Lvhwu

651,00¢C
383,720

47,000
110,500

651,000
383,720

47,000
110,500

Volumetric Weight
Per Sensor by

Compartment (Percent)

7.6823
4.0000
16.6666
25.0000

33.3333
33.3333
25.0000
50.0000
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COMPUTER BASE ACQUISITION AND DATA REDUCTION SYSTEM

DIGITAL PDP 11/73
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APPENDIX A

\SSUMEL CONDITIONS AT THE TIME OF TEST: PA = 26.6960 PSIA T = 66.2800 DEG F
RESULTS USING 065 SAMPLES (SAMFLES T-113 - T-177) ELAPSED TIME 010:40
1. TOTAL ABSOLUTE PRESSURE METHOD: NUMEBER OF SENSOXS: 07 RANGE: 0 - 30.0 PSIA
ERKOK IN PRESSURE = 0.5786920E-04 PSIA (USING REPEATAEILITY)
ERROR IN PRESSURE = 0.1513786E-02 PSIA (USING ACCURACY)
2. WATEER VAPOR PRESSURE: NUMBER OF SENSOKS: 12
ERROK IN VAPOR PRESSURE = 0.2659944E~03 PSIA (USING KREPEATABILITY)
ERROkK IM VAPOR PRESSURE = 0.2655B811E~02 PSIA (USING ACCURACY)
3. TEMPERATURE : NUMBER OF SENSOKRS: 48
ERROk IN TEMPERATURE = 0.2041242E-03 DEG R (USING REPEATABILITY)
ERKOK IN TEMPERATURE = 0.1443448E-01 DEG R (USING ACCURACY)

4, 186G (USING REPEATAEKILITY)
168G =2400 'TMASQRT(2A((EPR/P)AAZ)+2A((ERVR/P)AA2)+2A((ETR/T)%%2))
186 = (,3242329E-02 PERCENT/DAY = 0.1303015E~01 LA

9. 186G (USING ACCURACY)
166G =2400/TMASQRT(2A((EPA/P)AR2)+2A((ERVA/P)AA2)+2A((ETA/T)%%2))
IS6G = 0.3746853E-01 PERCENT/DAY = 0.1505771 LA

- -




Where: LBH "ggl - Lhﬂ £ 2.25

A

Where: Lpy = containment leak rate measured during verification
Lg = imposed leak rate for \irificationm
Lav = containment leak rate measured during CILRY

Lp = fall prossure design basis leakage

Lgy = 113847.4 SCCM
Lg = 113181.2 SCCM
Lay = 4854.258 SCCM
Ly = 108188.19 SCCM

Lpy - Lg - Layv = 103847.4 - 213181.2 - 4854.258 = -0.03871
La 108188.19

Agreement: -0.03871 Lp ¢ & 0.25 L, Therefore, compliance with Appendix J
using the TTLR, has easily been met.
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APFENDIX B
CALCULATION OF AGREEMENT (USING MLR)

Agreement: LIH - Lp - LAM £ #.25
Ta Y

Lgy = containment leak rate measured during verification

Lg = imposed leak rate for verification

Lay = containment leak rate mecsured during CILRT

Lp = full pressure design basis leakage

Lgy = 110659.3 SCCM

Lg = 113181.2 SCCM

Lay = 11937.61 SCOM

Lp = 108188.19 SCCM

1 Lpm - Ly - Lpy = 236659.3 - 11317°1,2 - 11937,61 = -0.07819
| La 108.88.19

Agreement: -0.07819 L, ¢ & 0.25 L, Therefore, compliance with Appendix J
using the MLR, has also been met.
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APPENDIX C
SPECIAL TEST INSTRUMENTAIION

I. Pressure Measurement: (B8 total)

Two Mensor Quartz Manometers Per Compartment

Temperature Measure (48 total)

Upper Compartment (13 total) V = 651,000 cubic feet
RTD -1 RTD - 9
RTD -2 RTD -10
RTD -3 RTD -11
RTD -4 RTD -12

RTD -5 RTD -13

RTD -6

RTD -7

RTD -8

Lower Compartment (25 total) V = 383,720 cubic feet
RTD 2§ RTD .38
RTD -2¢ RTD -39

RTD -27 RTD -40

RTD -28 RTD -41
RTD -29 RID -42

RTD 30 RTD -43

RTD -31 RTD -43

RTD -32 RTD 44
RTD -34 RTD -45
RTD -35 RTD -46

RTD -36 RTD -47

RTD -37 RTD -48

RTD -38 TD 49

Ice Condenser (10 total)

Uppex Volume Lower Volume
V = 47,000 cubic feet V = 110,500 cubic feet
RTD -15 RTD -21

RTD -16 RTD .22

RTD -17 RTD -23

RTD -18 RTD -24

RTD -19

RTD -20
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APPENDIX C

SPECIAL TEST INSTRUMENTATION
(Continued)

Vapor Pressure Measurement: (11 total)

Upper Compartment (3 total)

DPE
DPE
DPE

-1
~2
-3

Lower Compartment (3 total)

DPE -4
DPE -5
DPE -6

Ice Condenser (6 total)

Upper Volume
DPE -10

DPE -11

DPE -12

DPE -13

Test Station Egquipment

Temperature: 1 RTD

Barometric Pressure: 1 Pressure Gauge
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A. TIype B Tests

Two methods were used to perform the type B tests -- the absolute method
(ptessure decay) and the volumetrics mass flowmeter method. Both methods
use air or nitrogen as the test medium, with the testable volume pres-
surized to a designated test pressure. The absolute method determines
the leakaye rate by 2 measured pressure drop during a set time specified
in Sequoyah's surveillance instructiom, SNP SI-157, for testable
penetrations and SNP §1-159 for the personnel air lock test. The
volumetrics mass flowmeter makes a direct mass flow measurement with
readings given in standar. cubic centimeters per minute (SCCM).

ALl testable penetrations were tested prior to the performance of the
CI.RT.

Any penetrations or hatch covers opened after the completion of the CILRT
will be tested prior to unit startup under the applicable plant-approved
surveillance instructioans.

A summary of all type B test data since the unit 2 cycle 2 CILRT
cenducted in November 1984 is included in this appendix (see Table D-2).

B. Type C Tests

Three methods were used to perform the type C tests -- an airflow methed,

a water displacement method, and the volumetrics mass flowmeter method.

The airflow method ~omsists of a2 rotameter flow facility in line with the |
testable valve through a test connection. An air supply is connected to

the rotameter facility, which measures the flow of air necessary to }
replace the air leakage past the valve being tested. From this, a |
leakage rate is determined.

The water displacement method consists »f a calibrated water test tank |
equipped with a sight glass. A timed water level drop is measured to |
calculate the leakage past the valve(s) being tested. » separate air |
source is used to maintain the water pressure at the piescribed test

pressure. A special "water inventory test" is conducted on containment

spray, applicable only to valves FCV-72-2 and FCV-72-39 and the rerainder

of test utilizing the water displacement method are the ERCW discharge

isolation valves.

All testable containment isclation valves were tested prior to the
performance of the CILRT, The results of these tests are noted in the
sumnary of type C data in this appendix (see Table D-1).

1

The volumetrics mass flowmeter is also used to conduct type C tests.
|
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APPENDIX D
(Continued)

Any maintenance action or repairs on containment isolation valve subject
to type C tests which would affect leakage from primary containment will
be retestud under the applicable plant-approved surveillance instruction
before unit startup.

A svmmary of the data for a2ll type C tests since the unit 2 cycle 2
CILRT is included in this appendix. Penetrations in water-sealed
systems subject to inventory restrictions an<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>