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ABSTRACT

This technical support document (TSD) describes the NRC's current regulatory requirements and the
experiences of utilities (foreign and domestic) in conducting tests fur identifying leakage in nuclear
reactor containment structures, The risk impacts of nuclear reactor containment leak-tightness are
analyzed, as are the cost and risk of the current requirements (base case) and the alternatives
considered, including longer intervals between containment leak tests, and an increase in the aliowable
leakage rate from the containment. In addition, an alternative requiring continuous on-line monitoring
of containment integrity is considered. Analytical uncertainties are addressed.

The preseant study makes the following findings:

Leskage Rates - Confirms previous observations of insensitivity of population risks from
severe reactor accidents to containment leakage rates at low levels; the allowable leakage rate
can be increased by one to two orders of magnitude without significantly impacting the
estimetes of population dose risk in the event of an accident; and, an increase in the allowable
leakage rate reduces the remaining costs of leak testing by about 10 percent.

Type A Tests - A reduction in the frequency of tests from the current three per 10 years to
one per 10 years leads to an imperceptible increase in risk and would eliminate about 83
percent of remaining costs.

L Typea B and C Tests - A reduction in the frequency of Type B testing of electrical
penetrations should be poasible with no adverse impact on risk; the vast majority of leakage
paths are identified by LLRTS of containment isolation valves (Type C tests) and, based on
the mode! of component failure with time, performance-based alternatives to current local
leakage-testing requirements are feasible without significant risk impacts; and, about 58
percent of the costs of LLRTs cou]d be elimmated by a: performance—based method.

° Mm_mmmm Contlnuons moniwrmg methods exist lhat appear technically capable of
detecting leaks in reactor containments within.one day-to several weeks, but cannot be
considered as-a. oompletz replmmen Type A tem und cannot be justified solely on risk

cons:derat:ons
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PREFACE

The Nuclear Regulatory Commission (NRC) is implementing an initiative to eliminate requirements
that are marginal to safety and yet impose a significant regulatory burden on licensees. The
containment leakage-testing requirements for power reactors have been identified as one area where
performance-based requirements could replace the current prescriptive requirements with only a
marginal impact on safety. This technical support document (TSD) provides the technical bases for

the NRC's rulemaking to revise leakage-testing requirements for nuclear power reactors in 10 CFR
Part 50, Appendix J.

This report identifies alternatives to current containment testing requirements which would meet the
NRC's Safety Goals and achieve groeater efficiency in the use of resources. Changes in the allowable
leakage rate for containment and the testing frequencies for both integrated and local leakage-rate tests
are evaluated in terms of both risk and cost impacts. The feasibility of applying statistically-based
sampling techniques to local leakage-rate testing, and the use of on-line monitoring systems to
continuously monitor containment integrity are also evaluated.

Public comments on draft NUREG-1493, which was published in January 1995, were received and
have been addressed. The comment analysis and resolution is included in a Public Comment
Resolution Document for the rulemaking which is available for inspection and/or copying in the NRC
Public Document Room, located at 2120 L Street, NW. (lower level), Washington, DC.

%m‘ =g S
Dr. Moni Dey
Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission
Washington, DC 20555
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1. Introduction

This technical support document (TSD) provides
the technical bases for the Nuclear Regulatory
Commission’s (NRC) rulemaking to revise
leakage-testing requirements in 10 CFR Part 50,
Appendix J.

The TSD has 10 chapters. Chapter 2 describes
the current regulatory requirements for leakage
testing of nuclear reactor containment structure.
Chapter 3 describes the leakage tests conducted
by utilities to demonstrate compliance with
Appendix J. Chapter 4 describes experiences
utilities have had in complying with Appendix J
requirements since they were first enacted in
1973. The risk impacts of nuclear reactor
containment leak-tightness are analyzed in
Chapter 5. Potential alternatives to the current
NRC requirements are introduced in Chapter 6.
Chapters 7 and 8 present the analyses of cost
and risk, respectively, of the current
requirements (base case) and the alternatives
considered. Analytical uncertainties are
addressed in Chapter 9. Chapter 10 summarizes
the technical findings. A glossary, a list of
references, and five appendices are ptowded at
the end of the TSD.

1.1  STATEMENT OF THE PROBLEM
The NRC is in the process of reviewing curremt
regulatory requirements in an effort to relax or
climinate requirements that are marginal to
safety and yet impose a significant regulatory

burden on licensess. Reactor -containment-

luhgetunnghnbmidmiﬁedumm

where the NRC is pmpcnmg a chnge B

regulations.

Technical studies have mismlymwnm .

design basis containment leakage is a relatively

minor contributor to reacior accident risk. -

Reactor accident risk is dominated by accidents
in which the containment fails or is bypassed
{(NRC75, NRC86, NROC90). Therefore,
modifying the containmewt leakage rate and/or
test frequency is not expected 10 have a
significart impact on reactor accident risk.

1.2 BACKGROUND

General

The NRC published a notice in the Federal
Register on February 4, 1992, (57 FR 4166),
presenting its planned initiative to begin
eliminating requirements that are marginal to
safety and yet impose significant regulatory
burdens on licensees. In this continuing effort,
the NRC will analyze existing regulations to
eliminate or relax burdens on licensees when the
burdens are not commensurate with the safety
significance of the regulations.

In the February 1992 Federal Register notice,
the NRC comcluded that decreasing the
prescriptiveness of some regulations could
increase their effectiveness by giving the
licensees the flexibility to implement more cost-
effective safety measures. The regulatory
process could also be made more efficient.
To increase flexibility, the detailed and
prescriptive technical requirements contained in
some regulstions could be improved and
replaced with performance-based requirements
and supporting regulatory guides.  The
regulatory guides would allow alternative
approaches, although compliance with current
detailed regulatory requirements would still be
acceptable. The performance-based

reqaiixemmts would reward superior operating

: _Inelnnmnmgmmmrgmlwufay,
. the NRC plans to utilize its safety goals and

-1

- probabilistic risk assessment (PRA) tools (51 FR
- 28044), to the extent deemed appropriate, in the

development of performance-based regulations,
and in the review and development of

The NRC also plans to evaluate and assess the
usefulpess of alternative containment testing
approaches to minmimize the probability of
undetected gross openings in the containment
structure.

NUREG-1452



Introduction

In the near-term, the NRC is considering
amending its requirements in three specific
areas. 1) containment leakage testing, 2) fire
prevention, and 3) quality assurance. This
report addresses the first of these areas,
containment leakage testing. Specifically, the
NRC proposes to amend Appendix J of 10 CFR
Part 50, "Primary Reactor Containment Leakage
Testing for Water-Cooled Power Reactors,” as
its first effort to decrease unnecessary regulatory
burdens on licensees.

Appendix J

Containment leakage testing has been identified
as an arca in which regulations could be made
more performance oriented. The primary safety
objective in this area has been, and continues to
be, containment integrity. However,
information on reactor accident risks derived
from probabilistic risk assessments indicates that
the currently allowable containment leakage rates
can be increased without significantly affecting
accident risk. While availability and reliability
of containment integrity are important,  the
extremely low leakage rates prescribed by
current regulations and the testing measures
taken to assure these extremely low leakage rates
may not be warranted. Reactor accident risk-is
dominated by low-probability, high~consequence
scenarios in which the containment is failed or
bypassed. In these types of accidents, there is
litle benefit derived from a high degm: of
containment leak-tightness. .

Economic and ocmpmonn expomtcosu are - N
directly related to the frequency of containment

testing. Containment integrated leakage-rate.

tests (Type A) by their nature preciude any other
reactor maintenance activities and thus are on
the critical path for return to service from
reactor outages. In addition to the costs of the
tests themselves, integrated leakage tests impose
the added burden of the cost of replacement
power. Comtainment penetration lcakage tests
{Type B and ©) can be conducted during reaccot
shutdowns without interfering with other

NUREG-1493

activities and thus tend to be less onerous.
however, the typically large number of
penetrations impose a substantial burden on the
utilities (NRC93B).

In the Federal Register published on January 27,
1993 (58 FR 6196), the NRC listed the
following potential modifications to Appendix J
of 10 CFR Part 50:

® Increase allowable containment leakage rates
based on safety goals and PRA technology
(i.c., define a new performance standard).

® Modify Appendix J to be a performance-
based regulation:

e Limit the revised rule to a new
regulatory objective: In order to ensure
the availability of the containment dur-
ing postulated accidents, licensees
should either:

- test overall containment leakage at
intervals not longer than every 10
years, and test pressure-containing
ot leakage-limiting boundaries and
containment isolation valves on an
interval based on the pertormance
history of the equipment; or

- provide an on-line (i.e.,
contimious) monitoring capability
~ of containment isolation status.

» | Move details of the tests and reporting

in Appendix J 10 a2 NRC regulatory
guide a8 guidance.

» Endorse industry standards on:

- f{Guidance for calculating unit-
specific allowable leakage rates
based on the new NRC
performance standard:



- Guidance on the
containment tests; and

conduct of

Guidance for on-line monitoring of
containment isolation status.

¢ Continue to accept compliance with the
current detailed  requirements in
Appendix J (i.e., licensees presently in
compliance with Appendix J will not
need to do anything if they do not wish
to change their practice).

The NRC held a public workshop on the subject
on April 27, 1993 (NRC93B). As a starting
point for discussions at the workshop, the NRC
suggested the following preliminary criteria:

Revised rules will focus on establishing the
regulatory/safety objective in an objective
manner The main objective of a
performance-based regulatory approach is to
permit licensees the flexibility to use cost-
effective methods for achieving the
regulatory objectives.

The regulatory objective will be derived, to
the extent feasible, from risk considerations
and within the framework of the NRC’s
safety goals.

Detailed technical methods for measuring or

judging the acceptability of a. licensee’s

performance relative to the regulatory
objectives will -be provided
regulatory guides. To the extent possible,
approved industry standards and gmda.née
will be endorsed in this regard. -

'l‘henewmlmmllbeoptmmlformm:m ‘

licensees and thus licensees can decide to
remain  in  compliance with current
regulations.

® A performance-based regulatory approach
should provide incentives for innovation and
mprovements in safety.

. Plants” on August 4,

Introduction

® The following issues with regard to the
proposed rulemaking activities need to be
addressed in the process:

¢ Can the new rule and its implementation
yield an equivalent level of, or only
have a marginal impact on, safety?

e Can the regulatory/safety objective
(qualitative or quantitative) be
established in an objective manner to
allow a common understanding between
licensees and the NRC on how the
performance or results will be-measured
or judged?

o Can the regulation and implementation
documents be developed in such a
manner that they can be objectively and
consistently inspected and enforced
against?

NRC Safety Goals

In its response to the recommendations of the
President’s Commission on the Accident at
Three Mile Island, the NRC stated that it was
prepared to move forward with an explicit policy
statement on safety philosophy and the role of
safety-cost tradeoffs in its safety decisions. The
NRC published its policy statement on "Safety
Goals.-for the Operation of Nuclear Power
1986 (51 FR 28044)

", (NRC86C).

in- NRC. __ -

13

The NRC’skprogram to eliminate requirements
that are marginal to safety derives from the
NRC's desire 10 assess the consistency of the
present regulations with the Commission’s safety
goals.

The NRC established two qualitative goals
supported by two quantitative objectives based
on the principle that nuclear risks should not be
a significant addition to other societal risks.

NUREG-1493



Introduction

The qualitauve goals are as follows:

Individual members of the public should be
provided a level of protection from the
consequences of nuclear power plant
operanion such that individuals bear no
significant additional risk to life and health.

Societal risks 1o life and health from nuclear
power plant operation should be comparable
to or less than the risks of generating
electricity by viable competing technologies
and should not be a significant addition to
other societal risk.

The following quantitative goals are nused in
determining achievement of the qualitative safety
goals:

¢ The risk to an average individual in the
vicinity of a nuclear power plant of prompt
Jatalities that might result from reactor
accidents should not exceed one-tenth of one
percent (0.1 percens) of the sum of prompt
Jatality risks resulting from other uccidents
to which members of the U.S. population
are generally exposed.

The risk 1o the population in the-area near

a nuclear power plant of cancer fatalmes :
that might result from nuclear power plant

operation should not exceed one-tenth of one - '

percent (0.1 percent) of the:sum of -cancer -
fatality rxslr.s resuldngfromau other causes.

The NRC uses its ufety goals as amuns w'-:,j
gauge the adequacy of regulatory decismm‘

regarding chmgw to current’ regnlmom
Q -l > l[ - -I . [alln.

In its TMI Action Plan (NUREG-0660), the
NRC raised the safety issue of there being
unknown gross openings in the containment
structure.  This issue stems from a 1979
discovery that two 3-inch containment exhaust
bvpass valves at one nuclear unit had been

NUREG-1493
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unknowingly locked at the open position while
the reactor was operated.  This situation
persisted for about 1.5 years. Because of this
and other similar incidents, the NRC undertook
a series of studies of containment isolation
history to evaluate alternate leakage-detection
methods. The results of these studies are
provided in NUREG-1273 (NRC88). The
following summarizes the technical findings
from NUREG-1273:

® Methods exist that appear practical and
sufficiently sensitive to be of use for
continuous leakage monitoring.

® OLMs do not have the accuracy of Type A
testing but seem to offer enough accuracy
and speed of detection to justify their use.

¢ The current program of Type A, B and C
tests can detect all UBCls (undetected
breaches of containment isolation which may
occur in the interval between Type A tests).
Supplemental use of OLM will not detect
additional UBCls.

OLM should not be comsidered as a
complete replacement for Type A tests.

¢ There is no risk justification for imposing
OLM. The estimated contribution of
. undétected-leaks to the total risk associated

~ -.with other cortainment failure modes in a
seveteacmdem is in the range of less than
0 5 pen:em 10 3 percent.

1.3 OBJECTIVES AND SCOPE

Tlus report nientlﬁen alternatives to current
- containment’ testing requirements which would
“meet the NRC’s safety goals and achieve greater
-efficiency in the use of resources. For each
alternative, risk and cost impact analyses are
performed and the results documented. Thus,
this report provides the technical bases for
defining new containment leakage-testing
requirements that would provide a balanced



concideration of the following characteristics.
The new regulation should:

@ provide comparable assurance that contain-
ment integrity will be maintained without
significantly affecting public risk;

give flexibility to the licensees in
implementing cost-effective safety measures;

be performance-based, i.e., provide balance
and should reward good performers; and

® utilize safety goals and PRA tools to the
extent possible.

To accomplish its objectives, this work evaluates
changes in the allowable leakage rate for
containment and the testing frequencies of both
integrated and local Jeakage tests, application of
statistically- based sampling techniques to local
leakage-rate tests, and the use of systems that
continuously monitor containment integrity
(referred to as on-line monitoring).

The scope of the present study includes
considerations of the effect of containment
leakage on reactor accident risk, economic and

LA
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occupational exposure costs of existing and
alternate containment leakage-testing
requirements, the historical experience with
containment performance, and the use of on-line
monitoring of containment isolation as an
alternative or supplement to periodic
containment leakage testing. The effects of
containment leakage on reactor accident risk
have been previously examined; the present
study reviews earlier efforts and updates them
based on more recent probabilistic risk
results, notably those developed in
NUREG-1150 (NRC90). The details of these
analyses are presented in Chapter 5.

The ability of the several kinds of tests (Types
A, B and C) to assure contzinment integrity is
assessed, and the historical experience with
containment performance is examined. This
provides a data base for extrapolating the
possible impacts of revised regulations.

On-line monitoring of containment isolation
performance has been suggested as a means of
providing continuous indication of containment
integrity. Earlier studies of on-line monitoring
proposals are reviewed in light of the current

effort, and potential benefits are assessed.
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2. Current Regulatory Requirements

The regulatory objective of reactor containment
design is stated in 10 CFR Part 50, Appendix A,
"General Design Criteria for Nuclear Power
Plants,” Criterion No. 16, "Containment
Design.” Criterion 16 mandates “an essentially
leak-tight barrier against the uncontrolled release
of radioactivity to the eavironment ..." for
postulated accidents.

Appendix J to 10 CFR Part 50 implements, in
part, General Design Criterion No. 16 and
specifies containment leakage-testing
requirements, including the types of tests
required. For each type of test required,
Appendix J specifies the leakage-rate acceplance
criteria, how such tests should be conducted, the
frequency of testing, and reporting requirements.
Appendix J requires the following types of
containment leakage tests:

Measurement of the contsinmerit mtegmed
leakage rate (Type A tests, often referred to
as ILRTs)

Measurement of the leakage rate across each
pressure-containing or leakage-limiting
boundary for various primary reactor
containmeant penetrations (Type B tests)

Measurement of containment isolation valve
leakage rates (Type C tests) A

Typeamd(:mmmfmedw-lom'

leakage- rate tests (LLR’I%)
2.1 IEAK-TIGW ‘ -

Compliance with 10(7’?1’&“50.4&;‘1@1!3 '

Wumwmm -

maximum allowable leakage rate. Appenitix J
does not specify how to quantify the maximum
allowable leakage rate; instead, it refers to 2
unit’s technical specifications or ¥ operating
license.

Maximum allowable leakage rates are calculated
in accordance with 10 C/'R Part 100, "Reactor
Site Criteria,” and are incormorated into the
technical specificazions.  Pavagraph 100.11
requires the calculation of the -xclusion area,
low population zone, and poptlation cener
distance. The maximum allowabli: containment
leakage rate is derived from such calculations,
an assumed fission product release from the
reactor core, and the meteorological conditions
of the site, to satisfy the following criteria:

® An exclusion area of such size that an
individual located at any point on it
boundary for two hours immediately
following onset of the postulated fission
product release would not receive a total
radiation dose to the whole body in excess
of 25 rem or a total radiation dose in excess
of 300 rem to the thyroid from iodine

exposure.

® A low population zone of such size that an
individual located at any point on its outer
boundary who is exposed to the radioactive
cloud resulting from the postulated fission
product release (during the entire period of
its passage) would not receive a total
radiation dose to the whole body in excess
of 25 rem or a total of 300 rem to the

thyroid from iodine exposure.

'i 'ﬁmmmofalmw

- aod) -one-third times the distance from the

_:mwﬁembomduy of the low

. ‘zone. In spplying this guide, the
mnmcppwnmmmbe

| m“m;mmofpopmamn

'Fm&uemwuhvakmkmorﬁcum

additional requireme” & are specified in 10 CFR
l‘utlw.

The fission prx'cot release assumed for the
above calculstivns is based upon 2 major
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Requirements

accident, hypothesized for purposes of site
analysis or postulated from consideration of
possible accidental events, that would result in
potential hazards not exceeded by those from
any accident considered credible. Such
accidents have generally been assumed to result
in substantial meltdown of the core with
subsequent release of appreciable quantities of
fission products (AEC62).

The "expected demonstrable leakage rate from
containment” from the above analysis becomes
the upper limit on the allowable containment
leakage rate for the unit. In practice, a value
lower than that required to meet the 10 CFR Pant
100 limits is written into the unit’s technical
specifications. Typical allowable leakage rates
are 0.1 percent of containment volume per day
for pressurized water reactors (PWRs) and 1
volume percent per day for boiling water
reactors (BWRs).

2.2 TEST FREQUENCY
REQUIREMENTS

A schedule for conducting containment leakage-
rate tests (both preoperational and periodic) is
specified in Appendix J to 10 CFR Part 50.

The preoperational leakage-rate tests  are
conducted when construction of the reacior
containment structure is complete and all parts
of the wmechanical, fluid, electrical, and
instrumentation
containment structure have been instalied.

Periodic lcakage-rate tests sdwdnla ae a8 -

follows:

Type A Test

After the preoperational lea £ test, a set
~f three Type A tests shall be performed at
approximately equal intervals during each 10-
year scrvice period. The third test of each s

shall be conducted when the unit is shat down
for the 10-yvear in-service inspection.

NUREG-1493

systems  penétrating the |

t
[ &%)

Type A tests shall be performed only during
periods when the unit is nonoperational and
secured in the shutdown condition under the
administrative control and in accordance with the
safety procedures defined in the license.

If any periodic Type A test fails to meet the
applicable acceptance criteria, the test schedule
applicable to subsequent Type A tests will be
reviewed and approved by the Commission. If
two consecutive periodic Type A tests fail to
meet the applicable acceptance criteria, a Type
A test shall be performed at each shutdown for
refueling or approximately every 18 months,
whichever occurs first, until two consecutive
Type A tests meet the acceptance criteria, after
which time the regular retest schedule may be
resumed.

Type B Test
Except for air-locks, Type B tests shall be
performed  during reactor shutdown for

refueling, or at other convenient intervals, but in
no case at intervals greater than 2 years. If
opened following a Type A or B test,
containment penetrations subject to Type B
testing shall be tested prior to returning the
reactor t0 an operating mode requiring
containment integrity. [For primary reactor
containment penetrations employing a continuous
leakage-monitoting system, Type B tests, except
for tests of air-locks, may be performed during

‘every other reactor shutdown for refueling but in
- _ nocase at intervals greater than 3 years.

“Air-locks shall be tested prior to initial fuel

- lﬁad_ms:nda 6-month intervals thereafter. Air-

locks opened dring periods when containment
- integfity is not required by the unit's technical

specifications shall be tested at the end of such
periods.  Air-locks opened during periods when
containment integrity is required by the unit's
technical specifizations shall be tested within 3
days after being opened. For air-lock doors
opened more frequently than once every 3 days.
the air-lock shatl be tested a1 least once every 3



days during the period of frequent openings.
For air-lock doors Laving testable seals, testing
the seals fulfills the 3-day 3t requirement. Air-
lock door seal testing shall ..ot be substituted for
the 6-month test of the entire air-lock at not less
than P,, the calculated peak containment pressure
related to the design basis accident.

Type C Test

Type C tests shall be performed during each
reactor shutdown for refueling but in no case at
intervals greater than 2 years.

Requirements

2.3 DOCUMENTATION

Aliowable leakages are calculated in accordance
with 10 CFR 100 and are incorporated into
teano! specift_ations.  The results of ILRTs
are documented in Reactor Containment Building
Leakage-Rate Test reports submitted to the
Commission.  These reports also contain
summaries of any Type B and C tests performed
since the last Type A test. Excessive leakages
are reported through licensee event reports
(LERs).
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3. Containment Leakage-Rate Test Methods

Containment structure testing is intended to
assure the leak-tight integrity of the containment
structure under all design basis conditions.
Containment  lecakage-test methods include
integrated leakage-rate tests (ILRTs or Type A
t=sts) and local leakage-rate tests (LLRTs or
Type B and Type C tests). Recently, additional
methods (referred to as on-line monitoring, or
OLM) have been adopted by some countries in
the international community to rnonitor
containment integrity continuously during power
operation. This chapter describes these test
inethods.

3.1  TYPICAL TEST METHODS

Type A Tests
What Tests Ai Achi

3.1

The sole purpose of the reactor containment

system is to mitigate the consequences of

potential accidents (e.g., loss-of-coolant accident
{LOCA]) by minimizing the release of
radionuclides to the environment and, thus, help
assure the health and safety of the public.
ILRTs are performed to verify the integrity of
the containment system in its LOCA
configuration such that the release of fission
products to the environment under these
postulated accident conditions does not exceed
the limits established by the NRC in-10- CPR
100, "Reactor Site Cntena

TypcAwstsareperfomled bypressurmngthe'_‘

primary reactor containment to the: calculated-
peak containment internal pressure (P) derived -~

from the leakage design basis academ{LBBA)

andspeclﬁadmtheunntectmcxl

or associated basés.  The -primary” reactor - -
containment system -is aligned, as -closely a8’

practical, to the configuration that would exist
following an LDBA (e.g., systems are vented,
drained, flooded, or in operation, as
appropriate). At pressure P,, the actual
containment leakage rate (L)) is derived from
measurements.  The derived leakage rate,

3-1

referred to as the measured leakage rate (L), is
expressed in percent per 24 hours by weight of
the containment normal air inventory, with the
leakage taking place at P,. The parameters
actually measured are pressure, temperature, and
humidity. Utilizing the Ideal Gas Law and
placing a statistical boundary on the leakage rate
calculated at a 95 percent probability or upper
confidence limit, a true leakage rate is
calculated.

The theory underlying the Type A tests is the
determination of the containment air mass and
the use of air mass versus time data during the
duration of the test. Type A testing techniques
can be divided into two categories, the reference
vessel method and the absolute method.

& Reference Vessel Method

The reference vessel method uses a sealed
vessel (usually a tube that runs throughout
the containment) assumed to have the same
average temperature as the comtainment.
The density of the gas in the tube is
constant regardless of pressure. The change
in differential pressure between the tube and
the containment is a direct measure of the
change in contained atmospheric mass. The
reference vessel method is no longer used
due to difficulties in maintaining a leak-
tight reference vessel.
o Abﬂl&l&Mﬂhﬁi
' '-.~In the absolute method, dry air mass is
,.detemnned -by accurately measuring the
. confainment pressure at a single location,
:msuringdlemtmlperuure in 18-24 loca-
_ﬁons,aminwmunngﬂzedewpom in
séveral locations. The average temperature
oftlwaunospbm: is determined by weight-
averaging the volume of the various
temperatures read. Using the Ideal Gas
Law, the temperature and pressure readings
are used to determine the total mass of the
enclosed atmosphere. Dew-point readings
are used to determine the amount of
contained water vapor, which is subiracted
from the total contained mass.
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Test Methods

The leakage rate can be calculated from the
measured mass versus time values vie two
methods. The first method is the total time
method. This technique uses a set of icakage
rates determined by the slope of the lines
connecting the initial contained mass reading to
each subsequent reading. The second method is
the mass plot method in which the mass values
determined are plotted versus time, with the
slope of a linear least-squares-fit to the data
being the mass leakage rate.

After the leakage rate has been measured, a
verification test is conducted to confirm the
reliability of the instrument readings. During
this test, a-known flow rate or step mass change
is introduced imto the comtainment, and the
leakage rate or mass change measured by the
instrumentation is determined and compared to
the known value,

Specifics of the test and required instrumentation
are provided in the American National Standard
Institute (ANSI) standard N45.4-1972, "Leakage
Rate Testing of Containment Structures for
Nuclear Reactors,” and ANSI/ANS standard
56.8-1987, “"Containment - System Leakage
Testing Requirements. ™

Since very small leakage rates: lre‘. ‘being
measured (as low as 0.1 percent per--day -
aecum and»

maximum - allowable leahge)
scnsltwtlmuumemamnis‘

to instrument errors,: errors. in - ummung-
averageconuimnemwmummybemmd

by errors mwerghuvengmg the__"_
read. |

SmceTypeAmts monxhecmwalpnhnni

beforcresummgpowerproducuon. most of the
constraints on Type A testing stemfrom the -

urgency to conduct the test quickly. Because the
time available for the test is limited, optimum
conditions are needed for testing.

NUREG-1493

Tests are conducted at postulated accident
pressure and during unit shutdown with isolation
valves positioned so that they may be tested
The actual leakage test usually does not last
more than 24 hours, but other operations
associated with the test (i.e., instrument set-up,
pressurization, stabilization, verification, and
depressurization) usually cause the test 1o span
several days. During conduct of the test, access
to the containment is not allowed, so little work
can be done in parallel with a Type A test. As
a result, the test is usually on the critical path
during shutdown.

In the interest of reducing utilities’ costs, efforis
have been made to justify containment structure
leakage tests of shorter duration and to analyze
procedurzs for such tests to ensure sufficient
accuracy of the measurements. Two documents
supporting shorter duration tests are "Testing
Criteria for Integrated Leakage Rate Testing of
Primary Containment Structures for Nuclear
Power Plants” from Bechte!l (BN72), and
"Criteria for Determining the Duration of
Integrated Leakage Rate Tests of Reactor
Containments” by the Electric Power Research
Institute (EPRIB3). The Bechtel report lays out
gundelim and techniques for conducting Type A
tests in as little as 6 hours. Statistical techniques
-are used to assign appropriate confidence limits
10 the measured leakage rate. The EPRI report
contains an analysis and case study of 53 ILRTs

- .-and provides a technical basis for deciding when

':mhuprodmedmmemultssuchthatme

_testmybenenmmteﬁ

e ince & Type A test relies upon the measurement
e ofeﬁﬁninedmmss and calculates the leakage

- from the change in mass over time, reduced

* duration - tests- would require much higher

semsifivity in the instrumentation and weight-
averaging schemes to yield data of acceptable
accuracy. Increasing the acceptable leakage rate
would reduce or eliminate the need for these
higher sensitivities.



3.1.2 Tvype B Tests

What Tests Aim to Achi

The Type B test verifies that the leakage rate of
an individual containment penetraiion component
is acceptable. Any Type B component that
could affect containment system integrity must
be Type B tested when it is modified or replaced
to demonstrate that the component meets the
applicable leakage-rate requirements.  This
allows testing individual components rather than
retesting the entire containment system as in a
Type A test.

How Tests Are Conducted

Type B tests are pneumatic tests conducted 10
detect and measure component leakage rates

across  pressure-retaining,  leakage-limiting
boundaries (other than vialves and welds) on

systems penetrating the containment vessel.

This includes penetrations that incorporate
resilient seals, gaskets, expansion bellows, etc.,

including the containment air-locks.- ’I‘hesetem ‘
are typically conducted by pressurizing the test
volume or inner space to P,-and measuring the -
rate of pressure loss utilizing air, nitrogen, or:

other suitable pneumatic fluid. The. volumes

Test Methods

indjvidual testing of a CIV rather than retestiag
the entire containment system (Type A test)

How Tests Are Conducted

Type C tests are pneumatic tests conducted to
detect and measure component leakage rates
across containment isolation valves. These tests
are typically conducted by closing the CIVs,
pressurizing the test volume to P,, and
measuring the rate of pressure loss utilizing air,
nitrogen, or other suitable pneumatic fluid. The
test volumes pressurized can vary from small to
quite large depending upon line size and valve
configuration. As a result, Type C LLRTs can
last from 1 hour or less to 8 to 16 hours or
more once test pressure is achieved. CIVs are
tested at P, such that the leakage through the
valve is in the same direction that would occur
subsequent to a design basis LOCA unless it can
be demonstrated that testing in the reverse
direction is conservative or equivalent.
Typically, a rotameter or mass flow meter is
utilized to measure the actual leakage rate once
pressure is achieved.

3.14  Test Instrimments

tested are generally small, with_the exception of
theoverﬂlconﬂmmnm—iocktests*uﬂm__

usually require-less than 1-haur. - T
rotameter or:-mass flow meter-
measure the actaal !ukige nt:
pressure lsadneved s wEUE

What Tests Ai '|

3.1.3

The Type C test verifies t]ntthclahgcmenf

the individual containmerz isolation valve (CIV)
is acceptable. Any Type C component that
could affect containment system integrity must
be Type C tested when it is modified to
demonstrate that the component meets the
applicable leakage-rate standard. This allows

:-ﬂuw-me 'nwmod “In ecither case, the test
vohmupremmmdml’ (or greater) and a

'Ihls section provides information on the
accuracy and range of instrumentation used
andlotavulablem measure containment leakage.

method and (2) the make-up

tmennuesubﬂmnon period of approximately
Iszmtesnsunposedpnortomﬂdm
acquisition. Typically, the test duration is also
15 minutes. However, this can vary due to
volume considerations since more time would be
required for a 36-inch purge valve versus a 3-
inch instrument air valve.
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Test Methods

Leakage-test instrumentation is typically
calibrated on-site to the following specifications
(FS = full scale):

Pressure-Decay Methiod
Temperature:  Accuracy - + 1°F
Resolution - + 0.5°F
Repeatability - + 0.5°F

Pressure:  Accuracy - + 1% of P
Resolution - + 0.1% FS
Repeatability - + 0.1% FS

Make-up Flow-Rate Method

Temperature-  Accuracy - + 2°F

Resolution - + 1°F .
Repeatability - + 1°F
Pressure: Accuracy - + 2% of P,
Resolution - 4+ 1% FS
Repeatability - + 1% FS
Flow: Accuracy - + 2% FS
NOTE: These are minimum values; higher

accuracies are availsble.

Typically, utilities favor the make-up flow-rate
mthodbyalargemajonty although- certain
tests may require the pressure-decay -methiod
(¢.g., accumulator tests).. The make-up flow-

rate method is insensitive to specific volume or

temperature corrections (if mass flow). -Make-

up flow is typically performed by wilizing mass- -

flow measuring devices Or rotometers. Both are
available 1o satisfy the mwﬁmmm The

mass-flow method requires an AC power supply -

or can be battery operated; rotometers do not
require a power source. Both methods, like
pressure decay, require. an air or N, source.
These instruments and the instruments used in
the pressure~decay method are calibrated
typically every six months,

aYr TSNS 4 SR

In the examples stated above, the devices are
readily available and affordable, can typically be
calibrated at the site or returned to the vendor,
and have been accepted by u.e industry for use
in Type B/C testing.

Type B and C tests are generally performed
utilizing one of two flow-test devices. This
includes either the mechanical rotometer or the
clectronic mass-flow meter. Although either
instrument is acceptable for this appiication,
each has its own advantages and disadvantages,
and each requires an external pressure source.

Mechanical Rotometer

Rotometers require no electrical power source or
internal stabilization time and are generally less
expensive than mass flow meters. Typically.
three rotometers with overlapping ranges would
be installed in a lightweight panel, along with
associated regulators, valves, gauges and tubing.
This pane! could be hand carried throughout the
plant or mounted on a portable hand dolly. It is
not uncommon {o have two panels, one for low-
and one for high-range measurements.

One panel would cover 0-2000 scc/m (0-0.7
scfim or 0-4.2 scf/hX3 rotometers) and one

~would cover 2000-20,000 scc/m (0-7 scf/m or O-

42 scf/h)3 rotometers)¥(28,317 sccm =
sct/m).

1.0
The limiting factor would be

 size/weight considerations which are a function
_~of the flow. Generally, the higher the flow to
~ be messured, the larger the measuring device.

34

’Sunemusumd flow rates rarely exceed 20.000

to 25000 scc/m, this system is adequate for
routine testing. Caution has to be utilized

- during actual test performance to prevent water

contamination of the instruments. This would
typically result from improper draining of a
system to be tested and/or pressure within the
system. These instruments have an accuracy of
+ 1 percemt with traceability cerufication
Calibration of these instruments can be



performed on-site depending upon the
sophistication of the on-site calibration lab.

Mass-Flow Meter

Thermal mass-flow meters are portable, require
an external power source (plug in) and internal
stabilization time, and are morec "delicate”™ 1o
transport. A three scale unit is generally the
size of a bread box. Thermal mass-flow meters
have an accuracy of + 1 percent with
certification. Liquid contamination is a major
concern since these devices generally require
recalibration by the vendor (off-site shipping).
The physical size of the devices (small) makes
them ideal for.measuring large flow rates. This
becomes even more evident when considering
that a 0-25 scf/m (0-1500 scf/h) mass-flow meter

(single scale) is approximately the size of a’

coffee cup (excluding inlet and outlet

straightening clements).

Generally, L, equates to approximately 8 scf/m
or less for the typical commercial LWR.
Therefore, a 25 scf/m device above would be
capable of measuring > 3 x L,. Aside from the
outliers during the as-found LLRT, measured
leakage rates are generally 5,000 sccm or less
{(0.18 scf/m or 10,6 scf/h), with the majority
less than 1,000 scem (0.035 scf/m or 2.1 sci/h)
or less. By utilizing an instrument with. this
range, the existing non-quantitative- reporting
("indeterminate”, "> 0.6 L,", "unquantified”,
etc.) can be reduced considerably, and
quantitative data provided for evaluation at
minimal cost.

measured, the greater the lengths of piping
needed to act as stabilizers toachwvclammu
flow.

32 ALTERNATIVE APPROACHES

Tvpe A and most leakage tests on valves and
penetrations can be conducted only during a unit
shutdown. The integrity or leak-tightness of the

Tomsuretheouﬂm() v
scf/m flow), other instrumexitation can be-added -
to the panel. However; the larger the flow to be
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containment is not normally tested during reactor
operation. A potential alternative or adjunct to
Type A tests is on-line containment leakage
monitoring.

A combination of Type A tests and an on-line
monitoring capability is being actively pursued
in Canada and in Europe, notably in France and
Belgium, and is currently being considered in
Sweden. This Section reviews different methods
of on-line monitoring, and the modified Type A
tests being conducted in these countries. The
review is based on information provided by the
Furopean and Canadian nuclear regulatory
authorities and industry, and meetings between
the NRC staff and these organizations
(NRC93C, NRC%4A). OLM is used to identify
a "normal” coptainment pressurization pattern
and to detect deviations from that pattern. The
underlying physical principles for on-line
monitoring are summarized below. Details are
provided in NUREG-1273 (NRC88).

e deal Gas Mass Determinati

The use of ideal gas relationships to
determine the contained air mass through
measurement of air temperature, humidity,
and pressure is the basis of current leakage
testing. While there is no question as to the
ability of the method to determine leakage
rates accurately under relatively stable
shutdown conditions, it is probable that the
larger thermal gradients and air velocities in
an operating containment affect the accuracy
of the technique. More important, while
‘rype A tests are conducted at full accident
pressure, OLM is performed at very small
pressure differentials; thus, the accuracy of
OLM is expected to be lower.

® Tracer Gas Detection
This method uses the measurement of a
natural or introduced gaseous tracer to

detect containment leakage. One tracer
method uses the detection of a tracer gas
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outside of the containment which has a
known concentration within containment. A
tracer of interest for this method is ozone,
since it is generated within containment and
detection techniques are extremely sensitive.
In the case of BWR Mark I and Mark II
containments and possibly dual- wall PWR
containments, the leakage through all
pussible leakage paths is drawn through a
single duct, making tracer detection
relatively straightforward.

Another tracer method techniquz uses a
concentration monitor within containment to
record dilution of the tracer caused by
inieakage. This method is applicable only
to containments normally operating at
negative gauge pressure.

Bulk Temperature Measurements

Bulk temperature measuring techniques are
related to the ideal gas mass determination
method but use global methods of determin-
ing a properly weight-averaged temperature
of the atmosphere. Acoustic velocity and
refractive index measurement techniques can

also be used. Both these techniques require
a relatively uncluttered, open containment

geometry.

tyofmmaeominﬁoﬁs orducme_i

exmeme of equipment” on-site- cipsble of

produangﬂmedesnadmuhmge “the
capability ofmmnngmﬂpme

chmgesproducedbymemusdnng&.md -

the allowable limits for containment
pressure during operation. -

Reference Vessel Method
This method uses a device similar to the

reference vessel for Type A tests. Support
of these techniques requires information

NUREG-1493
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concerning pressures, temperatures, and
temperature gradients existing in operaring
comntainments.

o Di Air Weighing

This method uses the vertical differential
atmospheric pressure in containm¢nt 1o
determine directly the enclosed air mass.
The method is extremely sensitive to local
stagnation pressures and somewhat
dependent on containment intemnal geometry
and variations in temu:crature profile.

NUREG-1273 (NRC88) discusses 11 methods
utilizing the physical principles stated above.
The characteristics of the 11 on-line monitoring
methods are summarized in Table 3-1. Three
methods (Type A test instrumentation, reference
vessel, and differential trace gas concentration)
are generally applicable to all reactor units. The
estimates of equipment cost shown in the table
are based only on the required equipment.

Capabilities of On-Line Monitoring Syste

The following technical findings are taken from
NUREG-1273:

® Methods exist which appear practical and
sufﬁcxently sensitive to be of use for
continuous leakage monitoring.

® - OLM does not have the accuracy of Type A
- 'testmgbmseems to offer enough accuracy
-and speed of detection. to justify its use for
»j"detewnggrossiakagc

"o OLM s capable of detecting leaks within 1

- day to several weeks, versus an average of
6-12 months for Type A, B and C tests.

® The current program of Type A, B, and C
" tests is capable of detecting all reported
events documented in the Licensee Event
Reports (LERs). Supplemental use of OLM
will not detect additional breaches of
comtainment integrity.



Table 3-1. Characteristics of On-line Monitoring Methods

External detection BWRs No No No L

Tracer gas dilution Subatm No No Yes L

Continuous injection PWRs Yes Yes Yes H

Direct Large, dry Yes No Yes M

weighing subatm

Acoustic velocity Large, dry Yes No Yes | H
subatm

[ Reference vessel All Yes No Yes H H

Type A test All No No Yes

instrument

Trace gas mass Subatm No No Yes M

concentration

Differential trace gas All No No No | M

concentration

Periodic air n1ass PWRs Yes Yes Yes H

injection

Nitrogen usage

monitoring

Note: L - low, M - moderate, H - high, Subatm - subatmospheric

Type B an Ctests together are- caplble

of detecting 99.4 percent. of documented .

breaches; only the remaining 0.6 percent of - -

breaches requires -some tests . other lhm,_ _

TypcBandC

For the remaining 06peroem of breaches.

OLM is estimated to be capable of detecting ™ f

five out of six breaches. In other words;

OLM would improve -detection -of --

documented breaches by 0.5 percént.

OLM cannot detect l&h in a double

barrier. Thus, the estimated unavailability
of containment isolation for the small
(1L,-10L) and large (> 10 L)) leakage
categories would not be improved
significantly if an OLM were adopted, since

or

" leakages of these sizes generally occur in

paths ‘with double barriers. For the very

hrge]eahge category (e.g., open air-locks
‘the

failure’ of other containment

~ «-.Open’ purge/vent . pathways, or
vinmhr dmact _air: path system valves or

- penetritions), the unavailability might be
unprovedbyismuchlsanorderof

mznimde

. _pL.M‘shaﬂd not be considered as a

“complete. replacement for Type A tests
becanuse OLM operates at reduced pressure.
Prediction of leakage and structural integrity
at accident pressure based on low pressure
tests is not accurate because there is no
correlation between the two.
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Test Metheds

Current Type B and C tests identify nearly
all potential leakages. Prudence dictates
maintaining the current refueling-cycle time
period for conducting Type B and C tests.

Type A, B, and C tests required by
Appendix J should be continued to provide
assurance of continued high containment
availability. OLM might improve
containment unavailability due to very large
leakages by less than an order of magnitude.

There is no risk justification for imposing
OLM. Estima:+d contribution of undetected
leakages to the total risk associated with
other containment failure modes in a severe
accident is less than 0.5 - 3 percent.

An estimate of installation and operational
OLM costs {8 on the order of $0.5 million -
$1.0 million.

3.2.1 The Belgian Approach
On-line Monitori

During reactor operation, the pressure in the
containment tends to increase due to compressed
air leaks from pneumatically operated
equipment. By monitoring the compressed -air
make-up to the containment, it is possible to
calculate the containment leakage rate from the
discrepancies between the theoretical increase in
containment pressure and the measured pressure
increase. The calculation takes into account the
temperature and moisture variations during the
tests.

