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Performance-Based Containment
L eakage Test Program

Wang Chien-Kuo
Kuosheg NPS
Taiwan Power Company
Dec.11~13 2007

Content

An Overview Kuosheng Nuclear Power Station

Performance Based Containment Leakage Test
Rule

Kuosheng NPS Performance-Based Containment
Leakage Test Program

Conclusion & Future
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An Overview
Kuosheng Nuclear Power Station

Gl

The Nuclear Sites in Tailwan

()
CHINSHAN @ —l
(BWR -- 636 MWe x 2) °

KUOSHENG

N (BWR -- 985 MWe  2)

LUNGMEN

(ABWR - 1350 MWe x 2
MAANSHAN under construction)
(PWR - 951 MWe x 2)

Gl




Kuosheng’s Summary

*Major Equipments :
Reactor : GE (BWR-6) Thb./Gen. : WH
Containment: Mark-111

=Capacity : 985 MWe x 2 Units

sMilestones :  Break Ground Commercial
Unit 1 1974.09. 18 1981. 12. 28
Unit 2 1974. 09. 18 1983. 03. 16

=Percentage of Installed Capacity: 5.3% in 2006

=Electricity Generation: 14.7 Billion kwh in 2006 (7.8%)
Ll

5

ORGANIZATION OF
TPC NUCLEAR POWER

Other VPs VP for VP for Committee of
Construction. Nuclear Operations Nuclear Safety
NEPEC*
Department of [} Department of Department of
Fuels Nuclear Eng. Department of Nuclear
Nuclear Safety Generation
Department of Department of 5
Industrial Safety | Nuclear and Fossil ] Radiation Lab
& Environment Power Projects g
Protection .
BEPETITIE OF Nuclear Power
Nuclear Back-End )
Stations
Management
Other
Departments . ) .
NEPEC : Nuclear Emergency Planning Executive Committee .

Gl
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Kuosheng QOrganization

DIRECTOR Tsai

(599)

TRAINING CENTER | | DEPUTY DIRECTOR || DEPUTY DIRECTOR | | DEPUTY DIRECTOR
DIRECTOR Chang Hwang (SAFETY) || Lee (MAINTENANCE) Liu (OPERATION)

RADIATION
QUALITY LAB
| ] [ MECHANICAL ENGINEERING
NUCLEAR ENGINEERING
[HEALTH PHYSICS }— — 1 | NOT TEAM
[[HEALTH PHYSICS ]
[ ELECTRICAL ENGINEERING | — COMPUTER

OCCUPATIONAL
| SAFETY & HYGIENE [ INSTRUMENT & CONTROL 1 CHEMISTRY

_| RADWASTE
ENGINEERING IMPROVEMENT _ |=—
[_CIVIL SERVICE ETHICS | l | MANAGEMENT | ISEQ)

[ OUTAGE GROUP_}
[__GENERAL AFFAIRS _ |— OOTACHERODE ACCOUNTING
VISITOR CENTER
SENIOR ENGINEER o 1

KUOSHENG PLANT LAYOUT

Q Visitor Center N
CST CST
I:I FUEL RADWASTE FUEL
Training Bl DG BLDG. Bl DG
Center
D/G CONTROL DIG
BLDG.
AUX. BLDG. AUX. BLDG.
TURBINE BLDG. Radwaste
Warehquse
Gas
Turbine %]

O MAIN TRANSFORME
Switchyard m
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KUOSHENG FLOW PATH |—

MAIN

TRANSMISSION TRANSFORMER
LINE

CTMT SPRAY

UPPER] RV
/ \€00L
CTMT
—_— ] >
@t {\ TURBINE © ol )
Rl 7 1
OND R
T SUPP
ool | UL | BPV \\

LPCS PUMP CRD o o STEAM

X X rai¢
. PUMH
-~
HPCS PUMP || cp

CST
RHR PUMP FEEDWATER HEATER SENE

HEAT EXCHANGER ECWP

4

The Defense-1n-Depth Design
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OPERATIONAL STRENGTHS

o Records of Continuous Operation
Unit 2 : 434 days (2006 ~ 2007)
Unit1 : 308 days (2004 ~ 2005)

Gl

0

While KS2 more than 6 years and keeps running (2001 9/19~).