The test is conductod,duxing.mor,oppmion
after each cold shutdown longer than 15 days.
1t is performed after the startup of the unit when
steady state conditions (e.g., temperature,
moisture) have been reached imside the
containment atmosphere. If, after two months

of maintaining the primary system temperature

NUREG-1493

above 260 °C, it has not been shown that the
leakage rate of the containment is below
17Nm’/h, the unit shall be brought to cold
shutdown. Such a test can be completed in less
than 72 hours.

After the completion of the leakage test, a
nonmandatory  verification test may be
performed by superimposition of a leak through
a calibrated orifice. For these tests, either the
absolute or reference vessel is acceptable.

The objective of the test is to detect gross
localized leakages such as misaligned valves or
left-open valves and faulty flanges or instrumet.:
connections.

The test acceptance criteria are as follows:

Leakages at 60 mbar (0.88 psig)

differential pressure Action

Not greater than S Nm’/h None (considered
{177 scfh) normal condition)
Greater than 5 Nm’/h Search for leakage
(177 scf/h) but less than locations

17 Nm*/h (600 scf/h)

Greater than 17 Nm*/h
(600 sci/h)

Cold shutdown 11
leakages cannot be:
located and
isolated within a
month

For Belgian PWRs, a leakage rate of 17 Nm'/h
(600 sct/h) at- 60 mbars (0.88 psig) and
containment temperature corresponds to about
ten times I, at accident pressure, P,. Physical-
ly, 17 Nm*/h {600 scf/h) also corresponds to the
flow rate through a hole of 1 cm (about 3/8
inch) diameter in a thin plate at an effective
pressure of 60 mbars (0.88 psig).



Modified Tvpe A Test

The objective of the Belgian approach to Type A
testing is to reduce the frequency and duration of
the tests. The Type A test is conducted at a
containment pr=.sure (P) not less than half of
the peak pressurc (0.5 P,). It is performed once
every 10 years. The test acceptance criterion is:

L. < 0.75 (P/P) L,

where L,, is the measured leakage at P, and L,
is the maximum allowable leakage rate at P,
The rationale for testing at P, instead of P, and
the use of a new test acceptance criterion are
discussed in Appendix C.

Type A tests are performed using both the
absolute method and the reference vessel
method. These two methods are totally
indeperdent, and their results can be used ior
mutual validation. [f, over a period of at least
8 hours and with at least 30 consecutive
measurement points, both of the methods
provide a leakage ratc meeting the above
acceptance  criterion, the test ~ can be
discontinued. A verification test (i.e., calibrated
leakage test) may or may not be required at the
end of the test period depending upon the
difference between the measured leakage rates
derived from the two methods.  Further
discussion is provided in Appendix C.

The French Approach
On-line Monitari

Containment leak-tightness is being contimously
monitored during reactor operation in all of the
French PWR units using the SEXTEN OLM
system. The French safety authorities and EDF
decided to equip their PWRs with OLMs "Even
if the potential risk associated with such risks is
low...." SEXTEN is also being evaluated by the
Swedes for their PWR units.

322

Test Methods

On-line leakage detection is based on the fact
that the pressure inside the containment is
successively below and above atmospheric
pressure. The containment pressure goes up due
to leakage of the air from the instrument
compressed air distribution system. When the
pressure reaches a set limit, the operator quickly
depressurizes the containment and a2 new
pressurization cycle begins. A typical cycle is
about 20 days for a 900 MW PWR unit.

Leakages may be detected during the positive or
negative pressure periods in the containment by
evaluating the air mass balance in the
containment. The air mass is measured by the
absolute method.

The test s« ~eptance criteria adopted by the
French (SEPRI94) are:

For 900 MWe PWRs:

Leakages at 60 mbar (0.88 psig)

differential pressure Action

Not greater than S Nm’/h None (considered

{177 scf/h) normal condition)

Greater than 5 Nm’/h Searchfor leakage

(177 scf/h) but less than locations

I Nm’/h (354 sci/h)

Greater than 10 Nm*/h Cold shutdown if

(354 sci/m) lcakages cannot be
focated and
isolated within
10 days
Cold shutdown in
20 days if
leakages can be
isplated by
contaioment
isolation
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Test Methods

For 1300 MWe PWRs:

Leakages at 60 mbar (0.88 psig)

differential pressure Agtion
Not greater than 5 Nm'/h None (considered
(177 scf/h) normal condition)
Greater than 8 Nm’/h Search for leakage
(283 scf/h) but less than location and begin
16 Nm*h (566 scf/h) procedure for cold
shutdown within
14 days
Greater than 16 Nm*/h Cold shutdown if
(566 scf/h) leakages cannot be
located and
isoleted within
3 days
Cold shutdown in
14 days if
leakages can be

isolated by
containment
isolation

For a 900-MW unit containment-(free volume of
about 50,000 m* or 1,766,000 ft'), the average
uncertainties with the SEXTEN system for a
containment leakage rate at 60 mbars (0.88 psig)
effective pressure differential are:

® 13 Nm’h (46 scf/h) over a 24-hour
measurement period; and

0.8 Nm'h (28 scf/h) over a pressurization
cycle in the containment.

It takes approximately 4 hours of measurements
to confirm the development or elimination of a
5 Nm*/h (177 scf/h) leakage. This corresponds
10 a leakage rate of about 0.25 volume percent
per day. The French believe SEXTEN is able to
detect 2 leak corresponding to a less than
3 mum (7/64") diameter pipe in a 24-hour test
period.
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The method can be used not only to detect a
leakage problem, but also as an aid in
identifying the leakage paths or the defective
components. The system operates continuously
and provides measurements daily or at the end
of each pressurization cycle. At the operatot’s
command, the evolution of the air mass inside
the containment can be plotted in real time when
leakage paths are sought. Appendix C describes
the SEXTEN system in more detail.

The Swedes are currently evaluating the
SEXTEN system. They are considering the
following test acceptance criteria:

Leakages at 60 mbar (0.88 psig)

Not greater than § Nm*/h None (considered

(177 scffh) normal condition)

Greater than S Nm“h Identify the

leakages

(177 scf/h) but less than and take corrective

15 Nm’rh (530 scfth) actions within a
limited time

Greater than 15 Nm'/h Inform SKI

(330 sct/h) (Swedish Nuclear
laspectorate) and
provide an action
plan

Type A Testing

Type A tests are conducted at containment peak
pressure  (loss-of-coolant ~ accident [LOCA]
pressure) before initial unit startup, during the
first refueling, and thercafter every 10 years
unless a degradation in containment leak-

tightness is detected. If the margin between the

allowable limit and the measured value decreases
by more than 75% between two consecutive ten-
yearly tests and if the cause of this leakage
cannot be identified and corrected, the next Type
A test must be performed within five years
{SEPRI%).



3.2.3  The Canadian Approach

As summarized below, Canada’s Hydro-Quebec
uses the Temperature Compensation Method
(TCM) for on-line, low-pressure testing for
containment integrity at the Gentilly-2 Nuclear
Power Station. The TCM uses a reference
volume with an extensive tubular network of
different diameters, and a second independent
tubular network with numerous humidity
sampling points (CAN94).

The reference volume is composed of a leak-
tight network of copper tubing throughout the
significant volumes of the reactor building. The
tubing is sized and routed in such a way that the
reference volume fraction contained within cach
room is proportional to the volume of the room.
This arrangement enables the determination of
the "equivalent” or "weighted” reactor building
temperature and eliminates the need to track
numerous temperature points. The reference
volume simulates the overall reactor building
behavior and allows the leakage-rate
determination to be independent of reactor
building temperature fluctuation. The
differential pressure between the tubular network
reference volume and the reactor building
constitutes the critical process variable.

A major difficulty of a low-pressure test is the
measurement of an extremely small pressure

drop. During an 8-hour test at 2.75 kPa(g), a-

typical pressure drop could be 0.043 kPa(g),
where Pa(g) is relative pressure measured in
units of Pascal. This is compared to a pressure
drop of 0.376 kPa(g) during an 8-hour test at
containment peak pressure of 124 kPa(g).. These
figures presume a 0.5% of reactor building
volume per day leakage rate and 100% turbulent
flow. The meaningful interpretation on the
minute pressure drop imposes a stringent
precision requirement on the TCM system.

The reactor building humidity plays a major role
in on-line, low-pressure testing. Under typical
conditions, the dew point in the reactor building

Test Methods

may increase from 4.5 °C (40 °F) t0 5.0 °C (4!
°F) during the test. The increase in vapor partial
pressure is a factor of three over the test
pressure drop. Hence, a precise determination
of average reactor building humidity and its
variation in time and space is critical.

The tubular network of numerous humidity
sampling points installed inside the reactor
building enables the measurement of minute
pressure variations inside the reactor building,
independent of the spatial and temporal humidity
behaviors. The humidity and temperature
mapping exercise conducted during an annual
shutdown has confirmed the ability of the
humidity sampling tubular network layout to
adequately track reactor building humidity. An
ertor of 3.2% on the pressure drop was
indicated from a detailed error analysis.

It is not possible to fully isolate several process
gas systems inside the reactor building at power.
Gas leakage from the various reactor auxiliary
systems during normal operation contributes to
the existing water vapor partial pressure. These
gases include helium, carbon dioxide, and
nitrogen. The contribution from these leakages
has been shown to be minor (less than 2% of the

leakage rate).

The atmospheric pressure may vary dramatically
during the test period. An increase in the
atmospheric pressure during a test is reflected by

"a decrease in the test differential pressure. It is

~ possible that the positive differential pressure of

the reactor building with respect to the
atmosphere may be reduced by as much as S0%
during the test as a result of a weather
perturbation.

" A post-test validation procedure is required to

verify the TCM test result. A "known" leakage
rate, of magnitude comparable to the "unknown”

leakage rate, is superimposed upon the latter
directly upon conclusion of the “unknown"
leakage- rate measurement.
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The TCM system can be used a1 any test
pressure. However, the Gentilly-2 TCM system
is limited to a maximum test pressure of 3.4
kPa, which correspond to the reactor trip set
point of the safety shutdown systems on high
reactor building pressure. The test at a nominal
3 kPa(g) test pressure can be completed during
a 12-hour period (28 hours total with alignment
time) with the reactor at full power. This is
compared to the required 5-day critical path
window (7 days total with alignment time)
during an annual shutdown for the traditional
reactor building pressure test (Type A test)
performed at 124 kPa(g).

The Gentilly-2 TCM system is able to detect a
leak corresponding to a 2 mm (5/64") diameter
pipe, with high precision in an 8-hour test
period. The error associated with the
measurement at a nominal test pressure of 3
kPa(g) was +10% based on theoretical analysis
under typical test conditions. The available data
from the "known leakage-rate™ test validation
procedure suggests that the actual error band is
less than 15%.

With on-!ine, low-pressure testing, Hydro-
Quebec is able to detect and monitor the change
in containment leak-tightness between Type A
tests. Available test results indicate that it is
possible to extrapolate the on-line, low-pressure
leakage rate to the equivalent Type A test
leakage rate at high pressure, Confirmation of
this capability, however, will require a larger
data base of low-pressure test and Type A test
results.

Hydro-Quebec has indicated that their system is
new and evolving, and that they are currently
pursuing various applications of the system.

Further discussion of the Gentilly-2 TCM system
is provided in Appendix C.
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324 Discussion

The primary limitation of OLM is that it is
conducted while a unit is operating when control
over many parameters is not practical. The
containment atmosphere tends to be much more
erratic during operation because of operating fan
coolers and large and fluctuating heat sources.

The large amounts of heat released into contain-
ment produce large thermal gradients and
contribute to less stable conditions. Thermal
gradients complicate calculation of an average
containment temperature which is done by
weight-averaging the temperature with volume.

Other conditions in operating containments that
could obscure results from on-line leakage-rate
monitoring systems are the usage of instrument
air, continuous sample lines, containment access,
vent and purge operations, and gas releases into
containment from coolant systems.

Despite the potential operating challenges, the
Canadian and the European communities have
had successful experiences. OLM systems have
been installed in all of the French reactors since
1985 and have accumulated 250 reactor-years of
experience. The capability of measuring 1
Nm*/h (35 scf/h) leakage, as claimed by the
French and Belgium on-line monitoring systems,
and the capability of measuring leakage through
a 2mm (5/64") hole, as claimed by the Canadian
OLM, cxceed the expectation of past studies
(i.e., NUREG-1273).

OLM systems can only detect those leaks located
in systems that provide 2 connsction between the
containment air and the outside atmosphere.
Based on data collected at North Anna Power
Station, listed below are penetrations exposed to
the contaimment atmosphere.



om IR

Number of
Penetrations
Exposed 1o
Type of Size of Containment
Pepetrations Penetrasions Atmosphere
Mechanical 38" 3
(total 92 2° 2
penetrations) 4" i
6" 1
8" 1
36" -2
10 (~11%)
Electrical 129 (100%)
(total 129
penetrations)

In summary, on-line monitoring systems can be
useful in detecting and locating certain
containment leaks during reactor operation.

3-13
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However the usefulness of an on-line
monitori.z system depends upon the utility's
ability to:

® account for the effects of temperature and
moisture gradients and variations on the test
results;

® preclude the possibility of an actual leak
being masked by containment air/gas
inleakage:

® account for leaks in closed pressurized
systems that would probably not be
measured during on-line monitoring;

® guard against "false alarms” from on-line
monitoring; and,

® chieve stabilized conditions within the
containment during reactor operation.
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4. Leakage-Rate Test Experience

Because of concerns about undetected loss of
containment isolation capability, an early NRC
study (NUREG/CR-4220)(NRC85) undertook
the compilation of an historical data base related
to possible violations of containment isolation.
The data mn this compilation were derived
primarily from Licensee Event Reports (LERs)
submitted to the NRC between 1965 and 1983.
Although this compilation imcluded more than
3400 suspected containment isolation failures, it
did very little evaluation of the nature and
potential significance of the reported technical
specification violations and, thus, was not very
useful for the purposes of the present effort.

A subsequent study (NUREG-1273)(NRC88)
undertook a more extensive evaluation of the
same data base. Some of the findings of the
latter study included:

About ore-third of the reported events dealt
with leakages that were immediately
detected and corrected, thus posing minimal
threat to containment integrity.

¢ Events related to components located in

direct containment-to-atmosphere paths were
a small fraction (about 1/6) of the total.

The great majority of reportable events were
detected by Type B and Type C leakage
testing; only 25 of 2192 everts were

detectable only by Type A integrated
containrment feakage testing.

In addition to these studies, the present study
analyzed a data base campiled by the NRC, the
results of Appendix J testing at the two-unit
North Anna sttion, and an Appeadix ]
exemption request submitted by the Grand Guif
station. In February 1994, the NRC received
for analysis a lester (NUM94) from the Nuclear
Management and Resources Council
(NUMARC) transmitting comainment testing
data representative of a broad spectrum of units.

4.1 TYPE A ILRT

To verify the validity of the suggestions that
local leakage-rate testing can detect essentially
all potential degradations of containment
integrity, more recent experience with
containment leakage rates has been evaluated.
For this purpose, a data base compiled by NRC
staff was used as a point of departure
(NRC93A)'. This data base is a compilation of
LERs, FSAR revisions, ILRT reports,
exemption requests, technical specificatici
changes, etc., from June 1987 through April
1993. Of specific interest are the 166 ILRT
reports included in this compilation covering 97
individual units at 68 sites. Of the ILRT reports
in the data base, 42 have been identified in the
data base as failed. Details of the failures or
how they were detected arc not always included
in this compilation. Nevertheless, it is noted
that, of the identified failures, approximately 25
percent exhibited “as-found” leakage rates
greater than 0.75 L,, but less than 1.0 L,.
Another 20 percent of the identified failures
were charscterized by "as-found” leakages less
than 5 L. For the remaining 55 percent of the
identified failures, the leakage rates were not
quantified, typically because the leakages
exceeded the range of the measurement
instrumentation. For local leakage- rate testing,
the range of the instrumentation used is
comparable 10 the allowable leakage rates; thus,
even marginal violations of allowable leakage
Tates capnot be quantified.

. In onder 10 assess the causes of the reported

ILRT Dnilures, the fest reports identified as
failarex have been reviewed in detail. Table 4-|
summarizes 2 sumber of reporied ILRT failures
In most of the reported ILRT failures, the
ingcgrated lealonge-rate test aself met the 0.75 1,
criterion; the reported “as-found ™ leakages were
desected by Type B and C testing and corrected
prior t0 the ILRT. This is typical of current
TLRT peactice, i.c.. Type B and C testing is
performed  prior 1o the ILRT and the as-found

U S Nuwiear Regulatony Cownrmaroaon, “The "Guezer Arads™ Appeadie 7 Dats Base ™ ket corren
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Table 4-1. Examples of Failed ILRTs

' A EE; XN BT
Iig Unit Description J
AN $'92 ILRT. 75 L, = .150% per day; As-Found > L,. As-Left = 125% per day ‘»
N leakage found by LLRT
;
Heaver V | 12/89 ILRT, 75 L, = 075% per day As-Found = excesstve; As-Left = (31672%
per day  Two penetration leaks discovered during ILRT.
Braidwood | 291 ILRT, 75 L, = .075% per day, As-Found = .0557% per day: As-Left =
)5286% per day. TYPE B failure found during ILRT, after earlier successful
TYPE B test. ILRT performed with outer air-lock door open; leak in hatch shaft seal
Braidwood 2 | 9/91 ILRT; .075 L, = .075% per day; As-Found = .0554% per day, As-Left =

Brunswick 1

Brunswick 2

Brunswick 2

Callaway |

Cooper

Dresden

Dresden 3

Dresden 3

bernn 2

Fenm 2

Hams

Hatch 2

Hawh 2

i
A

05359% per day Several local leaks found during ILRT, after having passed Type B,
ILRT done with outer doors open.

2191 ILRT, .75 L, = .375% per day, As-Found = .4956% per day. As-Left =
3408% per day Lcakage found by LLRT.

2/90 [LRT; .75 L, = .375% per day, As-Found = .47% per day. As-Left MP) =
317% per day; As-Left (TT) = .344% per day. Leakage found by LLRT

12/91 ILRT, .75 L, = .375% per day; As-Found = .3975% per day: As-Left =
31545% per day. Leakage found by LLRT.

10/90 ILRT; .75 L, = .150% per day; As-Found > .150% per day. As-Left =
0446% per day. Penetration leakage.

12/10/91 1LRT; As-Found = 1.38 1. Leakages found by LLRT.

12790 ILRT; 7S L, = 1.2% per day; As-Found = 24 5% per day, As-Left =
0 7428% pes day. Vacuum breaker valve lealage found by 11T

2/90 JLRT; .75 L, = 1.2% per day, As-Found = 1.25% per day, As-Leht = 1 0075%
per day  lLeakage found by LLRT.

392 LLRT; .75 L, = 1.2% per day; As-Found > L, As-Left = 6706% per day.
Leakage found by LLRT.

11789 ILRTY; .75 I, = .373% per day: As-Found » 9S8% per day: As-Left = 318%
per day Leakage fouad by LLRT,

1092 ILRT; 751, = 375% per day; As-Found < 2L, As-Left = 2434% per dyy
Leakage found by LLRT.

10789 ILRT; ILRY without pnor LIRT. As-Found axt quantified

11RO ILRT, 75% 1, = 90% per ém; As-Found = 1 01% per dav. As-Lef

]
x
=

i perdm  leakage found tv LLRT

1IN ILRY
NNSR® per dny

MW, = 9% perdan. As-Found = ] 337 per din . Asleft
Leakagr found in 1L1RT

I

|

|
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LaSalle 2

LaSalle 2

Millstone 1

Palo Verde 2

Pilgrim 1

Quad Cities 2

Quad Cities 1

River Bend

Sequoyah 1

Sequoyah 2

Sequoyah 2

Susquehanna 2

™I

Trojan

Vogtie 2
Vi Yankee

SRR L
Unit

Table 4-1 (Continued)

Description

6/90 ILRT, .75 L, = .476% per day; As-Found > .476% per day, As-Left = 427% per
day.

I

3/92 ILRT; .75 L, = 476% per day; As-Found = .3523% per day; As-Left = 6155% per
day. Leakage found by LLRT.

6/91 ILRT; .75 L, = .90% per day; As-Found > .90% per day, As-Left = 4077% per
day. Leakage found by LLRT.

12191 ILRT; .75 L, = .075% per day; As-Found = .083% per day; As-Left = 031% per
day. Leakage found by LLRT.

791 ILRT; .75 L, = .75% per day; As-Found = 1.2% per day; As-LeR = 2. Failed
ILRT, drywell head bolts loose.

11/86 ILRT; .75 L, = .75% per day; As-Found = .882% per day. Failed ILRT, faulty
drywell head gasket.

9/14/87 ILRT, ILRT prior to LLRT, failed. Cause unknown.

8/92 LLRT; .75 L, = .195% per day; As-Found = Failed; As-Left = .141% per day.
Type B & C exceeded 6 L,

5/90 ILRT; .75 L, = .1875% per day; As-Found = .7% per day; As-Left = .148% per
day. Leaksge found by LLRT.

3/90 ILRT; .75 L, < As-Found < !.0 L,. ILRT found penetration leakage missed by
faulty LLRT.

4/92 ILRT; .75 L, = .1875% per day; As-Found = .42122% per day; As-Left = .15154%
per day, Leakage found by LLRT.

6/86 ILRT; L, = .75% per day; As-Found = 2.6% per day; As-Left = .59% per day.
ILRT p+ior to LLRT.

11786 ILRT; .75 1, = .075% per day; As-Found ~ .1% per day. ILRT prior to LLRT.

S129~6/2/9C ILRTS; .75 L, = .1% per day; As-Found = 7%; As-Left = .00616% per da:.
Instrumentation problems during LLRT.

4792 ILRT; .75 L_ = .150% per day; As-Found = .1307% per day; As-Left = .1410% per
day. Leakage found by LLRT.

.25 L, = 6% per day; As-Found = 8% per day. Drywell \aanway penetration leakage
- A e e ———

!
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Test Experience

leakage rate is determined by adding the lcakage
savings resulting from the repair of local
leakages to the measured ILRT leakage. In a
number of the other reported failures, local
lcakages were actually detected by the ILRT. In
almost all these cases, the ILRTs were
performed without a preceding Type B and C
test. In one case, a faulty LLRT failed to
identify a local leakage which was found by the
subsequent ILRT. Local leakage-rate testing did
not and could not detect excessive leakage in
three of the cases identified as failures in the
above data base. One of the ILRT failures was
associated with Mark I BWR head closure
leakage and one with a steam generator manway;
the root cause of the third was not resolved.

In addition to the NRC data base, LERs related
to containment jeakage-rate testing compiled by

Oak Ridge National Laboratory (ORNL) have

also been examined. Most of the possible ILRT
failures identified by this search were duplicates
of the reports included in the NRC data base.
Only one additional ILRT failure was found in
the Oak Ridge compilation. In this case, the
excessive leakage was due to a faulty gasket on
a Mark | BWR head. The "as-found” measured
leakage was 0.84 L,.

In the approximately 180 ILRT reports
considered in this study, covering 110 individual
reactors and approximately 770 years of
operating history, only 5 ILRT failures were
found which local leakage-rate testing could not
and did not detect. These results indicate that

Type A testing detected failures to meet current

leak-tightness requirements in approximately 3
percent of all tests. These findings clearly
support earlier indications that Type B and C

testing can detect a very large percentage of

containment leakages. The percentage of
containment leakages that can be detected only
by integrated containment leakage testing is very
small. Of note in the ILRT failures observed
that were not detected by Type B and C testing,
the actual leakage rates were very small, only
marginally in excess o. the current leak-tightness
requircments.
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NUMARC

The Nuclear Management and Resources
Council (NUMARC) conducted a survey of
utilities to study containment testing performance
and cost data (NUM94). The utilities chosen
represent a broad spectrum of reactor designs
{29 units in all) and encompass a total of 144
ILRTs. Performance data studied include test
results of ILRTs since pre-operation tests, and
cause(s) of failure by valves type, size, and
service.

NUMARC has provided a summary of their
analysis of 144 ILRT results. Type A
performance test data is shown in Table 4-2. Of
the total, 23 of the ILRT results exceeded 1.0
L,. The reasons for exceeding allowable leakage
are stated as follows:

14 due to addition of Type B & C leakage

penalties
4 due to PWR steam generator in-leakage
2 due to failures that should have been
indicated by the Type B & C testing
2 due to ILRT line up errors

1 test repeated due to unacceptable
verification test.

Examination of the quantitative leakage data
provided in the NUMARC summary indicates
that in about one-third of the cases exceeding
allowable Ieakage, the as-found leakage was less
than 2L,; in one case the as-found leakage was
less than 3L,; one case approached 10L,; and in
one case the leakage was found to be
approximately 21L.,. For about half of the failed
ILRTs the as-found leakages were not

quantified.

Overall the results of the NUMARC analysis of
ILRT experience are consistent with the results
found in the NRC data base (NRC93A).

4.2 TYPE B LLRT

Type B tests are performed at power or
shutdown on two types of equipment: electrical
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Table 4-2. Type A Performance Test Data

P I S ——————— S
As-Found
Line As-Found iLeakage Rate
item Unit ILRT 5L, Leakage Rate W/B&C
No. No. Mo/Yr sccm sccm Delta, sccm
] 1 Apr-92 270,000 224,640 >270,000 D
| 2 2 Apr-91 122,250 76,121 136,431 A2
3 3 Nov-85 158,700 76,098 399,223 C
4 3 Nov-93 158,700 42,732 283,320 LUE
E 4 Mar-78 259,000 304,480 UNAVAIL | A3
6 4 Y Jun-82 259,000 148,780 264,690 LUE
7 19 Aug-83 62,400 107,355 C
8 20 Oct-90 141,709 321,314 321,314 A2
9 21 Feb-81 141,709 120,023 N/A E
10 21 Sep-92 331,8%4 564,662 N/A Al
11 23 May-86 101,940 37,926 134,042 D
12 24 Apt-17 131,000 175,000 + 175,000+ Al
13 24 Nov-86 131,000 175,000 175,000 A3 "
14 25 Jun-80 398,500 38,736 uncertain C "
# 15 25 Apr-84 368,500 16,678 uncertain C
E 16 26 Jun-83 646,730 166,139 17,954,023 D
17 27 Aug-87 177,152 64,415 581,441 C
ﬂ 18 27 Jun-91 177,152 68,343 - C
l 19 28 Aug-84 71,498 67,588 1,421,687 C
20 28 Apr-86 71,498 <4,699 <910,914 C 1'
21 28 Sep-87 215,556 123,591 - D u
22 30 Sep-88 163,878 infinite infinite C
163,878 | infinite infinite C

CODE DESCRIPTION

Containment Liner Breach

B&C Leakage Identified by ILRT, Not B&C LLRT

PWR Steam Generator Secondary Manway Gasket Leakage
ILRT L, Excecdance Due To B Leakage Penalty Identified By LLRT
ILRT L, Exceedance Due To C Leakage Penalty Identified By LLRT
ILRT L, Exceedance Due To B&C Leakage Penalty Identified By LLRT
ILRT L, Exceedance Due To Instrument Verification By Test Discrepancy
ILRT L, Exceedance Due To Line-Up Error

Al
Al

EREQUENCY

P B DO BNO
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penetrations and air-locks (and other double-
gasketed and double O-ring seals).

North Anpa

Appendix A, "Analysis of Type B/~ Leakage-
Rate History,” discusses the results of Type B
testing of penetrations at North Anna Units 1
and 2.

Each North Anna unit contains approximately
130 electrical penetrations. Based on the data
discussed in the appendix, North Anna has
experienced no significant electrical penetration
leakage in approximately 27 unit-years of
operation.

Based on the above information, performance-
based Type B testing would result in a
significant reduction in tests of the electrical
penetrations. If the leakage pattern of these
penetrations do not deviate from the historical
leakage pattern, an insignificant increase in risk
would result from performance-based testing of
these penetrations.

Type B tes.ing is performed on all air-locks,
i.e., the fuel transfer tube, the personnel air-
lock, the emergency escape air-lock, and the
equipment hatch at North Anna. The fuel
transfer tube is tested approximately every 18
months. The personnel air lock, emergency
escape air-lock, and equipment hatch are tested
at 6-month intervals.

No "as-found" leakage rate is determined for the
equipment hatch during Type B tests unless the
test coincides with an ILRT. Since June 1987,
a seal has been replaced on the Unit | equipment
hatch five times. Since April 1989, a seal has
been replaced on the Unit 2 equipment hatch two
times.

The doo: seals for the fuel transfer tubes in Unit
1 and Unit 2 were replaced in December 1985
and August 1984, respectively. There has been
zero leakage through these seals since that time.

NUREG-1493

Since January 1986, either a personnel air-lock
seal has been replaced or a docr adjusted 13
times for Unit 1. Since August 1986, either a
personnel air-lock seal has been replaced or a
door adjusted 12 times for Unit 2. Maximum
path leakage rates for both Unit 1 and Unit 2
personnel air-locks have ranged from zero to 22
scf/h.

Since June 1987, either an emergency air-lock
seal has been replaced or a door adjusted five
times for Unit 1 and five times for Unit 2.
Maximum path leakage rates for both Unit 1 and
Unit 2 emergency air-locks have ranged from 0
to 9 scf/h.

Based on the above information, performance-
based Type B testing would not result in a
significant reduction in tests of the air-locks. In
all cases except for the fuel transfer tubes,
repairs have been performed on the zir-lock
seals often enough that they would not meet the
performance requirements necessary to reduce
their test intervals.

Grand Gulf

At NRC's April 1993 workshop (NRC93B), the
operators (Entergy) of Grand Gulf Nuclear
Station (GGNS) presented data on its
experiences with Type B testing. GGNS has
experienced 25 failures of Type B tests since
1986, with 17 of the failures occurring at the
first refueling outage. This corresponds with a
success rate of 95 percent since 1986, and 98
percent after the first refueling outage.

Subsequently, Entergy/Grand Gulf has submitted
an application for exemption from 10 CFR 50
Appendix | requirements and proposed
amendments to the operating license to
implement a performance based containment
leakage-testing program (GG93). Included in
the -application is the history .f leakage-rate
testing experience covering five refueling
outages. This history includes 1 total of 482
Type B clectrical penetration te.ts involving
92-100 components per outage, witi: 25 of the



tests exceeding administrative limits. Of the 18
Type B tested components that have failed at
least once, 16 were guard pipe inspection ports.
Table 4-3 presents the Grand Guilf Type B test
data.

Grand Guif also reports 2 air-lock test failures in
32 total tests. Additionally, no failures have
been observed in a total of 489 air-lock seal
tests. However, since the service life of air-fock
door seals is five years, these components are
not included in the performance-based testing
progran.

NUMARC

The previously cited NUMARC analysis
includes 5008 Type B tests on a total of 1252
components, with 121 tests, 2.5% of the total,
exceeding administrative limits. These data are
presented in Table 4-4. Most of the tests
exceeding administrative limits were on
electrical penetrations; however, the leakages in
all cases appear to be small and well below
levels that could be considered potentially risk

Test Experiernce

significant.  Air-locks are reported to have
exceeded administrative limits 26 times, with ten.
of these cases reported to have component
leakages that approach or exceed the overall
allowable leakage for the containment.
Quantification of leakages by individual test ar~
not provided in the NUMARC summary. The
observed leakages are said to be associated with
seal degradation.

Again, the NUMARC results appear t0 be
consistent with those based on the NRC data
base (NRC93A). Electrical penetration
leakages, when they occur, appear to be small
and not risk significant; air-lock seal leakages
apparently can be larger and may warrant more
attention.

4.3

North Anna

Appendix A discusses the results of Type C
testing of penetrations at North Anna Units |
and 2.

TYPE C LLRT

Table 4-3. Grand Gulf Type B Performance Test Data

Based on the above information, performance-based Type B testing could result in a significant reduction

in the extent of electrical penctration testing.

4-7
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‘Table 44. NUMARC Type B Perfc. mance Test Data

omovay

Component Test Type

o

I.lectrical Penetration

=

Leakage-Rate Test Results Frequency

!

-99

sCcm

F—:.

58

100-999
scem

7

w

1,000-
9,999
sccm

o

10,000~
49,000
sccm

Over
50,000
SCCin

1‘

Ar-lock

10

Inspection Pont

4
5
3

ad

Equipment Hatch

1

Blind Flange

0
0
3

I

0

Gibs

Closed Loop

Bellows

0

Totals

6!

17

14

16

13

Percentage (%)

50.4

14.0

11.7

13.2

107

—- -

¢ Test over 10,000 scom, actual amount not reported or known.

Analysis of Data

Nuiber of components in sample data base
Number of tests 1n sample data base
Number of tests exceeding administrative limits
Percentage of tests within administrative limits
Percentage of tests exceeding administrative lumits

Electrical Penetration Tests

Air-lock Tests
Inspection Port Tests
Equipment Hatch Tests
Blind Flar ge Tests
Gibs Tests

Closed Loop Tests
Bellows Testa

Total Number of Tests

N RFG-1493

1252
5008

m.
L]
L

121
97.5%
25%

<-«.J'J@'J\cgé




North Anna Umt 1 and Unit 2 contain 91
penetrations and 92 penetrations, respectively,
that are Type C tested. Based on the daia in the
appendix, approximately 17 percent of the
valves tested had maintenance performed on
them after testing. Of the valves maintained,
approximately 20 percent had an indeterminable
leakage rate during Type C leakage testing. The
leakage-test equipment used during Type C
testing can measure leakage rates up to
approximately 257 scf/h. The overall
containment leakage rate was indeterminable
three times since 1986 due to all valves in a
series path having an indeterminat’'ec leakage
rate.

Although the minimum path leakage rates for the
two units have not been larger than L, (304
scf/h) since mid-1988, individual components
have been found with leakage rates of 257 scf/h
or more at all refueling outages except one. The
number of such components found by Type C
testing during refucling outages have ranged
from O to 10. In several cascs, additional such
components were found during tests between
refueling outages. In all cases since mid-1988,
the coutainment minimum path leakage rate has
not been affected because another component in
series with the failed component has experienced
no, or a small, leakage rate.

A statistical analysis was performed to determine
if the time before maintenance for Type C tested
valves could be predicted based on component
and system data. This analysis, documented in
Appendix A, concluded that no strong
cotrelation could be found.

An analysis of the frequency of valve
maintenance due to unacceptable leakage rates
showed a frequency of approximately 2E-2
maintenance cvetws per year per  valve.
Considering only those valves leaking 250 sct/h
or more, the frequency is approximatety 7.6E-3
maintenance events per year per vatve, These
tallure rates assume that failure of a compoonent
1s independent of previous failures of the
component  The use of these failure rates over-
estimates the probahiliny of single vaive failures

49
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and under-estimates the probability of multple
valve failures. This indicates that once a valve
fails, it is more likely to fail again Based on
the valve configurations associated with each
unit's penetrations, an indeterminable
containment leakage rate is expected
approximately once every 26 unit-years of
operation. Historically, three cases of
indeterminable containment leakage rate have
occurred in 27 unit-years of operation.

A detailed analysis of the North Anna data s
presented in Appendix A.

Grand Gulf

At the NRC's April 1993  workshop,
Entergy/Grand Gulf presented data on its
experiences with Type C testing. GGNS has
experienced 52 failures of Type C tests since
1986 from a population of 389 valves. This
corresponds to a success rate for Type C
components of 97 percent, with 86 percent of
Type C components experiencing no failures.

The Grand Gulf Appendix J exemption request
also includes a history of Type C leakage-test
experience. A total of 1566 tests on 297 Type
C components have been performed, with 52
failures observed. 255 of the Type C
components have never failed. Most of the
Type C test failures have been associated with
the 14 main steam and feedwater isolation
valves; these are 28 and 24 inches in diameter,
respectively. The leakage rates for the later
components have apparently often exceeded the
measuring capacity of the test equipment. These
data are presented in Table 4-5.

1t is noteworthy that for Type B & C testing at

GGNS, failure is defined as exceeding the
owner's allowable leakage for a particular
component. Each component is assigned an
allowable leakage rate based on the diameter of
the componeni. Thus, components can be
considered failed even though the overall
containment leakage rate is within acceptable
limits .

SUREG-1493



Tabie 4-5. Grand wulf Type ¢ Performance Data

} i
| Total Components Percen Passes
Refueling Outage Tested Total Failures (Percent) j
No.
ERCC— = Eo e,
REN 301 13 96
RF0)2 326 8 9K
—
RFO3 316 16 95
RF04 326 9 97
REOS 297 6 98
Total 1,566 b 97

An anarvas of the Grand Gulf data 1s presented
- Appendix A A summary of Grand Guif's
performance-based leakage-testing program for
Type B and C components, which i1s based on
the data discussed above and the NRC’s review
of s exemption request, s provided in
Appendix b

NUMARC

'he NUMARC summary of Type C test
experience indicates that 90% of valves tested in
the sample set of units surveyed (29 units) did
not exceed established admimstrative limits for
leakage Of the 10% of valves that exceeded
these hmus, 63% did so only once, with 37% of
the valves tested exceeding administrative limits
more than once.  Approximately 4% of the
tests  exceeding administrative  limits  had
unquantified leakages The range and frequency
o valves exceeding administrative hmits are
presented in Table 4-6.

NUMARC states that valve performance did not
indicate significant vanance among sizes, types,
or design services  The same conclusion was
reached froum the analysis of North Arna valve
pevtotinance i the  present  study The
NUMARC dat are presemed in Table 4.7

NOREG-1IVA

4.4 PERFORMANCE TRENDS

An extensive analysis of available Type C and
Type B data al two nuclear power plants 1s
documented 1n Appendix A One of the early
objectives of the component performance history
analysis described in Appendix A was the
development of correlations of component
performance characteristics with time.  Such
correlations would permit the projection of
individual component and overall containment
performance for longer testing intervals than
those used in the past The sections to foliow
summarize the findings on why failures occur,
ncluding the effects of aging

Random and Dependent Failures

The detailed analysis of the Type C component
performance history at two-unit PWR and a
single-unit BWR led to the following findings

] Varnations in the random failure rates of
components cannot be predicted a prion
based on system and component physical
data such as differences in size. tvpe.
environment or design services



Table 4-6. Type C Valver Wxceeding Administrative Limits

rmmw.

Leakage-Rate Range in Thousands of Number of Tests
sccm

T 0.49 or less 84

0.50 10 0.99 105

1.00 to 2.49 205

2.50 10 4.99 114

5.00 to 9.99 102

I 10.00 to 24.99 104

l 25.00 to 49.99 36
E 50.00 to 99.99 37 "

100.00 to 499.00 30

i 500.00 or more 18

l Undetermined 136

I . Total 971

When a component failure does oceur,
there is a high probability that the
component will fail again within the next
two operating cycies.

If a component does not fail within two
operating cycles of a previous failure,
further failures appear to be governed
by the random-failure rate of the
component.

Any performance-based leakage-testing
alternative considered should require
that a failed component pass at least two
consecutive tests before allowing an
extended test interval.

The observed tendency for some components to
experience successive failures could be duc to a
variety of reasons. Among these would be the
selection of a8 wrong component for the
particular service; ap initially defective
component; deficiencies in component design;
and, defective installation, maintenance. or

4-11

repair procedures. Components that experience
repeated failures will generally receive special
attention and the foregoing deficiencies would be
eliminated with time. For example, a number of
the early unquantified leakages observed at
North Anna were due to machining errors that
led to excessive valve seat wear. Once the
problem was recognized, it was readily
corrected.  Similarly, most of the Type B
failures observed at Grand Gulf were associated

_with the design of the guard pipe inspection

ports. These are corrected, as excessive
leakages are experienced, and subsequent
performance is improved. After such
deficiencies are corrected, subsequent failures
are governed by random failure rates until the
component reaches the wear-out portion of its
life.

Performance-based testing alternatives, that are
predicated on components passing two
successive tests before exiending the testing
interval, will minimize testing of good
performers and will thus focus on those

NUREG-1493



Table 4-7. NUMARC Type C Performance Data

e

VALVE TYPE

NUMBER AND FREQUENCY OF VALVES/TESTS !
EXCEEDING ADMINISTRATIVE LIMITS |

1 Time

2 Times

3 Times 4 Times 5 Tiumes

BUTTERFLY 36

14

71 2 0

992 Butterfly Valve Tests

93 Tests of 59 Valves Exceeded Admunist:ative Limuts

CHECK 87

35

16 3 i

1360 Check Valve Tests

L* 222 Tests of 142 Check Valves Exceeded Admimstrative Limuts

GATE

50

24

V)

1672 Gate Valve Tests

134 Tests of 85 Valves Exceeded Administrative Limits

GLOBE 131

34

3760 Globe Valve Tests

components that suffer some kind of deficiency
or reach wear-out. [f all component failures
were truly random, for a given performance-
based testing scheme, the minimum amount of
additional testing would be required to verify
such random behavior.

Aging

The analyses described in Appendix A found a
correlation which showed a higher failure rate *
immediately  after component repair  or
replacement, 1 ¢ , during the "burn-in" period of
the component. The fact that containment

penetration components have been tested,
mamntained, repaired, and replaced at regular

NUREG-1493

309 Tests of 198 Valves Exceeded Administrative Limits

112

L

intervals accounts at least in part for the
difficulty in projecting long-term performance
Since the condition of many of the components
is reset to their initial state (or better), there 1s
no information of what their lony term
performance might be. The statistical
projections of component performance for
various (esting alternatives were made on the
basis of constant failure rates after the mitial
bum-in period

The Appendix A exanunation of Type B ana €
component performance clearly indicatzs that
excessive comtainment penetranion jeakages ar-
more frequent early in plant life and Je . reass
with time. The reascn for the obsened reren . -



is generally understood. When repeated failures
of certain components arc observed, the
problems are remedied by changing design,
materials, or replacing the troublesome
component with a different design, or improved
repair procedures. This is known as the bumn-in
portion of plant life.

With t.e possibility of longer type B and C
component testing intervals the question arises
whether any containment penetration components
may be nearing the "wear-out” portion of their
life. The Appendix A analyses do not show any
increases in component failure rates with time.
To shed light on this issue, GGNS has
performed a Weibull analysis of Type C
component test data (GG94). The data show 41
initial failures in 134 components over a period
of 109 months, or 30.6% cumulative failures.
The data presented also show that 17 of these 41

tar
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components have experienced at least one
additional failure. The vcorrelation by the
Weibull analysis of the observed data by a beta
less than one does suggest that the failure rate is
decreasing over the time interval. The data are
limited and show some scatter, however
Examination of the North Anna Type C
component failure data lead to a simular
conclusion. Again, the data are relatively sparse
and exhibit considerable scatter.

The experiences at North Anna and Grand Gulf.
as well as the NEI data summary, indicate that
a majority of Type C components have never
failed. This and the results of the Weibull
analysis indicate that the wear-out portion of the
component life has not been reached, and may
not be reached provided good maintcnance
practices contirue to be followed.

NUREC-1493



5. Risk Impacts of Containment Leak-tightness

5.1 REVIEW OF EARLIER WORK
ON RISK IMPACTS OF
CONTAINMENT LEAKAGE RATE -

NUREG/CR-4330

NUREG/CR-4330 (NRCB86) examined the risk
impacts associated with increasing the aliowable
containment leakage rate using two different
methods  The first method used several existing
PRAs and calculated the incremental risk due to
increasing the allowable containment leakage
rate. The risk measure used in this first
approach is “expected person-rem per year"
(i.¢.. the probability of an accident multiplied by
its consequences in terms of person-rem to the
surrounding population). The second approach
examined selected accident sequences and
considered several additional measures including
individual radiation exposures and early health
effects.

The purpose of these studies was to provide
information on the possible risks, costs, and
beusefits that would result if the requirements for
testing containment leakage rates were modified.
The following summarizes the results presented
in NUREG/CR~4330, Volume 2

Existing PRA

Risk results were examined for four different
reactors: Surry 1, Peach Bottom 2, Oconee 3,
and Grand Gulf 1. The applicable release
categories and their associated frequencies
determined the impact of increasing the
conainment leakage nate. Appendix A of
NUREG/CR-4330, Volume : briefly describes
each release category. Calculaons were based
on the following information and assumptions:

5.11

®  Accident frequencies were obtained from the
Reactor Safety Stady (Swurry 1 and Peach
Bottom 2) (NRC7S) and two isti
risk assessments (Oconee 3 and Grand Gulf
1} performed as part of the Reactor Safety
Study Methodology Applications Program
{RSSMAP) (NRCBD.

51

® Dose conseguences were represented by the
whole body population dose commitment
(person-rem/reactor-year) received within SU
miles of the site.

® A generic site with an exclusion area of 1/2
mile was assumed with uniform population
density of 340 persons per square mile
beyond 1/2 mile.

® Meicorological data ware taken from the
U.S. National Weather Service station at
Moline, Illinois. The CRAC2 computer
code was used (NRC83, NRC84). CRAC2
uses weighted values of wind speed and
direction, stability class, precipitation, etc.,
pertaining to the selected weather station.
There may be a large stochastic variation in
results associated with the actual
meteorology at the time of a radiological
release.

® The core inventory at the time of the
accident was assumed to be represented by
a 3412 MWt (1120 MWe) PWR.

® Risk sensitivity values were obtained from
a study by Oak Ridge National Laboratory
{NRC84A). The ORNL analysis of
containment leakage-rate sensitivity used a
set of geperic source terms and frequerncies
of occurrence developed as representative of
the range of LWR accidents.

The release category, frequency, population
dose, and expected population dose (risk)
information for the four units described are
sumxnarized in Table 5-1.

Ta estimate the risk associated with an increased
leakage mate, 3 fractional increase in risk per
percens per day containment leakage rate was
obtained from an carlier study (NRC84A). The
analysis, based on 2 study of LWR accidents as
a function of containment leakage rates, used the
set of generic source terms and frequencies of
occurrence developed as representative of the

NLREG-1493




Table 8-1. Risk Information Summary

Release Population Dose, Expected Dose (Risk),
Categories Frequency per year (person-rem./year) (person-rem/year)
XY AR CANRRRICE: - e
SURRY 1
PWR-] QE-7 5.4E6 4,86
PWR-2 BE-0 4 8E6 38 40
PwW™ 3 4E-6 5.4E6 21.6U
PRW 4 SE-7 2.7E6 135
PRW-5 TE-7 {.0E6 0.70
PWR-6" 7E-6 1.5ES 0.90
PWR-7’ 4E-5 2.3E3 0.09
PWR-# 4E-5 7.5E4 7.0
PWR-9° 4E4 1.2E2 0 05
71 Total
PEACH BOTTOM 2
BWR-1 1E-6 5.4E6 5 40
BWR-2 6E-6 7.1E6 42.60
BWR-3 2E-5 5.1E6 102.00
BWR-4" 2E-6 6.1ES 1.22
“ BWR.S" 1E4 2.0E1 0.002
151 Total
l OCONEE 3
PWR-1 1.1E-7 5.4E6 0.59
PWR.2 1.0E-5 4 8E6 48.0
" PWR-3 29E-5 5.4E6 156.6
PWR-4 9.7E-8 2.7E6 0.26
PWR-§ 4.6E-7 1.0E6 0.46
PWR-6 7.3E-6 1.5ES 1.1
PWR.7 1.5E-5 2.3E3 0.08
207 Total
GRAND GULF 1 _W
BWR-1! 1.1E-7 5.4E6 0.59
BWR-2 3.4E-5 7.1E6 2414
BWR.-3 1.4E-6 6.1ES 7.14
BWR4" 1.6E-6 6.1ES 0.98
250 Total
e

" Containment leakage release category

NUREG-1493
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range of postulated types of accidents currently
applied in reactor safety research. The
calculated result was the variable M, defined as
the accident-spectrum-weighted impact fraction
rate from comainment building leakage.
Expiicitly, M, was formulated as the sum of
fractional increases in consequences, duc to
containment building leakage, for each type of
accident weighted by its frequency of
occurrence. The base case common to similar
types of analyses was applied. The computed
result was My <1.5E-3 fractional increase in
the accident spectrum risk per percent/day
containment building leakage rate.

Tabl~ 5-2 shows the estimated dependence of
nsk (population dose in person-rem per unit
year) to leakage rate based on the four units
considered.

This information, graphically presented in

Figure 5-1, shows that the overall unit risk is

not very sensitive to changes in containment
leakage rates. A key assumption was that pre-
cxisting leakage does not influence the accident
sequence propagation (e.g., it does not
significantly influence the containment
pressure/temperature conditions or result in
equipmemnt failures). While the validity of this
assumption has not been exhaustively evaluated,
it is consistent with the findings in WASH-1400.
WASH-1400 (MRC75) examined this issue for
the Surry unit with the conclusion that pre-
existing leakage rates of up to 200 peicent per
day would not preclude containment failure by
siow Overpressurization.

Risk impu.

Further, sensitivity analyses iz NUREG CK
4330 (NRCB86) showed that LWR accident nisk
is relatively nsensitive 1o the contaiument
leakage rate because the risk is dominated by
accident sequences that result in failure or
bypass of containment. The incremental risk
from leakage in the range of | to 10 percent per
dav is small The current leakage-rate
requirements of many units are O | percent per
day.

5.1.2  Selected Accident Scenarios

The second approach used in NUREG/CR-4330
analyzed two specific PWR and two specific
BWR accident scenarios from WASH-1400, and
a hypothetical scenario related to the Three Mile
Island (TMI) accident to indicate the impacts of
various assumed containmnent leakage rates for
the selected accident scenarios.

The two PWR scenarios fell under release
categories PWR-6 and PWR-7 in Table 5-1.
The reference consequences were based on a
leakage rate of 1 percent of containment volume
per day;, the WASH-1400 fission product
releases for these were linearly scaled to obtain
values for 10 and 100 percent per day leakage
rates. The consequences were then reassessed
with CRAC2. Not surprisingly, the
consequences were found to vary essentially
linearly with leakage ratc. Whereas the previous
analyses noted no carly health effects, the
assumed 100 percent per day leakage rate led to
the calculation of some early injuries and
fatalities. However, the particular scenario
considered had a very low probability and would

Table 5-2. Dependence of Risk on Contaimment Leakage Rate

5-3

250

153 254
174 288
L

NUREG-1493




Risk Impact

not be risk significant even at the assumed 100
percent per day leakage rate. The results for the
two BWR  scenarios  considered  were
substantially similar to the observations for the
PWR cases.
5.1.3  TMLRelated Scenario
A sequence similar to the Three ile Island 2
accident was examined 1o provide some
additional insight into the effects of changes in
containment leakage rates. An arbitrary source
term of all noble gases and 1 percent of the
iodine in the core were assumed to be released
to the containment atmosphere 2 hours after
shutdown. The probability of such a release is
assumed to be 1E-3 per year. The computer
program CRAC2 (NRC84) was used (o calculate
the consequences for leakage rates of 9.1, 1, 10,
and 100 percent of containment volui.i¢ per day
for release periods of 2 and 10 hours. Since no
decay is assumed, the results are proportional to
the length of the release period. The risk is
xpressed in terms of expected person-rem,
expected early fatalities, and expected early
injurics. Consistent with the other analyses, the
risk impact of a 1 or 10 percent per day leakage
rate is not large. Also, no carly fatalities result
from leakage rates up to 100 percent per day,
and the risk of early injuries is small.

5.1.4  Conclusions Reached jn NUREG/CR-
4330

The results from NUREG/CR-4330 reinforced

the conclusion of earlier studies: the effect of

containment leakage on overall accident risk is
small since risk is dominated by accder:
sequences thar result in failure or bypass of
containmeni.  For accidents in which the
comainment integrity remains intact, the effect
of containment leakage on risk is small and
approximately linear. On an expected individual
dose basis, the cffect of containment leakage is
small.

Given these findings, and considering the costs
associated with leakage testing, NUREG/CR-
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4330 concluded that incentives exist (c re
evaluate the risk significance of Appendix !
requirements.

52 RISK IMPACTS
5.2.1 Approach

Appendix B, “Approach to Assessing Risk
Impacts,” provides a more detailed explanation
of the risk assessment methodology used in
NUREG-1150 (NRC90) and the approach taken
in the present study to update the NUREG/CR-
4330 (NRC86) results based on NUREG-1150
A summary is provided below.

The NUREG/CR-4330 insights were based on
the results of the Reactor Safety Study (RSS)
and the Reactor Safety Study Method.
Application Program (RSSMAP). The purpose
of this update is to incorporate the latest PRA
results, notably those in NUREG-1150 and
related supporting documentation, namely the
NUREG/CR4550 (NRC90A) and 4551
(NRC90B-F) series of reports.

In the Reactor Safety Study, source terms were
developed for nine release categories for the
Surry unit. Each of thesc release categories
could be characterized by a particular
containment failure mode. Point estimates ior
release fractions for seven elemental fission
product groups were then used to characterize
each category. Specific consequerce
calculations were then performed for each of the
release categories. This approach made it easy
to ezvaluate the relative contributions to the
consequences of the different containment failure
modes, as was done in NUREG/CR-4330
Volume 2.

In NUREG-1150, a number of unit damage

‘states, related to the initiating accident events,

were developed for each of the five units
considered. Each of these unit damage states
could lead to a variety of accident progression
bins, depending on the phenomenologicai



assumptions used 1 the statistical treatment of
uncertainiies. For example, the Surry unut
analyses for NUREG-1150 considered 7 unit
damage states, 1906 accident progression bins,
and 200 =:atistical samples for each combination.
A source term consisting of nine elemental
groups was developed for each non-zero
probability combination of unit damage state and
accident  progression bin, leading to
approximately 32,000 combinations. Since it
was impractical to perform consequence analyses
for cach of the source terms, they were allocated
10 a smaller number of source term groups, 52
in the case of Surry. Specific consequence
analyscs were then performed for each of these
SOUrce term groups.

Original computer files generated in the
preparation of NUREG-1150 were accessed.
Four files for each unit were found to be
required: (1) the definition of the accident

progression bins, (2) the frequencies of each of

the unit damage states and their relationship to
the relevant accident progressica bin as well as

Risk Impacr

bin probabtlities, (31 the expected conseguences
for each of the 52 source term groups, and (4)
the relationship between each unit damage state
and accident progress:on bin o 1ts appropriate
source term group.

The information extracted from each set of the
above files ncluded the frequencies and
expected consequences of each of the source
term groups for the base case which included all
unit damage states and accident progression bins,
the combinations with no containment (ailure o1
bypass, and the combinations with containment
isolation failure, i.e., pre-existing leakage.

The off-site consequence analyses for NUREG-
1150 were performed with MACCS (MELCOR
Accident Consequence Code System). MACCS
calculates a variety of early, as well as chronic,
offsite consequence measures. Latent effects are
of primary interest for the present study; the
consequence measures used are defined in
Table 5-3.

Table 5-3. Definitions of Consequence Analysis Results

§ Total latent cancer {atalities

Number of latent cancer fatalities due to both cariy and chronic
exposure.

Population dose within 50 mijes

Popuiation dose, expressed in effective dose equivalent for whole
body exposure (person-rem, 1 Sv =
chronic exposure pathways within 50 miles of the reactor. Due
to the aature of the chronic pathways models, the actual
exposure due to food and water consumption may 1ake place
beyond 50 miles.

100 Rem), due to carly and

Population dose within entire

Pnpulmduc cxpxwdmcﬂectivedmceqmvﬂmfor

region - whole body exposure (person-rem), due to casly and chronic

}nhmyxvnlmmcenuremgmn

Individual latent cancer risk within | m

of dying from cancer due to the accident for m

probability
10 miles individual within 10 miles of the unit (i.e., T {cf/pop)p., where cf

is the mumber of cancer fatalitics due 10 direct exposure in the
resident population, pop is the population size. p is the weather
condition probability, and the summation is over all weather
conditions; dlmmumedoasnotmdudc wgestion but docs
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The basc case results, representing total accident
sk, repeated what had originally been done and
were checked against the published results to
verity the correct usage of the data files. The
combinations with no containment failure or
bypass were used to characterize the risk
contnibution of the assumed normal (1% per
day) containment leakage rate. Subtracting the
contribution of the no containment failure cases
from the base case gave the results for zero
containnent leakage. The results for isolation
farlure were used to derive the expected
consequences of a pre-existing large leakage.
tsing the expected consequences for a large leak
together with the probability of no containment
failure yielded the potential risk contribution of
a large pre-existing leak. These three points
were plotted as leakage rate or lcakage area
versus expected risk and a curve was fined
through the points. 1t was found that a second
order polynomial would accurately reproduce the
three points. This polynomial fit was then used
to estimate risk impacts of leakage rates above
the nominal that had been used in the original
analyses.

5.2.2 Results

This section presents the results of a study of the
dependence of reactor accidemt risks on
containment leak-tightness for each of the five
reactor/containment types analyzed in NUREG-
1150. These include:

Unit | of the Surry Power Station, a
Westinghouse-designed,
pressurized water reactor in @
subatmospheric contzinment building

® Unit 2 of the Peach Bottom Atomic Power
Station, a General Electric-designed, boiling
water (BWR4) reactor in 2 Mark |
containment building

Unit 1 of the Sequovah Nuclear Power
Plant, a Westinghouse-designed, four-loop.
pressurized  water reactor in an e
condenser containment building
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e Unu | of the Grand Gulf Nuclear Station. 4
General Electric-designed. bothng water
(BWR-6) reactor 1n a Mark 1 :ontatrument
building

® Unit 1 of the Zion Nuclear Plant. a
Westinghouse-designed. four-loop.
pressurized water reactor mn a large, dry
containment building

A summary of the information extracted from
the detailed NUREG-1150 results for each of the
five units and the consequence results 1s
presented in Table 54. The results for each of
the units are discussed below

5221 Surry

Figures 5-2 through 54 present the curves
relating the risk measures as a function of
containment leakage rate and effective leakage
area for the Surry unit; the risk measures
considered arc total population exposure per
year, total latent cancer fatalities per year, and
individual latent cancer risk per year. Increasing
the containment leakage rate from the nominal |
percent per day to 10 percent per day leads to
about 1 percent increase in total population
exposure; increasing the leakage rate to 100
percent per day leads to a 56 percent increase in
total population exposure.

As reported in NUREG-1150 (NRC90). the
expected population dose from potential
accidents at the Surry unit was calculated as 31
person-rem/year, with a corresponding latent
cancer expectation of 5.2E-3 per year. The
individual latent cancer risk was found to be
1.7E-9 per year. Containment leakage. at an
assumed rate of 1 percent per day, was found to
contribute approximately J.05 percent to these
totals.

The design basis leakage rate for the Surry unit
is nominally 0.1 percent per day. However. the
technical specifications for the unit aliow limited
ttme operation with up to 1 percent per das
comainment leakage rate  Alse, as noted
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Fable £4. Summary of Risk Analyvsis Results

L —
Total latent | FOpulation Individual |
dose within |
caucer entire region latent cancer
(atalities risk
Unit Case {person-
{/yr} rem/yr) ‘_L <10 miles/yr |
cTesstens o LY == 7i
1 No containment failure I
i with leakage rate at 1 BOE-O6 1 A2 A 97F 13
Surry | % /day
{Subatmospheric. | 2 Early conian ment leakage
PWR) of 01 5q ft area 4. 20E-06 2 48EQ2 1 35E-12
3 Base Case S 1BE03 3 I0E+01 1 4B
1 No ¢ ntainment faijure
with leakage rate at h b6E07 4 8SE-03 H 49F- 13
) $%/day
2 Early containment failure :
beach Bottom with drywell head leakage 1 89E09 1 29E05 3 4ok 16
J  Early containment failure
{Mark 1, BWR; with drywell leakage 1 OBE-O8 6 79E-05 1 46E-15
4  Early containment failure -
with wetwell leakage 3.99E-08 2 56E-04 1 22E-14
S. Base Case 4.60E-03 2.83E+01 4 26E-10
] No containment falure
with leakage rate at | %
Sequoyah per day 31.83E06 3.93E-02 1 69E-12
(Ice Condenser
Containment, | 2 Early containment leakage _
PWR) of 0.1 sq fi area 1.15E-04 ©.59E-01 8.35E-11
3. Base Case 1.36E-02 7.97E+01 1.00E-08
). No containment failure
with leakage rate at 1.55E07 1.53E-03 1.01E-13
5% /day :
Grand VT 1 3 Early conaioment leakage | . oo o ) S6E.01 1B
{0.] sq ft area . ‘ - L7IE-
(Mark HI, BWR) 0 9
3. Early containment vent 5.51E-06 3.33E-Q2 1.14E-12
4. Base Cawe ‘ 9.24E-04 5.66E+00 3.29E-10
I. No containmens failure-
Zion with leakage rate at 1.87E-05 0.156 9.96E-12
0.1%/day
{Large Dry , .
Containment, | ° E,?’(;’l e teakage 5 .60E-04 7.07 4 67E-10
PWR) AL RS L :
3} Base Case 2.44E-02 1356 1 O9E-08
S = — o —
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clservhere in this report, in the risk assessment
snidi deviations trom the nominal leakage rate
wrae (reated as nominal  For these reasons,
roth the Reactor Safety Study as well as the
more recent NUREG-1150 analyses assumed a
leakage rate of | percent per day in the accident
progression and source term analyses. Thus, the
calculate.) risk contribution already incorporates
a significaat allowance for greater than nominal
leakage rate.

Figure 5-5 compares of the calculated individual
latent cancer fatality risk for Surry as a function
of containment leakage rate with the NRC’s
safety goal. The risk is well below the safety
goal for the entire range of leakage rates
considered.

The NUREG-1150 analyses for Surry considered
explicitly carly (pre-existing) leakage paths of
0.1 ft? in area; assuming critical flow through an
orifice, this would imply an orifice about 4.3
inches in diameter with a corresponding leakage
rate at design pressure of about 280 percent per
day. The probability of containment isclation
failure for Surry was assessed in NUREG-1150
as 2E-4 per year (NRC90B). Contai ment
isolation failure contributes less than 0.1 percent
of the latem risks from reactor accidents. This
low level of risk contribution is due to th* low
predicted probability of isolation failure; =
consequences of containment isolation failure in
the event of a severe accident can be substantial.
5.2.2.2  Peach Bottom

Figures 5-6 through 5-8 present the curves
relating the risk measures as a function of

containment leakage rate and effective leakage -

area for Peach Bottom; the risk measures
considered are total population exposure per
year, total latent cancer fatalities per year, and
individual latent cancer risk per year. Increasing
the containment leakage rate from the nominal
0.5 percent per day to 5 percent per day leads to
a barely perceptible increase in total population
exposure; increasing the leakage rate to 50
percent per day increases the total population
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exposure by less than | percent ie
significantly lower sensiiivity of the caiculated
Peach Bottom risk as compared to Surry 15 e
to the higher containment faiture probahity 1oy
Peach Bottom; since the containment 1s predicted
to fail in a large fraction of core meit scenano..
leakage becomes a lesser consideration  Also. in
BWRs, the fission product releases undergn
scrubbing by the suppression pool even in many
scenarios in which the containment may not he
isolated. The expected population dose from
potential accidents at Peach Bottom was
calculated as 28 person-rem/vear, with a
corresponding latent cancer expectation of
4.6E-3 per vear. The individual "tent cancer
risk was found to be 4 3E-1U0 per vear.
Containment leakage rate, at an assumed rate of
0.5 percent per day, was found to contribute
approximately 0.02 percent to these totals

Figure 5-9 compares the individnal latent cancer
fatality risk for Peach Bottom as a function of
containment leakage rate with the NRC's safe:v
goal. The risk is well below the safety goal for
the entire range of leakage rates considered.
5..2.3  Sequoyah

Figures 5-10 through 5-12 present the curves
relating the several risk measures as a function
of containment leakage rate and effective leakage
area for Sequoyah. Increasing the containment
leakage rate from the nominal 1 percent per day
to 10 percent per day leads to a less than |
percent increase in total population exposure;
increasing the leakage rate to 100 percent per

‘day leads to an 8 percent increase in total

population exposure. The Sequoyah resuits
‘show a lower sensitivity to containment ieakage
rate compared with the Surry results because of
a higher predicted carly containment failure
probability for Sequoyah.

As reported in NUREG-1150, the expected
population dose frum potential accidents at
Sequoyah was calculated as 80 person-rem vear,
with a corresponding latent cancer expectation of
1.4E-2 per year. The individual lat»n: cancer



risk was found to be 1OE-8 per vyear.
Centainment leakage, at an assumed rate of |
percent per day, was found to contribute
approximately 0.05 percent to these totals.

Figure 5-13 compares the individual latent
cancer fatality risk 2s a function of containment
leakage rate with the NRC’s safety goal. The
risk is well below the safety goal for the entire
range of leakage rates considered.

5224  Grand Gulf

Figures 5-14 through 5-16 present the curves
relating the severa) risk measures as a function
of containment leakage rate and effective leakage
area for Grand Gulf. Increasing the containment
leakage rate from the nominal 0.5 percent per
day to S percent per day leads to less than 1
percent increase in total population exposure;
increasing the leakage rate to 50 percent per day
increases the total population exposure by about
= percent. The calculated Grand Gulf risk
shows significantly lower sensitivitv than the
Surry risk because of the higher coitainment
failure probability for Grand Gulf; since the
containment is predicted to fail in-a large
fraction of core melt scenarioe, leakage rate
becomes a less important consideration. Also,
in BWRs, the fission product releases undergo
scrubbing by the suppression pool even in many
scenarios in which the containment may not be
isolated.

The expected population dose from potential
accidents at Grand Gulf was calculated as 5.7
person-rem/year, with a corresponding latent

cancer expectation of 9.2E4 per year. The

individual latent cancer risk was found to be

3.3E-10 per year. Containment leakage; at an

assumed rate of 0.5 percent per day, was found
to contribute approximately 0.02 percent to these
totals. Figure 5-17 shows the comparison of
individual latent cancer fatality risk for Grand
Gulf as a function of containment leakage rate
with the NRC's safety goal. The risk is well
below the safety goal for the entire range of
leakage rates considered.

Risk Imnacit

5225 Zion

Figures 5-18 through 5-20 present the curves
relating the several risk measures as a function
of containment leakage r. .e and effective leakage
area for the Zion . Increasing the
containment leakage . -te from the nominal 1
percent per day to 10 percent per day leads to
about a 3 percent increase in total population
exposure; increasing the leakage rate to 100
percent per day leads to an approximately 250
percent increase in total population exposure.
These results are similar to Surry’s.

As reported in NUREG-1150, the expected
population dose from potential accidents at the
Zion unit was calculated as 136 person-
rem/year, with a corresponding latent cancer
expectation of 2.4E-2 per year. The individual
latent cancer risk was found to be 1E-8 per year.
Containment leakage, at.an assumed rate of 1
percent per day, was found to contribute
approximately 0.1 percent to these totals.

Figure 5-21 compares the individual latent
cancer fatality risk as a function of containment
leakage rate with the NRC’s safety goal. The
risk is well below the safety goal for the entire
range of leakage rates considered.

5.2.2.6  Discussion

Table 5-5 compares the fission product source
terms associated with a normal leakage rate with
those resulting from an early large leak
{isolation failure) for Surry. Normal leakage
rate was taken to be nominally 1 percent per day

"at the design pressure, - The ecarly leakage was

characterized by a 0.1 fi? opening. The source
terms presented have been probability weighted
over all the source term groups associated with

‘them. The fission product source terms are

given as fractions of the core inventory released
from the containment.

Recalling that the 0.1 f? opening corresponds to
a leakage rate of about 280 percent per day, it

NUREG-1493



Table 5-§. Comparison of Source Terms

Fission Product Group

et a—
e

Ng ! Cs Te Sr Ru La Ce Ba
No Containment Failure, 1%/day Leakage Rate
o1t 11E4 | 2.1E-8 | 1.8E-8 | 4.2E-9 | 3.4E-10 | 4.6E-11 | 5.2E-10 | 3.5E-9

Early Containment Leakage, 0.1 fi*

can be seen that the fission product source terms
are not directly proportional to the leakage rate.
Among the factors that would influence the
magnitude of the releases are: availability of
driving forces for leakage, timing of releases
relative to the timing of driving forces, fission
product removal by sprays, water pocls, etc.

At small leakage rates, the loss from the
containment atmosphere of gases and vapors, as
well as airborne fission products, will have very
little influence on accident progression or the
inventory available for leakage. Thus, at small
leakage rates, one would expect the releases to
be proportional to the leakage rate. As the
leakage rate increases, the losses from the
containment atmosphere may begin to affect the
accident progression. For example, containment
pressure-time history and magnitude of fission
product release could decrease the residence time
of airborne species in the containment
atmosphere. If leakage is sufficient to compete
with other fission product removal pmcuses the

magpitude of the Ileakage . may increase:
disproportionately with the leakage rate.” This is -
reflected in the results presented here for Surty. -
The magnitude of the release to the environmeént
increasc indefinitely with assumed -

cannot Sum
lcakage rate since the inventory available for
leakage is limited.
leakage rate, e¢verything released to the
containment atmosphere would also be released
to the environment. Further discussion of the
dependence of fission product releases to the
environment on containment leakage rate is
provided in Appsndix E.
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For an infinitely large

It is instructive to consider some specific items
from Table 5-5. The noble gases are not subject
to removal by deposition or engineered safety
features; thus, their radioactive decay is not
considered in the containment response analysis
but is included in the off-site consequence
calculations. The release of the noble gases
(Xe, Kr) increases by a factor of 40 between the
nominal leakage and containment isolation
failure cases. The relative increases in the
releases for the other species are substantially
larger; the fractional releases of the other species
are, of course, much smaller due to the
influence of various deposition mechanisms.
The relative increases in the releases of iodine
and the other species in comparison with the
noble gases indicates clearly that the large
leakage is dominating the other fission product
removal mechanisms. The increases in releases
vary with the fission product group. This is due
to differences in the relative timing of the
releases as well as to differences in chemical

‘behavior among the groups.
" In comsidering the effects of containment

" “isolation failure on reactor aczident progression

5-10

‘fortheSnrryumt.xthSScnmmedamngcof
- leakage rates with the conclusion that pre-

existing leakage rates of lese than about 200
percent per day would have little effect on the
containunent response. For critical flow through
an orifice, a leakage rate of 200 percent per day
cortesponds to a 3.6-inch diameter opening in
the containment shell. Under the assumption of
critical flow, leakage rates would scale directly
with leakage area. Pre-existing leakage rates



greater than this value would affect containment
response vy precluding other failure modes such
as long-term over-pressurization. Thus, leakage
rates of this magnitude and smaller were
grouped with intact containment. Pre-existing
leakage paths of greater than 200 percent per
day were considered to constitute containment
isolation failure. The probability of containment
isolation failure for Surry was assessed by the
RSS to be 2E-3. For purposes of fission
product source term evaluation, the range of all
possible isolation failure sizes was characterized
by a leakage rate of 1000 percent per day,
corresponding to an opening 8 to 10 inches in
diameter,

Using assumptions similar to those of the RSS,
the carly (pre-existing) leakage path of 0.1 fi? in
area explicitly addressed by NUREG-1i50
corresponds to an orifice about 4.3 inches in
diameter with an associated leakage rate at
design pressure of about 280 percent per day.
The probability of containment isolation failure
for Surry was assessed in NUREG-1150 as
2E-4.

Rate,
®/day

05

Risk tmpact

These observations are quite consistent with
earlier studies on source term predictions for
various containment failure assumptions. In this
study (BMI86), the effects of various accident-
induced containment leakage paths on accident
progression and fission product source terms
were addressed. It was found that accident-
induced leakages equivalent to 0.6 to 1.8 in? in
area had little effect on accident progression and
that the fission products released (o the
environment were proportional to the size of
the opening. In contrast, pre-existing
containment isolation failures 6 inches in
diameter were seen to have a significant effect
on containment pressure-time history and could
lead to disproportionately large releases.

5.2.3 Comparison with Earlier Results

Table 5-6 compares the results of the present
work with those given in NUREG/CR-4330,
Vol. 2, for Surry, Peach Bottom, and Grand
Gulf, the three units common to both studies.
The measure of risk employed for this
comparison is total population exposure in
person-rem per reactor year.

10

s

100
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Several notabie points arise from this
comparisun. First, the overall levels of risk in
the present study are lower than those previously
calculated; this is quite consistent with the
NUREG-1150 conclusion that risk estimates
should be lower than those in WASH-1400.
Second, the present work shows more sensitivity
of risk to containment Jeakage rate for Surry,
but less for Peach Bottom and Grand Gulf. This
difference is due in part to the earlier study’s
use of a constant risk dependence on leakage for
all the units. The present effort derived separate
factors for each unit from the NUREG-
1150 results. The difference between Surry
and the two BWRs is also attributable to the fact
that, for Surry, the containment does not fail in
81 percent of core melt scenarios, whereas the
BWRs have a higher probability of containment
failure; only when the containment stays intact
is leakage potentially significant.

Among the many other reasons for the
differences in the quantitative results of the two
studies are:

- Agcident sequence frequency. The median
core damage frequency for Surry in
NUREG-1150 is somewhat lower than the
corresponding result in the RSS; however,
the uncertainty bands on core damage
frequency overlap. These differences are
explained by differences in the unit systems
over the time period between the two studies
and significant advances in the state of the
art in probabilistic analyses for nuclear
power units. ' :

- Source term chapacteization. The Reactor
Safety Study developed source terms for
nine release categories for the Surry unit.
These releasc categories are directly
analogous to the accident progression bins in
NUREG-1150. A point estimate for release
fractions for seven elemental fission product
groups was theu used to characterize each
category. In NUREG-1150, source terms
were developed for a much {arger number of
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accident progression bins. A distribution of
release fractions was developed for each of
the nine elemental groups corresponding to
the individual statistical sample members of
the uncertainty analysis. For these and other
reasons, it is difficult to draw broad
inferences about the source terms of the two
studies. However, for the early containment
failure bins that have the greatest impact on
risk, the RSS source terms appear to be
larger than the mean values of NUREG-
1150 and are typically near the upper bound
of the uncertainty range.

- Site-specifj n .
NUREG-1150 performed site-specific
analyses instead of adopting the generic site
characteristics used in the earlier studies.
This will directly affect the quantitative
results, all other differences aside.

- Health effects models. The current models
have been substantially upgraded from
carlier versions.

These factors have a greater effect on acute
effects than on overall population exposure.
Latent cancer risks are sensitive to the
assumed levels of interdiction of land and

crops.

- Risk Characterization. The earlier study
assumed a linear dependence of risk on
containment leakage rate based on the
analysis of Hermann et. al.; the present
study derived a non-linear dependence based
on NUREG-1150 results.

In spite of the differences in the bases of the two
studies, the qualitative results are quite similar.

5.24  Discussion of Uncertainties
Figure 5-22 (taken directly from NUREG-] 150)

illustrates the uncertainty range associated with
the predicted total latent cancer fatalities per



reactor year. For Surry, for example, the § to
95 percent confidence interval is seen to span
approximately two orders of magnitude, i.c.,
from about 3E-<4 to about 2E-2 latent cancer
fatalities per year. Comparable ranges of
uncertainty are found for the other units
considered. Containment leakage, at an assumed
rate of | percent per day, contributes about 0.05
percent to the total risk at Surry; comparable or
even smaller contributions were found for the
other units. Since the design basis leakage rate
for Surry is 0.1 percent per day, the reference
risk results already include an order of
magnitude "allowance™ for increased leakage
rate; comparable increases above the design
basis leakage rates were incorporated into the
assessments for the other units.

Since containment leakage is such a small
contributor to overall accident risk, it is clear
that at the lower end of the leakage rate ranges
considered in this study, any uncertainties
associated with the calculated leakage
contribution are minuscule in comparison with
other uncertainties and therefore. uncertainties
associated with containment leakage are
insignificant.

The NUREG-1150 results for PWRs predict
significant probabilities of no containment failure
even in the event of core melt accidents. With

Risk Impact

the containments predicted to remain intact, at
the upper end of the leakage rate ranges
considered (i.c., 200 - 400 peicent per day),
containment leakage could lead to several-fold
increases in the predicted risk. Since the
expected fission product source tlerms
associated with the large leakage cases were
substantially lower than those resulting from
containment failure or bypass, the uncertainties
associated with assessing the leakage
contribution at the upper ends of the ranges
considered would be lower than those associated
with other containment failure modes.

For BWRs, the calculated risks were found to be
very insensitive to the assumed containment
leakage rates, even at the upper end of the
ranges considered. This is a direct consequence
of predicted high probabilities of early
containment failure for the BWRs, i.e., since
containments are predicted to fail a large
fraction of the time, the assumed containment
leakage rate is not significant. Also, the
scrubbing of the fission products by suppression
pools even in many scenarios involving large
leakages contributes to the observed lack of risk
sensitivity to containment leakage rate. Thus,
for BWRs, the uncertainties associated with
assessing the contribution of containment leakage
are small compared with other uncertainties in
the quantification of accident risks.
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6. Alternatives

The NRC considers the existing 10 CFR Pan 50,
Appendix J to be a prescriptive regulation.
Prescriptive regulations are written with a high
degree of specificity, leaving proportionately less
flexibility and discretion to the licensee. To
¢’ .minate requirements that are marginal to
safety, the NRC is adopting a performance-based
approach to developing regulatory requirements.
Performance-based regulations will include goals
and limits based upon the operating history of
equipment and components, i.c., an inherently
more risk-based approach. Performance-based
regulations also afford more flexibility and
discretion to licensees, especially those whose
performance is superior.

In adopting a performance-based regulatory
approach, the NRC has adopted the following
criteria to guide its decision-making:

Performance-based regulation allows the
licensee flexibility to adopt cost-effective
methods for implementing the regulatory/
safety goals of the original rule.
Regulatory/safety objectives should be
established in as objective a . manner as
practical.

The regulatory/safety objectives are derived,
to the extent feasible, from risk
considerations and their relationship to the
NRC'’s safety goals.

Detailed technical methods for measuring ot
judging the acceptability of a licensee’s
performance in achieving the regulatory/
safety objectives are, 1o the. extemt
practicable, provided in industry standards

and guidance documents which could be

endorsed in the NRC's regulatory guides.

The new regulation is optional for current
licensees so that licensees can decide to
remain  in  compliance with current
regulations.

¢ The regulation is supported by necessary
modifications to or development of the full

6-1

body of regulatory practice including, for
example: standara review plans, inspection
procedures, regulatory guides, and other
regulatory documents.

® The new regulation is formulated to provide
incentives for innovations leading to
improvements in safety through better
design, construction, operating, and
maintenance practices.

As demonstrated in Chapter 5, the insensitivity
of calculated reactor accident risks to
containment leakage rate suggests existing leak-
tightness requirements could be relaxed without
significantly affecting potential impacts on the
health and safety of the public. The present
study identifies alternatives to the existing
containment leakage-testing requirements
including: (1) relaxation of the allowable leakage
rates, (2) reduction in the frequency of leakage-
rate testing, and (3} use of on-line monitoring
systems.  Additionally, Entergy Operations,
Inc., the operator of the Grand Guir Nuclear
Station (GGNS), has applied for an exemption
from Appendix J requirements and has proposed
an alternative testing program.

6.1 INTEGRATED LEAKAGE-RATE
(TYPE A) TESTS

Of the Appendix J test methods, integrated
leakage-rate testing is the only method capable
of detecting all existing leaks in the reactor
containment system. However, Type A testing
can be performed only during shutdowns,
precluding other activities while such testing is
in progress. For these reasons, integrated
leakage-rate testing is performed infrequently.
Further, as discussed in Chapter 4, local
leakage-rate tests (LLRTs) can find a very high
percentage of leaks in containment.

Alternatives to current integrated leakage-rate
testing that have been considered include
relaxation in allowable leakage rates as well as
a decrease in the frequency of such tests.

NUREG-1493



Alternatives

Regulatory/Safety Objective

To allow the licensees more flexibility in
the allocation of resources while
maintaining a high degree of assurance
of containment integrity. Risk impact,
as measured by expected population
exposure derived from probabilistic risk
assessments, is the yardstick by which
various alternatives are measured.

As discussed in Chapter 5, past and current
probabilistic risk assessments demonstrate that
population risk is quite insensitive to
containment leakage rate. The risk assessment
for ti:c Surry unit assumes a leakage rate 10
times higher than the design level. Even with a
conservative lcakage rate, the increme:Al risk
due to containment leakage is only about 0.05
percent of the tntal. Considering the NRC’s
sa.cty goals, the indivi :2al latent fatality risk for
Surry is assessed (0 be about three orders of
magnitude below the goal. Even for assumed
containment leakage rates of several hundred
percent per day, the calculated increase in rigk is
still orders of magnitude below the goal,
 mparable results are found for the other units
considered in this study. Also, the incremental
contribution of containment leakage is well
within the overall unceriainty bounds of the risk
assessments for a very broad range of assumed
containment leakage rates.

As indicated in the discussion of-leakage-rate .
test experience in Chapter-4, the leakage rates ™ -

observed in a significant fraction bf "failed”
leakage-rate tests are only marginally above the
specifications. Thus, a relaxation of leak-

tightness requirements would reduce the mimber

of failed tests and minimize the potential need
for retesting. Relaxation of leak-tightness
requirements could also facilitate shorter test
periods, thus permitting more of the tests te be
conducted at a fraction of the nominal 24-hour

NUREG-1493

duration. A range of modified leak-tightness
requirements was considered.

Frequency

As noted in Chapter 2, current regulations
require the performance of three integrated
containment leakage-rate tests over a 10-year
interval. If a facility has poor experience with
these tests, the frequency could conceivably be
increased to every shutdown for refueling. In
practice and with proper justification, the NRC
permits increased LLRTs in lieu of increased
ILRTs. Due to the insensitivity of reactor
accident risk to leakage rate, and because under
current practice only a small fraction of
excessive leakages is being detected by
integrated leakage-rate testing, it is appropriate
to consider alternatives ex.ending the interval
between such tests.  Accordingly, testing
intervals of two times in 10 years, one in 10
years, and one in 20 years were identified for
analysis.

GGNS is proposing to establish a 10-year
interval for Type A testing. GGNS has
performed a preservice Type A test and two
periodic Type A tests. The first periodic type A
test was unacceptable due to four Type C
penetration leakages for which corrective action
has been implemented. The other two Type A
tests were successful.

. Under current regulations,

reactor siting is
dependent upon the containment leak-tightness

- specifications. Thus, relaxation in leak-tightness

6-2

requirements would require analysis tc assess
compatibility with the siting requirements in
10 CFR Part 100.

6.2 LOCAL LEAKAGE-RATE
(TYPE B & C) TESTS

As with the ILRT, possible alternatives to
current Type B and C tests include relaxation



in allowable leakage rates as well as a decrease
in frequency of testing.

Regulatory/ jectiv

Same as stated for Type A tests.

Leakage Rate

Under current practice, local leakage-rate testing
is performed on all containment penetrations and
containment isolation valves during ecach
refueling shutdown. Any significant leakages
that are detected arc repaired (either because a
regulatory limit may be exceeded or because of
good practice), even if they do not greatly affect
the overall containment minimum path leakage
rate.  Thus, while the number of repairs

performed to correct component leakage might -

decrease slightly, it is not clear that any
significant benefit would be derived from a
relaxation of total allowable leakage rate as
applied to local leakage-rate testing.

Frequenc

Under current requirements, local leakage-rate
testing is conducted at every refueling shutdown,
but no longer than at 2-year intervals. Under
current practice, testing is performed prior to the

integrated containment leakage-rate test, and any -

local leakages that are found are-repaired before

the integrated test. The leakage reductions from -

any such repairs are added to the actual leakage

measured during the integrated test to determiné - .

the “as-found” containment - leakage - rate.
Historically,

associated with the tests are limited to the
expense of conducting the test itself. Recent
information supplied by NUMARC indicates that
system out-of-service-time can affect the outage
critical path (NUM9%4). Consequently, the
alternative of decreasing the frequency of local
leakage-rate testing has been considered.

local leakage-rate testing . is -
conducted simultanecusly with other shutdown
activities, thus, they have relatively less impact
on operations than ILRTs, and the . costs

6-3
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A specific proposal for lessening the frequency
of local leakage-rate testing has been advanced
by the Grand Gulf Nuclear Station. GGNS
reports that its Type B & C testing indicates
about a 95 percent success rate. GGNS also
indicates that most of the observed leakages are
limited to selected components that experience
repeated failures, Based on this experience,
GGNS proposes a revised approach to local
leakage-rate testing in which any penetration that
successfully passes two successive tests need not
be tested until the time of the next 10-year
integrated leakage-rate test. Any penetration
that fails a test would have to be retested each
shutdown until two consecutive successes are
observed. Such an approach is an example of a
performance-based regulation that offers the
promise of reducing the amount of local leakage-
rate testing that would be required.

Specifically, GGNS proposes to establish Type
B & C test intervals based on the performance
history of components.

¢ Components that are known to have a
history of excessive leakage, such as the
main steam and feedwater isolation valves,
will remain on the current test interval of 2
years.

® The test intervals for the remaining
components will be as follows:

- iym for components that have passed
- _only one test or failed the previovs test,

-.  § years for componenis that have passed
2 consecutive tests,

- - 10 years for components that have
passed 3 consecutive tests.

It has also been proposed that statistical
sampling techniques be employed in lieu of
testing all valves and peoetrations during cach
test. In principle, if enough valves and
penctrations in the sample pass the initial
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prescribed tests, no further testing would be
required until the next scheduled test period. If
the sample doesn’t pass, a greater sample size
would be selected for testing, up to and
including all components, until a successful
result is obtained. Such an approach is similar
to the GGNS proposal discussed above.

Another approach is to limit frequent testing to
only those leakage paths that have a potential
risk significance. Such an approach eliminates
small penetrations from consideration and limits
testing to only the larger penetrations.
Examination of typical distributions of
penetration size versus number suggest that only
a small number of penetrations would be
excluded by this approach.