Automatic Scram (per unit

259295

2.5

0.5
AL

1515

o 1111

1 1 10.5

N fg.o00 o0

'92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '0O5 '06
KS1 has no scram for more than 5 yrs (2002 4127-2007 9/3),

Gl
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Unit Capacity Factor

100
80
0p 60
40
—h—KS-1 —e—KS-2
20
'91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06
abli
Licensee Event Reports (2 units)
100
a A
80 H _\K
ol )S\n\
40
40 HHH Ty
] 22 g -
20 1 HH”T T
0 I l [I O oo =

'91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06

&all
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Collective Radiation Exposure
Man -Sv

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

m Normal Operation |0.87 [3.50 |3.29 (3.18 |3.60 (2.02 [2.55 |1.87 [1.05 |1.97 (2.60 [1.55 |1.41 [1.10 |1.68 |1.25
W Unit 2 Outage 0.00 |0.00 |0.00 |4.24 |3.19 |2.40 |1.78 |1.12 |3.73 (3.34 |0.34 3,51 |2.88 |2.10 [1.92 |1.27 (0.39 |1.62
W Unit 1 Outage 0.00 |0.00 |6.01 |5.64 |4.90 |0.00 |4.54 |3.47 |4.70 (0.00 |3.88 |3.28 |3.23 |1.89 [0.20 |2.08 (2.29 |1.92

19811982 | 1983|1984 | 1985|1986 | 1987 | 1988 | 1989 (1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 (2001 | 2002 | 2003 | 2004 | 2005 | 2006

1.24 10.88 |1.06 [1.54 |0.83 |0.91 |1.07 |1.32 |0.94 |1.00
1.7510.04 |2.07 |2.29 |0.00 |1.56 |2.11 |0.00
0.00 |2.15 (2.75 [0.00 (2.02 [1.75 |0.00 |1.69

Performance Based Containment
Leakage Test Rule
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NUREG-1493

(performance-based containment leakage-test program)

 Provide the technical bases for the NRC’s
rulemaking to revise 10 CFR part 50 Appendix J

» Changing the allowable leakage rate and test
interval for Type A B&C is based on
considerations of industry experience
performance history and risk impact.

» Analysis thousands leakage rate test report and
calculate risk incremental by PRA , Summary of
Technical Finding as following: abli
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NUREG-1493

(performance-based containment leakage-test program)

* Type A:
— The purpose of Type A test measures overall
containment leakage include structure.

— Most containment leakage pathways may been founded
by Type B&C test, only a few of pathways depend on
Type A test.

— Overall population risks from severe reactor accidents
are not sensitive to the assumed containment leakage

rate. )
Gl
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NUREG-1493

(performance-based containment leakage-test program)
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NUREG-1493

(performance-based containment leakage-test program)

* Type B test

— The purpose of Type B test measure air lock and electric
penetrations leakage.

— Air lock (include personal air-lock door, equipment hatch and
fuel transfer tube) shall be opened every refueling, so those
equipments have to been tested every refueling.

— According industry experience, Type B test have an excellent
performance, no severe leakage report have been found. So
increase test interval doesn’t any risk concern.

&all
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NUREG-1493

(performance-based containment leakage-test program)

e Type C test

— Type C test is to detect isolation valves leakage
pathway.

— Analysis test result before, we found

* When an isolation valve leakage over limit does occur, there
is a high probability that the valve will occur over leakage
again the next operating cycle.

« If an isolation valve leakage doesn’t exceed acceptable limit
with two operating cycles as before, further failure appear to
be governed by the random-failure rate of the isolation valve.

Gl
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NUREG-1493

(performance-based containment leakage-test program)

— According industry experience, the major leakage paths
are isolation valves, those paths depend on Type C test
to identify. So reducing Type C test frequency will be
increased a small risk.

» Compare 15 alternatives proposals, list test freq
leakage rate  risk impact and cost as next slide.