Appendix A presents an in-depth evaluation of
leakage-rate experience for a two-reactor miclear
power station.

Potential Jasucs

As discussed in Chapter 4, local leakage-rate
testing experience indicates that some isolation
valves have exhibited leakage rates greater than
the test equipment can quantify. However, the
overall leakage rate has genenally remmined
within acceptable limits because penetrations are
normally redundant. This lack of quantification
of individual leakage paths preciudes the
development of models that correlate
containment leakage rate with time between
tests. This lack of quantification also makes it
dlfﬁmltmmﬂnmuiﬂdlkmof
alternate jocal lenht;-tadu m :

6.3  ON-LINE MONTTORING

On-line monitoring has been considered as a
possible alternative and/or a supplement to
existing containment leakage-testing methods.
On-line monitoring would have the advantage of
providing a continuous indication of certain
aspects of containment imegrity. OLM appezrs
to be well suited to detecting possible “gross®
containment isolation faitures in systems directly
connected o the comainment aumosphere;

NUREG-1493

however, OLLM would not detect isolation valve
leakages in systems closed to the containmen:
atmosphere during normal operation.

Same as stated for Type A tesis.
Additionally, to detect ceriain
unirsertional breaches of containment
integrity on a continuous basts.

As noted earlier, past and current probabilistic
risk assessments demonstrate that population
risks are quite insensitive to containment leakage
rate. Since on-line monitoring appears to be
well suited to detecting unintentional breaches of
containment integrity such as containment
isolation failure, it is instructive to consider the
risk impact of this containment failure mode. In
NUREG-1150, the PRA model results for the
Surry unit found the probability of containment
isolation failure to be 2E<4. The expecied
population risk contribution of containment
isolation was found to be approximately 0.1
percent of the total of 31 person-rem/yr.

Potential Issucs

Since the various on-line monitoring concepts
operate & or ncar normal containment pressure,
their sensitivities may be limited and may thus
require finite time periods for performing the
required leakage-rate measurements. Thus, in
practice, on-line monitoring may provide
frequent periodic status of containment integrity.
On-line monitoring would have the disadvantage
of. m able to detect leakages only through
direct air paths. Also, since the containment
lekage tates &t normal conditions cannot be
extrapolated to those st accident temperatures
and pressures with any degree of accuracy,
OLM does not accomplish the same objectives

a8 the integrated contzinment leakage test.
64  PERFORMANCE-BASED
ALTERNATIVES

Performance-based alternatives are defined e«
variations in corrent Appendix § leak-tightncs



and testing frequency requirements. On-line
monitoring is considered separately.

[eakage Rate

For both ILRTs and LLRTs, relaxing the
acceptance criteria is considered in combination
with changes in testing frequency as defined
below.

ceqguenc

For ILRTs, alternatives considered to the
baseline of three ILRTs every 10 years are
testing intervals of two times in 10 years, one in
10, and one in 20 years.

For LLRTs, which involve individual testing of
multiple penetrations and valves, variation of the
frequency is more complicated. The baseline
requirement (in the current Appendix J) is
basically 100 percent testing at least every 2
years. Extensive data from previous- tests
indicate that virtually all failures are associated
with Type C valves, and it has been postulated
that these failures are largely repetitive (i.e.,
"leakers” are known) {NRC93B). Thus, testing
only lower-reliability isolation valves on the
current at-least-once-every-2-year schedule is
one alternative. However, a large data base will
be necessary to support the assertion that the
“leakers" are known,

Altematives

To estimate the potential cost savings, a testing
schedule consistent with the current requirements
must be defined; then, alternative testing
schedules can be compared to it. Most reactors
are licensed for 40 years and operate on an
18-month refueling cycle. With consideration of

outage times, this results in 24 power cycles

over the lifetime of the reactor. Without license
extension, the average reactor has abous 20
years of operations remaining. Therefore, the
baseline costs of remaining Appendix J testing
are those associated with Power Cycles 13
through 24. An idealized 20-year test schedule,
consistent with Appendix J and the 10-year

Alternatives

in-service inspection requirement, is used to
estimate the present worth of the remaining costs
of complying with the current Appendix J
requirements.  The schedule assumes that
LLRTs (Type B & C tests) are conducted every
refueling outage and that ILRTs (Type A test)
are conducted every other refueling outage.

To evaluate the impact of license extension, the
assumed testing schedule was extended to cover
an additional 20 years of operation (Power
Cycles 25 through 36).

" Costs of the alternatives are estimated by making

appropriate modifications (cost per test and/or
frequency of tests) to the 20-year and 40-year
baseline estimates.

An additional altermative would impose a
requirement to design, install, and operate an
on-line monitoring system.

* Alternative ] maintains the current Appendix J

65

frequency requirements but relaxes the

acceptance criteria,

Alternative 2 maintains the current Appendix J
acceptance criteria but relaxes the ILRT
frequency from three per 10 years to two per 10
years.

Alternative 3 relaxes the current Appendix J
acceptance criteria and relaxes the ILRT
frequency from three per 10 years to two per 10

years,

Alternative 4 maintains the current Appendix J

‘acceptanceé criteria  but relaxes the ILRT

frequency from three per 10 years to one per 10
years.

Altemative 5 relaxes the current Appendix J
acceptance criteria and relaxes the ILRT
frequency from three per ten years to one per 10
years.

Alternative 6 maintains the current Appendix J
acceptance criteria but relaxes the ILRT
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trequency from three per 10 years to one per 20
years.

Alternative 7 relaxes the current Appendix J
acceptance criteria and relaxes the ILRT
frequency from three per 10 years to one per 20
years.

Alternative 8 maintains the current Appendix J
acceptance criteria and the ILRT frequency of
three per 10 years but relaxes LLRTs to allow
testing of only the “lower-reliability”
penetrations during refueling outages.

Alternative 9 relaxes the current Appendix J
acceptance criteria and maintains the ILRT
frequency at three per 10 years, but relaxes
LLRTs to only "lower-reliability” penetrations
during refueling outages.

Alternative 10 maintains the current Appendix J
acceptance criteria, relaxes the ILRT frequency
to two per 10 years, and relaxes LLRTSs to only
"lower-reliability” penetrations during refueling
outages.

Alternative 11 relaxes the current Appendix J
acceptance criteria, relaxes the ILRT frequency
to two per 10 years, and relaxes LLRTSs to only
"lower-reliability™ penetrations during refueling
outages.

NUREG-1493

Alterpative ]2 maintains the current Appendix J
acceptance criteria, relaxes the ILRT frequency
to one per 10 years, and relaxes LLRTs to .nly
"lower-reliability™ penetrations during refueling

outages.

Alternative 13 relaxes the current Appendix J
acceptance criteria, relaxes the ILRT frequency

to one per 10 years, and relaxes LLRTs to only
"lower-reliability” penetrations during refueling
outages.

Alternative 14 maintains the current Appendix J
acceptance criteria, relaxes the ILRT frequency
to one per 20 years, and relaxes LLRTSs (o only
*lower-reliability" penetrations during refueling
outages.

Alternative 15 relaxes the current Appendix J
acceptance criteria, relaxes the ILRT frequency
to one per 20 years, and relaxes LLRTs to only
“lower-reliability" penetrations during refueling

outages.

The altematives defined above are summarized
in Table 6-1. The risk impacts of each of these
alternatives are evaluated in Chapter 7.
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7. Risk Impacts of Alternative Appendix J Requirements

This chapter presents qualitative and quantitative
assessments of the consequences of alternatives
1o the current Appendix J rule. While the
quantitative evaluation presents numerical results
uscful for comparison and for an understanding
of the magnitude of the changes under
consideration, the qualitative discussion sets the
context and lends perspective to the quantitative
results. The qualitative discussion addresses
items such as the “importance" of containment
leakage rate, the relationship between the
Appendix J analysis and the NRC’s Safety Goal
Program, and the uncertainties which are part of
this study.

7.1 QUALITATIVE CONSIDERATIONS

Risk Sensitivity of Coptai Leal

Past studies show that overall reactor accident
risks are not sensitive
containment leakage rate (NRC86, NRC90).
This is because reactor accident risks are
dominated by accident scenarios in which the
containment fails or is bypassed.  Such
scenarios, even though they are of very low
probability, dominate the predicted accident risks
due to their high consequences.

The assessment of the effect of containment
leak-tightness on reactor accident risks,
described in Chapter 5, confirms the earlier
conclusions. The results show that increasing
the containment leakage rate several orders of

magnitude (100 to 200 fold) over the design’

basis would have a minimal impact. on

population risk (ranging from 0.2 to 1 percent

for the reactors considered).

Additionally, studies (NRC?75) have shown that
pre-existing leakage rates of up to 200
containment volume percent per day would have
little effect on the containment response. A 200
percent per day leakage rate corresponds to
approximately a 3.6-inch diameter opening in
the Surry containment shell. The curremt
Appendix J requirements consider the Surry
containment to have failed its leakage test if a

to variations in -

leakage rate corresponding to less than the area
of & pencil point (0.08-inch diameter opening} is
found to exist. The disparity between what
current state-of-the-art analyses identify as risk-
significant and what the current Appendix J
regulation requires provides the perspective for
the NRC's marginal-to-safety effort.

NRC Safety Goals

The NRC has adopted the principle that nuclear
risks should not be a significant addition to other
societal risks. They have developed two
qualitative goals supported by two quantitative
objectives as a means to gauge the adequacy of
regulatory decisions regarding changes to current
regulations (NRC86C).

The qualitative goals are:

. Individual members of the public should
be provided a level of protection from
the consequences of nuclear power plant
aperation such that individuals bear no
significant additional risk 1o life and
health.

L Societal risks to life and health from
nuclear power plant operation should be
comparable to or less than the risks of
generating electricity by viable
competing technologies and should not
be a significant addition to other societal
risk.

The following quantitative goals are used in

* detecmining achievement of the qualitative goals:

® The risk fo an average individual in the
vicinity of a nuclear power plant of
prompe fatalities that might result from
reactor accidents should not exceed one-
tenth of one percent (0.1 percent) of the
sum of prompt faality risks resulting
Jrom other accidents to which members
of the U.S. population are generally
exposed.
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Risk Impact of Alternatives

The risk to the population in the area
near a nuclear power plant of cancer
Jatalities that might resuit from nuclear
power plant operation should not exceed
one-tenth of one percent (0.1 percent) of
the sum of cancer fatality risks resulting
from all other causes.

Chapter 5 compares the individual latent cancer
fatality risks as a function of containmen:
leakage rate for the reactors assessed in
NUREG-1150 (NRC90) and finds that the
calculated risks for all the reactors are well
below the safety goal (by factors of from 100 to
5000) over the entirc range of leakage rates
considered.

Uncertainty

Chapter 5 also illustrates the uncertainty range
associated with the predicted total latent cancer
fatalities per reactor year. For Surry, the § - 95
percent confidence interval spans approximately
two orders of magnitude (from about 3E4 10
about 2E-2 latent cancer fatalities per year).
Comparable ranges of uncertainty are found for
the other units considered.

Containment leakage, at an assumed rate of 1
percent per day, contributes about 0.05 percent
to the total accident risk at Surry; comparable or
even smaller leakage contributions to risk were
found for the other units. Since the design basis
leakage rate for Surry is 0.1 percent per day, the
reference risk results already include a 10-fold

"allowance"® for increased leakage; comparable

increases above the design basis leak rates were

incorporated into the assessments for the other
units.

Since containment leakage is such a small
contributor to overall accident risk, it is clear
that at the lower end of the leakage rate ranges
considered in this study. any uncertainties
associated with the leakage contribution are
minuscule in  comparison with other
upcertainties, ¢.g . prediction of containment
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failure mode probabilities and magnitudes of
fission product source terms. The NUREG-
1150 results for PWRs predict significant
probabilities of no containment failure even in
the event of core melt accidents. With the
containments predicted to remain intact. at the
upper end of the leakage-rate ranges considered,
i.e., 200 - 400 percent containment volume per
day, containment {eakage could lead to several-
fold increases in the predicted risk. The
expected fiszion product source terms associated
with the large leakage cases, considering all
possible unit damage states and accident
progression bins, were substantially lower than
those resulting from containment failure or
bypass. Thus, the uncertainties associated with
assessing the leakage contribution at theé upper
ends of the ranges considered would be lower
than those associated with other containment
failure modes.

For BWRs the calculated accident risks were
found to be very insensitive to the assumed
containment leakage rates, even at the upper end
of the ranges considered. This is & direct
consequence of predicted higher probabilities of
early containment failure for the BWRs, i.c.,
since containments are predicted to fail in a
large fraction of the postulated core melt
accidents, the assumed containment leakage rate
does not contribute significantly to the calculated
risk. Also, the scrubbing of the fission products
by BWR supprestion poois, even in many
sceparios involving large leakage rates,
contributes to the predicted lack of risk
semsitivity 0 containenent leakage rate. Thus.
for BWRs the uncertainties associated with
assessing the contribution of containment leakage
are small compared with other uncertainties in
the quantification of accident risks.

72 QUANTITATIVE IMPACTS

The risk impacts of alternative Appendix J
testing requirements include the potential
increased doses 10 members of the public i the
ovek of severe reactor acadenks. potential
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decreased doses to members of the public due to
reductions in  shutdown risks and valve
restoration errors, and decreases in occupational
exposure resulting from less frequent or different
approaches 1o containment leakage-rate testing.
In this study only the potential increased risks to
the public and the decreases in occupational
exposure are quantitatively addressed. Others,
however, have studied the impacts of less
frequent testing on shutdown risk, and a
summary of their findings is presented later in
this section.

As noted earlier, the current study also found
that containment isolation failure is a small
contributor to reactor accident risk. For the
Surry unit, containment isolation failure
contributes less than 0.1 percent of the latent
risk from reactor accidents; for Sequoysh and
Zion, this contribution is less than 1 percent. It
has not been possible to quantify the risk
contributions of containment isolation failure for
the BWRs, since in the NUREG-1150 accident
sequence  binning procedure, containment
isolation failures have been combined with other
accident-induced containment failure modes.
Containment isolation failures were not assessed
explicitly due to their acknowledged low risk
significance. This low level of risk contribution
is due at least in part to the low predicted
probabilities (2E-4 to 7E-3) of isolation failures.
The consequences of containment isolation
failure in the event of a severe accident can be
substantial,

Shutdown Risk

A study of the shutdown risk implications -of
implementing performance-based changes 10
10CFRS0 Appendix J has been performed by
EPRI, the Electric Power Rescarch lnstitute
(EPRI94). Their study included:

. A review of shutdown operating
experience to Wemify specific initiating
events .hat have occurred as the result of
ILRT and LLRT activines.

Risk Impact of Alternut:.os

L A qualitative evaluation of the putential
risk implications of ILRT'LLRT iest
interval extension, including the
identification of impacts on imtiating
cvent probabilities, mitigation system
unavailabilities, containment
performance and operator response

L A quantitative assessment of the risk
impact of extending ILRT and LLRT
test intervals on the basis of the impact
on core damage probability for one
BWR and one PWR.

Of the 436 shutdown events that were reviewed
only 7 were found to be related to ILRT/LLRT
testing activities. This experience was used to
guide the subsequent assessment of risk
implications. The quantified risk benefit was
found to be on the order of 10 to 107 per year
reduction in predicted core damage frequency.
The estimated risk benefit for the BWR was
found to be larger than for the PWR. The
shutdown risk benefit is due to the reduced
opportunity for RCS drain-down events and a
reduction in the time spent in configurations
where the performance of mitigation systems
may be impaired.

The authors of the study conclude that the
estimated risk benefit of extended leakage-testing
intervals to be measurable. They do not
cxpressly specify the baseline core damage
frequencies for the two units considered.

~ Assuming a core damage frequency on the order

of 10° per year, the calculated benefit is of the
order of one percent or less.  Thus, the
calculated risk bepefit would appear to be in the
same range as the calculated risk impacts.

Tyoe A ILRT

Review of lealagerate testing experience.
described @ Chapter 4, indicates that only a
small percentage (3 percent) of leakages that
excexd current requirements (referred 10 as Type
A test failures) are actually detectable orn's b
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Type A testing. Further, the leakage rates
observed in these few Type A test failures were
only marginally above currently prescribed
limits. These observations, together with the
insensitivity of reactor accident risk to the
containment leakage rate, suggest that reducing
Type A leakage-test frequency would have a
mimumal impact on public risk.

Type B & C LLRT
North Anna

The discussion of leakage-rate experience in
Charier 4 indicates that frequent Type B
lcakage-rate testing of electrical penetrations is
of limited use. In approximately 27 unit-years
of operation at North Anna, no significant

leakage has been found for electrical
penetrations. Other units report similar
experiences.

North Anna routinely tests and frequently
replaces seals on air-locks and other inflatable
seals. Thus, there appears to be littie basis for
trying to characterize the time-dependent
periormance of such components.

Leakage-rate experience at North Anna and
other sites indicates that Type C lecakage-rate
testing detects the vast majority of leakages that
exceed current acceptance criteria. It has been
asserted (NRC93B) that isolation valve (Type C)
leakages are generally associated with problem
components whose identity is known. Thus, by
concentrating testing on such “leakers,” the
required extent of testing would be minimized
while assuring a high degree of containment
integrity.  From the detailed examination of
Type C local leakage-rate testing results in this
study, it has not been possible to correlate the
likelihood of leakage with time based on
component parameters. A statistical analysis
was performed to determine the correlation of
component parameters (type of component and
operator, type of service, number of operations
per operating cycle, number of operating hours
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per operating cycle, manufacturer, type, and
flow rate, temperature and pressure seen by
component during operation) with the time
between maintenance events for simi'ar
components. At best, approximately 26 percent
of the variability in time between maintenance
events could be explained using the above
component parameters. A correlation exists
between the likelihood of leakage and time since
last maintenance considering all components.
Ther= is a failure rate per unit time and, if a
component leaks at outage n, a higher
probability that the same component will leak at
outage n+1 or n+2. (The failure rate, lambda,
equals 1.3 x 10%yr per component, and the
conditional probability of failure for componeriis
which have previously failed, beta, equals 0.34.
Failure is defined as a maintenance event.)

In addition, the leakage rate of a component
when it does leak cannot be quantified. This is
because the equipment used for local leakage-
rate testing can quantify leaks only up to a
certain size (c.g., approximately 257 scf/h at
North Anna). The range of equipment used for
local leakage-rate testing is comparable to the
maximum acceptable leakage rate. Since the
sum of all local leakages must be below 0.6 L,,
any individual penetration or valve that
approaches such a level of leakage obviously
requires repair; thus, under current regulations,
there is no need or incentive to quantify leakage
rates above these levels. Given these
limitations, it is not now possible to quantify
precisely the risk impacts of reduced frequency
of Type C testing. Nevertheless, estimates of
such risk impacts have been made using

simplifying assumptions.

A statistical model based on the North Anna
Type C test experience was developed which can
be used to assess changes in risk based on the
expected probability of leakage for various
alternative testing schemes. Since it has not
been possible to correlate the probability of
leakage with component parameters, this model
assumes a constant failure rate for all



componemts.  This failure rate, along with a
conditional probability of failure given a failure
of the component during the prior two tests, was
derived fron. the North Anna Type C test
experience. {n this model, component failure is
defined as leakage of the component at a rate of
250 scf/h or greater.

Grand Guif

The GGNS proposal includes an analysis of the
expected containment performance under the
proposed program. This analysis concluded that
the risk impacts of the proposed leakage-testing
program are smal! and within the uncertainties
associated with the PRA. Thus, the proposed
performance based approach to containment
icakage testing is projected to lead to
considerable savings in resources w1th minima}
impact on public risk.

Conceptually, the GGNS proposal for Type B &
C testing is very similar to test scheme option 3
addressed in Appendix A of this report. An
evaluation of the Grand Gulf containment
penctration performance history (refer (o
Appendix A) indicates a component dependent
failure factor lower than that derived from the
North Anna data and a penetration common
mode failure probability comparable to that of
North Anna. Applying these factors to the
several leakage-testing options indicates that the
change in incremental risk due to containment
leakage rate relative to the current approach

would be smaller based on the Grand Gulf data

in comparison with North Anna. "However, the
difference in results based on the two sets of
data is not significant.

1o _Analyze North Anna and Grand Gulf Type
B/C Performance-Based Leakage-Test Options

Factors used to analyze Type B/C performance-
based test options include lecakage-rate and
failure-rate data, and the mathematical risk
models developed to simulate performance.

Risk Impacr of Alternatives

Leakage-Rate Data

The GGNS method does not explicitly consider
component leakage rates to project the expected
containment performance under the proposed
program. It is limited to potential increases in
containment isolation failure probability. Each
penetration component is assigned an allowable
leakage rate based on its nominal line size.
Considering a penetration consisting of two
valves in series, the GGNS method assumes that
if both valves leak at a rate greater than their
allowed leakage rate, containment icakage rate is
greater than allowed. This may be conservative
as many individua! penetrations may have
assigned ailowable leakage rates that are less
than the allowable containment leakage rate.

The analysis of North Anna leakage rates
presented in Appendix A is based on historical
data from North Anna. While the North Anna
history shows small (measurable) as well as
unmeasurable leakages, the analysis of the risk
impacts of alternative testing schemes is based
only on leakage rates of 250 scf/h or greater.
The latter represents the limitation of the testing
equipment and corresponds approximately to the
allowable containment leakage rate. As
discussed previously, small leakage rates would
have little or no risk imp:.ct

Eailure-Rate Data

In the GGNS analysis, generic failure rates
based on component type are used. Penetration
failure rates are calculated based on independent
failures of the components comprising a
penetration without considering common mode
failures. Also, there seems to be the implication
that the probabilities of containment isolation
failure and excessive leakage rate are the same.
Failure to isolate would typically require the
failure to close of two valves in series within a
penetration. Excessive leakage can take place
even if such valves close, but fail to seal tightly.
The latter occurrence could be much more
probable than the former. Both these
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«onsiderations introduce nonconservatisms into
the analysis; however, in light of the small
coginbution of  containment leakage rate to
awcident nisk, these nonconservatisms may not be
significant

The analysis of the North Anna data did not
show a high degree of correlation in component
farlure rates due to component type. An average
failure rate was assigned to all components based
on the actual number of component failures
observed at North Anna. Common mode factors
for both multiple failures of single components
and failures of multiple components in a
penetration were derived from the analysis of the
data.

Mail ical Risk Model
GGNS uses a Baycsian analysis 10 assess the
impact of increases in Type B/C test intervals,
and uses the Individual Plant Examination (IPE)

results to set limits on the allowable probability
of penetration failure.

The GGNS analysis used the results of their IPE
to assess both positive and negative risk impacts
for the proposed program. The areas of risk
impact investigated were:

valve performance

initiating event frequencies
mitigation system availability
shutdown risk

containment isolation failure
containment bypass

Valve failure modes investigated were:

internal valve leakage
failure to open/close on demand
valve restoration errors

° unavailability due to
maintenance

test and
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The analysis of Nomth Anna presented o
Appendix A mvesugated only the risk unpact «f
valve leakage

On-Line Monitoring (OLM)

A previous study of OLM (NRC8B) concluded
that such methods would be best suited to
detecting gross leakage through direct air paths.
i.e., containment isolation failures. As noted
carlier for the Surry and Sequoyah units,
containment isolation failure has been fourd to
contribute from 0.1 percent to less than |
percent of the total latent accident risk. Further,
containment penetrations exposed to the
containment atmosphere may represent only on
the order of 10 percent of the total potential leak
paths. Given the low risk attributed to isolation
failures and the apparently limited capabilities of
OLM systems, the potential risk benefit of OLM
appears to be limited.

More recent studies, as discussed in Chapter 4,
indicate that OLM systems may be capable of
detecting leakage rates of the order of a few
percent per day. While this level of leakage is
above the current technical specification limits in
U.S. units, it is still so low as to be essentially
inconsequential in terms of its potential risk
contribution. Also, OLM would be limited to
detecting leak paths directly connected to the
containment atmosphere; it would not detect
valve leakages in systems closed to containment
atmosphere during normal operation. Thus,
OLM does not accomplish the same objectives
as integrated leakage-rate testing.

7.2.1 Risk Impacts on the Public

Evaluation of the risk impacts for each of the
alternatives requires establishing the baseline
risks associated with the current Appendix J
acceptance criteria and testing frequencies
Total reactor accident risk can be represented as
the sum of the contributions of various leakage
paths:



Risk (BL} = a Risk (NL) + a Risk

(CF) + a Risk (CB) + » Risk (IF)
where:

BL = Baseline

NL = Nominal Leakage

CF = Containment Failure

CB = Bypass Containment

IF = Isolation Failure

Changes in containment leakage rate will not
affect the risk contributions due to containment
failure, bypass, or failure to isolate. Changes in
leakage rate will only affect the risk contribution
of those accident scenarios in which the
containment remains intact. Thus, the risk
impacts of changes in containment leakage rate
due to various testing alternatives can be
represented as:

Risk (Alternative) = [Risk (BL) - &
Risk (NL)] + & Risk (Alt)

The foregoing expression simply substitutes the
incremental risk contribution of leakage
associated with alternate testing approaches for
the risk contribution associated with nominal
leakage under current Appendix J requirements,
and the terms in the square brackets represent
the risk with zero leakage. Since risk is the
product of probability and consequence,

Risk (Alt; = [Risk (BL) - a Risk (NL)]
+ a Probability (Alt) x Consequence
(Al)

For the evaluation of the risk irrxpacts- of the -

various testing alternatives considered, the last
term in the foregoing equation was quantified.

Increasing the allowable leakage rate would not
affect the probability of leakage. Thus, for
alternatives which include increased leakage rate
(identified in Table 6-1 as Alternatives 1, 3, 5,
7.9, 11, 13, and 15), only the consequences of
increased leakage need to be considered.

77

Risk Impact of Alternatives

Using the PRA for Surry as an example
(NRC90), the base case risk i1s determined to be
0.31 person-Sievert (31 person-rem) per reactor
year. The contribution to this total risk
attributed to accident scenarios that do not
involve the bypass or failure of containment
(i.e., the "leakage” scenarios) is very small, on
the order of 0.00018 person-Sievert (0.018
person-rem) per reactor year for an assumed
leakage rate of | percent per day (the design
leakage rate for Surry is 0.1 percent per day).
The relative contributions of containment
leakage rate to reactor accident risk for the other
units considered in Chapter 5 are comparable or
lower than those for Surry. Since the relative
contribution of leakage to reactor accideni risk
for Surry envelopes those for the other units, the
following discussion is based on the Surry
results. The essential insights would be
unchanged if the actual numerical results for
other units were utilized. Where somewhat
different insights are derived from the results for
other units, they are noted.

For the alternatives involving increases in the
ILRT testing intervals (identified in Table 6-1 as
Alternatives 2 through 7 and 10 through 13), it
was assumed that the characteristic magnitude of
leakages detectable only by ILRTs would not
change, but the probability of leakage would
change due to the longer intervals between tests.
As stated in Chapter 4, ILRTS detected leakages
in only about 3 percent of all tests, and these
leakages were characterized by a leakage rate of
about two times the allowable. For the existing

- ILRT frequency of three tests every ten years,
_the average time that a leak could be undetected

is 1.5 years (3yrs/2). If the frequency is
changed to two tests every ten years, the average
time that a leak could exist without detection
would be 2.$ years (5yrs/2). This change would
lead to a factor of 1.67 increase (2.5/1.5) in the
likelihood of a leak that is detectable only by
ILRT testing. However, since ILRTs detect
leaks in only about three percent of all tests, this
change would result in about a five percent
(1.67 x 3 percent) increase in the probability of
an undetected leak.
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pe wternatives mvoiving increases i the LLRT
iesting intervals (dentified in Table 6-1 as
Anernatives R through 15), small deviations
front the allowable leakage were demonstrated to
hase miumal impact on nsk.  Thus, only
unyguantified leakages were considered in the risk
nnpact analysis since they had the potential of
heing nisk significant. The analyses in Appendix
A found that the various performance-based
alternatives considered were bounded by a factor
of three increase in the likelihood of an
unguantified leakage. Since the differences in
the increase in leakage probability among the
various alternatives were not large, it was
decided to assess only the factor of three
mcrease in the probability of an unquantified
leakage, rather than considering all the cases
idividually. This defined the likelihood of
increased leakage due to decreases in the LLRT
frequency  The Appendix A analysis also
indicated that under the existing leakage-test
requirements, unquantified leakages could be
expected approximately 15 percent of the time.
To assess incremental risx due to unquantified
leakage, a characteristic Jeakage rate s
necessary

NUREG-1150 provided a characterization of the
consequences of containment isolation failure;
these are large leakages resulting from the
failure of containment penetration isolation
valves to close. Since the types of leakages
found by LLRT are due to failure 10 seal rather
than the failure to close, the leakages and
consequences of the former are smaller than
thiuse of the latter. Thus, the consequences of
the types of failures detected by LLRTs were
taken to be the median of the isolation failures
and nominal leakage. This approach recognized
that the unquantified leakages could substantially
exceed nominal levels without using overly
conservative characterizations such as
containment failure. For Surry, NUREG-1150
calculated an average consequence for core melts
with containment isolation failure of 3.874E6
person-rem; for an average core melt with
nominal leakage the corresponding consequence
s 5269 person-rem.  The median of these
values s 45180 person-rem, this is the value

NURLEG-1493

1-8

used to characterize the potential conseqguernces
of unquantified leakages

Alternative |  Alternative } simply relaxes the
acceptable leakage rate crieria, lestung

frequencies are unchanged. As the PRA results
for Surry are based on a 1 percent/day leakage
rate and as the actual design basis leakage rate
for Surry as well as many other PWRs is
currently 0.1 percent/ day, the conclusion 1s that
a relaxation of the leakage rate within a factor of
10 will not have a distinguishable impact on the
population risk. Embedded in the 0.018 person-
rem/year leakage contribution is an average
consequence of about 530 person-rem and a
frequency of about 3.39E-5 of core melt with no
containment failure. Increasing the allowable
leakage by a factor of ten will have no effect on
accident risk, since a leakage rate of that
magnitude has already been assumed in the risk
assessment.  Increasing the leakage rate by a
factor of one hundred over the design basis
value, to 10 percent per day, would increase the
containment leakage contribution to risk from
0.00018 to 0.0018 person-Sievert (0.018 t0 0.18
person-rem) per year. Thus, the overall risk of
this alternative will be (for convenience, the
units wili not be repeated in the following):

Risk (Alt 1) = (31.0-0.018) + 0.18 =
31.162 person-rem/year

The percent increase in risk of Alternative |
over the base case is:

(31.162 -31.0] x 100 % = 0.52 %

Thus, the increases in risk contribution due to
leakage, assuming a factor of 100 increase ir the
allowable leakage rate and rounding off, range
from about 0.2 to 1 percent for the five reactors
considered.

Alternative 2: Alternative 2 retains the current
leakage rate criteria and LLRT frequencies and
reduces the frequency of ILRTs from three per
10 years to two per |0 vears. As indicated
earlier, ILRTs detect about 3 percent of leaks
that are otherwise undetectable. As no data are



available to establish the time-dependency of
failures, 1t 15 reasonable to assume that failures
occur randomly over time. Relaxing the ILRT
frequency from 3 in 10 years to 2 in 10 years
will increase the average time that a leak—that
1s detectable only by ILRTs—goes undetected,
from 18 to 30 months, a factor of 1.67. Since
ILRTs detect only about 3 percent of leaks, this
results in only about a S percent increase in the
overall probability of leakage. The small
number of leaks detectable on'y by ILRTs were
characterized by only marginal deviations from
existing requirements (~2 L,). Combining
these factors, i.c., increasing the probability of
leakage by S percent and doubling the
incremental risk contribution of leakage, yields
a risk associated with ihis alternative of:

Risk (Alt 2) = (31.0- 0.018) +
(1.05 x 2 x 0.018) = 31 0198 person-
rem/year .

The percent increase in risk of Alternative 2
over the base case is:

[(31.0198-31.0)/31.0] x .
0.064%

00% =

Thus, the increase in risk contribution due to a
relaxed ILRT test frequency from three in ten to
two in ten years and rounding off, is about a
0.06 percent for Surry; the corresponding results
for the other units ranged from 0.02 to 0.13
percent. The incremental risk impact of other
ILRT test frequencies is calculated similarly.

Aliernative 3: Since this alternative combines

the relaxed leakage-rate criteria of Alternative1 ~

with the two in 10 years ILRT frequency of

Alternative 2, the risk impact is simply the sum

of the risk impacts calculated for those two

alternatives, i.e., an incremental risk of about
0.0022 person-Sievert (0.22 person-rem) per
year. This incremental increase is barely
perceptible within the total calculated accident
risk of 0 31 person-Sievert (31 person-rem) per
year. For the five reactors considered, the
calculated risk increases range from 0.2 to 1.3
percent
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Alternative 4:  Alternative 4 s denticai
Alternative 2, except the ILRT irequency 1s
reduced to one in 10 years. Relaxing the ILLRT
frequency from 3 in 10 years to I in 10 years
will increase the average time that a leak that is
detectable only by ILPTs goes undetected from
18 to 60 months, a _tor of 3 33 increasc.
Since ILRTs detect only about 3 percent of
leaks, tiis results in about a 10 percent increas~
in the overall probability of leakage. The small
number of leaks detectable only by ILRTs were
characterized by only marginal deviations from
existing requirements (~2 L,). Combining
these factors, i.e., increasing leakage probability
by 10 percent and doubling the incremental risk
contribution of leakage, yields a 0.07 percent
risk increase for Surry, the corresponding
results for the other units ranged from 0.02 to
0.14 percent.

Alterpative 5: Since this alternative combines
the relaxed leakage-rate criteria of Alternative 1
with the one in 10 years ILRT frequency of
Alternative 4, the risk impact is simply the sum
of the risk impacts calculated for those two
alternatives, i.¢., an incremental risk for Surry
of about 0.0022 person-Sievert (0.22 person-
rem) per year. This incremental risk is
imperceptible within the total calculated accident
risk of 0.31 person-Sievert (31 person-rem) per

. year. The increases range from 0.2 to 1.3

percent for the five reactors.

Alterpative 6:  Altemnative 6 is identical 10
Alternative 2, except the ILRT frequency is
1educed to one in 20 years. Relaxing the ILRT
frequency from 3 in 10 years to 1 in 20 years

“will increase the average time that a leak—that

is detectable only by ILRTs—goes undetected
from 18 to 120 months, a factor of 6.67. Since
ILRTs detect only about 3 percent of lecks. this
results in about a 20 percent increase in the
overall probability of leakage. The small
number of feaks detectable only by ILRTs were
characterized by only marginal deviations from
existing requirements (~2 L)) Combining
these factors. i.e., increasing leaksge probability
by 20 percent and doubling the invremental risk
contribution of leakage. jieids a U -2 percent
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risk increase for Surry, the corresponding
results for the other units ranged from 0.02 to
0.16 percent.

Alternative 7: Since this alternative combines
the relaxed leakage-rate criteria of Alternative |
with the one in 20 years ILRT frequency of
Alternative 6, the risk impact is simply the sum
of the risk impacts calculated for those two
alternatives, i.e., an incremental risk for Surry
of about 0.0023 person-Sv (0.23 person-rem)
per year. This incremental risk is barely
perceptible within the total calculated accident
risk of 0.31 person-Sv (31 person-rem) per year.
The increases range from 0.2 to 1.3 percent for
the five reactors.

Alternative 8:  Alternative 8 mainwuins the
current Appendix J leakage-rate criteria and
ILRT frequency, but reduces LLRTs to only
"lower reliability” penetrations during refueling
outages. The risk impacts of this change can be
estimated in a manner similar to that used for
changes in the ILRT frequency if the impact of
such reduced testing on leak probability can be
assessod. The ILRT data base &5 well as the
detailed examination of the North Anna leakage-
testing experience indicate about a 15 percent
chance that the allowable leakage rate will be
exceeded at any point in time. The alternate
Type C testing schemes discussed in Chapter 6
and Appendix A appear to be capable of
reducing the amount of testing without
dramatically increasing the probability of risk-

three increase in the probability of exceeding
allowable leakage rate appears to envelope the
results for the various performance-based
alternatives considered in Appendix A. The
incremental risk increase of :

LLRT testing is the product of a factor of three
increase in the likelihood of such leakage, times
the fraction of time that such leakages existed
under the current requirements, times the
consequences Of such leakages, times the
frequency per year of core mells with no
containment failure.  Using Surty as the

NURES 1493

example, the risk (f changing LLRT testing
intervals is:

Risk (Alt 8) = (31.0 - 0.018) + (3 x
0.15 x 45,180 x 3.3922E-5) = 31.6717
person-rem/year

The percent increase in risk of Alternative 8
over the base case is:

[(31.6717 - 31.0)/31.0] x 100 % = 2.2 %

Thus, the incremental risk impact for Surry of
reduced type C testing corresponds to a 16.8
percent per day leakage rate 45 percent of the
time, with an increase in population exposure of
2.2 percent; the range for the other units is 0.2

1o 4.4 percent,

Alternative 9:  Since this alternative combines
the relaxed leaknge-rate criteria of Alternative 1
with the lower-reliability-penetration-only LLRT
testing of Alternative 8, the risk impact is
simply the sum of the risk impacts calculated for
those (wo alternatives, i.e., 0.0087
person-Sievert (0.87 person-rem) per year for
Surry, comresponding 1o a 2.8 percent increase.
For the other units the increases range from 0.4

to 5.6 percent.
Altemmative 10:  Alternative 10 maintains the

_ current leakage-rate criteria but relaxes the [LRT

frequency to two in 10 years and LLRTs to

- . “lower-reliability" penetrations only during
significant containment leakage. A factor of

refueling outages. - As previously noted, the
change in ILRT frequency results in an
imperceptible increase in accident risk. The

. change in LLRT testing combined with the ILRT
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change had & 0.3 percent risk increment for
Surry. The increases for the other units range
up to 4.6 percent.

Alternative 11: Since this alternative combines
the relaxed leakage-rate criteria of Alternative |
with the reduced ILRT and LLRT frequencies of
Alternative 10, the risk impact is simply the sum
of the risk impacts calculated for those two



aiternstives, te . 0 0091 person-Sievert (0.91
persun-rem) per year for Surry, a 2.9 percent
increase  For the other units the increases range
from 0.4 10 .8 percent.

Allernauve ]2: Alternative 12 maintains the
current Jcakage-rate criteria but relaxes the ILRT
frequency to one in 10 years and LLRTs to
"lower-reliability” penetrations only during
refueling outages.  The change in ILRT
frequency together with reduced LLRTs were
assessed to lead to increases of 0.2 to 4.7
poreent in overall accident risk.

Alterpat.ve 13t Since this alternative combines
the relaxed lcakage-rate criteria of Alternative 1
with the reduced ILRT and LLRT frequencies of
Alternative 10, the risk impact is simply the sum
of the risk impacts calculated for those two
alternatives, i.e., 0.0091 person-Sievert (0.91
person-rem) per year in the case of Surry, 2 2.9
percent increase. The results for the five units
range from Q.4 to 5.8 percent increases in
calculated risk. '

Alternative 14: Alternative 14 maintains the
current leakage-rate criteria but relaxes the ILRT
frequency to one in 20 years and LLRTS to
"lower-reliability” penetrations only during
refueling outages. These changes in testing
frequency are estimated to .increase overall risk.
from 0.2 to 4.7 percent.

Alternative 15: Since.this alternative combines

the relaxed leakage-rate criteria of Alternative 1
with the reduced ILRT and LLRT frequencies of
Alternative 14, the risk impact is simply the sum
of the risk impacts calculated for those two
alternatives. The resulting increases for the five
units range from 0.4 to 5.8 percent.

7.2.2 Risk Impacts on Occupational
Exposure

Changes in the Appendix J requirements would
result in lower routine occupational exposures of
the workers immvolved in conducting the 1LRTs

Risk Impact of Alternatives

and LLRTs. Based on data from a single utility.
ILRTs result in approximately 0.003
person-Sievert (0.4 person-rem) per test and
LLRTs result in approximately 0.024
person-Sievert (2.4 person-rem) per test. For
alternatives that alter the ILRT frequency, the
« sunated occupational exposure for ILRTs
would be eliminated for each test that is
eliminated. For alternatives that provide for
“lower reliability” LLRTs, the LLRT exposure
would be reduced in proportion to the number of
penetrations not tested. No change in
occupational exposures is expected for
alternatives that simply relax the leakage-rate
criteria.

For the 20-year baseline, all remaining testing
(ILRTs and LLRTSs) is estimated to resul’, on a
per reactor basis, in 0.284 person-Sievert (28.4
person-rem) of occupational exposure. For the
40-year baseline, the estimate is 0.596
person-Sievert (59.6 person-rem) of exposure.
The reduction in occupational exposure for each
of the alternatives is presented below.

Alternative 1: no change for either the 20-year

or 40-year baseline.

Alternatives 2 apd 3: occupational exposures
would be reduced by 0.008 person-Sievert (0.8

-person-rem) for the 20-year baseline and 0.016

" person-Sievert (1.6 person-rem) for the 40-year

11

baseline.

Alternatives 4 and 5. occupational exposures

would be reduced by 0.016 person-Sievert (1.6
person-rem) for the 20-year baseline and 0 032
person-Sievert (3.2 person-rem) for the 40-year

Alternatives 6 and 7: occupational exposures
would be reduced by 0.020 person-Sievert (2.0
person-rem) for the 20-year baseiine and (.040
person-Sievert (4.0 person-rem) for the 40-vear
baseline.

NITREI_1402
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Alternatives 8 and 9: occupational exposures
would be reduced by 0.072 person-Sievert (7.2
person-rem) for the 20-year baseline and 0.144
person-Sievert (14.4 person-rem) for the 40-year
baseline.

Alternatives 10 and 11 occupational exposures
would be reduced by 0.104 person-Sievert (10.4
person-rem) for the 20-year baseline and 0.208
person-Sievert (20.8 person-rem) for the 40-year
baseline,

NIRF(C-14901
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Alternatives 12 and 13: occupational exposures
would be reduced by 0.136 person-Sievert (13 6
person-rem) for the 20-year baseline and 0 272
person-Sievert (27.2 person-rem) for the 40-year
baseline.

Alterpatives 14 apd 1S: occupational exposures
would be reduced by 0.152 person-Sievert (15.2
person-rem) for the 20-year baseline and 0 304
person-Sievert (30.4 person-rem) for the 40-year
baseline.
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8. Cost Incurred in Meeting Appendix J Requirements

The significant costs incurred in meeting the
testing requirements set forth in 10 CFR 50,
Appendix J include labor, equipment, and
replacement power.  For the purpose of
cvaluating the impacts of alternative testing
requirements, costs of conducting ILRTs and
LLRTs are developed for a generic light-water
reactor (LWR) on a per test basis. The
estimates are based on limited data provided to
the NRC by the industry and an evaluation of
the labor, equipment, and critical path time
necded to perform the tests. For comparison,
data reported in early studies are also presented.