22




NUREG-1493 Summary of Frequency, Leakage Rate, Risk, Cost of Alternatives

Frequency Leakage Rate Change in Risk . (.:ost Savings
(Person-Rem) (Millions of Dollars)
No Change Rel
A
Alt (Tests Per No Relax Public Worker 20-Year Test Cycle
A | BIC X Years) B/C | Change

X 0.18 - 73
2 X 2/10 X 0.04 0.8) 241
3 X 2/10 X 0.22 0.8) 287
4 X 1/10 X 0.04 (1.6) 481
5 X 1/10 X 0.22 (1.6) 500
X 1/20 X 0.05 (2.0) 597
7 X 1/20 X 0.23 (2.0) 604
8 X X X 0.69 (7.2) 40
9 X X X 0.87 (7.2) 111
10 2/10 X X 0.73 (10.4) 295
11 2/10 X X 0.91 (10.4) 338
12 1/10 X X 0.73 (13.6) 548
13 1/10 X X 0.91 (13.6) 563
14 1/20 X X 0.73 (15.2) 670

15 1/20 X X 0.91 (15.2) 673 - E i

\* Based on the Surry unit; 20-year remaining life. ** Numbers in parenthesis indicate a risk reduction. -
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10CFR 50 Appendix J

(Primary Reactor Containment Leakage Testing for Water Cooled Power Reactor)

Include two option A&B

— Option A prescriptive requirement

» Type A test shall be done three times in ten years.

» Type B&C test Shall be done at each refueling outage.
— Option B performance based requirement

« Providing licensees greater flexibility for cost-effective
implementation methods for regulatory safety goal.

« Type A B&C test frequency base on performance history and risk
impact.

&all
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Regulator guide 1.163

(performance-based Containment Leak-test program)

» Provide guidance on an acceptable performance-based
leak-test program, method, procedure and analysis.

» Endorsing NEI 94-01, if licensee fellow this report
method and criteria to set up his performance based test
program, NRC should approve this program and don’t
need any further analysis. Exception as following:

— The visual examination of accessible interior and exterior surfaces

of the containment system for structural problems shall be
performed three times in ten years.

Gl
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Regulator guide 1.163(cont.)

(performance-based Containment Leak-test program)

— Type C test intervals couldn't be extend over 60 months.

— The interval for MSIV and FWIV in BWR and Containment purge
and vent valves in PWR and BWR ,should be limited to 30 months.

— Don’t permitted to use alternative or analysis to as-found Type C test
before any maintenance, repair, modification, or adjustment activity
if it could affect a valve’s leak-tightness.

* All testing technical methods and techniques should
followed ANSI/ANS-56.8-1994

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

» The purpose of this guidance is to assist licensees
in implementation of Option B to 10 CFR 50
Appendix J.

o Justification of extending test intervals is based on
the performance history and risk insights.

 Licensees could apply Option B to a specific
category of test only.

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

* Type A test

— Test purpose is to detect leakage from that containment
that would not be detected by the Type B & C test
program.

— Extending in test interval to once per 10 years, when

» Two consecutive periodic test meet performance criteria

» Between two consecutive periodic test shall be a least 24
months.

« Performance criteria
Performance Leakage Rate (PLR) <1.0 La

28
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

— PLR=UCL+as left MNPLR of Type B/C That:
 were in service during Type A test,
* isolated for performing Type A test or safety
* not lined up in accidental position during Type A test.
* isolated during Type A test for excessive leakage
— Repairs or modifications affecting containment
integrity required to perform Type A B or C before
returning the containment to operation.

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

— Surveillance Acceptance Criteria

* When containment integrity is being required, as-found Type
A test leakage rate must be less 1.0 La.

* Before entering a mode where containment integrity is being
required , as-left Type A test leakage rate must be less 0.75
La.

— If Type A test result are not acceptable , the

* Identify the cause

* Take corrective action

» Within 48 months reestablished acceptable performance

» Type A test interval return to once per 10 years.

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

* Type B&C test

— Each Type B&C component shall be established administrative
limits for leakage rate.