8.1 SUMMARY OF DATA REPORTED
IN EARLIER STUDIES AND BY
INDUSTRY

Revi f Ind Cost Inf .

Information on labor hours, testing procedures,
and test summaries for performing ILRTs and
LLRTs were provided by Virginia Power’s
North Anna Station. For ILRTs, the
information provided indicates that
approximately 3,500 person-hours are required
to perform the system alignments, drainings,
rigging of containment, inspections and
walkdowns, and the post-test restoration of the
containment. Additionally, the rental of the air
compressors and air dryers, and the services of
a test coordinator are estimated at $100 thousand

per test. ILRTs have required approximately

five days of critical path time per test.

For LLRTs, which are performed usmgmxmy
personnel and equipment, the labor estimate is

approximately 2,500 hours for a -complete

battery of Type B and C tests. Type B testing
of electrical penetrations accounts for only about

15 percent of the estimated labor hours. Type C
tests, which involve testing the valves om
soproximately 90 penetrations, are more
complicated and time-consuming and account for
about 85 percent of the total labor hours. A
breakdown of labor hours by craft was not
provided for either ILRT of LLRT testing.

Grand Gulf Nuclear Station and Caivert Cliffs
also provided some cost information to the NRC
(NRC93B). The information provided by
Calvert Cliffs simply states that the cost of
performing an ILRT is $1.8 million. While no
basis for this cost is given, it is consistent with
the value used in this report. Grand Gulf states
that LLRTs, which are performed by contract
personnel, cost $0.53 million per outage. As
the costs cited by Grand Gulf for LLRTs are far
greater than those estimated for North Anna,
additional information was requested and
obtained from Grand Gulf (GG93). This
additional information indicates that there are
approximately 140 Type C penetrations and that
the estimate of LLRT costs includes time for
training personnel, non-productive time for the
contract personnel, quality assurance overaight
by utility personnel, and clerical support to
record and archive the test results.

/ Da

The basic data presented in NUREG/CR-4330
(NRC86) for the costs of ILRTs and LLRTs is
taken from SEA85. The cost of an ILRT is
cited as $1.3 to $2.6 million, and considers
replacement power, the costs of equipment
rental, and a8 consultant to oversee the test.
However, the estimate does not include the labor
costs associated with rigging the containment for
testing and restoring system alignments at the
conclusion of the test,

_ The cost of LLRTSs is cited as $15,400, based on

~ -367 labor hours for mechanics and engincers and
~ anominal 10 hours of top-level supervision. No
* replacemient power costs are estimated as LLRTs

8-1

are not conducted on tae critical path. The
estimate in SEA8S of 367 labor hours is based
on a very rough task analysis for a generic
LWR, prepared primarily to estimate potential
occupational radiation exposures. As the critical
factor for the amalysis was time spent in
radiation fields, no effort was made to account
for time spent in planning, setup, data analysis,
etc.

NUREG-1493
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NUREG/CR-4330 also presents estimates of the
costs to indus'ry for implementation of the
current requirements, and for the NRC for
implementation and operations. These costs, on
the order of tens to thousands of dollars per
reactor, are insignificant in comparison with the
cost  savings estimated for any of the
alternatives.

In addition to the estimates of the costs for
leakage-rate testing, NUREG/CR-4330 estimates
the cost savings to industry that would result
from reduced failute rates associated with a
higher allowable leakage rate. The estimate is
based on savings for ILRTs nonly As
NUREG/CR-4330 was published in June of
1986, it relied on industry practice and
experience from the 1970s and early 1980s.
During that time frame, "as-found" leakage rates
were seldom established by utilities on the basis
of LLRTs preceding the ILRT. As a result,
when the ILRT identified a leakage path, repairs
or isolation were affected, and the test was
extended until a “successful” result was
obtained. In the mid-1980s, the.NRC clarified
its interpretation of the "as-found" requirement,
with the result that utilities changed their
procedures to assure that LLRTs were completed
and necessary component repairs made prior to
the commencement of the ILRT. This change in
industry practice makes it questionable whether
or not the reductions in critical path time

estimated in NUREG/CR-4330 would actually.

be achieved by industry.

8.2  CURRENT STUDY COST
ANALYSIS o

8.2.1 Costof Type B & C Tests (LLRTS) -

Local leakage-rate tests of containment
penetrations must be performed at intervals that
do not exceed two years, with the exception of
air-lock testing which must be performed at least
every six months. As the Type B and C tests
need not be performed on the critical path, and

NUREG-1493

as the tests are usually perfcrmed by vuiility
personnel using equipment already owned by the
utility, costs of LLRTs are estimated simply on
the basis of the required labor hours.

Only limited data for Type B and C testing are
available from industry.  Virginia Power
provided an estimate, derived from its North
Anna PWRs, of 2,500 labor hours for a
complete battery of tests, equating to $87,500 at
a $35/hr labor rate. Grand Gulf Nuclear Station
(GGNS), a BWR, provided an estimate of
approximately 20,000 labor hours for a complete
battery of tests, equating to $700,000 at the
same labor rate. A careful review of the two
estimates indicates that neither can be used
directly for the purpose of estimating the costs
for a generic LWR. The Virginia Power
estimate does not include support personnel, and
PWRs have significantly fewer penetrations to
test than BWRs (approximately 90 versus
approximately 175). The GGNS estimate
reflects both the greater number of penetrations
at a BWR and the cost of having the tests
performed by contractor rather than utility
personnel. The GGNS costs also reflect having
the entire contractor crew available for the
duration of the outage, even when LLRTs are
not being conducted for various reasons, such as
system availability and maintenance.

Inattumtmg to reconcile these disparate data,

the basis for each estimate resulted in the
following insights:

1. -~ the North Anna data do not fully reflect
all ;upport personnel involved in the

. testing;

2. the number of Type C penetrations at a
BWR is far greater than at a PWR; and,

3. - thecontractual arrangement under which
Grand Gulf performs its LLRTs results
in attributing additional costs to LLRTs.



Given these insights, the cost for » full bartery
ot Type B & C tests for a typical LWR was re-
estmated to be about $165,000, on the
toliowing basis:

] a test of a typical Type C penetration
lasts about 8 hours and is performed by
a 3-person crew consisting of a LLRT
operator and pipefitters;

2 the bartery of Type B & C tests requires
support from scheduling, surveillance,
engineering, and operations - on a per
Type C test basis, this support is
estimated to be 12 hours;

3. a typical LWR has 110 Type C
penetrations that require LLRTs based
on a weighted average of PWRs and
BWRs;

4. the average labor cost is $35/hour; and

5. the cost for Type B testing is about 15%
of total LLRT costs.

Individual utilities may experience higher costs
based upon regional labor rates, specific
contractual arrangements and their specific
refueling cycle.

8.2.2 Costs of Type A Tests (ILRTS) -
Current Appendix J Reguirements

Integrated leakagé-rate tests of -C&p!iinmcn!_ '
integrity must be performed at least three times -

in a 10-year period, with the third test
coinciding with the 10-year in-service inspection
{ISI).  Unlike LLRTs, which are typically
performed entirely by utility personnel using test
equipment owned by the utility, utilities
frequently contract for consultants to supervise
the ILRTs and rent the air compressors and air
handling systems needed for the tests. Thus,
equipment rental costs need to be considered as
well as labor costs. Moreover, ILRTs, which
require specifically rigging the containment for

823
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the test, are always conducted on critical paih
time. Therefore, teplacement power costs rmust
also be included in estimating the costs of
conducting ILRTs

Based on data provided by Virginia Power,
equipment rental and the services of the test
coordinator are given as $100,000 per test. The
labor-hours needed to establish the requisite
system alignments, drainings, fillings, and
surveillance are estimated to be 3,500 per test.
Using $35 per labor-hour results in a labor cost
estimate of $122,500. As Type B and C testing
must be performed as a prerequisite to the
ILRT, an additional labor cost of $165.000 1s
incurred. Finally, the costs of replacement
power must be added to these costs. An ILRT
can take from 3 to 5 days, depending upon such
factors as test pressure, time required to achieve
stabilization of pressure and temperature,
duration of the test portion, duration of the
verification test, and, of course, ability to
achieve suitable test conditions. For the utility
that provided data for two of its units, ILRTs
require about 5 days. As the average
replacement energy cost is $300,000 per day
(NRCS1A), total replacement energy costs are
estimated to be $1.5 million per test. Using
these estimates, the total cost for an ILRT is
estimated to be $1.89 million.

Effects of Relaxing the Acceptance
- Criteria on ILRT and LLRT Costs

o Relaxing “the acceptance criteria for ILRTs

should result in shorter duration tests. Relaxing
the acceptance criteria would have no effect on
the time necessary to bring the containment into
the proper configuration for performing the test,
the time to pressurize the containment, the
minimum 4-hour stabilization period, the time
for depressurization, or the time to re-establish
systemn configurations for power operations at
the conclusion of the test. However, relaxing
the acceptance criteria should make it much
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casier (0 ¢ tablish that containment integrity is
verified with a2 short duration (6-8 hour) test
rather than the more usual 24-hour test. The
extension of the test period to assure a successful
verification test should also be less. A rough
estimate is that relaxing the acceptance criteria
would result in a savings of 16 hours of critical
path time. As replacement power costs are
$300,000 per day (NRCS1A), this savings would
reduce the cost of an ILRT (Type A test) by
$200,000 from $1.89 million to $1.69 million.

LLRT Costs

Relaxing the acceptance criteria for LLRTs
(Type B & C tests) will not have any significant
cost implications. This conclusion is based on
the small number of penetrations that currently
fail, and the even smaller number of penetrations
that marginally fail, Costs of rework and
retesting would be avoided in only a few percent
of the tests. For the purposes of this study, we
estimate that S percent of the total costs of Type
B & C testing could be saved if the acceptance
criteria are relaxed.

8.2.4 Effects of Reducing the Frequency of

As discussed above, the costs of meeting the
current Appendix J requirements are estimated to-
be $1.89 million for each ILRT and $165
thousand for each LLRT. Reducing - the

frequency with which ILRTs and LLRTs must ~

be performed will, obviously, reduce the number
of tests that will have to be performied over. the”
operating life of the reactor. “For ILRTs, this is
a simple yes/no decision: “eithier the: test “will-be.:
conducted or it will not be. conducted .

For LLRTs, changmg toa perfomance-bued
standard which -requires testing of "lower-
reliability penectrations” only on the current
at-least-once-every-two-year schedule is
estimated to reduce the number of componerits
tested by at least 50 percent. The exact
percentage will depend upon the specific
frequency criteria adopted (see Appendix A)
and, more importantly, the actual performance
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histories of the components. To illustrate the
potential cost savings, we have assumed that no
Type B electrical penetrations and 50 percent of
Type C valves would be classified as "lower
reliability penetrations.”

Elimination of Type B electrical penetrations
from the current 2-year frequency requirement
is estimated to eliminate $25,000 (15 percent) of
the current costs ($165,000) for a complete
battery of Type B/C tests. The relatively small
cost reduction is because Type B penetrations,
while numerous, are comparatively easy to test.
Elimination of 50 percent of the Type C tests is
estimated to reduce costs by an additional
$70,000. Thus, adoption of performance-based
test frequencies is estimated to reduce the costs
of Type B/C testing by about 58 percent.

8.2.5 [Estimates of Baselipe and Alternative
Costs

Types A and B/C Tests

The alternatives considered in this analysis are
defined in Section 6.4. Table 8-1 presents the
estimates of remaining Appendix J costs per
reactor for both 5 percent and 10 percent
discount rates. Total costs for the industry are
estimated to be $724 million at a § percent
discount: rate and $494 million at a 10 percent
disooum rate.

,_ATo evaluate the nnpact of license extension, the

assumed testing schedule was extended to cover

. anzadditional. 20 “years of operation (Power
~- - Cycles 25 through 36). Tabie 8-2 presents the
- estimates ‘of remainitig Appendix J costs per
reactor of the current Appendxx J frequency and

acceptance cTriteria assuming a 20-year license

“extension. -Total costs, assuming all licensees

seek and are granted a 20-year license extension,

‘are estimated to be $1,075 million at a 5 percent

discount rate and $599 million at a 10 percent
discount rate.

Costs of the alternatives are estimated by making
appropriate modifications (cost per test and/or
frequency of tests) to the 20-year and 40-year



Pascivie estmates Details of each estimate are
presented 1o Appendix D, and the 1esults on an
iidintry wade basss are summarized in Tables
* 3 through » 6
Alternative 1. Alternative 1, which maintains
the urrent Appendix J frequency requirements
hut relaxes the acceptance criteria, is estimated
to reduce the industry’s 20-year baseline costs
by $73 million (10 percent) at a 5 percent
discount rate and $49 million (10 percent) at a

¥ pereent discount rate.  For the 40-year
vaseline, this alternative reduces costs by $108
mutfion (10 1 percent) at a S percent discount
rate and $60 million {10 percent) at a 10 percent
discount rate,
Alternatuve 2. l‘his alternative which maintains
the current Appendix ] acceptance criteria but

reduces the ILRT frequency from three per 10 -

years to two per 10 years, is estimated to reduce
the industry's 20-year baseline costs by $241
nullion (33.3 percent) at a 5 percent discount
rate and $168 million (34.1 percent) at a 10
percent discount rate.  For the 40-year baseline,
this alternative reduces costs by $332 million
(30.9 percent) at a 5 percent discount rate and
$194 mullion (32.3 percent) at a 10 percent
discount rate

Aliernative 3. Alternative 3, which relaxes the
currend Appendix J acceptance criteria and
reduces the ILRT frequency from three per 10

years (o tw.o per 10 years, is estimated to reduce -
the industry’s 20-year baseline costs by $287-

million (39.7 percent) at a S percent- dnscoum_ ‘

rate and $199 million (40.3 percent) at-a 10~

percent discount rate. For the 40-year baseline,

this alternative reduces costs by $404 million
(37.5 percent) at a 5 percent discount rate and

$232 million (38.8 percent) at a 10 percent
discount rate.

Alternative 4; Alternative 4, which maintains
the current Appendix ] acceptance criteria but
reduces the 1LRT frequency from three per 10
vears to one per 10 years, is estimated to reduce
the mdustry’s 20-year baseline costs by $481
nulhion (o6 4 percent) at a 5 percent discount
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rate and $333 million (67.4 percen at a 10
percent discount rate. For the 40-year baseline,
this alternative reduces costs by $662 million
(61.6 percent) at a 5 percent discount rate and
$383 million (63.9 percent) at a 10 percent
discount rate.

Aliernative 5:  This alternative, which relaxes
the current Appendix J acceptance criteria and
reduces the ILRT frequency from three per 10
years to one per 10 years, is estimated to reduce
the industry’s 20-year baseline costs by $500
million (69.1 percent) at a 5 percent discount
rate and $345 million (69.9 percent) at a 10
percent discount rate. For the 40-year baseline,
this alternative reduces costs by $697 million
(64.8 percent) al a 5 percent discount rate and
$400 million (66.8 percent) at a 10 percent
discount rate.

Alterpative 6: Alternative 6, which maintains
the current Appendix J acceptance criteria but
reduces the ILRT frequency from three per 10
years to one per 20 years, is estimated to reduce
the industry's 20-year baseline costs by $597
million (82.5 percent) at a 5 percent discount
rate and $406 million (82.3 percent) at a 10
percent discount rate. For the 40-year baseline,
this alternative reduces costs by $823 million
(76.5 percent) at a 5 percent discount rate and
$467 million (78 percent) at a 10 percent
discount rate.

. M!ﬂflﬂl!i__ Alternative 7, which relaxes the
- current. Appendix _J acceptance criteria and

reduces the ILRT frequency from three per 10

- years to one per20 years, is estimated to reduce
) xhc.__mdusuy s 20-year baseline costs by $604
-million (83.4 percent) at a S percent discount

rate and $411 million (83.1 percent) at a 10

- percent discount rate. For the 40-year baseline,

this alternative reduces costs by $839 million
(78.1 percent) at a 5 percent discount rate and
$475 million (79.4 percent) at a 10 percent
discount rate.

Alternative 8. Alternative 8, which maintains

the current Appendix J acceptance criteria and
the {LRT frequency of three per 10 years but
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relaxes .L.LRTs to "lower-rel.ability " penetrations
only during refueling outages, is estirnated to
reduce the industry’s 20-year baseline costs by
$40 millinn (5.5 percent) at a § percent discount
rat: and $28 million (5.7 percent) at a 10
percent discount rate. For the 40-year baseline,
this alternative reduces costs by $55 million (5.1
percent) at a 5 percent discount rate and $33
million (5.4 percent) at a i0 percent discount
rate.

Alternative 9: Alternative 9, which relaxes the
current Appendix J acceptance criteria,
maintains the ILRT frequency at three per 10
years, but relaxes LLRTSs to "lower-reliability”
penctrations only during refueling outages, is
estimated to reduce the industry’s 20-year
baseline costs by $111 million (15.3 percent) at
a 5 percent discount rate and $76 million (15.4

percent) at a 10 percent discount rate. For the

40-year baseline, this alternative reduces costs
by $161 million (14.9 percent) at a2 § percent
discount rate and $91 million (15.1 percent) at a
10 percent discount rate.

Alternative 10: Alternative 10 which maintains
the current Appendix J acceptance criteria,
reduces the ILRT frequency to two per 10 years,
and relaxes LLRTs to "lower-reliability"
penetrations only during refueling outages, is

estimated to reduce the industry’s 2Q-ye'ar>
baseline costs by $295 million (40.7 percent) at.

a 5 percent discount rate and $206 million'(41.7

percent) at a 10 percent discount rate. - For'the - -
40-year baseline, this alternative reduces Costs- -
by $406 million (37.7 percent) at a 5 percent . . -

a 10 percent dxscount rate

Alternative 11: Altemmve 11 whlch relua

the current Appendix J acceptance - criteria,

by $473 million (44 percent) at a 5 percent
discount rate and $273 million (45.6 percent) at
a 10 percent discount rate.

Alternative 12: Alternative 12, which maintains
the current Appendix J acceptance criteria,
reduces the ILRT frequency to one per 10 years,
and relaxes LLRTs to ‘“lower-reliability”
penetrations only during refueling outages, is
estimated to reduce the industry's 20-year
baseline costs by $548 million (75.6 percent) at
a 5 percent discount rate and $379 million (76.8
percent) at a 10 percent discount rate. For the
40-year baseline, this alternative reduces costs
by $754 million (70.1 percent) at a 5 percent
discount rate arxl $436 million (72.8 percent) at
a 10 percent discount rate.

Alternative 13: Alternative 13, which relaxes
the current Appendix ] acceptance criteria,
reduces the ILRT frequency to one per 10 years,
and reduces LLRTs to  "lower-reliability”
penetrations only during refueling outages, is
estimated to reduce the industry’s 20-year
baseline costs by $563 million (77.8 percent) at
a 5 percent discount rate and $389 million (78.8
percent) at a 10 percent discount rate. For the
40-year baseline, this alternative reduces costs
by $784 million (72.9 percent) at a S percent
discount rate and $451 million (75.2 percent) at

-2 10-percent discount rate.

Alternative 14: Alternative 14, which maintains

. the-current Appendix J acceptance criteria,
~reduces the ILRT frequency to one per 20 years,
“dnd “relaxes “LLRTs to

discount rate and $237 million (39.5: pel‘cem) at o

*lower-reliability "
penetnmns only during refueling outages, is

-+ -estimiated~to" reduce the industry’s 20-year

reduces the ILRT frequency to two per 10 years, -

and reduces LLRTs to “lower-reliability”
penetrations only during refueling outages, is
estimated to reduce the industry’s 20-year
baseline costs by $338 million (46.6 percent) at
a § percent discount rate and $235 million (47.5
percent) at a 10 percent discount rate. For the
40-year baseline, this alternative reduces costs

NUREG-1493
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. basclme costs by $670 million (92.6 percent) at

as percent discount rate and $457 million (92.5
percent).at a 10 percent discount rate. For the

- -40-year basclme this alternative reduces costs

by $923 million (85.8 percent) at a 5 percent
discount rate and $525 million (87.7 percent) at
a 10 percent discount rate.

Alternative 15: Alternative 15, which relaxes
the current Appendix ] acceptance critenia,
reduces the ILRT frequency to one per 20



st ..

vears, and relaxes LLRTs to "lower-reliability"
penetrations only during refueling outages, is
estimated to reduce the industry’s 20-year
baseline costs by $673 million (92.9 percent) at
a 5 percent discount rate and $458 million (92.8
percent) at a 10 percent discount rate. For the
40-year baseline, this alternative reduces costs
'+ $934 million (86.9 percent) at a S percent
discount rate and discount rate.

On-Line Monitoring

Information provided by the Swedes and the
French indicate that the OLM systems that they
are familiar with or in the case of the French
using, cost about $240 to $400 thousand. These
estimates are for an installed system, and no

Table B8-1.

Cust

breakdown of costs (e.g .,
instrumentation, installation) 1y available
Operating costs are considered to  be
insignificant, and the equipment is expected 10
have an operating life equal to that of the reactor
itself.

engineering,

As there do not appear to be any significant
annual costs for operating or maintaining OLM
systems, and because the service life of such
systems are essentially the same as for the
reactor itself, there is no need to perform a
present worth evaluation of OLM costs. The
cost of an OLM system is simply the initial
installed cost, or approximately $240 to $400
thousand.

Bapeline (Per Reactor): 20-Year Test Cycle

No License Extensions, Current Appendix J Requirements

Tpe B & C Tests (LLRTB) =
Type A Tests (ILRTsS) =

Period Duration

13th Power Cycle 0 - 18 months

13th Outage 18 - 20 months
14th Power Cycle 20 - 38 months
14th Outage 38 - 40 months
15th Power Cycle 40 - 58 months

15th Outage 58 - 60 months
16th Power Cycle 60 - 78 months

l6th Outage 78 - 80 morths
17th Power Cycle 80 - 98-months
17th Outage 98 - 100 months .
18th Power Cycle 100 - 118 months
l18th Outage 118 - 120 montha
1sth Power Cycle .120 - 138 months - -
19th Outage 138 ~ 140 months.

20th Power Cycle 140 - 158 wonths

20th Outage 158 - 160 months -

21ist Power Cycle 160 - 178 months
218t Outage 178 - 180 months
22nd Power Cycle 180 - 188 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months-
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 wmonths

Shutdown 238 - 240 months

Total Net Pres nt Values

$165,000 per test

$1,890,000 per test

Tegts Costs Costs

Required 5% Discount 10% Discount
B&C 153,353 143,017
A+BE&C 1,619,377 1,397,561
Ba&cC 130,331 104,087
A+Ba&acC 1,376,264 1,017,139
B&C 110,765 75,754
‘A+BEC 1,169,649 740,270
: B&cC 94,136 $5,134
A+B&C 994,053 538,765
B&cC 80,003 40,126
A+B&cC 844,818 392,111
. Bac 67,993 29,204
none 0 0
6,640,742 4,533,168
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Table 8-2.

B & C

Type A Tests (ILRTs)

Ferioni

12th
13th
l14th
14th
15th
15th
i6th
l16th
17th
17th
i8th
18th
19th
l9th
20th
20th
21st
218t
22nd
22nd
23rd
23rd
24th
24th
25th
25th
26th
26th
27th
27th
28th
28th
29th
29th
30th
30th
31st
3ist
i2nd
32nd
33rd
33rd
J4th
34th
35th
isth
leth

Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle

“Outage

PoweY Cycle
Outage
Powe- C(Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage -
Power Cycle
Outage -
Power Cycle
Outage )
Power Cycle
Cutage
Power Cycle
Qutage
Power Cycle
Shutdown

140

Baseline (Per Reactocr): 40-Year Test Cycle
20-Year License Extensions, Current Appendix J Requirements

Testa (LLRTB) =

Duration

158 -
160 -

178
180
198
200
218
218
238
240
258
260
278
280
298
300
318
320

338

340

358

360
378
380.

398
400

418
420

438
440
458
460
478

L S 2 R D R T N SN R SN SN R N NN RS R N A ]

R}

T T T R

14

20

38

40

58

60

78

80

98
100
118
120
138
140
158
160
178
180
1598
200
218
220
238
240
258
260
278
280
298
300
318
320
338
. 340
3sg
360
378
380
398
400
418

- A20

~438
440

458

460
4789
4840

Total Net Present Values

months
months
months
months
monthe
months
months
months
montha
months
months
months
months
months
months
months
months

months -

montha
months
months
months
months
moriths
months
months
months
months
months
months
months
- months
months
‘months

months -
months.
“months.

-months

months

‘months

rionths-
months:

-montha
months
months
months
moriths
months

Required

$165,000 per test
$1,890,000 per test

Tests

B &C

+

B

» ® e m e W

P Woe D e W

&

o 0 2 O & N 2 O

[ o

n ;0

Costs

5% Discount

153,353
1,619,377
130,331
1,376,264
110,765
1,169,649
94,136
994, 053
80,003
844,818
67,983
717,988
57,785
610,198
49,11¢
518,531
1,737
440,736
35,471
374,570
30,146
318,336
25,620

0

9,861,030

Costs

10% Discount

143,017
1,397,561
104,087
1.017,135
75,754
740,270
55,134
538,765
40, 126
392,111

29,204

21,254
207,696
15,469
151,160
11,258
110,014
8,194
80,068
5,963
58,273
4,340

0

5,492,234



Takble 8-13.
and Alternatives,

P rcentage
Alternative

Costs

Summary of Industry-Wide Costs - 20-Year Baseline
5-parcent Discount

Cost

Savings

Savings

Baseline -
Current Leakage Criteria
and Tesat I'reguencies

Alternativa 1 -
Relax Leakage Criteria Only

Alternative 2 -
Curr nt Leakage Critsria, Change
ILRT Frequency Only to 2 par 10 Years

Alternative 3 -
Relax Leakage Criteria, Change
Frequency per Alternative 2

Altarnative 4 -
Current Leakage Criteria, Change
ILRT Frequency Only to 1 per 10 Years
Alternative 5 -
Relax Leakage Criteria, Change
Pregquency per Alternative 4

Alt rnative 6 -
Current Leakage Criteria, Change
ILRT Frequency Only to 1 per 20 Years
Alternative 7 -
R lax Leakage C(riteria, Change
Prequency per Alternative 6

Alternative 8 -
Curr nt Leakage Criteria, "“Lower-Re-
liability* LLRTs Only Duririg Refueling

Alternative 9 -
Relaxed Leakage Criteria, *lower-Re-
liability" LLRT# Only During Refueling

Alt rnative 12 - N
Current Leakage Criteria, Change Frequ-
en of ILRTs to 2 in 10 Years, -"Lower-

724,000,000

651,000,000

483,000,000

437,000,000

241,000,000

224,000,000

127,000,000

120,000,000

684,000,000

613,000,000

Reliability" LLRTs Only During. Rctuoling 429,000,000

Alternative 11 - T

Relaxed Leakage Criteria, change rz-..
quency per Alcernntive 10 ) - :

. -

Alternative 12 -

Current LeakageVCriteria, chlngc Prequ-‘

enc¥ of ILRTs to 1 in 10 Years, "Lower-

'i;ésj.'odfé.bbai

liability" LLRTs Only During- Retueling 176,000,000

Alt vrnative 13 -
Relaxed Leakage Criteria, Change Fre-
quency per Alternative 12 -

Alternative 14 -
Current Leakage Criteria, Change Frequ-
engX of ILRTs to 1 in 20 Years, "Lower-
Re

Alcernative 15 -

Relax d Leakage Criteria, Change Fr -
quency per Alternative 14

8-9

ability" LLRTs Only During Refueling

© 161,000,000

54,000,000

51,000,000

73,000,000
241,000,000
287,000,000
481,000,000
$00,000,000
597,000,000
604,000,000

40,000, 000

111,000,000

235,000,000

338,000,000

548,000, 000

563,000,000

€70,000,000

673,000,000

10.0%

33.3%

39.7%

66.4%

£9.1%

82.5%

83.4%

15.3%

40.7%

46.6%

75.6%

77.8%

92.¢€%

92.9%
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Table 8-4.

and Alt rnativ s, 10-percent Discount

Summary of Industry-Wide Costs - 20-y ar Baseline

Cost Percentage
Alternative Coats Savings Savings
Bageline -
Current Leakage Criteria
and Test Freguencies 494,000,000 0 0.0%
Alternative 1 -
R lax Leakage Criteria Only 445,000,000 49,000,000 10.0%

Alternative 2 -
Current Leakage Criteria, Change
ILRT Frequency Only to 2 per 10 Years

Alternative 3 -
R lax Leakage Criteria, Change
Fr Quency per Alternative 2

Alternative 4 -
Current leakage Criteria, Change
ILRT Prequency Only to 1 per 10 Years

Alternative 5 -
Relax Leakage Criteria, Change
Fraquency per Alternative 4

Alt rnative 6 -
Current Leakage Criteria, Change
ILRT Frequency Only to 1 per 20 Years

Alternative 7 -
R lax Leakage Criteria, Chnnga
Frequency per Altermative 6

Alternative 8 -

Current Leakage Criteria, "Lower-Re-

liability" LLRTs Only During Refueling

Alternative 9 -

Relaxed Leakage Criteria, "Lower-Re-

liability* LLRTs Only During Refueling

Alternative 10 -

Current Leakage Criteria, Change Frequ-
of ILRTs to 2 in 10 Years, "Lower-
Rel ability* LLRTs Only During Ratuoling

Alt rnative 11 -
Relaxed Leakage criteria. chnnge Frc-
quency per Alternative 10 - .5 - -

Alternative 12 -

Current Leakage Criteria,. Chnnge.zrequ- s
Imr-
Reliability"* LLRTs Only During Retueling

an of ILRT# to 1_41n 10 Years,-

Alt rnative 13 - -
Relaxed Leakage Criteria, Change rre-
quency per Altérnative 12

Alt Tnative 14 -

Current Leakags Criteria, Change Frequ-
"Lower -~
Reliability” LLRTs Only During Refueling

ency of ILRTs to 1 in 20 Years,

Alternative 15 -
Relax d Leakag Criteria, Change Fre-
quency per Altermative 14

NUREG-1493
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326,000,000

395,000,000

161,000,000

149,000,000

88,000,000

83,000,000

466,000,000

418,000,000

288,000, 000

:252,000,000

1is,obp,oom

105, 000,000

37,000,000

36,000,000

168,000,000
195,000,000
333,000,000
345,000,000
406,000,000
411,000,000

28,000,000

76,000,000

206,000,000

235,000, 000

-379, 000, 000

389,000,000

457,000,000

458,000,000

34

40.

67

69.

82

83.

18.

41.

76

78.

92.

92.

1%

3%

4%

9%

.35

1%

.78

4%

7%

.S%

.8%

8%

S%

8%



Table B-S,

Percentage
Alternative

and Alternativeas,

Costs

Summary of Industry-Wide Costs - 40-year Baseline
5-percent Discount

Cost

Savings

Savings

Bageline -

Current Leakage Criteria
and Test Frequencies

Alternative 1 -
Relax Leakage Criteria Only

Alternative 2 -

Current Leakage Criteria, Change

ILRT Frequency Only to 2 per 1
Alternative 3 -

Relax Leakage Criteria, Change

Frequency per Altarnative 2
Alternative 4 -

Curr nt Leakage Criteria, Change

ILRT Frequency Only to 1 per 10 Years

Alternative S

Relax Leakage Criteria, Change

Frequency per Alternative 4

Alternative 6 -

Current Leakage Criteria, Change

ILRT Frequency Only to 1 per 2
Alt rnative 7 -

R lax Leakage Criteria, Change

Frequency per Alternative

Alternative 8 -
Current Leakage Criteria,
Ts Only During Refueling 1,020,000,000

liability*

Alt rnative 9
Relaxed Leakage Criteria, "Lower-Re-
Ta Only During Refueling

liability"

Alternative 10 -
Current leakage Criteria, Change Frlqu—
enc¥ of ILRTs to 2 in 10 Years,

Rel

Alternative 12 -

"Lower-Re-

Current Laakage Criteria, change

Frequ
an of ILRTe to 1 in 10 Ysars; “Lower-

Years

Years

"Lower-
ability* LLRTa Only During Refueling 669,000,000

Alternative 11 -
Relaxed Leakage Criteria, Change Fre-
quency per Altermative 10

1,075,000,000

967,000,000

743,000,000

671,000,000

413,000,000

374,000,000

252,000,000

236,000,000

914,000,000

602,000, 000

Reliability" LLRTs Only buring Refueling 321,000,000

Alternative

Relaxed lLeakage Criteria, Change Fre-
quency per Altermative 12

Alternative 14 -
Current Leakage Criteria, Changes Frequ-
ency of ILRTs to 1 in 20 Yeaars,

YLower-

291,000,000

Reliability® LLRTs Only During Refueling 152, 000 000

Alternative 15 -
Relaxed Leakage Criteria, Change Pre-
quency per Alternative 14

141,000,000

108,000,000

332,000,000

404,000,000

662,000,000

697,000,000

823,000,000

839,000,000

55,000,000

161,000,000

406,000,000

473,000,000

754,000,000

784,000,000

923,000,000

934,000,000

0.C%

10.1%

30.9%

37.5%

61.6%

64.6%

76.5%

. 78.1%

14.9%

37.7%

44 .0%

70.1%

72.9%

85.8%

86.9%
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Table 8-6.
and Alternatives,

Alt rnative

Coats

Cost
Savings

Summary of Industry-Wide Costs - 40-year Baseline
10-perc nt Disgcourt

Percentage
Savings

Bagseline -

Current Leakage Critaria
and Teat Frequencies

Alternative 1 -
Relax Leakage Criteria Only

Alternative 2 -
Current Leakage Criteria, Change
ILRT Frequency Only to 2 per 10 Years

Alternative 3 -
Relax Leakage Criteria, Change
Frequency per Alternative 2

Alternative 4 -
Current Leakage Criteria, Change
ILRT Frequency Only to 1 per 10 Years

Alternative 5 -
Relax Leakage Criteria, Change
Frequency per Alternativg 4

Alternative 6 -
Current Leakage Criteria, Change
ILRT Frequency Only to 1 per 20 Years

Alternative 7 -
Relax Leakage Criteria, Changa
Frequency per Alternative 6

Alternative 8 -
Current Leakage Criteria, "Lower-Re-
liabilicy* LLRTs Only During Refueling

Alternative 9 -
Relaxad Leakage Criteria, "Lower-Re-
liability" LLRTs Only During Refueling

Alternative 10 -

Current Leakage Criteria, Change Frequ-
enci of ILRTS to 2 in 10 Years, "lLower-
ability* LLRTa Only During Refueling

Rel
Alternative 11 -

Relaxed lLeakage Criteria, Chinge Fre-

quency per Alternative 10

Alternative 12 -

Current Leakage Criteria. Change Fraqu-
"Lower- -
Reliability" LLRTs Only During Refueling

ency of ILRTs to 1 in 10 Years,

Alternative 13 -
Relaxed Leakage Criteria, Change Fre-
quency per Alternativa 12 -

Altarnative 14 -

Current Leakage Criteria, Change {:equa
"Lowsr-
Reliability"™ LLRTs Only During Refueling

ency of ILRTa to 1 in 20 Years,

Alternative 15 -
Relaxed Leakage Criteria, Change Fr -
quency p r Alternative 14

NUREG-1493
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$95,000,000

$39,000,000

405,000,000
367,000,000
216,000,000
199,000,000
132,000,000
124,000,000

566,000,000

508,000,000

362,000,000

326,000,000

163, 000, 000

_ 148,000,000

74,000, 000

69,000,000

0,000,000

194,000,000

232,000,000

383,000,000

400,000,000

467,000,000

475,000, 000

33,000,000

91,000,000

237,000,000

273,000,000

436,000,000

451,000,000

525,000,000

530,000,000

0.0%

10.0%

32.3%

38.8%

63.9%

66.8%

78.0%

79.4%

15.1%

39.5%

45.6%

72.8%

75.2%

87.7%

88.5%



9. UNCERTAINTIES

9.1 UNCERTAINTIES IN RISK

PERSPECTIVE

Figure 5-22 (taken directly from NUREG-1150
[NRCSO)) illustrates the uncertainty range
associated with the predicted total latent cancer
fatalities per reactor year. For Surry, the 5 -95
percent confidence interval spans approximately
two orders of magnitude (from about 3E4 to
about 2E-2 latent cancer fatalities per year).
Comparable ranges of uncertainty are found for
the ather units considered.

Containment leakage, at an assumed rate of
1 percent per day, contributes about 0.05
percent to the total risk at Surry; comparable or
even smaller leakage contributions to risk were
found for the other units. Since the design basis
leakage rate for Surry is 0.1 percent per day, the
reference risk results already include an order of
magnitude "allowance” for increased leakage;
comparable increases above the design basis
leakage rates were incorporated into the
assessments for the other units.

Since containment leakage is such a small
contributor to overall accident risk, it is clear
that at the lower end of the leakage-rate ranges
considered in this study, any uncertainties
associated with the leakage contribution are
minuscule in comparison with other
uncertainties, e.g., prediction of containment
failure mode probabilities and magnitudes - of

fission product source terms. The NUREG- -

1150 results for PWRs predict significant
probabilities of no containment failure even in
the event of core melt accidents. With the

containments predicted to remain intact, at the

upper end of the leakage-rate ranges-considered,

i.e., 200 - 400 percent.containment volume per

day, containment leakage could lead to several-
fold increases in the predicted risk.
expected fission product source terms associated
with the large leakage-rate cases, considering all
possible unit damage states and accident
progression bins, were substantially lower than
those resulting from containment failure or
bypass. Thus, the uncertainties associated with

The
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assessing the leakage contribution at the upper
ends of the ranges considered wouid he lower
than those associated with other containment
failure modes.

For BWRs, the calculated risks were found to be
very insensitive to the assumed containment
leakage rates, even at the upper end of the
ranges considered. This is a direct consequence
of predicted higher probabilities of early
containment failure for the BWRs, i.e., since
containments are predicted to fail in a large
fraction of the postulated core melt accidents,
the assumed containment leakage rate does not
contribute significantly to the calculated risk.
Also, the scrubbing of the fission products by
BWR suppression pools, even in many scenarios
involving large leakages, contributes to the
predicted lack of risk sensitivity to containment
leakage rate. Thus, for BWRs, the uncertainties
associated with assessing the contribution of
containment leakage are small compared with
other uncertainties in the quantification of
accident risks.

The estimate of the fraction of containment leaks
that can be found only by integrated leakage-rate
testing is uncertain due to the small number of
such occurrences. The rarity of such events
demonstrates that reactor containments do in fact
achieve a high degree of reliability and leak-
tightness. The present study found that about 3

- percent of observed containment leaks could be

found only by integrated leakage-rate testing. In
the few such occurrences identified in this study,
the - associated leakage rates were only

. marginally above existing requirements, ranging
_from only slightly above 0.75 L, to about
three L,. '

Atlsi.lch low levels, the containment leakage
rates are clearly not significant contributors to

- reactor accident risks, as demonstrated in

Chapter 5. However, since containment
penetrations may range in size from a diameter
of about 0.25 inches for sampling lines to over
10 feet for the equipment hatch, leakage through
the latter cannot be ignored. The simultaneous

NUREG-1493



Erncertwinties

farlute ot redundare 36-inch purge valves. for
example, would be functionally equivalent to
contamment  failure. Of course, the
simultaneous faiure of two valves in a large
contamment penetration would be of much lower
probabihty than a random combination of
cerncident  smaller  leakage  paths. The
experience -based best estimate of the magnitude
ol undetected containment leakages indicates that
they would not be risk significant. However,
because not all leakage-test failures are fully
quantified and because there have been a few
prolonged containment isolation failures,
considerable uncertainty must be acknowledged
in the possible magnitude of undetected
containment leakages.

While the consequences of large leakage paths
existing at the time of a core melt accident may
be functionally equivalent to containment failure,
such large leakages are very unlikely. Thus, the
risk impact would be limited.

Assigning an average core melt consequence to
the fraction of the time that the magnitude of the
containment leakage rate may be uncertain led to
an insignificant impact (~0.1 percent) on the
nominal risk. The use of an average
consequence takes into account the possibility
that the unquantified leakages could range from
leakage rates just exceeding the allowable to
very large openings. This is preferable to
alternatives such as assuming that all
unquantified leakages are equivalent to gross
containment failure.

NUREG-1493

Applying the average-consequence appraacit o
the various testing alternatives considercd in
Chapter 7 resulted in  maximuni sk ncre o
of about 26 percent over the base cases
calculated in NUREG-1150  As indicated
Chapter 7, for the nominal case. a masimum
risk impact of about 6 percent was calcuiated
9.2  UNCERTAINTIES IN COST
PERSPECTIVE

The results presented are derived from himited
cost data provided by industry and an evaluation
of the activities required to conduct the various
types of leakage testing. The value of $1.89
million per ILRT given for the current leakage-
rate criteria is, due to the dommnance of
replacement power costs, the most certain of the
estimates presented. NUMARC found the total
cost per ILRT 1o be in the range of 30 68 to
$9.9 million, with an average of $1.8 million

As in the present study, NUMARC estimated
costs are dominated by critical path energy
replacement cost. The value of $165 thousand
for a fully battery of Type B & C tests is based
on limited data from two utilities and an analysis
of the labor costs associated with testing a
typical Type C penetration. The value used is
bounded by the estimates provided by industry

The value of $70 thousand used only tor "lower
teliability” LLRTS illustrate the cost savings that
might be achievable under a performance based
rule. As noted in Chapter 8, the actual cost
savings will depend upon the criteria imposed
and each unit’s specific performance history.



10. Summary of Technical Findings

This section summarizes the technical work in
support of the information needs of the NRC's
rulemaking. The NRC’s Regulatory Analysis
will consider other non-technical factors and
perform the cost-henefit analyses necessary prior
to decision making.

This TSD contributes to the technical bases for
revising the NRC's 10 CFR Part 50, Appendix
J, requirements considered by the NRC to be
marginal to safety. Specifically, this TSD
evaluates risks and costs associated with
alternative  performance-based  containment
leakage-testing requirements.  Performance-
based requirements are those whose limits are
based upon consideration of operating history
and risk insights.

Alternatives considered in this TSD are longer
intervals between containment Jeak tests, and an

increase in the allowable leakage rate from the -

containment structure. In addition, an
alternative requiring continuous on-line
monitoring of containment integrity s
considered.

10.1 RISK

With respect to public and worker risk, the key
technical issue a revised Appendix J regulation
must address is "Can revised containment
leakage-testing requirements have only a
marginal impact on safety comparable to the

level of safety achieved by current 10 CFR Part -

50, Appendix J requirements?”

The following paragraphs summarize the

findings of the technical analysis under the -

headings Significance of Containment Leakage
Rates, Leakage-Test  Intervals,  Allowable
Lcakage Rate, and Oni-Line Monitoring Systems.
Table 10-1 provides a summary of the risk
impact for the various alternatives considered.

10.1.1 Signific; ontainment Leakage

Rates

Past studies, such as those summarized in Figure
5-1, have shown that overall population rislis
from severe reactor accidents are not very
sensitive to the assumed containment leakage
rates. This is because predicted reactor risks are
dominated by accident scenarios in which the
containments are predicted to fail or in which
the containments are bypassed. The earlier
studies were based on the risk insights from
WASH-1400 (NRC75) and related studies.

The results of the present effort, which are
based on NUREG-1150 (NRC90). while
quantitatively different from earlier studies,
confirm the previous observations of insensitivity
of population risks from severe reactor accidents
to containment leakage rates. The differences
between the earlier results and those of this
study are due to different approaches, increased
understanding of severe accident
phenomenology, and significant advances in the
state-of-the-art in probabilistic risk assessment

The present effort includes comparisons of the
predicted reactor accident risks as a function of
containment leakage rate with the NRC's safety
goals, As shown in Figure 7-2, the calculated
tisks are well below the safety goal for ali of the
reactors considered even at assumed containment
leakage rates several orders of magnitude above

current requirements.

10-1

10.1.2 Leakage-Testing Iniervals

CS-75.CS-76, CS-86,

Twpe A QLRI Test Iterval |cs-87

1. Reducing the frequency of Type A tesis
(ILRTs) from the current three per 10 years
to on¢ per 20 years was found to lead to an
imperceptible increase in risk.  The

estimated increase in risk is very smal!
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Table 10-1. Summary of Risk Impacts of Alternatives

Prequency Leakage Rate Change in Risk’
(Person-Rew)
Al | NoChange Relax
A | BiC A B/IC C!::tc Relax Public Worker
(Tests per
X Yeans)

TR X 0.18

2 X | 210 X 0.04 0.8)

3 X | 20 X 0.22 0.8)

4 X 1/10 X 0.04 (1.6)
Iv s X 1/10 X 0.22 (1.6)

6 X 120 X 0.05 2.0)

7 X 1120 X 0.23 2.0

8 X X X 0.69 (7.2

o | x X X 0.87 (1.2)

10 210 | X X 0.73 10.4) |

1 o | x X 0.91 04 |
Flz V0 | X X 0.73 136 |

13 o | X X 0.91 @36 |
| X X

13 X

" Based on the Surry unit; mvmrqmmnghfe

because ILRTs identify only a few potential
containment leakage paths that cannot be

identified by Type B and C testing, and the -
leaks that have been-found by Type A tests -

have been only marginally above existing

Given the insemsitivity of risk to
containment leakage rate {Chapter 5) and
the small fraction of leakage paths detected
solely by Type A testing, increasing the
interval between integrated leakage-rate tests
is possible with minimal impact on public
risk.
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Numbers in parenthesis indicate a risk reduction.

- The impact of relaxing the ILRT frequency
* .beyond one in 20 years has not been

evaluated. Beyond testing the performance
of containment penetrations, ILRTs also test
the integrity of the contaimment structure.

Type B & C (LLRT) Test Intervals
. Type B and C tests can identify the vast

majority (greater than 95 percent) of all
potential leakage paths.



Reducing the frequency of Type B testing of
clectrical penetrations should be possible
with no adverse impact on risk. An
assessment of Type B testing of electrical
penetrations at a single station (two
operating units) indicates that leaks through
these penetrations are both infrequent and
small (on the order of 1 percent of the total
allowable leakage rate). Similar experience
is reported in the Grand Gulf Appendix J
exemption request as well as in the
NUMARC survey of containinent leakage-
testing experience.

The vast majority of leakage paths are
identified by LLRTs of containment
isolation valves (Type C tests). Based on
the detailed evaluation of the experience of
a single two-unit station, almost no
correlation of failures with type of valve or
unit service could be found; however, it has
been possible to correlate failures both with
time and repeated failures of individual
components. The results of the NUMARC
survey of leakage-testing experience are
consistent with these observanons

Based on the model of component failure
with time, it has been found that
performance-based alternatives to current
local leakage-testing requirements are
feasible without significant risk -impacts.

For example, the model suggests that the
number of components tested could be

reduced by about 60 percent with less than -

a three-fold increase in the ina'ememal risk

due to containment leakage. Since under
existing requirements, leakage contributes

less than 0.1 percent of overall accident -

risk, the overall xmpact is Very small

The findings to datc strongly support earlier
indications that Type B and C testing can
detect a very large fraction of containment
leaks. The fraction of leaks that can be
detected only by integrated containment
leakage tests is small, on the order of a few
percent.
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Summary

The discussion of leakage rate experience in
Chapter 4 indicates that frequent Type B
leakage-rate testing of electrical penetrations
is of limited use. In approximately 27 unit-
years of operation at one two-unit nuclear
station, no significant leakage has been
found for electrical penetrations.

10.1.3 Allowable Leakage Rate

1.

2.

3.

The allowable leakage rate can be increased
by one to two orders of magnitude without
significantly impacting the estimates of
population dose in the event of an accident.
The PRA for Surry Unit 1, which was
performed assuming a containment leakage
rate a factor of 10 greater than the nominal
0.1 percent per day established in the unit’s
technical specifications, indicates that
accident scenarios where containment does
not fail and is not bypassed contribute only
about 0.05 percent of the population risk
from all core-melt accidents. Comparable
or even lower risk contributions due to
leakage were found for the other units.

The significance of any change in the risk to
the nearby individuals, who would receive
the highest doses from an accidental release,
have not been evaluated explicitly. Within
the ranges considered for relaxing the
contxinment leakage rate, the increase in
postulated accident consequences due to

- leakage -would be proportional to the
" - increase in the containment leakage rate.

_The -impact of increased leakage rates on
“routine airborne effluent releases has not
been- qunnmauvely assessed. Doses from
- currenf airthorne releases have been
evaluated by the EPA as resulting in doses
of less than a few mrem per year (EPA91).
As only about 10 percent of containment
penetrations constitute a potential direct
pathway to the environment during the
normal operating mode, impacts, if any, are
likely to be small.
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Summary

10 1 4 Og-Line Monitoring Systems
Abuity to Detect Leaks

Continuous monitoring methods exist that appear
technically capable of detecting leaks in reactor
containments. While OLM does not have the
accuracy of Type A testing, it does seem to
offer enough accuracy and speed to detect gross
leakage. OLM is capable of detecting leaks
within one day to several weeks.

OLM can detect only gross containment leakage
(NRC88). It cannot detect leaks through
systems that do not normally communicate with
the containment atmosphere. Gross leakages are
most likely to occur from systems left open,
such as air locks, purge/vent pathways, or
similar direct air path system valves or
penetrations, or from failures in isolation
mechanisms in such systems.

OLM cannot be considered as a complete
replacement for Type A tests since it cannot
challenge the structural and leak-tight integrity
of the containment system at elevated pressures.

Risk Considerati

OLM does not significantly reduce the risk to-

the public from nuclear unit operation and, thus,
cannot be justified solely on risk.considerations.
As noted for the Surry unit, containment
isolation failure has been found to contribute
approximately 0.05 percent of the total latent
accident risk. Given this low contribution and

the limitations of on-line monitoring systems . -
noted above, the potential risk benefit of on-line

monitoring appears to be quite limited.
nati “

Canadian, French and Belgian utilities have
installed OLMs on their PWR units and
monitored containment leakage during power
operations. They reported that OLMs are
capable of detecting leaks in the radiation
monitoring system, nuclear island vent and drain

NUREG-1493
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system, containment purge system. and

containment atmosphere monitoring systerm.

Qpen Issucs

The usefulness of OLM systems depends on rhe
resolution of several issues requiring further
research. Specifically, the following limitations
are noted:

1. difficulty in accounting for the effect of
temperature and moisture gradients and
variations on the test results,

2. the possibility of an actual leak being
masked by containment air/gas inleakage,

3. inability to account for leaks in closed
pressurized systems inside containment that
would probably not be measured during on-
line monitoring,

4. potential “false alarms™ from on-line

monitoring, and

5. the need for stabilized conditions within the
containment during reactor operation.

10.2 COST

With respect to cost, the key issue is "Can a
revised containment testing rule, which has a
marginal impact on safety, also significantly
reduce the financial burden on utilities?"

The findings of the cost analysis are provided in
the following paragraphs, and the industry-wide
cost savings -of the various alternatives are
surnmarized in Table 10-2.

1. Costs of performing Type B and C tests are

“relatively insensitive to the allowable
leakage rate. Only a small number of
penetrations fatl any given battery of tests,
.and the percentage of penetrations that
marginally fail is even smaller. Thus, it is
unlikely that any significant amount of
repairs would be avoided regardiess of the
allowable leakage rate.



2.

Costs of Type B and C tests are
considerably less than those of Type A tests
because they are not performed on the

critical path.

Costs of Type A tests, which are performed
on the critical path, are dominated by the
cost of replacement power. Replacement
power is estimated to account for almost
80 percent of the total costs of Type A
testing. Increasing the allowable leakage
rate is estimated to reduce the critical-path
time required to conduct an ILRT by 16
hours and decrease the cost of an ILRT by
about 10 percent.

Based on 20 years of operational life
remaining for the average reactor and an

18-month refueling schedule, current test

frequencies are estimated to have a net
present cost of $6.6 million per reactor at a
5 percent discount rate, and $4.5 million
per reactor at a 10 percent discount rate.

Assuming the same 20-year period and test
frequencies as aoove, increasing the

10-5

Summary

allowable leakage rate is estimated to reduce
the remaining costs of leak testing by
10 percent.

Reducing the number of ILRTs from three
per 10 years to one per 10 years is
estimated to eliminate more that 66 percent
of the remaining costs of leak testing.
Testing on a one in 20-year interval would
eliminate about 83 percent of remaining
COStS.

For illustrative purposes, it was assumed
that 58 percent of the costs of LLRTSs could
be eliminated by a performance-based rule.
Such a reduction would result in about a
6 percent reduction in the remaining costs
of leak testing.

A rough estimate for OLM systems
indicates that costs would be on the order of
one-quarter of a million dollars. If OLM
were an addition to existing requirements,
this would represent approximately a
4 percent increase in testing costs.
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Tabic 10-2. Summary of Industry-Wide Cost Savings
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Cost Savings (Millions of Dollars)
Alternative 20-Year Test Cycle ~ 40-Year Test Cycle
5% Discount 10% Discount 5% Discount I 10% Discount
RUC— rm———— —

1 73 49 108 60
pi 241 168 332 194
3 287 199 404 232
4 481 33 662 383

_~ 5 500 345 697 400
6 597 406 823 467
7 o't 411 339 475
8 40 28 S5 33 jh
9 11 16 161 91 ’
10 295 206 406 237
1 338 235 473 273
12 548 379 754 436 %
13 563 389 784 451 t
14 670 457 923 525
s | 673 | 48 ; 934 530
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Glossary

Acceptance criteria - standards against which test results are to be compared for establishing the
functional acceptability of the containment as a leakage-limiting boundary '

As found - leakage measured during an integrated !eakage-rate test before any remediation is
perfermed; if maintenance is performed on penetrations and isolation vaives prior to the integrated
test, the as-ineasured leakage rate plus the leakage savings resulting from such maintenance.

As left - leakage measured during an integrated leakage-rate test after remediation, if necessary, has
been performed.

Containment isolation valve - any valve that is relied on to seal off the primary reactor containment
from the outside atmosphere. Containment isolation valves are those that: (1) provide a direct
connection between the inside and outside atmospheres of the primary reactor containment under
normal operation, such as purge and ventilation, vacuum relief, and instrument valves, (2) are
required to close automatically upon receipt of a containment isolation signal, (3) are required to
operate intermittently under post-accident conditions, and (4) are in main steam and feedwater piping
and other systems that penetrate containment of directcycle boiling water power reactors.’

“ontaimment penetrations - components designed to provide a pressure-containing or leakage-
limiting boundary for piping and electrical systems penetrating the primary reactor containment.
Included are containment penetrations whose design incorporates resilient seals, gaskets, or sealant
compounds, piping penetrations fitted with expansion bellows, and electrical penetrations fitted with
flexible metal seal assemblies; airlock door seals; and doors with resilient seals or gaskets except for
seal-welded doors.!

EPRI - acronym for the Electric Power Research Institute.

Exclusion ares - area surrounding the reactor, in which the reactor licensee has the authority to
determine all activities including exclusion or removal of personnel and property from the area.?

FSAR - Final Safety Analysis Report, document a unhty submits to NRC in support of its request for
an operating license.

ILRT - Integrated Leakage-Rate Test, test conducted to-determine the leakage rate obtained from
measurement of leakage thirough ali potential feakage paths including containment welds, valves,
fittings, components that penetrate ooutammen(, as well as-the containment structure.

Individual latent cancer risk - calwluedprobabxhtyofdymgfmmcamerduetoanmdem for an
individual located within 10 miles of the unit; i‘e:, o (cf/pop)p, where cf is the total number of latent
cancer fatalities due to the direct exposure in the resideént population,-pop is the affected population
size, p is the weather condition probability, and the summation-is over all weather conditions.

L, (percent/24 hours) - maximum allowable leakage rate at pressure P,.’

L, (percent/24 hours) - design leakage rate at pressure P,.!

L, (percent/24 hours) - maximum allowable leakage rate at pressure P’
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Gilossary

L. Lo (percent/24 hours) - total measured containment leakage rates at pressutes P, and P,
respectively, obtained from testing the containment with components and systems in the state as close
as practical to that which would exist under design basis accident conditions (e.g , vented, drained,
flooded, or pressurized).'

Leakage rate - for test purposes, leakage which occurs in a unit of time, stated as a percentage of
weight of the origtnal content of containment air at the leakage-rate test pressure that escapes to the
outside atmosphere during a 24-hour test period.’

LER - Licensee Event Report, reporting mechanism required of licensees by the NRC to inform it of
any nuclear unit condition potentially adverse to safety.

LLRT - Local Leakage-Rate Test, another name for Type B and Type C tests.

Low population zone - areca immediately surrounding the exclusion area which contains residents, the
total number and density of which are such that there is a reasonable probability that appropriate
protective measures could be taken in their behalf in the event of a serious accident.?

Minimum path - for a penetration, leakage through the penetration accounting for the fact that there
are multiple components in series providing isolation. If the penetration consists of two valves in
series, and the first valve leaked 1 SCF/H and the second 10 SCF/H, the penetration minimum
leakage path is | SCF/H. For containment as a whole, the minimum path leakage is the cumulative
leakages summed across all penetrations.

Overall integrated leakage rate - leakage rate which is obtained from a summation of leakage
through all potential leakage paths including containment welds, valves, fittings, and components that
penetrate containment.'

P, (psig. pounds per square inch gauge) - calculated peak containment internal pressure related to the
design basis accident and specified either in the technical specifications or associated licensing bases.’

P, (psig) - containment vessel reduced test pressure selected to measure the integrated leakage rate
during periocdic Type A tests.!

Population center distance - distance from the reactor to the nearest boundary of a densely populated
center containing more than about 25,000 residents.?

Population dose within entire region - exposure, expressed in effective dose equivalents
(person-rem), due to early and chronic exposure pathways for the population within the entire affected
region.

Population dose within 50 miles - exposure, expressed in effective dose equivalents (person-rem),
due to early and chronic exposure pathways for the population within 50 miles of the reactor.
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Glossarn,

Primary reactor contalument - structure or vessel that encloses the components of the reactor
cuolant pressure boundary (i ¢., basically the reactor and its connected piping, pumps, hardware,

tc.). The containment serves as an essentially leakage-tight barrier against the uncontrolled release
of radicactivity to the environment.!

Renctor containment leakage-test program - includes the performance of Type A, Type B. and
Type C tests.'

Technical specifications - with respect to nuclear power units, 4 document specifying the limiting
conditions for continued operation which are consistent with the design basis of the unit.

Total latent cancer fatalities - total number of predicted latent cancer fatalities due to both early and
chronic exposure.

Type A Tests - tests intended to measure the primary reactor containment overall integrated leakage
rate (1) after the containment has been completed and is ready for operation, and (2) at periodic
intervals thereafter.’

Type B Tests - tests intended to detect local leaks in systams penetrating containment and to measure
jeakage across each pressure-containing or leakage-limiting boundary.'

Type C Tests - tests intended to measure containment isolation valve leakage rates.'

1. 10 CFR Part 50, Appendix J, Section II, "Explanation of Terms"

2. 10 CFR Part 100.3, "Definitions”
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APPENDIX A

ANALYSIS OF TYPE B/C LEAKAGE-RATE HISTORY

Al INTRODUCTION

This appendix describes the analyses which were
performed to determine the effect on nuclear
unit risk resulting from changes in the testing
schemes and testing intervals of components
undergoing Type B and C tests. Extensive test
result data and component data were collected at
the North Anna Power Station through the
cooperation of its owner and operator, Virginia
Electric Power Company.' In addition,
extensive test result data and component data
were collected at the Grand Gulf Nuclear Station
through the .cooperation of its owner and
operator, Entergy Operations.? In February,
the Nuclear Management and Resources Council
(NUMARC) submitted a letter (NUMOS4)
summarizing data representative of a wide
spectrum of nuclear power unit designs.

This data collection effort was performed to
provide sufficient information for calculating the
costs and man-rem exposure associated with
local leakage-rate testing, and to identify and
quantify the effect of component and system
parameters on component leakage rates and
component leakage-rate frequencies.  This
information was also used to develop models for
cvaluating the impact of alternative local
leakage-rate testing schemes on the probability
and magnitude of containment leakage rates.

The data collected for North Anna was evaluated
to determine the historical containment leakage
ates over time and the corrésponding
component leakage rates. This analysis was
pert. .ned to identify any trends in these leakage
rates, to provide a baseline against which
changes in testing schemes or iniervals are
crmpared against, and to validate the
containmen® penetration model used in these
analv s.  Next, data collected concerning
individv netration components (component
characteristics and component service data) were
analyzed to determine if component {ailure rates

A-1

could be predicted as a function of this dara.
Based on this analysis, no ¢'atistically significant
differentiation in component failure rates could
be found based on the component data. It was
found, however, there was an increased
probabiliiy of component failure if (that
component had previously failed. In addition,
there is evidence of component common mode
failures ai the penetration level. Based on the
above analyses, a Monte Carlo simulation model
of the North Anna containment penetrations was
constructed. This model was used to determine
the risk impact of various component testing
schemes and testing intervals.

Based on the insights gained from the North
Anna analyses, a more restricted set of analyses
was performed on the data gathered from Grand
Guif. The results of these analyses were in
general agreement with the results of the North
Anna analyses.

A.2 NORTH ANNA ANALYSES

The North Anna Power Station comprises two

pressurized water reactors.’ Data collected at
the power station consisted of the following:

° reactor containment building Integrated
Leakage-Rate Test (ILRT) reports

° penetration leakage logs for 1985
through 1993 for Unit I, and 1986
through 1993 for Unit 2

o time estimates for conducting Type A,
B, and C tests
L estimated man-rem exposures for

conducting Type A, B, and C tests

L dates of seal replacement or door
adjustment for personnel air-lock,
emergency escape air-lock, cquipment
hatch, and fuel transfer tube
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. "as-tound” leakage rates from

component maintenance records

containment
configurations

penetration  component

L manufacturer, type, operator type, type
of service (i.e., chromated water,

compressed  air, etc.), number of
operations per operating cycle
(18 months), hours of flow per
operation, and flow rate, temperature,
and pressure seen by the valve during
operation for each containment isolation
valve tested during the Type C tests

Type B LLRT

Type B tests are performed on two types of
equipment: electrical penetrations and air-locks
(and other double-gasketed and double O-ring
scals). Duc to the vast differences in these two
types of equipment leakage tests, they are
described separately below,

A2l

Each unit contains approximately 130 electrical
penctrations. Type B tests are performed on
each of these penetrations approximately every
18 months. Between tests, each penetration is
left pressurized and attached to a pressure gauge
which is checked monthly. If a pressure gauge
shows a low, but non-zero pressure, the
penetration is repressurized using a portable
compressed air source. If a pressure gauge
shows zero pressure, a Type B leakage test is
performed on the penetration. In all such cases

but one, the cause of the leakage was found to.

be the connection to the pressure gauge, rather
than leakage of the penetration itself. In the one

case where the electrical penetration was.
leaking, the leakage rate was too small to
measure using standard leakage-test equipment.

The specific location of the leakage had to be

determined by pressurizing the penetration with
helium and using a helium leakage-detector
probe. The leakage on the bundle was corrected
by tightening the nut on the bundle by a quarter
turn. Based on this information, North Anna
has experienced no significant electrical
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penetration leakage in approximately 27 unit-
years of operation.

Based on the above information, performance-
based Type B testing would result in a
significant reduction in tests of the electrical
penetrations. If the leakage pattern of these
penetrations do not deviate from the historical
leakage pattern, an insignificant increase in risk
would result from performance-based testing of
these penetrations.

Type B testing is performed on all air-locks,
i.e., the fuel transfer tube, the personnel air-
lock, the emergency escape air-lock, and the
cquipment hatch. The fuel transfer tube is tested
approximately every 18 months. The personnel
air-lock, emergency escape air-lock, and
equipment hatch are tested on a 6-month test
interval and can be tested during power
operation. North .\nna maintains an aggressive
maintenance program for these penetrations.

North Anna maintains a policy of zero allowed
leakage on the equipment hatch. If any leakage
is detected through the equipment hatch door
seals, the leakage test is terminated and the
leakage corrected. No "as-found” leakage rate
is determined for the equipment hatch during
Type B tests unless the test coincides with an
integrated leakage-rate test. Since June 1987, a
seal has been replaced on the Unit 1 equipment
hatch five times, Since April 1989, a seal has
been replaced on the Unit 2 equipment hatch two
times.

The door seals for the fuel transfer tubes in
Unit 1 and Unit 2 were replaced in December
1985 and August 1984, respectively. There has
been zero leakage through these seals since that
time.

Since January 1986, cither a personnel air-lock
seal has been replaced or a door adjusted 13
times for Unit 1. Since August 1986, either a
personnel air-lock seal has been replaced or a
door adjusted 12 times for Unit 2. Maximum
path leakage rates for both Unit 1 and Unit 2
personnel air-locks have ranged from zero to
22 scf/h.


http://Benve.cn

Since June 1987, either ant »mergency air-lock
s + has been replaced or a door adjusted five
times for Unit | and five times for Unit 2.
Maximurn path leakage rates for both Unit 1 and
Unut 2 emergency a.r-locks have ranged from
zeru to 9 scf/h.

Based on the above information, performance-
based Type B testing would not result in a
significant reduction in tests of the air-locks. In
all cases except for the fuel transfer tubes,
repairs have been performed on the air-lock
seals often enough that the seals would not meet
the performance requirements necessary to
reduce their test intervals.

A22 Type CLLRI

A22.1 Historical Performance

Prior to the data collection effort at North Anna,
a group of system and component parameters
were identified that might have an impact on the
frequency of containment isolation valve leakage
and the distribution of leakage rate over time
once the valve started to leak. The parameters
identified were: manufacturer, type, operator
type, type of service (i.e., chromated water,
compressed air, etc.), number of operations per
operating cycle (18 months), averagé hours with
flow per operation, and the flow rate,
temperature, and pressure seen by the valve
during operation. These data, along with the as-
found and as-left leakage rates for each
containment isolation valve tested during the
Type C tests and the component configuration

for each containment penetration, were collected

for both units at North Anna.

The first step in the analysis was to establish the -

historical performance of the containment

isolation components. This provides a baseling

against which performance-based alternatives to
the current leakage-rate testing scherne can be
measured.

Based on the as-found and as-left leakage rates,
a master time-line matrix was built showing
component leakage rates over time and when
each component was placed in maintenance to
correct Jeakage. Based on the containment
penetration  component configuration

A3

information, a computer model was bullt o
calculate the minimum path leakage rate for each
penetration and, by summing the penetration
minimum  pith  leakage rates, the overall
containment minimum path leakage rate. The
penetration minimum path leakage rate was
calculated by taking the minimum of the leakage
rates for components or component trains in
series, and the maximum of the leakage rates fu:
components or component trains in parallel for
all flow paths through the penetration.

Based onthetime-versus-component-leakage-rate
matrix and the containment penetration leakage
model, the overall containment leakage rate
versus time was determined for each unit. The
minimum path containment leakage rate versus
time since January 1985 for each unit is shown
in Figure A-1. Two assumptions were made in
calculating the unit leakage rates. The first
assumption was that the component leakage rate
for a component varied linearly over time
between the time-points where component
leakage rate was measured. For example, if the
component leakage rate was measured at zero
scf/h at time 100, and 10 scf/h at time 110, the
component leakage rate at time 105 was
estimated to be 5 scf/h. The second assumption
regards component leakage rates that were
indeterminable during Type C leakage testing.
The leakage-test equipment used during Type C
testing can measure leakage rates up to
approximately 257 scf/h. If a component had a
leakage rate greater than this amount, the
component leakage rate was recorded as
">257." In this figure, a leakage rate of 257
scf/h was assumed when the component leakage
rat¢é was indeterminable.  Due to these
assumptions, this figure can be interpreted as the
expected value of the containment leakage rate
versus time. In order to determine the
sensitivity of the minimum path leakage rate to
the first- assumption (linear change ir leakage
rate over time), Figure A-2 was created. This
figure assumes that the component leakage rate
between time-points where the component
leakage rate was measured is the maximum of
the two leakage rates. This figure can be
interpreted as the worstcase containment
leakage rate versus time assuming no component
leaks more than 257 scf/h.
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foader o determine the sensitivity of the
weracum path leakage rate to *he second
assutnption (maximum component leakage rate
of 237 seffhy, Figure A-3 was created. In this
figure 4 leakage rate of 500 scf/h was assumed
when  the component leakage rate was
indeterminable and the leakage rate for a
camponent is linear over time. Figure A4
1ssumes  that the component leakage rate
between  time-points  where the component
leakage rate was measured is the maximum of
the two leakage rates, and a leakage rate of 500
scf/h was assumed when the companent leakage
rate was indeterminable. A leakage rate of 500
sof/h in Figures A-3 and A4 was selected when
the component leakage rate was indeterminable
simply because it was higher than L, (304 scf/h),
but less than twice the maximum measurable
component leakage rate (2*257=1514 scf/h).
Assigning a leakage rate of 500 scf/h forces the
containment minimum path leakage rate above
I., in these two figures if all components in a
series pathway for a penetration are leaking at
an indeterminable rate at the same time (i.e., the
penetration minimum path leakage rate was
indeterminable).  As there is no way to know
what the actual component leakage rate was in
these case:, the actual leakage rate could have
been less than 500 scf/h (but higher than 257
scf/h) or significantly higher than 500 scf/h.

Based on a review of LER summaries repart .
faillures of containment :solah
Type C testing, leakage rates «n the thousands
scf/h have been measured for sclavon valves'
The assumptions used for Figure A-4 (5 «.f1
maximum component leakage rate, component
leakage rate the maximum of the as-left and as-
found leakage rates between time points) aru
referred to as the worst-case assumptions in the
remainder of this appendix.

detected I

By sampling the containment leakage rafes
shown in Figures A-1 to A-4, the probabihity of
North Anna Units 1 and 2 having histonically
exceeded L, at any random point in time van be
determined for each set of assumytions. Table
A-1 shows the probability of having exceeded [,
at any random point in time for the cases
described above. From this table, it can be seen
that having a containment lcakage rate greatet
than L, ranges from zero percent of the ume
(Unit 2, most optimistic conditions) to 22 6
percent of the time (Unit |, worst-case
assumptions.) As can be seen from {‘igure A,
even under worst-case assumptions (component
leakage rate above L, when indeterminable,
component leakage rate between test points the
maximum of the start and end leakage rates), nu
containment minimum path leakage rates
approaching L, have occurred since mid-198%

Table A-1. Probability of Exceeding L, at any Random Point in Time
¢ Pmbability of Having Minimum Path
Maximum ' Leakage Rate Greater Than L, at
Component Caleulation Method for Lcahge Rm - ‘Random Point in Time
Leakage Rate Between Meamwd' Time o p—— .
{scf/h) ) : o Unit 1 Unit 2
257 Linear change over time 0.004 0.000
500 Linear change over time 0.127 0.022
| 257 Maximum of start and end leakage rates 0.104 0.089
u 500 Maximum of start and end leakage rates 0.226 0 209
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for enther Unit 1 or Unit 2. Since mid-1989, the
containment minimum path leakage rate for each
unit has been less than 15 scf/h,

Figure A-5 shows the pumber of times a
component with a leakage rate of 257 scf/h or
mors was found versus time since January 1985.
From this figure, it can be seen that there have
been occurrences of components leaking at an
indeterminable rate since mid-1988, but there
has not been a simultaneous indeterminable
leakage rate for all components constituting a
series containment leakage-rate path. The
number of such components found during each
refueling outage has ranged from zero to ten. In
several cases, additional such components were
found during tests between refueling outages.
A222 Analysis of Historical Leakage-
Rate Data

The historical component leakage-rate data
collected from North Anna covered

approximately 7 years of experience for each .

unit. This amount of data is insufficient for
directly evaluating the impact of performance-
based testing schemes, some of which relax the
testing interval for selected components to one
test in ten years. In order to evaluate the impact
of altering the Type C testing scheme, a means
of probabilistically estimating component
performance over a longer period of time is
required. The data collected from North Anna
were examined several different ways in order to
attempt to build a component model to predict
future component performance.

Figure A-6 shows a scatter plot of individual
component leakage rates versus time since last
maintenance on the component. In creating this
figure, it was assumed that all components had
undergone maintenance 18 months prior to the
first leakage-rate test recorded in the data
collected from North Anna. The leakage rates
presented in this figure are the measured as-
found leakage rates of the components. Spikes
in the figure can be seen at 18, 36, 54, and 72
months, which correspond to the normal 18
month testing interval. In this figure, if a
component had a leakage rate greater than 257
scf/h (the maximum measurable leakage rate),
the component leakage rate was recorded as 257.

Since Figure A-6 is a scatter plot, the number 0,
occurrences of a given leakage rate at a given
time since maintenance 1s not shown. Figure A-
7 shows the number of times a component with
a leakage rate of 257 scf/h or more was found
versus time since last maintenance on the

component.

These figures show that many of the component
failures occur relatively soon (within 36 months)
after the previous maintenance event. This
suggests that the component failure rate
decreases versus the time since last maintenance.
Based on Figure A-7, approximately 66 percent
of the failures occurred within 36 munths of the
previous maintenance event.

Figure A-8 shows a scatter plot of component
leakage rate at maintenance versus the as-left
leakage rate from the last test performed on the
component.  Figure A-9 is the same as
Figure A-8, except only as-found leakage raiwcs
up to 30 scf/h are shown. For reference, there
were 57 cases where the as-found leakage rate
was 250 scf/h or greater, 40 cases where the as-
found leakage rate was between 25 and 249
scf/h, and 181 cases where the as-found leakage
rate was between zero and 24 scf/h. From these
two figures, several observations can be made.
First, in all cases where the component as-found
leakage rate was greater than 25 scf/h, the as-
left leakage rate at the last test was less than 2
scf/h. Second, combined with the number of
components where the as-found leakage rate was
250 scf/h or greater, this figure shows that when
a component fails with a high leakage rate, the
degradation from a small leakage rate to a high
leakage rate occurs rapidly. This is not to say
that all leakage rates increase rapidly. Figure A-
9 shows that in many cases -the component

. leakage rate increases slowly.

AS

Estimation of the future performance of
containment isolation components based on the
above figures is restricted by the unavail-
ability of a leakage rate versus time
history of components once they begin to
leak. The reascn for this is that North
Anna performs maintenance on the com-
ponents once they begin to leak at a rate
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abuve Jhe normal expected leakage rate for the
coimponent. This is perfectly understandable for
unit operations, but prevents determining the
rate at which the leakage rate for components
increase once they begin to leak. Because of
this, it is uncertain whether the components with
leakage rates between 25 scf/h and 250 scf/h
were: caught on a rapid increase to above 257
sci/h, increasing slowly, or had plateaued at the
measured leakage rates.

From the data described above, an estimate of
four component failures (leakage rate > 250
scf/h) per year per unit was made for time
independent failures of components. Since each
unit has an average of 196 components, if we
assume no difference in failure rate due to
component or system parameters, the component
failure rate per year is approximately 1.8E-2. If
we assume perfect repairs, a containment
leakage rate failure rate of 7E-2 per year was
calculated based on penetration configurations
across both units.® This corresponds to one
containment leakage-rate failure every ten
refueling outages for each unit. At each
refucling outage, an average of five components
would have failed. Comparing this number to
the number of component failures- show in
Figure A-5, it can be seen that this calculated
failure rate is about double the failure rate that
has been experienced at North Anna since April
1989. The calculated number of failures
expected per outage is higher due to the large

number of component failures that occurred

carlier in the unit lives.

Statistical Analysis
Componem Data

A223

As previously described, the data gathered from

North Anna was insufficient to directly evaluate
testing -

the impact of performance-based-
schemes. In order to evaluate these testing
schemes, a model was constructed to predict
containment [eakage based on the component
configuration for each containment penetration.
In order to make the containment leakage model
as accurate as possible, a series of analyses were
performed to determine how the individual
components should be modeled.

of.

_ fequired maintenance
Components that never. requir
“following inspection were right censored since

A-15

The first analysis was a statistical data analysis
which was performed to investigate the effect of
component and system parameters on the
component failure rate. The intent of this
analysis was to determine whether component
leakage failure rates should be assigned based on
these parameters, or whether a generic failure
rate could be assigned to all components.
Table A-2 lists the data collected for each
component. For class-variable data (data with
qualitative values), Table A-3 lists the meaning
for each qualitative value. Based on this
information and the time between maintenance
events for each component, a statistical analysis
of variance (ANOVA) was performed.

The statistical analysis considered the iength of
time a particular component was in service
before requiring maintenance. Each component
was categorized using nine variables: operator
type, valve type, type of service, size,
operations per operating cycle, hours of flow per
operating cycle, flow, temperature, and
pressure. The analysis sought to asgess which of
the nine variables were most predictive of the
time until maintenance was required. Each
component's time to maintenance was either
Interval or right censored. Components that
required maintenance following inspection were
interval censored since the component had
degraded sufficiently to require service sometime
between the inspection that identified the
problem and the previous inspection. The
specific time pomt at which the component
was unknown.
naintenance

maintenanée " would not be required until

 gometime after ihie data collection period ended.

A ‘data set' was created containing the nine

~ descriptive variables, the number of hours the
- component was in seérvice before maintenance

was required, and whether the component
maintenance time was interval or right censored.

A forward step-wise regression procedure was
utilized to determine which variables were most

MUREG-1492
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Table A-2. Penetration Data

Unit 1 U2 | " op Ops? | Hours | Flow Termp | Prese |
Comp 1D Mamof Comp ID - Function “Type | Type | Size | Service | Cycle Fi(c;r/ m ("F) | (pep
1| 1-CC-TV-103B | F130 |2-CC-TV-2038 | F130 |CC FM B RHR HX H | B} 18] C 6| 120] 10700] 107| 3%
2}1<cC-193 P340 | 2-CC-194 M360 | CC TO A RHR HX 1 e ] ) ¢ 1] 720| 10500] 10s| a5
4| 1cc-198 | M360 |2-CC-199 M360 | CC TO B RHR HX F | c| 18] ¢ 1| 720] 10500 10s] 85
s|1cC-Tv-100a | F130 |2CC-Tv-203A | Fi30 | CC FM A RHR HX |8 18] ¢ s| 120} 1o0s00| 108] 0
7{18179 voss || 2-1-93 VOBS | HHS! (BIT) H | ¢ il B 1 8] 600 160 0
7|1-81-77 | R340 ]2-81-83 voss A F 2l B 0 ] o} 160 (]
7] 1-81-MOV-1867C | 'vO85 | 2-81-MOV-2867C | voss 8 | E 3l B 6| 1.a] 00| 160 o
7| 1-S-MOV-1867D | 085 | 2-S-MOV-2867D | Voss B | E 3l 8 6] 13| 00| 160 0
8{1-CC-TV-1018 | F130-|2-CC-TV-2018 | F130 | CC FM KCP THERM D | F 4 ¢ 1] 13140 120] 130 40

‘ W I BARRIERS
8| 1cC-Tv-10tA ' | Fi30 |2-GC-Tv201A | Fi30 , H | F d ¢ 1] 11e0]  120] 130] 6o}
ol1ccs;2 . | masofz-cca0z M360 | CC TO C RACC H | ¢ 6] D 1] 13140] 400} 0| 0
1a] 1-cc-559 M360 2-CC-289 M360 {CC TO B RACC J c 6 D 1| 13140 400| 70 90!
11| t-cC-546 - [iM3s0.]2-cC276 M360 | CC TO A RACC H | c 6] D 1] 13140] a00] 70| 90}
12| 1-CC-TV-105B  |'F130 |2-CC-TV-205B | F130 | CC FM B RACC p | B 6] D 6| 2190 400 7 EE
{ 12]1cc1v-1008 | F130 |2-cC-Tva00B | Fi3o p B 6 D 6! 2190 a00] ™| 0
{ 13|1ccTv-osc | Fi30 [2Ce-Tv-20sc | F130 | CC FM C RACC D | B ] D 6] 219] 400} M| 40
# 13[1cc-tv-iooc | Fra0 f2:ccTv200c | Fi30 D |B| 6 D 6] 219] 400 M| @0
14 1-CC-TV-105A | F130 |2-CC-TV-20SA | F130 | CC FM A RACC D | B 6] D 6] 2190 400 77| a0
14| 1-cCTV-100A | Fi30 [2CC-Tv-200A | F130 D | 8 6] D 6| 2190] 400| 7] 40
15| 1-cH322 V08S | 2-CH-335 v0s8S | CHARGING F | c il 8 1] 13140  es| 130] 2500
15] 1-CH-MOV-1289 | V085 |2-CH-MOV-2289 VO8S B E 3 B 11 13140 65 130 2500

A A

16] 1-CC-154 M160 | 2-CC-152 M360 | CC TO C RCP AND F | C 8] © 1] 13140] TS| 105] =0

SHRCUD
16] 1-CC-TV-104C | Fi30 |2-CC-TV-204C | F130 H | B 8] < 1| 13ta0] sy otos] s
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Table A . (Continued)

| PEN [ Umt 1 ] Unit 2 Jg;‘ Ops' | Hours | Flow | Temy | Press
’ Comp 1D Maraf Comp 1D Mo Function Type | Tvpe | Size | Service | Cycle Flg:! (ff::; *FY | pupd
17} 1-CC-119 M360 |2-CC-115 M360 | CC TO B RCP AND F | c 8| o 1 13140f 715, 105 80
SHROUD
17] 1-CC-TV-104B | F130 |2-CC-TV-204B F130 H B 8 C 1] 13140 TS| 10| 8s
18] 1-CC-84 M260 | 2-CC-78 M360 | CcC TO A RCP F | c c 1| 13140f T715| 05| g0
18| 1-CC-TV-104A | FI130 }2-CC-TV-204A F130 H B 8] ¢ 1] 13140] TS| 105}  8S
19| 1-CH-402 Kos$ |2-CH-33t K085 | SEAL WTR FM RCP'S K {c| st 8 0 0 ol 166 0
19 1-CH-MOV-1380 | A200 |2-CH-MOV-2380 | A200 B | E il B 1] 13140 10] 166] 100
19] 1-CH-MOV-1381 | A200 {2-CH-MOV-2381 [ A200 : B | E B 1] 13140 0] 66| 100f
20| 1-51-110 : R340 }2-81-136 . K085 | s1 ACCUM MAKEUP H | cC i B 3 (3 15| 10s| eso
20| 1-51-58 R340 [2:5147 R340 A | F 1} B 3 3 15) 105 asoi
| 2] 1st-185 - voss [2-s1-85 vo8s |HHSI(ALTCHyTOCOLD| B | C il B 0 0 of 160 0 ﬁ
! LEGS ’
22} 1-S1-MOV-1836 | V085 }2:51-MOV-2836 | VO08S B E 3] B 0 0 o| 120 0
24| 1-RH-36 A200 | 2-RH-37 A200 | RHR TO RWST A | E 6] B 1 8| 2500f 123] 100
24| 1-RH-37 P32 | 2-RH-38 C684 A E 6| B | s} 2s00! 123 100
25| 1-CC-TV-102F | F130'[2-CC-TV-202F F130 |CC FM A RCP AND H B 8l ¢ 1 13140}  675] 1s] 0
: . SHROUD
25| 1-CC-TV-102E | F130 |2-CC-TV-202E F130 H B C 1] 13140]  6715] 16} 38
26 1-CC-TV-102B | F130 |2-CC-TV-2028 F130 | CC FM C RCP AND H | B C 1] 13t90] 675| 116] 45 ﬁ
SHROUD
26| 1-CC-TV-102A | F130 [2-CC-TV-202A | F130 H | B g| 1| 13140]  6715] nel s
27{1-CC-TV-102D | Fi30 |2-CC-TV-202D | F130 | CC FM B RCP AND H B 8] C 1] 13180 675 16l 40
SHROUD
27| 1-cc-Tv-102C | F130 |2.CcC-TV-202C F130 H B 8| ¢ 1] 13140 675] sl 3
28] 1-CH-TV-1204A | M120 |2.CH-TV-2204A | M120 | LETDOWN H | D 2| B 1] 13140 go| 27s| 300
28| 1-CH-TV-1204B | M120 |2-CH-TV-2204B | M120 H | D 1l B tj 13140] 80| 275] 300
31| 1-HC-14 Vi35 |2-HC-15 V135 | HC SYSTEM 1 c 2l A 0 0 al 120 5]
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Table A-2 (Continued)

——

PEN Unit § h Unit 2 o Op Ops/ | Hours | Flow | Temp| Preas

’ Comg ID Maml Comp ID Mamaf Function Type { Type | Size | Service | Cycle Flg;f/ (.gc;;:; (B | (pag)

46| 1-CH-330 K085 }2-CH-132 K085 | LOOP FILL " H C 2] B ! 8/ 100| 130 2500

46 1-CH-BCV-1160 | M120 | 2-CH-FCV-2160 | M120 Al F 2{ B t 8l 100 130} 2500

47| 1-1A-55 | 1 vogo | 2-1A-250. v085 |INSTRUMENT AIR F c 2f A | 13140 50f 110 110

471 1-1A-TV-1028 Ft30 {2-lA-TV-202A Fi30 D F 2 A t] 13140 sof 105 s

48} 1-¥G-TV-1008 | F130 |2-VG-TV-200B F130 | PRI VENT HEADER H F | 15| a 1{ 13140 t{ 120 s
48] 1-VG-TV-100A | F130 {2-VG-TV-200A | FI30 H | F {15 A 1f 13140 i 120 s