— When entering a mode where containment integrity is required,
the As-Left Type B&C test 0.6La.(MXPLR basis)

— When containment integrity is required, the As-Found Type
B&C test 0.6La.(MNPLR basis)

— Type B test interval could be extend from 30 months up to
60months
» Two consecutive periodic As-Found test leakage rate  administrative
limit
 Between two consecutive test shall be at least 24 months or the normalﬂ;,l‘ﬁhlj
test interval. =

31

NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

— If the three consecutive periodic As-Found test leakage rate is
less than administrative limit ~ Type B test interval could be
extended over 60months to 120 months.

— If a primary containment penetration is opening after as-found
test a Type B test shall be performed before the time
containment integrity is required.

— Type C test interval could be extend from 30 months up to
60months

» Two consecutive periodic As-Found test leakage rate administrative
limit

» Between two consecutive test shall be at least 24 months or the normal
test interval. -

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

— An As-left Type B&C test shall be performed following
maintenance, repair, modification or adjustment activity
if that activity could affect the penetration’s or valve’s
leak tightness.

— The test interval shall reestablished if a valve or a
penetration is replaced or engineering judgment
determines that modification of a valve or a penetration
has invalidate the a valve’s or a penetration’s
performance history.

Gl
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NEI 94-01

(Industry Guideline for Implementing performance-based Option of 10CFR part 50 Appendix J)

— If Type B&C test results are not acceptable, the
* Identify the cause
* Take corrective action
* reestablished acceptable performance
» Type B&C test interval return to the extended interval.

Gl
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Kuosheng NPS Performance-Based
Containment Leakage Test Program

abli
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origination
e Type A (ILRT) : three time per 10 years -
— Test manpower : about 180man-days/test -
— Person-rem : 30mRem/worker o
e Type B & C (LLRT) : every refueling outage
— Test quantity : Type B 60 penetrations -
Type C 151 isolated valves -
— Test manpower : about 300man-day/refueling outage
— Person-rem : 200mRem/worker -

abli
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Type A performance history

Unit#1 Unit#2
EOC-13 0.24La 0.70La
EOC-15 0.42La 0.68La
EOC-16 0.32La 0.60La

Note:1.Calculate method is mass point method
2.All value in above table is 95% UCL.

Type A test

» Reference above table , KS two units meet
NEI 94-01 performance criteria.

* In Apr.4 2006, ROC-AEC approved KS
two units to apply performance-based
program.

» Next Type A test date: unit 1 :Apr. 2013
unit 2:Apr. 2014

abli
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Type B test

» equipment hatch personal air lock and fuel
transfer pipe need to opening in refueling
outage, so those shall be test at each outage.

 Base on following condition, others Type B
penetrations test interval extend to 10 years :
— Conform to ” the three consecutive periodic As-

Found test leakage rate is less than administrative
limit “criteria.

abli
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Type B test

— All test values were below LRM low limit.

— In our Tech spec request, All electric penetrations have
nitrogen pressurization system and keep the pressure
15 psig  higher than test pressure  8.1psig any
time So any penetration degradation shall be found
by supplying the amount of nitrogen

* In Aug. 2007, ROC-AEC approved KS Type B
performance-based test Program.

abli
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Type C test

» For Conservation ,KS change NEI 94-01 performance
criteria from two consecutive As-Found test leakage rate
less than administrative limit to three consecutive As-
Found Test.

» According KS Type C test history, each unit has 87
isolation valves meet above criteria.

* In Aug. 2007, ROC-AEC approved KS requirement
about Type C performance based test Program, extend
those Type C penetration test interval from once per 30
months to once per 60 months.

abli
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others

 For founding containment degradation early and
take necessary action in time, we decrease Type
B&C As-found (MNPLR) and As-left (MXPLR)
acceptable criteria from 0.6La to 0.5La. If Type
B&C test result  0.5La ,we shall take as
following action
— Identity the cause.
— Take correction action.
— Reestablish performance history.

abli
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Conclusion & Future

abli
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» Advantage of Performance-based containment leak
program
— Save operating cost
— Increase plant availability
— Reduce worker radiation exposure
— Increase a small risk impact to near NPS people.

* In USA ,Many licensees want to use a risk-
informed technical basis for extending the Type A

test interval from once per 10 years to once per 15
years.

abli
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Safety First,

Quality Foremost

Thank You

Gl
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