50| 1-81-HCV-1936 | M120 | 2.8I-HCV-2936 | M120 | N2 TO PRT D F ij A 56 s 30| 10s| 660
50]1-81-TV-101 | F130 {2-S1TV-20% Fil0 D F i A 50 8 30{ iooj 150

53| 1-81-106 R340 |2:81-132 R340 H | C 1] A 50 8 30| 150] 2200

53| 1-81-TV-100 | F130 |2-81-TV-200 F130 D | F t{ A 50 8 30| 100] 2000
$4]1-DAY9 1207 [2-DA-7 1207 | PRI VENT POT VENT D | D 21 A 1 8 s| 100 2
54| 1-DA4r . -tzoﬁ,:ji‘zfpa-s 1207 D | D 2] A I 8 5| 100 2
5500 1-LM-TV-100F | M120'|2-LM-TV-200F Mi20 | LEAKAGE MONIT o F |.33s A 0 0 0] 105 6
55D 1-LM-TV-100E | MI120 |24LM-TV-200E | MI20 D £ |35 A 0 0 o 105 6
S6A | 1-88-TV-100A | MI20 |2.88-TV.200A Mi20 | PZR LIQ SPACE SAMPLE | H F |35 B 15 1 2| 6sa| 2235
56A | 1-88-TV-1008 | M120 |2-55-TV-2008 M120 H | F |a315] B s 1 2| 653| 2235
568§ 1-S8-TV-106A M120 | 2-8S-TV-206A M120 | HOT LEG SAMPLE H £ 35| B 700 1 1] 631 2485
$68] 1-88-Tv-106B M120 | 2-88-TV-2068 MI120 H F |.375 8 700 1 1] 431] 2488
56C| 1-S5-TV.102A | M120 | 2-85-TV-202A M120 | COLD LEG SAMPLE H F |315] B 350 ! 1] sa7| 2238
56C ([ 1-55:TV-1028 | M120 | 2-SS-TV-2028 M120 H | F 375 B 350 1 t| sa7| 2235
'r 56D | 1-8S-TV-112A Mi20 |2-88-TV-212A M120 | SG BLOWDOWN SAMPLE| H F {375 i is i 5{ 521] 880
| s6Df1-ss-Tv-1128 | Mi20|2-85-Tv-2128 M120 H | F |31 1 15 1 s <21 sgo
[ $7A] 1-LM-TV-1000 | M120 [2-LM-TV-200H | M120 | LEAKAGE MONIT o | £ {ars] A 0 o] 105 N
57A] 1-LM-TV-100G | M120 |2-LM-TV-200G | M120 D F |3715] A 0 o] 105 6
S7B] 1-88-TV-104A M120 |2-SS-TV-204A M120 | PRT GAS SPACE SAMPLE| H F |375 A 0 1 2] 200f 50
STR{ 1-85-TV-104B M120 |2-S3-TV-204B Mizo H F |375] A 30 i 2] w0} S0
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Table A-2 (Continued)

PENT Unit | Unit 2 ——(;p- Ops/ | Hous | Flow | Temp| Preen |
’ Comp ID Manaf Comp ID Maral Function Type | Type | Size | Service | Cycle ﬂg;v g:) (*F) | {pmg}
93] 1-CV-TV-150B F130 |2-CV-TV-250B F130 F 2 A 900 1 621 108 6
H 94| 1-CV-TV-100 F130 |2-CV-TV-200 F130 | CONT VAC EJECTOR H B 8] A 2 g&] 2500] 10%
‘ SUCTION

| 94f1-cva Po32 |2-CV-4 PO32 Al E]| 8 a 2 8] 2500] 105] 6
H 97A | 1-55-TV-103A M120 | 2-85-TV-203A M120 | RHR LIQUID SAMPLE H F |.375 B o 1 1{ 350§ 350
PM 1-§8-Tv-1038 | M120 |2-85-TV-203B M120 H £ |.375 B 6 1 1| 350| 350
I 978} 1-LM-TV-100B .'| M120 | 2-LM-TV-200B M120 | LEAKAGE MONIT D E ].375 A 2 o o| 105 o
’77978 1-LM-TV-100A ''| M120 | 2-LM-TV-200A M120 D F |.375 A 2 0 ol 108 0

97C | 1-RC-176 K085 |2-RC-143 KO85 | PZR DEAD WT A G | 43{ A 0 0 o] 150! 2235

, 5 ' CALIBRATOR

97C| 1-RC-178 | K085 | 2-RC-145 K083 ) A G | 13| A 0 0 of 150 2215
| 98A | 1-HC-TV-100A | V030 | 2-HC-TV-200A V010 | HC SYSTEM E F |.315 A 0 0 e} 120 5

98A | {-HC-TV-100B ' | V030 |2-HC-TV-200B V030 E F |.3715] A 0 0 of 120 5
988 | 1-HC-TV-108A .. '| V030, | 2-HC-TV-208A V030 | HC SYSTEM E E {.315] A 0 o of 120 5
98B] 1-HC-TV-108B . | V030 |2-HC-TV-208B V030 E F |.375 A 0 0 ol 120 s
100] 1-WT-488 C684 | 2-WT-438 V135 | WET LAYUP B SG A E 3 E 1 g 150] 100 100
100] 1-WT-46) 684 |2.WT.447 Vi35 A E 3 E | B 150| 100} 100
103} 1-RP-28 1207 |2-RP-7 1207 | REFUEL PURIF INLET D D 6l B 4 g| 400| 140 50
103 1-RP-26 1207 |2-RP-84 1207 D D 6 B 4 8] 400{ 140 50
104] 1-RP-6 1207 | 2-RP6 1207 | REFUEL PURIF OUTLET | D >} 6] B 4 gl 400| 0 25
104] 1-RP-8 1207 }2-RP-50 1207 D | D 6| B a 5| 400] 30| 25

105A | 1-LM-TV-100D | M120 |2-LM-TV-200D | M120 | LEAKAGE MONIT D F | .35 A 2 0 o| 105 e

105A ] 1-LM-TV-100C | M120 |2-LM-TV.200C M120 D F | .a7s A 2 0 ol 105 0

1058] 1-HC-TV-102A | V030 [2.HC-TV-202A V030 { HC SYSTEM D F {3151 A 0 0 of 120 5

105B| I-HC-TV-102B V020 | 2-HC-TV-202B V030 E F | .375 A 0 0 ol 120 s
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Table A-2 (Contimued)

ﬁ H T Unit 2 Op Opy | Hours | Flow | Temp| Preas
. . : . {
' CompiD | Manuf| CompID | Manuf Function Type | Tope ) Size | Service | Cycle HS: I (f:‘;mm; en \pﬂg};
105C| 1-LM-TV-101D | M120 |2-LM-TV-201D | M120 { LEAKAGE MONIT D | F |375] A | 0 o 08 Y
SEALED REF
105C{ 1-LM-TV-101A | M120 |2-LM-TV-201A | M120 D | F [3715] & 1 10§ ol
1050 1-LM-TV-1018 | M120 |2-LM-TV-2018 | M120 | LEAKAGE MONIT D F|lars] A ! £0S 0
~ . SEALED REF
105D | 1-LM-TV-101C | M120 |2-LM-TV-201C | M120 D F |3715] A 1 0 o} 105 0
106| 1-SI-TV-1842 ‘M120 |2-S1-TV-2842 M120 |SI TEST LINF D F | .15 B 42 7 15| 120] 660
106{ 1-81-TV-1859 M120 | 2-51-TV-2859 M120 D F | .1s| B 2 7 ts| 120 660*
108 1-WT-511 C684 | 2-WT-439 V133 | WET LAYUP C §G A E 3f E i 8 150] 100 100
108 1-WT-514 Ceg4 | 2-WT-448 V138 A E 3l E ! 8{ 1sol 00| 100
109{ 1-HC-18 V135 [2-HC-20 V135 | HC SYSTEM | C 2 A ! 8 so| 120 5
109] 1-HC-TV-103A | V030 |2-HC-TV-203A | volo £ F |.3715] A 0 0 o] 120 s
109 1-HC-TV-103B | V030 |2:HC-Tv-2038 | vo30 E | F |.3715] A 0 0 120 5
109| 1.HC-TV-107A ' | €635| 2-HC-TV-207A | C635 H | F |25 A 1 8 so|l 120 5
109 1-HC-TV-1078 | €635 | 2-HC-TV-2078 C63s D F | 25{ A ! 8 sol 120 5
11D -DA-TV-103A | F130 |2-DA-TV-203A | C635 | POST ACCIDENT H F 2l B 24 ! s| 100 15
. SAMPLE RETURN
111D] 1-DATV-1038 | F130 |2-DA-TV-2038 C635 D F 2 B 24 1 s{ 120 5
112| NOT USED FI30 |2-1A-TV-201A Fi30 |iNSTRUMENT AIR D F 3t A 0 o o] 110 o
112 NOT USED F130 {2-1A-TV-201B F130 D F 3 0 0 o| 110 0y
113] 1:51.90 V08S |2-§1-119 V085 | HHSI (NORMAL AND H C 3| B 1 B, 600 160] 1235
ALTERNATE CHG) TO |
HOT LEGS !
113] 1-S1-MOV-18698 | VO8S {2-51-MOV-2869B | V085 E 3 ! 8] 600 160! 223%
114 1-51-201 VO08S |2-51-107 V085 H il B | Bl 00| 160] 223
114] 1-SI-MOV-1869A | VO8S | 2-SI-MOV-2869A | V08S B E il B ! 8| 600l 180] 2235




Table A-3. Class Variable Data Codes

MANUF MANUFACTURER NAME oP l VALVE OPEFATOP TYPE
CCODE TYPE
CODE |
=
R180 |Allis Chalmers A jManual
A200 |Aloyco Civ / Walworth Co B |Electric Motor/Servo
A391 |Anchor / Darling Valve Co D Ppeumatic
| €630 |Contromatics Div / Litton Inds E Soleno:d
€635 { Copes - Vulcan Inc F Float
C684 |Crane Valve Products / Crane Co H Mechanical -4P to Open
F130 | Fisher Controls Co Inc J None {-heck valves)
FGO?S General Dynamics
1207 JITT Grinnell
K08S | Kerotest Mfg Corp
M120 |Magoneilan International Inc
M360 |[Misgion Drilling Prod Div / TRW Inc
P032 | Pacific Valves / Mark Controls Corp
P30S {William Powell Co
P340 |Henry Pratt Co
S075 ] Schutte and Koerting Co {Ametek Inc)
V030 | Vvalcor Engineering Coxrp
V080 | Velan Engineering Corp
V085 | Velan Valve Corp
V135 | Henry Vogt Machine Co
w030 | walworth Co e
— ] I ———al
TYPE VALVE SERVICE SERVICE
CODE TYPE CODE |
A |Ball - E A Air/Gas
B Butte:fly" B Borated Water
C Check o Chromated Water
D Diaphragm D Clean Water
E Gate 7 E Condensate
| _F Globe F Dirty Water
G éeedle j’ G Service Water
H Steam
I Lake/River Water
J Steam Generatar Water/Chemicals |

NUREG-149) A-24




predictive of time between maintenance Lvernts.
In this procedure, the emphasis was on
continuous measures of valve performance: size,
operations per operating cycie, hours of flow per
operating cycle, flow, temperature, and
pressure. [n step-wise procedures, variables are
included in the model one at a time. At each
step, the variable which maximized the r* value
of the model was retained, and the model’s
ability to fit the dependent data was assesse”
The procedure moves forward step-wise in tha.
the initial model utilizes only one independent
variable and additional variables are added at
cach step. Since the step-wise procedure could
nol utilize censored data, the right censored
components were excluded and the interval
censored components were assigned a particular
maintenance time. Specifically, the interval
censored components were assumed to have
required maintenance exactly halfway between
the inspection which identified a problem and
the prior inspection which found no problems.
The variables corresponding to hours flow per
operating cycle and flow were selected as a
result of the step-wise regression.  This
equation, however, explained only 10.2% of the
variability in the maintenance times (r?=0.102).
Incorporating additional variables such as size,
operations per operating cycle, temperature, and
pressure increased the @ only marginally
(<1%).

The final statistical procedure was a regression
analysis which utilized censored data. It was
decided to utilize a model with five independent
variables: operator type, valve typé, type of

service, hours flow per operating cycle, and

flow. The three descripiive variables were
included in the hope of enhancing the-model’s
ability to describe the censored maintenance
times. The procedure was performed -on-the
original censored data-set using the five
identified variables as independent predictors of
maintenance time. The results of this analysis
suggested that only operator type and type of
service were statistically significant predictors of
censored maintenance time (p<0.05). Valve
type was marginally significant (p<0.10).
Coefficient estimates for hours flow per

A-25

operating cycle and flow were not significantly
different from zero (p >0.10).

The maximum correlation between the five
variables and time until maintenance rate was
26 percent. It appeared that random matches
provided a large portion of this correlation. If
quantitative values were handled as class
variables, no significant change in results
occurred. Based on these results, variations in
valve performance cannot be predicted based on
system and valve physical characteristics. Thus,
a generic failure rate could be used in the
containment leakage model for the individual
component leakage failure rates.

As previously discussed, Figures A-6 and A-7
suggest that the component failure rate decreases
versus the time since last maintenance. In the
next series of analyses, the North Anna data
were analyzed to determine if the failures of
components should be modeled as dependent or
independent. The two types of dependent
failures which were investigated were common
mode failures of the same component, and
common mode failures of components in the
same penetration.’

There are 392 components at North Anna that
are Type C tested. Of these components, 168
have undergone maintenance to correct leakage
problems, with a total of 278 maintenance
events, since 1986. Of the 168, 91 components
have failed one time, 51 components have failed
twice, 21 components have failed three times, 3
components have failed four times, and 2
components have failed five times.

If multiple failures of a component are

‘independent, the probability of two failures of a

component is the square of the probability of a
single failure of the component. Table A4
shows the actual and expected number of
component failures (assuming independent
failures of the components) for two failure cases.
These failure cases are defined as (1) any
leakage rate causing a maintenance event and (2)
compraent leakage rate of 250 scf/h or higher.
The component failure rates per year were
cdlculated by dividing the total number of

NUREG-1493
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component failures by the total number of
outages multiplied by 1.5 (assuming an 18-
month interval between outages). Numeric
simulat.ons were then run using these failure
rates to determine the average expected number
of failed components given the number of
outages at each unit. This table shows that the
failures of a component are not independent,
1 ¢, once a component has failed, it is more
likely to fail again.

Table A-5 shows the actual and expected number
of component failures (assuming dependent
failures of the components) for the same two
cases as Table A-4. The component failure rates
per year were determined by running the
numeric simulation model described above and
adjusting the component failure rates until the
expected number of zero failures equaled the
actual number. A component beta value was
then introduced into the numeric simulation such
that if a component failed, the component would
fail again with a probability equal to the beta
value (i.e., a common mode failure between
successive failures of a component). This
failure was in addition to any random failures of
the component. The component beta value was
determined by running the numeric simulation
model and adjusting the beta value until the total
expected number of failures equaled the actual
number. Table A-5 shows that there is a good
match between the actual and expected number
of failures if a component beta value of
approximately 0.34 is used.

Based on a review of the North Anna data, in 29
cases a valve had two or more tests where the
1s-found leakage rate was 25 scf/h or larger. In
18 of these cases, the tests with thes~ leakage
rates were 18 months apart.- In 10 cases, the
tests were 36 months apart. In one case, the
tests were 72 months apart. From these data, it
is estimated that if a common mode failure of
the component occurs at outage N, 64.3 percent
of the time the second failure will be detected at
outage N+ 1, and 35.7 percent of the time, the
second failure will be detected at outage N+2.

NUREG-1493

An evaluation of the penetration common mode
failure probability required the wuse of
containment leakage model, and is described :n
the next section.

A224 Test Options Analysis

Because only 6 to 7 years of component leakage
rate versus lime data (five to six refueling
outages) were available for each unit, only

limited analysis of Type C test options can be
performed directly using historical unit data.

The only testing scheme for which sufficient
data exist to permit even limited evaluation 1s
the testing of all components every 36 mon..s
unless a component fails a test, in which case it
is tested cvery 18 months until it passes two
successive tests. The component maintenances
that would not have been performed under this
testing scheme were identified and removed
from the leakage-rate data-base, and this data-
base was evaluated to determine the new North
Anna unit containment leakage rates over time.
While several valves that were leaking at an
indeterminable rate would not have been
detected for an additional 18 months, there was
no significant change in the overall containment
leakage rates, and no change in the historical
probability of exceeding L.

Based vn the penetration configuration data and
the daia in Table A-5, a containment leakage-
rate model was created to evaluate selected test
scheme options.” This model assumes that all
components have a constant failure frequency of
1.3E-2 per year and a probability (component
beta value) of 0.34—such that if the component

- fails at outage N, the component will fail again

at outage N-++-1 or N+2. Based on the North
Anna data, 64.3 percent of these second failures
will occur at outage N+ 1 and 35.7 percent will
occur at outage N+2. Failure of a component
is defined as the component leaking at a rate of
250 sct/h or greater.

Table A-6 shows the probabilities of
indeterminable containment leakage paths for the



Tahle A 4 Actual Versus Expected Number of Multiple Valve Failures Assuming
Independent Failures

Failure = Any Leskage of Component Failure »= {eakage Rate of
Requiring Maintenance Component > = 250 scf/b
# Fallures of
Component Actusl Expected” Actusl Expected™
0 224 184 352 338
1 91 149 26 5C
2 51 50 11 3
3 21 9 3 0.1
4
3
6

' Assuming independent failures of components, failure rate = 8.60E-2/yr per component.
“ Assuming independent failures of components, failure rate = 1.76E-2/yr per component.

Table A-5. Actual Versus E;(‘pected Number of Multiple Valve Failures Assuming Dependent

Failures

0

l 91 95 26 28

2 b} 46 [} 9
[ 3 21 19 3 2.7

4 3 ] 6 : 0 0.7

5 2 ' 1.6 0 0.2

6 0 0.2 0 0 J
S T s e

" Assuming dependent failures of components. failure rate = 6.465-2/yi- per component,
_ tomponent beta value = 0.34.

™ Assuming dependent failures of components, fmlure rale = 1.29E-2/yr per component,
component beta value = 0.34.
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Table A-6. Probability of Indeterminate Containment Leakage Paths for Test Scheme Options

Probability of Having N Iniicterminable Containment Leakage Paths

| o | se .| 100 Joo9is3 |72.8E2]34983]1.00E4f20086] © 0 0 0 0

I ¢ SSE2 6.08 100 | 07319 | 22361 | 3.94E-2 | 4.956-3 | 4.9884 | 2.66E-5 | 3.12E6 0 0 0
2 ) £.06 0.51 | 08413 | 14581 | 1.2952 | 8.1364 | 4.00E5 | 33367 o 0 0 0 0
2 5.582 8.65 052 | o620 [2.0061 |73482 | 10982 | 1.9E3 [ 2.06E4 | 2505 10788 | o 0 0
3 a | - 037 | 0.8019 | 1.76B-1 | 2.00B2 | 1.53E3 | 9.27E-5 [ 4.00E6] © o 0 ) 0
3 ssg2 | emii, | o7 |osser |3ase1]e7sE2|2.11E2] 39263 [ 4.83E4 | 5.50E5 | 6.63B6 [390Ev| o 0
4 [ 7397 | 053 | 0.8645 | 12981 | 9.56E-3 | 5.16B4 | 237BS| 0O ] o 0 0 o
4 ' $.SE2 193 | o053 |osear {27781 |6s8B2}1.12B2]1.5083 ) 1.6684 | 160E5| 1L.17B6 | 0 0 0
5 (3 739 | . 0351 ] 08646 | 12581 | 9.58E3 | 4.25E4 | 2.1385] o 0 ) 0 0 o

E SSE-2 74 | 053 [oesr [2.7781] 66082 ]1.12B2] 15083 | 1.63E4 | 14885 | 1.56B6 [39087] o 0
6 033 25081 | 64482 | 1012 2.1383 [ 28684 | 3365 | 367B6 | o ¢ 0
6 3.18B-1 | 1.54B-1 | 5.88E-2 | 1.908-2 { 5.00B-3 | 1.20E-3 | 24284 | 4.52E-5 | 8.97E6 | 23486
7 2.888-1 | 19581 | 1.095-1 | 51282 | 2.14E-2 | 7.768-3 | 2.48B-3 | 7.1064 | 1.93B4 | 5.67E5
7 22761 | 2.036-1 | 1.57E-1 | 10581 | 62182 | 3.26E2 | 15582 |6.6263 | 2.63B3 | 13763

-




seiected test scheme options. The test scheme
options evalnated are:

L. Test all components every
outage.

2. Skip next test of component if
lest passed.

3. Skip no tests if pass one test or

failed previous test.
Skip two tests if pass two tests.
Skip six tests if pass three tests.

4. Skip no tests if pass one test or
failed previous test.
Skip one test if pass two tests.
Skip two tests if pass three tests.

5. -Skip no tests if pass one test or
failed previous test.
Skip one test if pass two tests.

6. Test every 3rd outage (one test
approximately every five years).

7. sust every Tth outage (one test
approximately every 10 years).

In Table A-6, two values (0 and §5.5E-2) were
used as comunon mode failure (CMF)
probabilities for each penetration. The CMF
probabiliti-s were applied such that if one or
more components associated with a penetration
failed, the penetration would fail.

The CMEF probability of 5. 5E-2 was selected to
result in a probability of approximately 0.73-for
zero indeterminable containment leakage paths.

The value of 0.73 is based on North Anna's

experience of 3 occurrences of indeterminable

containment leakage paths in 11 unit outages.

Table A-7 shows the change in incremental rigk
duc to containment leakage® relative to the
current test scheme (test scheme option 1) for
the selected test scheme options. The values in
this table were calculated as:

Y PSPN)N
IRSp) =
Y PPN N

Nel
where:
IRS,p) = incremental risk for test scheme
option S, penetration common
mode failure probability p
P(S,p.N) = probability of having N
indeterminable containment
leakage pathways for test
scheme option S, penetration
common mode failure
probability p

This equation assumes a linear relationship
between risk due to containment leakage and
containment leakage rate.

Tables A-8 and A-9 are similar to Tables A-6
and A-7, respectively. In these tables, the
component failure rate was reduced by 54
percent to reflect the lower probability of failure
seen at North Anna since 1990. This value is
based on 14 indeterminable valve leakage
failures in the last § outages, as opposed to 57
indeterminable valve leakage failures in the 11
outages in the complete data-base. The
component beta value and the penetration
common mode failure probability are assumed to

-'remain the same as previously determined. As

A-29

can be “seén from Table A-9, there is no
significant change in incremental risk compared
to Table A-7. This implies that the impact of

- performance-based testing on incremental risk is

driven by the component beta factor rather than
the independent component failure rate.

A3  GRAND GULF ANALYSIS

The Grand Gulf Power Station is comprised of
a single boiling water reactor.® Data collected
at the power station was similar to that collected
at North Anna.

NUREG-1493
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Change in incremental Risk Due to Containment | eakage Reative t0 Cures s

Test Scheme for Test Schern. - Options

Penetration Common Mode

Failure Probability

2.59 § LTI 1.7} 5.00 16 25

5 5E-2 100 l 1,52

1.86 1.4] 1.4] 2.86 697

Based on the insights gained from the North
Anna analyses, a more restricted set of analyses
was performed on the data gathered from Grand
Guit. No statistical analysis was performed to
investigate whether component failure rates
would be predicted in terms of the components’
physical and usage data. The analyses
performed using the Grand Gulf data consisted
ot the calculation of a valve generic failure rate,
the common mode failure probability for the
valves, and the penetration common mode
failure probability. Using the results of these
analyses, the effect on incremental risk due to
containment teakage was calculated for the seven
test schemes analyzed in the North Anna data
analysis

Table A-10 shows the number .of component
failures ohserved at Grand Gulf binned by the
types of component failures observed. The
types of failures considered were those with an
immeasurable leakage rate, failures with a
measurable lcakage rate, as well as those cases
where a component didn’t undergo a leakage test
before maintenance on that component was
performed. Leakage is classified” as
"immeasurable” when the component leakage
rate exceeded the range of the testing equipment.
As an example, the first line of Table A-10
shows that two valves had both two measurable

leakage failures and two immeasurable leakage .

failures, and the valves underwent maintenance
twice nrior to being leakage tested. '

Table A-11 presents various statistics related to
cuntainment penetrationcomponent performance.
Based on the information in Tables A-10 and
A-11, estimates of the valve independent failure
rates were computed and are shown in Table

NURBG-1493
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A-12. The first set of calculanions 1in Table
A-12 assumes that all valves which underwent
maintenance prior to being leakage tested would
not have failed such a test if it had been
performed. The second calculation corrects the
failure rate for these cases by assuming no
knowledge of the state of the valve prior 1o the
maintenance. For the remaining analysis, the
latter failure rates were used.

Table A-13 shows the actual versus expected
number of valve failures assuming independent
valve failures due to measurable as well as
immeasurable leakage rate. Two different
expected number of valve failures are presented
for each case. The first value accounts for tests
which were not performed prior to maintenance.
The second value is the expected number of
failures which would have been expected if all
tests had been performed. As can be seen from
this table, the expected number of muitiple valve
failures is lower than the actual number
experienced. The latter is due to the assumed
independence of failures up to this point.

Table A-14 shows the actual versus expected
number of valve failures assuming dependent
valve failures for both measurable and
immeasurable valve leakage rates. In preparing
this table, a component beta factor was
introduced such that there was an increase

probability of a component failing if it had failed

previously. The value of this beta factor was
derived in the same manner as performed in the
analysis of the North Anna data.

Based on the penetration configuration data and
the data in Table A-14, a containment leakage-
rate model was created to evaluate selected test



teE-v

£6v I-OTHNN

Table A-8. Probability of Indeterminate Containment Leak Paths for Test Scheme Options - Data from 1990 to Presen

Probebility of Having N Indeterminable Containment Leakage Paths

T | P [ e ein ot
"‘0‘:: Mode Failure | in Fiiled State | Tesegpee | W70 | N=) | N=2 | N=3 | Ne=d | Nas | N=6 | Ne? | Nef | N=o | N=i0 | N=l1+
Probability per Outage Outage
1 0 3.07 100 {09748] 2.48E-2 | 3544 | 292E6| O 0 0 0 0 0 0 )
] $.SE-2 3.30 1.00  10.8597] 1.27E-1 | 1.24E-2 | 9.04E4 | S.3LE-S| 2.08E6 | 4.956-8 | 9.90E-8 0 0 0 0
2 0 4l " 051 Josas?)] 49962 | 14083 | 2925 | s4sE7| o 0 0 0 0 0 9
2 5.56-2 ‘6. 74 051" |0.8007| L74E-1 { 2.27E-2 | 2.175-3 | 1.64E4 | 9.06E-6 | 2.48E-7 | 1.49E.7 0 0 0 0
3 o 5,01, 0.36  '10.9%43| 6.34E-2 | 2.29E-) | S976-5 | 1.04E5| 4.9SE-8 0 0 0 ) 0 0
3 5.5E-2 "853, | 03s 1o.7600| 2.04E-1 | 31962 | 3.63£3 | 3.30E4] 2.26E5 | 12466 | 1.9857 0 0 o 2
4 0 4,04 052 |09566| 42452 | 1,026-3 | 1.876-5 [ 1.49E7] o o 0 0 0 0 g
4 $.SE2 435 1 052 08100} 1.67€-1 | 2.11E-2 | 1.98€-3 | 1.92E4] 8.32E-6 { 3 47E-7 ] 9 90E-8 0 0 4] Q
s o 404 052 |o9ses) 42482 | 1.02E3 | 1.MES | 495E8| O 0 0 0 0 0 a
[ $SE2 435 .ol 052 08100 1.67E-1 | 2.11E2 | 1.97E-3 | 1.50E4| 8.07E-6 | 31.96E-7 | 9.90E-s 0 0 0 a
"a 0 6.68 034 |0.878T] 1.11E-1 | 9.58E-3 | 63SE4 | 3.S1E-S| 1.73E6 0 0 0 0 0 0
LI $.5E-2 a8 034 Jo0.6824f 2.45E-1 | S.90E-2 | 1.12E-2 | 1.74E-3] 2.20E4 | 2.36E-S | 2.97E6 | 2.97E7 0 0 0
ll 7 0 123¢ ] 018 [0.6578) 2.56E-1 | 6.91E-2 | 1.46E-2 | 2.48E-3| 3.64B-4 | 4.58E-5 | S.10E6 | 1 49E.7 | 4.95E.8 0 0
? SSE2 13.24 0.18  J0.4385| 3.16E-1 | 1.57E-1 | 6.17E-2 | 2.02E-2| $.69E-3 | 1.37E-3 [ 2994 | S69E-S | 931ES | 891E7 | 197E7

Test Scheme Options:

1: Test all components every oulage

W

Skip next test of component if test passed
Skip no tests if pass [ test or failed previous test

Skip 2 tests if pass 2 tests (test approximately every S years)
Skip 5 tests if pass 3 tests (test approximately every 10 years)
4: Skip no tests if pass 1 test or failed previous test
Skip 1 test if pass 2 tests
Skip 2 tests if pass 3 tests (test approximately every 5 years)

5: Skip no tests if pass | test or failed previous test
Skip 1 test if pass 2 tests

6: Test every 3rd outage (1 test approximately every S years)

7: Test every 6th outage (1 test approximately every 10 years)




| abie A-v Change in Incremental Risk Due to Containment Leakage Relative to Curren:
Test Scheme for Test Scheme Opuions - Data from 1990 to Present

Sk Lo
Test Scheme Option
Penetration Common Mode
Failure Probability 1 2 3 4 5 o 7
0 100 | 207 | 267 | 174 | 1.74 | 5.18 | 17.61 §
5.5E-2 1.00 1.47 1.81 1.39 1.39 2.62 6.04
N TS S I s R = R TR

Table A-10.  Containment Penetration Component Failures

VALVES “
# Tesis After Maintenance | # Failures with Immeasurable | # Maintenances Due to # Valve
w/o Test Before Leakage Rate Measurable Leakage Ra.c Occurrences
Maintenance

2 2 2 2
o 0 0 50
2 0 0 20
2 1 2 |
1 0 2 5
0 2 3 1
0 0 0 59
3 0 0 4
0 1 2 3
3 i 1 2
0 0 i 11
0 0 2 2
0 1 3 1
1 0 1 2
0 1 1 2

1 1 1 2 “
2 1 1 1
2 0 - - 1 2

-~ . COMPONENT TYPED B
| 0 Q0 0 2
i 0 0 1 1
0 0 2 1
1 "0 0 1
. GASKETS

u 0 0 0 2
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Table A-11. ¢ omponent Statistics

{ ™ _ R R RO RR L S SR = e
Patameter Yalue
L " T O Ry
Time between immca_sunblc failures 18, 30, 15 months
Total number of valves 170
Total number if immeasurable failures of valves 18 |
Tolal number of measurable failures of valves 36
Total number of failures of valves 54
Tolal number of valves where test was performed after maintenance {129
w/o a test before maintenance
Total time period (including 18 months prior to first refueling 86 months
outage)
Average time between refueling outages 17.2 months

Table A-12,

Valve Failure Rates

170 valves * 86 months = 14620 valve-months
Exposure i
170 valves ® 5 outages = B850 valve-outages - ]\l
18/14260 = 1.2E-3 per valve-month
Immeasurable Failures
18/850 = 2.1E-2 per valve-outage
36/14620 = 2.5E-3 per valve-month |
Measurable Failures 1
36/850 = 4.2E-2 per valve-outage ]
Yotal Fail 54/14620 = 3,7E-3 per valve-month
o Tl 54/850 = 6.4E-2 per valve—outage

CouWPaﬂmMAmomﬁuFmMWh&eTmeP«fomdAﬁuMWimA

Test Prior 'Po Maintemee
14620 - 129‘17 2 12400 v:lve-momhs |
Exposure |
850 - 129 = 721 valve-outages g
) 18/12400 = 1.5E-3 per valve-month 4‘
Immeasurable Failures - y ~ -
- 18721, = 2,5E-2 per valve-outage
M e Fail 36/12400 . = -2.9E-3 per valve-month
casurable Failures e - —— -
36721 = -5.,0E-2 per valve-outage
54/12400 = 4.4E-3 per valve-month
Total Failures e =
347721 = 7.5E-2 per valve-outage

NUREG-1493



Pabig A §3 Acual Versus bxpected Number of Muluple Valve Fatlures Assumung
Independent Failures

¥ Faslures of Failure = Any I.cahgc of Componen Failure = .eakage Rate of
Component Roqumng Maintenance Component > = 250 scf/h
Actual Expected™ Actual’ Expected™
o 133 122.3/115.0™ 155 152.8/149.8
T 12 41.6/46.7 12 16.5/19.2
R 13 57170 3 0.7/1.0
tw 3 2 0.4/0.6 0 0000
B 4 0 00,000 | 0 0.0/0.0

lgnores all cases where a valve didn't undergo a leakage test before maintenance.

Assuming widependent tarlures of components, failure rate = 5.0E-2/yr per component.

Assuming independent failures of components, failure rate = 1.7E-2/yr per component

F-rst value 1s expected number of valve failures accounting for the times where a valve didr’ undergo a
leakage test before maintenance. The second value is the expected number of valve failures assuming all
icakage tests were pertormed prior to valve maintenance.

Table A-14.  Actual Versus Expected Number of Multiple Valve Failures Assuming Dependent

Failures
—_——
) Failure = Any Lecakage of Component Failure = Leakage Rate of
#CF allures (:f Requiring Maintenance Component > = 250 scf/b
omponetl
Actual” Expected™ Actual’ Expected™
e
i S 133 133.1/127.1° 155 155.1/152.5
i 22 24.1/28.6 12 12.2/14.5
2 13 9.3/10.2 3 2.3/2.6
3 2 28131 0 0.3/0.4
4 0.7/0.8 0 0.0/0.0
——— A T e e —

{gnores all cases where a valve didn't undergo a leakage test before maintenance.

Assuming independent failures of components, failure rate = 3.81-2/yr per component, component beta
factor = O 31. o

Assuming independent failures of components, failure rate = 1.4E-2/yr per component, component beta
factor = 0.17. ]

First value is expected number of valve faifures accounting for the times where a valve didn't undergo a
leakage test before maintenance. The sccond value is the expected number of valve failures assumng all
teakage 1ests were performed prier to valve maintenance.
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schemc options. This model assumes that all
components have a constant failure frequency of
1 4E-2 per year and a probability (component
bets value) of 0.17; such that if the component
fails at outage N, the component will fail again
at outage N+1 or N+2, Based on the North
Anns data, 64.3 percent of these second failures
will occur at outage N+ 1, and 35.7 percent will
occur at outage N+2. These values are
consistent with the Grand Gulf data. Failure of

a component is defined a« the component leaking
at an imumeasurable rate.

Table A-15 shows the probabilities of
indeterminable containment feakage paths for the
selected test scheme options. In this table, two
values (0 and 6.0E-2) were used as common
mode failure (CMF) probabilities on each
penetration. These penetration CMF
probabilities were applied such that if one or
more components associated with a penetration
failed, the penetration would fail with this
probability. The CMF probability of 6.0E-2
was selected to result in a probability of
sproximately 0.80 for having zero
indeterminable containment leakage paths. The
value of 0.80 is based on Grand Guif's
experience of 1 occurrence of indeterminable
containment leakage paths in 5 unit cutages.

Table A-16 shows the change in incremental risk
due to containment leakage rate' relative to the
current test scheme (test scheme optiod 1) for
the selected test scheme options. The values in.
this table were calculated in the same manner as
in the North Anna analysis.

A4  COMPARISON OFRESULTS . -

Table A-17 shows a comparison between the
containment isolation valve leakage failure rates
calculated for North Anna and for Grind Gulf.
As can be seen from this table, the independent
and the dependent failure rates are comparable
between the plants, vith Grand Guif's failure
rates being slightly lower. The component beta
factors for valve failure with any leakage rates
are also comparable. The compon:nt beta factor
for valve failure with immeasurable leakage
rates for Grand Gulf is about half the

corresponding beta factor for North Anna
Whether this is due to »n actual difference in the
valves between the tw) plants, or is due (o the
fact that some of the Grand Gulf components
with the worst performance history are also the
valves which are being maintained before being
leakage-tested (and potentially under-
representing the number of multiple wvalve
failures) is unknown.

Table A-18 shows a comparison of changes in
incremental risk due to containment leakage rate
relative to current test scheme for test scheme
options for North Anna and for Grand Gulf.
The analysis of alternate testing schemes
perfornied based on the North Anna data showed
a strong dependence between the incremental
risk impact of the various testing schemes and
the component beta factor. While the Grand
Gulf component beta factor, for those valves
with an immeasurable leakage -ate, is lower than
that for North Anna, no significant difference in
the results was found. For all perfor ace
based testing schemes (schemes 2 throu,. 5),
the maximum increase in incremental risk was
approximately a factor of 3.

Findings
The following findings regarding Type C testing

are made based on the analysis of the North
Anna and Grand Gulf aata:

AS

The random failure rates of components
cannot be predicted based on system and
component physical data. Because of
this, the component beta factor (a
‘measure  of “common mode failure)

. becomes relatively more important and
drives the above results.

® . Given a component failure, there is a
high probability that the component will
fail again in the next two operating
cycles. If the component does not fail

- within two operating cycles, further
failures appear to be governed by the
random failure rate of the component.

Of the performance-based testing
schemes evaluated, none increase the

NTTDEDC tAGd
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prubabilitv of comtainment leakage by
aicie than a f2ctor of approximately 3,
and none  nerease the containment
lcakage or.iubutin to overall unit risk
by .aore thian o few percent.

& Any test scueme considered should
require a failed component pass at least
twao consecutive tests before allowing an
extended test interval.

NUREG-1493

The NUMARC summary did not provide
sufficient detail to perform independent
quantitative assessment of the leakage-rate
experience or to derive component failure beta
factors as was done for the North Anna and
Grand Gulf data. Qualitatively the NUMARC
observations appear to be consistent with the
insights derived from the other analyses.
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Table A-15. Probability of Indeterminable Containment Leakage Paths for Test Scheme Options

PENETRATION |\ /MRER OF | FRACTION OF
TEST COMMON )\ pOWENTS | COMPONENTS
SCHEME MODE | O TS 4 O o
OPTION FAILURE N FAILEL =™ I N=0 | N=1 | N=2 | N=3 | Ne4 | Ne5 | N=6 | N=7 | N-8 | N=9 | N=10+
pRomABnITy | STATE PER OUTAGE
OUTAGE
) 0 T 424 1.00 09523 | 466E2 | 1L11E3 | 2.11ES] 0 0 o 0 0 0 0
1 6.0E2 .69 1.00 0.8044 | 1.75E-1 | 1.88E-2 | 1.26E-3 | 7.61E-5 | 2.1956 | 3.64E.7 | o 0 0 0
2 0 6.15 0.51 0.9026 | 9.26E2 | 4 64E3 | 1.60E4 | 3.2866 ] o 0 o 0 0 0
2 6.0E-2 6.80 0.51 0.7187 | 2.38E-1 | 3.67E-2 | 4.00E-3 | 3.23E4 | 1.97E5 | 1.46E6| 0 o 0 )
3 o 7.49 0.37 0.8594 } 1.30E-1 } 9.59E-3 | 4.79E4 | 2.08E-S 0 )] 0 0 4] 0
3 6.0E-2 8.26 0.37 0.6498 | 2.B1E-1 | 5.97E-2 | 8. 22E-3 | 8.38E4 | 6.52E-S | 5 46FE-6 [4] [)) a O
4 ) 588 0.52 09103 | 8.55E-2 | 4.06E3 | 1.32E.4 | 5.1066| 0 0 0 0 o 0
p 6.08-2 649 . 0.53 07271 | 2.32E) | 3.67E.2 | 3.70E.3 | 2.99E4 | 1.86E-5 | 2.91B6 | 3.64E7] o© 0 0
s 0 s87 0.2 09102 | 8.57E2 | 4.02E-3 | 1.36B4 | 291B6| 0 0 0 o 0 0
s 5,052, 6.49 0.53 0.7268 | 2.325-1 | 3.67E2 | 3.77E.3 | 2.85E4 | 2.00E5 | 2.5586 | © 0 0 0
6 1} '8.72 0.33 08042 | 1.68E-1 | 2.46E-2 | 2.70E-3 | 2.42E4 | 1 24E-5 | 1.09E-§ 0 0 [4] 0
s 6.0E2 9.64 0.33 0.5887 | 2.04E-1 | 9.15E-2 | 2.16E2 | 3.99E.3 | 6.19E4 | 7.76E.5 | 9.11E6 | 72957 | 0 0
7 0 . 15.40 0.17 0.5437 | 2.86E-1 | 1.17E-1 | 3.9SE-2 | 1.0BE-2 § 2.43E-3 | 4. T2E4 | ROVE-5 | 9.11E6 | 7.29E-7 | 7.29E-7
7 - 6.0E2 16.94 0.17 0.3434 | 3.00E-t | 1.89E1 | 9.80E-2 | 4.26E.2 | 1.54E2 | 4.87E3 | 1.31E-3 | 2.92E.4 | S.61ES | 1.35E-S
mm




Table A-16 Change in Incremental Risk Duc to Containment Leakage Rate Relative to Current Test Schense
for Test Scheme Options

Penetration Common Test Scheme Option
Mode Failure Probability 1 2 3 4 5 6 7
Q 1.00 209 | 308 | 192 | 193 | 4.63 14.27
6.0E-2 1.00 152 ) 198 | 147 | 147 | 2.59 5.82
lw“*

Table A-17.  Comparison of Containment Isolation Valve Leakage Failure Rates

’ cm Rate:

i Dependent Rate:
| Component Beta Factor:

1.4E-2/ys

Table A-18. Comparison of Changes in Incremental Risk Due to Containment Ieakage Rate Relative to
Current Test Scheme for Test Scheme Options

Plant Common Mode A ——p
Fallure Provabiiey} ! 12 | 3] 4. ] s 6 7
North Anna 0 100 | 203 [ 259 | 171 | 1.71 ] 500 | 1625
§ Grand Guif 0 100 [ 2090 1308 | 192 193] 463 | 14.27
North Anna $.5E-2 100 | 1.52 [ 1.86 | 141 | 141 ] 286 | 6.97
Grand Gulf 6.0E-2 100 [ 152 | 198 | 147 | 147 | 259 | 5.8
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Endnotes

{. The NRC gratefully acknowledges the assistance provided by VEPCO staff, especially Mr. David Heacock
and Mr. Marvin Tower.

2. The NRC gratefully acknowledges tie assistance provided by Entergy staff, especially Mr, Michael
J. Mcisner and Mr, Kevin Christian.

3. Each reactor is 2 Westinghouse 3 loop Pressurized Water Reactor (PWR) rated at 934 MWe, net, The
containment for each reactor is a convéntionally reinforced concrete structure with a flat base mat and
cylindrical walls topped with a hemispheric dome. The inside concrete surfaces are covered with steel liner
plates for leakagetightness. Containment design pressure is 45 psig. The containment is designed for operation
at subatmospheric pressure and is maintained at about 10 psia when the unit is in service. Free air volume is
1,825,000 cubic feet. Unit 1 was placed in operation in 1978; Unit 2 in 1980. The technical specification L,
for each reactor is 304.4 standard cubic feet per hour (sct/h) (0.10% volume/day).

4. St. Lucie 1, DCS number 8704130251, 3/7/87; penetration leakage rate of 3435 scf/h. St. Lucie 2, DCS
number 8907120017, 6/5/89; valve leakage rate of 6710 scf/h. St. Lucie 2, DCS number 9012260091,
11/28/89; valve leakage rate of 1923 scf/h, Dresden 3, DCS number 8512100206, 11/7/85; valve leakage rate
of 3026 scf/h. Dresden 3, DCS number 9209240032, 12/7/89; valve leakage rate of 1062 scf/h. Browns Ferry
2, DCS number 8501290100, 9/22/84; valve leakage rate of 1117 scf/h, valve leakage rate of 2687 scf/h, La
Salle 1, DCS number 8701070483, 11/5/85; valve leakage rate of 1892 scf/h.

5. Frequency of containment leakage at either Unit 1 or Unit 2 = 211%p?+8%p®, where p is frequency of
individual component leakage. This equation was derived as follows:

4 @ pHEPFRY) = 4%2p

2 @ @+p*pt+ptp) = 2%}

165 @ p*p = 165¢1p?

2 @ p*(p+p+p) = 2*3p

14 @ pr(p+p) = 14%2p?
211p?+8p*

where p*p means two valves in series, and p+p means two valves in parallel

6. To limit confusion, the common mode failuré probability related to multiple failures of a single componeat
is called the “component bets value," The common mode failure probability related ro multiple failures of
components in a penetration is called the pmaﬁon eommonmode failure ({CMF) pmbabxlity

7. The basic logic of the model is as follows: _

a Cm:umuneoovetinngOowgsforuchoompow

b. Based on failure frequency, flag outages where component fails. .

c. Select penetration CMF probability, apply to time line, If one or more components in a penetration
are failed, dlcompominpcwudonfaﬂwithmmbmtyofpmmonmmmodehﬂm
probability.

d. Select and apply test scheme. Ifcompom(isfailednwst set component failed at one of next

two outages with probabllity of component beta value.

Count total number of component failures in time line, *

For each time point calculate containment leakzge rate.

Cycle through above steps N times. N >>5000 (gives sample size of SE6 outages for each test
scheme and penetration common mode failure probability value combination).

h. Adiust results for number of outages and number of cycles. Print results.

o~
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8. See Section 7.1 for a description of risk due to containment leakage rate versus total unit risk.
9. Grand Gulf is a 1142 net MWe BWR which utilizes a Mark [l containment.

10. See Section 7.1 for a description of risk due to containment leakage rate versus total umt risk.
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APPENDIX B

APPROACH TO ASSESSING RISK IMPACTS

This appendix provides a more detailed
explanation of the risk assessment methodology
used in NUREG-1150 (NRC90) and the
approach taken in the present study to update the
NUREG/CR-4330 (NRC86) results based on
NUREG-1150.

B.1  NUREG-1150 APPROACH

The main objective of NUREG-1150 was to
provide a current state-of-the-art assessment of
severe accident risks for five U.S. nuclear power
units with different designs. The five
commercial nuclear power units include:

o Surry Power Station, Unit 1: a
Westinghouse-designed  three-loop
pressurized water reactor in a
subatmospheric containment building,
located near Williamsburg, Virginia

Peach Bottom Atomic Power Station,
Unit 2: a General Electric-designed
boiling water (BWR-4) reactor in a
Mark [ pressure suppression
containment, located near Lancaster,
Pennsylvania

Sequoyah Nuclear Power Plant, Unit 1:
a Westinghouse-designed  four-loop
pressurized water reactor in an ice
condenser containment building, located
near Chattanooga, Tennessee

Grand Guif Nuclear Station, Unit 1: a
General Electric-designed boiling water
(BWR-6) reactor in a Mark HI pressure
suppression containment, located .near
Vicksburg, Mississipni

Zioa Nuclear Plant, Unit 1. a
Westinghouse-designed four-loop
pressurized water reactor in a large, dry
containment building, located near
Chicago, lllinois.

The study can generally be characterized as
consisting of four major analysis steps and an
integration step as described below and in Figure
B-1.

1. Systems  analysis: the
determination of the likelihood
and nature of accidents that
result in the onset of core
damage.

2. Accident progression apalysis:
an investigation of the core
damage process, both within the
reactor vessel before it fails and
in the containment afterwards,
and the resultant impact on the
containment.

3. Source term analysis:  the
estimation of the radionuclide
transport within the reactor
coolant system (RCS) and the
containment, and the nature and
magnitude of the subsequent
releases to the environment.

4. Consequence _analysis:  the
calculation of the off-site
consequences, primarily in
terms of health effects to the
general population.

S. Risk integration: the assembly
of the outputs of the previous
tasks into an overall expression
of risk.

Systerns Analysis

The first step is the systems (frequency)
analyses. This step identifies the combination of
events that can lead to core damage and

estimates their frequency of occurrence.
Potential accident-initiating events (including
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exicrnai events for (wo units) were examined
ared  grouped according  to  the required
subsequent system response. Once these groups
were established, accident sequence event trees
were developed 10 detail the relationships among
systems required to respond to the initiating
event n terms of potential system successes and
failures. The front-line systems in the event
trees, and the related support systems, were
modeled with fault trees or Boolean logic
expressions as required. The core damage
sequence analysis was accomplished Ly
appropriate Boolean reduction of the fault trees
in the system combinations specified by the
cvent trees. ‘Once the important failure events
were identified, probabilities were assigned to
each basic event and the accident sequence
frequencies were quantified. The accident
sequence cut sets were then regrouped into unit
damage states (UDS) in which all cut sets were

expected to tesult in a similar accident
progression.
Accident Progressi lysi

The second step, the accident progression and
containment response analysis, investigated the
physical processes affecting the core after an
nitiating event occurs. In addition, this part of
the analysis tracked the impact of the accident
progression on the containment building. The
principal tool used was the accident progression
event tree.  The output of the accident
progression event tree (APET) was a listing of
numerous different outcomes of the accident
progression. As illustrated in Figure B-1, these
outcomes were grouped into accident
progression bins (APBs) that allow the collection
of outcomes into groups that are similar in terms

of the characteristics that are important to the
next stage of the analysis, the source term’

estimation.

Once the APET was constructed, the
probabilities of the paths through the APET
were evaluated by EVENTRE. EVENTRE
performs the function of grouping similar
outcomes into bins. The accidents that are
grouped in a single bin are similar enough in
terms  of timing, energy, and other

B-3

characteristics that a single source term estimate
suffices for estimating the radiological impact of
any of the individual accidents witiun that bin

The qualitative product of this step is a set of
accident progression bins. Each bin consists of
a set of event tree outcomes (with associated
probabilities) that have a similar effect on the
subsequent portion of the risk analysis, analysis
of radioactive material transport. Quantitatively,
the product consists of a matrix of conditional
failure probabilities, with one probability for
each combination of unit damage state and
accident progression bin. These probabilitics are
in the form of probability distributions,
reflecting the uncertainties in accident processes.

Source Term Analysis

The next step was the source term analysis. A
unit-specific mode! was developed for each of
the five units, with the suffix SOR built into the
code name. For example, SURSOR was the
source term model for the Surry unit. The
results of the source term analysis were release
fractions for nine groups of chemically similar
radionuclides for each accident progression bin.
As with the previous analyses, many results
were generated, too many for direct transfer to
the next step. The interface in this case was
accomplished through the calculation of
"partitioned” source term groups. The large
number of unit-specific XSOR results (where
*X"* represents the prefix for the individual unit)
were assessed and grouped in terms of early
health threat potential and latent health threat
potential and by similarity of accident
progression as it affects warning times to the
surrounding population. The product of this
step was the estimate of the radioactive release
of a set of source term groups, each with an
associated energy content, timing of the release,
and duration of release.

The fourth step was the off-site consequence
analysis which was performed with the MACCS

(MELCOR Accident Consequence Code System)
computer code. The MACCS calculations were

NUREG-1493



performed for each of the partitioned source
terms defined in the previous step. The product
of this step of the analysis was a set of off-site
consequence measurss for each source term
group. For NUREG-1150, the specific
consequence measures include early fatalities,
latent cancer fatalities, population dose (within
50 miles and total), and early as well as latent
individual cancer risk for comparison with
NRC’s safety goals.

Risk Integration

The final stage of the risk analysis assembles the
output of the first four steps into an expression
of risk:

Risk, = E, L, T, L, f,(IE,) P,(IE, = UDS)
P,(UDS, = APB) P(APB, = STG) C,

where the total risk is represented by summing
the product of the probability that the initiating
event leads to a unit damage state, given: 1) the
frequency of the initiating event 2) the
probability that the unit damage state leads to an
accident progression bin 3) the probability that
the accident progression bin produces a given
source term group, and 4) the consequence of
the source term group.

B.2 NUREG/CR-4330 UPDATE

The purpose of the NUREG/CR-4330 update is
to incorporate the latest PRA results, notably
those in NUREG-1150 (NRC90) and related
supporting documentation. However, not all of
the interim results needed to evaluate the risk
were reported in NUREG-1150. - Instead, the
update presented only a summary: of the results.

Thus, in order to extract the desired information
on the risk contribution of containment leakage,
some of the original computer files generated in
the preparation of NUREG-1150 were obtained
for each of the five units. The following
describes the general contents of each file.

Master Bin File: Definitions of the
accident progression
bins

NUREG-1493
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Frequency File: Frequencies of each of
the unit damage states
relating to relevant
accident  progression
bins and associated bin
probabilities
Consequence File: Expected consequences
for each of the source
term groups

Pointer File: Relationship  between
cach unit damage state
and accident progression
bin to its appropriate
source term group.

The information extracted from each set of the
above files includes the frequencies and expected
consequences of each of the source term groups
for the following three cases:

1. The base case included all
possible combinations of unit
damage states, accident
progression bins, and source
term groups. This case is
identical to the results presented
in NUREG-1150 and
comparison of the present result
was used (o verify the correct
usage of the data files.

2. Combinations with no
containment failure or bypass
which were used to characterize
the risk contribution of the
assumed pormal containment
leakage.

3. The results for isolation failure
were used to derive the expected
consequences of a pre-existing
large leak (0.1 f).

Subtracting the contribution of the no
containment failure cases {Case 2) from the base
case (Case 1) gave the resuls for zero



contamment leakage (Point 1) Case 2 resulted
i the risk contribution of normal containment
leskage (Point 2). Using the expected
consequences for a large leak (Case 3) together
with the probability of no containment failure
(Case 2) yielded the potential risk contribution
of a large pre-existing leak (Point 3).

These three points were plotted as ledk rate o
leak area versus expected risk and a4 curse wae
fitted through them It was found that a second
order polynomial would accurately repronduce e
three points. These polynomial fits were the
used to interpolate nisk impacts of leakages
above the nominal values that had been used in
the original NUREG-1150 analyses
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APPENDIX C

CANADIAN AND EUROPEAN OLM AND TYPE A TESTS

C!1 THE FRENCH ON-LINE
MONITORING SYSTEM (THE
SEXTEN SYSTEM)

Containment leak-tightness is continuously

mounitored during reactor operations in all of the
French PWR plants using the SEXTEN system.
The SEXTEN system is also being evaluated by
the Swedes for their PWR units.

On-line leakage detection is based on the fact
that the containment air pressure goes up and
down in a cycle. Air pressure builds up as air
from the instrument compressed air distribution
system (ICADS) leaks through the air-operated
valves inside the containment. When the
pressure reaches a set limit, the operator quickly
depressurizes the containment and, after that, a
new pressurization cycle begins. A typical
containment air pressure cycle is shown in
Figure C-1. The pressure cycle is about 20 days
for a 900MW PWR unit. The amplitude of the
cycle is about 100 mbar (1.5 psi).

Leakage from the containment can be calculated
by air mass balance. Air mass is found by

measuring the average containment partial steam

pressure and the absolute air pressures (absolute
method). The dry air content of the containment
can then be calculated. The leakage rate is
calculated by subtracting the ICADS air flow
rate from the total dry air content. The average

gauge pressure in the containment can be -

measured every day. Curves such as that shown

in Figure C-2 can be obtained. By analyzing .

these curves, a diagnosis of the containment
leak-tightness can be made.

Instrumentation capable of accumely measuring
the average temperature and the average partial
steam pressure is required as these parameters
exhibit large fluctuations during reactor
operations.  Location of sensors and their
weighting for the computation of average values
is essential to obtaining accurate results.

SEXTEN system instrumentation is shown in
Figure C-3. The following equipment is
installed for each containment:

10 temperature sensors

2 dew point sensors

| absolute pressure transducer

1 atmospheric pressure
transducer

] 1 flowmeter in the ICAD system

A data acquisition and processing system, which
consists of the following components, is shared
by two containments:

e 1 data logger (HP 75000 B)
® 1 computer (HP VECTRA

386/25)
o Software
o 1 printer
* 1 plotter

The system operates continuously and provides
measurements daily or at the end of each
pressurization cycle in the containment. At the
operator's request, the air mass inside the
containment can be plotted in real time when
leaks are being sought. Once it has detected a
leakage problem, SEXTEN can be used as an
aid to identifying the defective systems or
éomponents The effects on coutainment leakage

_-fate from closing a particular system or the
" fepaif -of“a particular component can be seen

' “from the real time plotting of containment air

mass: The first containment leakage-rate tests in
an operating ‘unit performed in 1980 provides a
good exmple The results of these tests are

- shown in Fxgure C4. The solid line (dM/M)

describes the change of air mass in the
containment versus time, The slope of this
curve represents the containment leakage rate.
The curves dT/T,, dP/(P-H),, and dH/(P-H),
respectively describe the changes of absolute
temperature, absolute pressure, and water vapor
pressure inside the containment during the test.

NUREG-1493



During the first phase, the syatem recorded a
decrease in the air mass corresponding to a
leakage rate of 21 Nm’/h (742 scf/h) at
52 mbars (0.76 psig) positive pressure. An
effort was made to locate the leakage path by
closing valves on different penetrations. During
Phase 2, with the plant radiation monitoring
system closed, the SEXTEN system measured an
air ingress into the containment of about
6 Nm’/h (212 scf/h). During Phase 3, the plant
radiation monitoring system was back in
operation and the SEXTEN system measured a
leakage rate of 13 m*h (459 scf/h) at 37 mbar
(0.5 psig) positive pressure. During Phase 4,
the service compressed air distribution system
(SCADS) was isolated and a change of the
dM/M curve was noticeable. During Phase 5,
with both the plant radiation monitoring system
and the SCADS closed, there was no measurable
leakage at 33 mbars (0.49 psig) positive
pressure.

In conclusion, the SEXTEN system detected a
leakage through the plant radiation monitoring
system and an undesirable air in-leakage into the
containment from the SCADS. This first test,
therefore, demonstrated that integrated
containment leakage rate could be measured
during reactor operation with an accuracy
sufficient to detect leakage problems that may
oceur.

The SEXTEN system has been installed in all of
the French reactors since 1985 _and has
accumulated 250 reactor-years of experience.
The system has detected and- locmdcontnnmem
leaks during reactor operition. These lesks are
generally located in the systems that provide a
connection between the containment air and. the
outside atmosphere. Examples of such’ systems
are plant radiation menitoring system, nuciear
island vent and drain system; containment purge
system, and containment atmosphere monitoring
system.

Detailed descriptions of the SEXTEN system are
provided in EDF93 and EDF89.
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C2 THE BELGIAN ON-LINE
MONITORING SYSTEM

The operation of the Belgian On-Line
Monitoring System described below s
summarized from details provided in reference
BOE9S0.

In normal operation, the pressure in the
containment tends to increase due to leakage
from the compressed air system. If the flow of
incoming air, the pressure, the temperature, and
the humidity in the building are measured, the
leakage rate can be calculated.

For a typical test, the pressure is allowed to go
from -20 to +60 mbar (-0.52 to +0.88 psi).
The minimum pressure range should be between
0 and +50 mbar (0 to +0.74 psi) if reasonable
accuracy is to be achieved. The pressure
increase rate is normally in the range of 0.5
to | mbar/h (0.07§ to 0.015 psi/h) and,
therefore, & test would last several days. A
minimum test duration of 56 hours is needed to
obtain sufficient data points. If during the test,
the atmospheric pressure drops suddenly and the
maximum differential pressure is reached before
50 h, the test should be performed again.

All parameters are measured every 30 seconds.
The values are averaged over 15 minutes (0 give
one data point. A typical test gathers 200 to 400
data points. The data points are plotted in a
graph showing the leakage rate as a function of
the square root of the differential pressure
between the reactor buiiding and the auxiliary

Dmtingthewn.wemoﬁidbcmkenmao

- dishrb the conditions in the containment.
~ Airlock movements should be avoided as much

as possible. The ventilation and cooling of the
containment should be very stable.  Any
disturbances in the temperature distribution in
the contaimnent will lead to a greater spreading
of the data points.

The tests are conducted using the same
instrumentation as the Type A tests, with the
addition of the flow meters on the compressed



air system. To save a penetration, the pressure
difference between the containment and the
auxiliary building is not measured directly, but
is computed from absolute pressuze
m=asurements.

The temperature is measured using 30 sensors to
provide a more reliable averige temperature,
The humidity is measured by 5 to 10 probes. In
the absolute method, the air mass change in the
containment is computed from the absolute
pressure, the temperature, and the humidity. In
the reference method, the air mass change is
computed from the absolute pressure, the
pressure difference between the reference vessel
and the containment, and the humidity. For
both methods, the free volume of the
containment must be known.

The difference- between the air mass change
computed from the parameters in the
containment, and the air mass change measured
by the flow meters on the pased air
system, is the leakage flow of the containment.
This leakage is then plotted versus the sguare
root of the differential pressure between the
containment and the auxiliary building.

A straight line is then computed by the least
squares method, Conventionally, the leakage
rate is expressed as the difference between the
value at 60 mbar (0.88 psi) and the value at 0
mbar, and is noted as Qf60. The value at 0
mbar (Qf0) should theoretically be z&ro, but is
nearly never so for two reasons:

L Etronmthemstrmnmonandumﬂ

mesthnlﬁngtheﬁuvolmeof!b
containment

An unacoounted inflow or cutflow of

ges, which is' independent of -the
pmsummtheoom

The standard deviation is also computed and is
a measure of the spreading of the data points.
This spreading comes from instrumentation
errors and from errors in weighing temperature
and humidity measurements. For these reasons,
it is important to maintain the temperature and

C3

humidity in the containment as stable as
possible.

The standard deviation typically lies between O
and 2 Nm'h (0 and 71 scf/h). One should not
place 100 much emphasis on the value of the
leakage rate because the error is of the same
magnitude as the value measured.

C.3 TYPE A TESTS IN BELGIUM

In conjunction with on-line monitoring of
containment leakage during reactor operations,
Type A tests are conducted once in 10 years at
reduced pressure (P, of not less than half of the
pesk  accident pressure (0.5 P) (BELS36,
BEL86A). According to the Belgians, the
disadvantages of testing at P, are:

] The P, pressure is not representative of
the real pressure in the containment after
an accident because of the margins of
conservative assumptions and the
depressurization effects of the
containment cooling systems

L The duration of testing at P, is
considerably longer than testing at lower
pressure—more time for preparation,
pressurization, and depressurization

® Testing at higher pressure increases the
risk of fires, plus difficulty of fighting
the fire should it occur, and the potential
for damaging equipment in the
‘contsinment

’Tom&nm the Belgians use the

following criterion:

La < 0.75L, (P/P)
where,
is the measured containment
leakage ratec at P,

(percent/24 hours) is the
maximum allewable leakage rate
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at pressure P, as specified in the
technical  specifications or
associated bases, and as
specified for periodic tests in the
operati.ig license

This test acceptance criterion is different tha..
the one specified by Appendix J 1o 10 CFR
Part 50.  According to Appendix J, the
acceptauce criterion for reduced pressure tests
conduct: Jd at pressure P, which is not less than
0.5P, is:

Lew < 075 L,
where,

L, (percent/24  hours) is the
maximum allowable leakage rate
at pressure P, ana is derived
from the pre-operational test
daia as follows:

L < L, (Lo/Lw),

if L/l < 0.7
L, = L, SQRT(P/P)

if L/L,, > 0.7

where,

L is the total” measured
containment leakage rate at
pressure P,

The Belgian criterion is independent of the
leakage rates measured during the pre-
operational leakage test. Errors in the measured
values of L., and L, would become greater as

the actual leakage rate becomes smaller. The -

Belgian criterion is more conservative for
laminar flow along the leakage paths as the use
of SQRT(P/P,) is less conservative than (P/P,)
in laminar flow.

rati iterion

In Belgium, Type A tests are performed using
both the absolute method and the reference
vessel method. These two methods are totally
independent, and their results can be used for
mutual validation. The advantages of using two
independent methods are that the duration of
leakage tests may be shortened and the calibrated

NURE(-1493
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leakage test to verify the accuracy cof the
leakage-rate measurement may not he necessary.

The Belgians have adopted the following test
duration criterion: The test can be discontinued
if, over a period of at least 8 hours and with at
least 30 consecutive measurement points, both
measurement techniques find a leakage rate that
meets the test acceptance criterion.

It is not necessary to perform a verification test
(i.e., calibrated lezkage test) if, at the end of the
test period, the difference between the measured
leakage rates derived from each method over the
last 8 hours is:

< 025L,-0.1L,
where,
L, =L, (P/P) and L, is the mean
value of the two leakage rates.

Caljbrated [eakage Test

If the above concordance criterion is not met or
if only one method is used, a calibrated leakage
test is mandatory. In a calibrated leakage test,
a konown flow rate or step mass change is
introduced to the containment and the leakage
rate or mass change measured by the
instrumentation is determined and compared with
the known value.

C4 THE CANADIAN ON-LINE
MONITORING SYSTEM (THE TCM

SYSTEM)

Canada’s Hydro-Quebec began the development
of an OLM system in 1987. The Canadian
OLM system uses the Temperature
Compensation Method (TCM). The TCM uses
an extensive network of tubing as a reference
volume and a second independent tubular
network for humidity sampling (CAN94). The
system is shown in Figure C-5.

The appropriate reference volume was obtained
by installing a leak-tight network of copper
tubing, about 0.75 km (0.47 mile), throughout
all significart volumes of the reacior building



[l iubing i s1ized and routed in such a way
that the reference volume fraction contained
within each room 1s proportional to the volume
it the room

The differential pressure between the reference
volume and the reactor building is a critical
parameter. The test procedure requires that the
leak-tightness of the tubular network reference
volume he verified. After the leak-tightness
verification, the reference volume and the
reactor building internal pressures are
equilibrated and then isolated from each aother.
A decrease in the differential pressure can be
directly related to the reactor building leakage,
as the reference volume continuously replicates
the overall reactor building temperature.

The tubular network for humidity sampling
includes two hygrometers to obtain the
"weighted" . reactor building dew point
measurements, and a suction pump and
flowmeters for verification of the loop
calibration.  The tubular network is sized,
routed, and designed with orifice flow control to
ensure the intake of the correct amount of air
from each of the 11 reactor building zoncs
defined for "weighting” purposes.

In October 1992, containment integrity testing at
low pressure (3 kPa(g) nominal) and at 100%
full power was performed at Gentilly-2 Nuclear
Power Station. The test methodology and
precision were confirmed and the system was
declared in-service for on-line containment
ntegr:'y verification,

The 1992 test and the following test in June
1993 indicated higher than the expected reactor
building leakage rate. A containment bypass (o
the spent fuel discharge bay due -to-a valve
alignment problem was subsequently discovered.
Four additional tests performed in 1993 and
1994 have demonstrated consistent leakage-rate
results. Thus, the usefulness of the system to
detect a degradation of containment - leak-
tightness was demonstrated. The outstanding
feature of the system is the accuracy of better
than 5% of the measured leakage rate under
typical conditions.

The secondary goal of the Gentilly-2 testing
program was to correlate leakage measurements

from the on-line, low-pressure tess resuits oot
containment leakage criteria at high pressurc
(124 kPa(g)), i.e., 0.5% of reactor building
volume per day (% V/D). A compilex non
linear extrapolation equation is required to
transform a low-pressure test leakage rate to the
equivalent high-pressure leakage rate. This
equation is heavily dependent on the "R, " factor
which represents the ratio of laminar to turbulent
flow. Reactor building leakage is characterized
by a combination of turbulent and laminar gas
flow. The leakage-rate (% V/D) extrapolation
ratio between the 3 kPa and 124 kPa nominal
test conditions varies from 3.7 for purely
turbulent flow to 30.8 for purely laminar flow.
The extrapolated leakage-rate error depends
heavily on the uncertainty of the "R, " factor

In order to quantify precisely the turbulent
component of R, and to identify its time
dependent nature, a series of leakage-rate
measurements at various pressure hold points
were incorporated into the 1990 and 1993
reactor building pressure tests. Figure C-6
represents leakage-rate data collected at the
pressure hold points during these tests. This
preliminary information supports the premise
that the reactor building leakage characteristic is
stable over a period of many years and permits
extrapolation of low-pressure test results to high-
pressure leakage rates. However, the leakage
rate measured during any given test will
decrease over time during the test, with the rate
of change decreasing with time. This
phenomenon must be examined further. The
low-pressure test and high-pressure test data
base must be expanded to demonstrate the
correlation conclusively.

The Gentilly-2 TCM system was developed with
the primary goal of demonstrating "overall”
containment availability. Specifically it was
designed to detect a 25 mm (1") diameter leak
or hole in the reactor building. However the
remarkable sensitivity of the test allows reliable
detection of a2 2 mm (5/64") hole. Because of
the rapidity and high precision of the TCM
system, it is possible to use the TCM system
instead of the traditional method as the primary
measurement system employed during Type A
test.
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Figure C-2. Containment Leak Rate
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Relstive variation Over pressure Over presaure Over pressure

40 mbar 37mbar 33mbar
(+8+/4) Nmyh {-13+/-1) Nm3/h {0+/-1) Nm3¥/h
' (2}

2x10-3

-2x10-3

-4x10-3 1000 I
82 mbar — e ARo)
8x10-34 {-21+/-2) Nm3m
-1x30-2
-1,2x10-2
-1,4%10-2
-1,6x10-2 \ dP/(PO-HO)
—~—""" Time (n}
-1.8210-24 1 + t -t } + t $ ¢ o
0 s 10 1% 20 % 30

{1): Close the failed circuit -
{2): Open the falied circuit

(3): Close the falled circuit and closs the servics
compresséed air distribution system. -

Figure C-4. Leakage-Rate Test Results
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APPENDIX D

DETAILED COST ESTIMATES FOR
20- AND 40-YEAR BASELINES AND ALTERNATIVES



Appendix D

Baseline: 20-Year Test Cycle - No License Extensions
Current Appendix J Requirements

Type B & C T~ats {(LLRTa) = 5165,000 per test
Type R Tests (ILRTs) = $1,890,000 per test
Tesats Costs Cosets

Period Duration Reguired 5% Discount 10% Discount
13th Power Cycle 0 - 18 months
13th Cutage 18 - 20 months B&C 153,353 143,017
14th Power Cycle 20 - 38 months
l14th Outage 38 - 40 montha A+B&C 1,619,377 1,397,561
15th Power Cycle 40 - S8 months
15th Cutrge 58 - 60 months B&C 130,331 104,087
16th Power Cycle 6§60 - 78 months
i6th Oucage 78 - 80 months A+B&C 1,376,264 1,017,139
17=h Power Cycle 80 - 98 months
17th Outage 98 - 100 months B&C 110,765 75,754
i8th Power Cycle 100 - 118 months
i8th Outage 118 ~ 120 months A+B&C 1,169,649 740,270
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months B&C 94,116 55,134
20th Power Cycle 140 - 158 months
20th Outage 158 - 260 months A+BkC 394,053 538,765
21st Power Cycle 160 - 178 months
214t Outage 178 + 180 months B &C 80,003 40,126
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months A+B&C 844,818 392,111
23xd Power Cycle 200 - 218 months
23rd Cutage 218 - 220 months B&C 67,993 29,204
24th Power Cycle 218 - 238 months

Shutdown 238 - 240 months none 0 0
Total Net Present Values . 6,540,742 4,533,168
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Aiternative 1:

*vpe B & C Tests (LLRT3) =
Type A Tests (ILRTB) =
Period Duration
13th Power Cycle 0 - 18 monthas
13th Cutage 18 - 20 months
14th Power Cycle 20 - 3B months
14th Citage 38 - 40 months
15th ower Cycle 40 - 58 months
15t)F Qutage 58 - 60 months
16'.a Pow .- Cycle 60 - 78 months
»oth Outags 78 - 80 months
17th Powe:r Cycle 80 - 98 months
17th Outage 98 -~ 100 months
18th Power Cycle 100 118 months
l18th Outage . 118 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months
218t Power Cycle 160 - 178 months
21st OQutage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Qutage 218 - 220 months
24th power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Present Values

NUREG-1493

20-Year Te=t Cycle - No Lic ns
Current Appendix J Test Frequencies with Higher Acceptable Leakage

Extenusions

$157,000 per test
$1,690,000 per test

Tests

Required

B&C

A+

>
w s +
w £ B O~ 0 » ¥ O~ W
" N & O v 0N

a = O

none

Costs
5% Discount
145,918
1,448,014
124,012
1,230,628
105,394
1,045,877
89,572
888,862
76,124
755,420
64,656
0

5,974,517

Les

Costs
10% Discount
136,083
1,249,671
89,041
508,506
72,081
€61,9134
52,461
481,753
38,181
350,618
27,788
0

4,079,117



Alternative 2:

Type

B & I Tests

(LLRTS8)

Type A Tesats (ILRT8) =

Period

13th
i3th
i4cth
i4th
15th
i5th
léth
i6th
17th
17cth
18th
18tcth
19th
19th
20th
20th
218t
21st
22nd
22nd
23rd
23rd
23th

Total Net Presgent

Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Shutdown

20-Year Test Cycle - No Licenge Extensions
Appendix J Leakage Criteria,

Frequency of ILRTs Reduced to 2/10 Years

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - 58 months
58 - €60 months
60 - 78 months
78 - 80 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 months
140 - 158 months
158 - 160 months
160 - 178 mecnths
178 - 180 menths
180 - 198 months
198 - 200 months
200 - 218 months
218 ~ 220 mcnths
218 - 238 months
238 - 240 months
Values

$165,000 per test
$1,890,000 per test

Tests

Required

B &C

B &C

>
® b + W
& w ®
N a s 0o 0

w
®
n

none

D-3

Costs
5% Discount
153,383
141,374
1,492,880
120,150
110,765
1,169,649
94,136
86,782
916,403
73,754
67,993
0

4,427,239

Costs

10% Discount

143,017
122,009
1,192,273
98,798
75,754
740,270
55,134
47,035
459,626
34,232
29,204
0

2,987,352
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Alternative s:
Relaxed Laakage Criteria, Fregquency of ILRTs Reduced to 2/10 Years

20-Year Test Cycl

Type B & C Tests (LLRTB) «
Type A Teats (ILRTs) =
Period Duration
13th Power Cycle 0 - 18 montha
13th Outage 18 - 20 months
14th Power Cycle 20 - 3¢ months
l4th Outage 38 - 40 months
15th Power Cycle 40 - 58 months
1Scth Outage 58 - 60 months
16th Power Cycle 60 - 78 months
l16th Outage 78 - 80 montha
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 months
l1sth Power Cycle 100 - 118 months
18th Outage 118 -~ 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months
218t Power Cycle 160 - 178 months
21st Outage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Present Values

NUREG-1493

- No Licensm

Extensions

$157,000 per test
$1,690,000 per test

Tests
Required

B&C

w w
*t &£ m B = o
a a0 o O
9

R
p]

B w

|

Nn O ® O 0
(g

e

nona

D-4

Coste
5% Dimcount
145,918
134,520
1,334,903
114,325
105,394
1,045,877
89,572
82,575
819,429
70,378
64,696
0

4,007,387

Costs

10% Discount
136,083
116,094
1,066,106
84,493
72,081
661,934
52,461
44,755
410,988
32,572
27,788

0

2,705,355



Alternative 4:

20-Year Test Cycle - No License Extensions

Appendix J Leakage Criteria, Frequency of ILRTs Reduced to 1/10 Years

Type B & C Tesats (LLRTB} =

40 -

Type A Tests {(ILRTs)
Period
13th Power Cycle ¢
13th Outage 18
14th Power Cycle 20
14th Outage 38
15th Power Cycle
15th Cutage 58
16th Power Cycle 60
l16th Outage 78
17th Power Cycle 80
17th Outage 98
18th Power Cycle 100
18th Outage 1is
19th Power Cycle 120
19th Outage 138
20tl Power Cycle 140
20th O ~age 158
218t Power Cycle 160
218t Outage 178
22nd Power Cycle 180
22nd Outage 198
23rd Power Cycle 200
23rd Outage 218
24th Power Cycle 218
Shutdown 238
Total Net Present Val

Duration

- 18
- 20
- 38
- 40
58
- 60
- 78
- 80
- 98
- 100
- 118

120

138
- 140
- 158
- 160
- 178
- 180
- 198
- 200
- 218
- 220
- 238
- 240

ues

months
months
months
months
months
months
months
months
months
months
months
montha
months
months
months
months
months
montha
montha
months
months
months
months
menths

$165,000 per test
$§1,890,000 per test

Tests

Required

to
R

3o

+ W W W w

td ¢

" N 0o 0 o o0

w © W W w
R
0o a0 N0 0o 0

none

D-5

Costs

5% Discount

153,353
141,374
130,331
120,150
110,765
1,169,649
94,136
86,782
80,003
73,754
67,993
0

2,228,290

Costs

10% Discount

143,017
122,009
104,087
88,798
75,754
740,270
55,134
47,035
40,126
34,232
29,204
0

1,479,666

NUREG-1493



e o,

Alternative S:
Relaxed Leakage Criteria,

Type B & C Tests (LLRTS) =

Type A TesUB

Period

13th Power Cycle

13th Outage

l4th Power Cycle

l4th Cutage

15th Power Cycle

15th Outage

l6th Power Cycle

lé6th Outage

17th Power Cycle

17th Cutage

18th Fower Cycle

18th Qutage

19th Power Cycle

19th Outage

20th Power Cycle

20th Outage

218t Power Cycle

21lst Outage

22nd Power Cycle

22nd Outage

23rd . ver Cycle

23rd Outage

24th Power Cycle
Shutdown

Total Net Present

NUREG-1493

(ILRTs)

Duration
0 - 18 months
1B - 20 months
20 - 3B months
ag 40 months
40 - 58 montha
58 - 60 months
60 - 78 months
78 - B0 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 months
140 - 158 months
158 - 160 monthsa
160 - 17¢ months
178 - 180 months
180 - 198 months
198 - 200 months
200 -~ 218 months-
218 - 220 months
218 - 238 months
238 - 240 months
Values

$157,000 per test
$1,690,000 per test

Test

Required

»
+ s w W w w
to 2

W ¥ w0 o
[ 4]

none

D-6

N 0O 0O N0 0

a o 0o o a

20-Year Test Cycle - No License Extensions
Frequency of ILRTa Reduced to 1/10 Years

Costs

5% Discount

145,918

134,520

124,012

114,325

105,394

C 1,045,877

89,572

82,575

76,124

70,178

64,696

v}

2,053,191

Costs
10% Discount
136,083
116,094
99,041
84,493
72,081
661,934
52,461
44,755
38,181
32,572
27,788
0

1,365,483



Alrernative 6:

Appendix J Leakage Criteria,

Type

B & C Teata

Type A Teata {(ILRTs)

Period

13th
13ith
14th
14th
15th
i1sth
16th
16th
17th
17th
18th
i8th
19th
19th
2Cih
20th
218t
218t
22nd
22nd
23rd
23rd
24th

Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycla
Qutage
Power Cyclea
Outaga
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Shutdown

2138

(LLRTB) =

Duration

[ T R T TR B SO I B
0 ot
o L
o ©

1
»
W
@

- 240

Total Net Present Values

montha
monthe
montha
months
months
months
months
months
months
months
months
months
months
months
monthse
months
months
months
montha
months
months
manths
montha
months

20-Year Test Cycle - No License Extensions
frequency of ILFTs Reduced to 1/20

$165,000 per t st
$1,890,000 per test

Tests

Required

o]

| o

"

r ¥ & O W W Kt W ¥ ® ™
[ 3 o [ o]
Nn N a0 n o0 0O a0 o 0O N0 o0

3
2

D-7

Costs

£% Discount

153,353
141,374
130,331
120,150
110,765
102,112
94,136
86,782
80,003
73,754
67,992
0

1,160,753

Years

Costs

10% Discount

143,017
122,009
104,087
88,798
75,754
64,627
55,134
47,035
40,126
34,232
23,204
0

804,023

NUREG-1493



Alrernative 7:
fkelaxed Leakage Criteria,

Type B & C Tests (LLRTs)
Type A Tests (ILRT8) =

Period

13cth
13th
l4th
l4th
15th
15th
16th
16th
17th
17th
18th
l18th
19th
19th
20th
20th
2lat
218t
22nd
22nd
23rd
23rd
24th

Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
QOutage
Power Cycle
outage
Powar Cycle
Outage
Power Cycle
Shutdown

Total Net Present

NUREG-1493

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - 58 months
58 - 60 months
60 ~ 78 months
78 -~ 80 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 wonths
120 - 138 months
138 - 140 months
140 - 158 months
158 - 160 months
160 - 178 monthsa
178 - 180 months
180 - 158 months
198 - 200 months
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 months
Values

20-Year Test Cycle - No License Extensions
Frequency of ILRTa Reduced to 1/20 Years

$157,000 per test
$1,690,000 per test

Test

Required

[

¥ o w o o o W W © w w
"
n N o o o0 o N 0 0 0 0

none

8

Costs

s% Discount

145,918
134,520
124,012
114,325
105,394
97,161
89,572
82,575
76,124
70,178
64,696

0

1,104,475

Costs
10% Disccunt

136,083
116,094
99,041
84,493
72,081
61,493
§2,461
44, 75S
38,181
32,572
27,788
0

765,042



Alternative 8:
Current Leakage Criteria and ILRT Frequency, Reduced LLRTa

Type B & C Tests (LLRTsS) =

Type A Tests (ILRTS) =
Period Duraticn
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
14th Power Cycle 20 - 38 months
l4th Outage 38 40 months
15th Power Cycle 40 58 months
15th Outage 58 - 60 monthe
l6th Power Cycle 60 78 months
16th Outage 78 - 80 months
17th Power Cycle 80 - 398 months
17th Outage 98 - 100 months
l8th Power Cycle 100 - 118 months
18th Outage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycla 140 - 158 months
20th Outage 158 - 160 months
21st Power Cycle 160 - 1768 months
218t Outage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Qutage 218 - 220 months
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Present Values

10-Year T st Cycla - No License Extensions

$70,000 per test

$1,890,000 per test

Tests

Required

B&C

A+

B
&
B

&

(p)

o

(e ]

a s N

Costs
5% Discount
65,059
1,619,377
55,292
1,376,264
46,991
1,169,649
39,938
994,053
33,941
844,818
28,845
0

6,274,225

Coste
10% Discount
60,674
1,397,561
44,158
1,017,139
32,138
740,270
23,380
538,765
17,023
392,111
12,389
o]

4,275,618

NUREG-1493



Alternative 5

Type B & C Tes.s (LLRTR} =
Type A Teats (.LRTB} =
Fe( - ad Duration
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
14th Power Cycle 20 - 38 months
l4th Outage 38 - 40 months
15th Power Cycle 40 - 58 months
15th Outage 58 - 60 months
16th Power Cycle 60 - 78 months
16th Outage 78 - 80 months
17th Power Cycle 80 - 98 wmonths
17th Outage 98 - 100 months
18th Power Cycle 100 - 118 montha
18th Outage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 1568 months
20th Outage 158 - 160 months
218t Power Cycle 160 - 178 months
218t Outage 178 - 180 months
22nd Power Cycle 180 - 19& months
22nd Cutage 198 - 200 months
23rd Power Cycle 200 - 218 months.
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Present Values

NUREG-1493

20-Year T st Cycl
kalaved Le xage Criteria,

- No License Extensions
« duc 4 LLRTse

$§67,000 per test
$1,650,000 per test

Tests

Required

B&C

A+Be&

w
s & w
(p]

]
[ o
0

B&C

nons

D-10

Costs
5% Discount
62,271
1,448,014
52,922
1,230,628
44,977
1,045,877
38,225
888,862
32,486
755,420
27,609
o]

5,627,291

Costs
10% Disczunt
58,074
1,249,671
42,2686
909,506
30,761
661,334
22,388
481,753
16,294
350,618
11,858
o

3,835,123



r —————

Alternative 10: L.3-Year T st Cycle - No Licens Ext naions
thirrent Leakage Criteria, 2 ILRTs/10 Years, Reduced LLRTs

Type B & C Tests {(LLRT8) =

$70,000 per test
Type A Tests (ILRTa) =

$1,890,000 per test

Feriod

Duration Tests Costs
Required 5% Disco
13th Power Cycle 0 - 18 months
13th Qutage 18 - 20 months B &L C 65,
l14th Power Cycle 20 - 38 months
l4th Outage 38 - 40 months B&C 59,
15th Power Cycle 40 - 58 months
15th Outage 58 - 60 months A+B&C 1,492,
16th Power Cycle 60 - 78 months
16th Outage 78 - 80 months B&cC 50,
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 months B&acC 46,
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months A+Be¢g¢ 1,169,
19th Power Cycle 120 - 138 months
19th Qutage 138 - 140 montha B&C 39,
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months B&cC 3¢,
21st Power Cycle 160 - 178 months
218t Outage 178 - 180 months A+Be&cC 916,
22nd Power Cycle 180 - 198 montha
22nd Outage 198 - 200 months BacC i1,
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months B&C 28,
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 wmonths none
Total Net Present Values 3,938,
D-11

unt

059
977
880
973
991
€49
936
817
403
290
845

0
820

Coats

10% Discount

60,674
51,762
1,192,273
37,672
32,138
740,270
23,390
19,954
459,626
14,523
12,389
0

2,644,671

NUREG-1493



Alternative 11:
Felaxed Leakag Criteria, I ILRTs/10 Yeara, Reduced LLRTs

20-Yemar Tesat Cycl

Type B & C Tests (LLRTS) =
Type A Tcats (ILRTS) =
Period Duraticn
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
l4th Power Cycle 20 - 3B months
l14th Outage 38 - 40 months
15th Power Cycle 40 - 58 months
15th Cutage 58 - &0 months
16th Power Cycle 60 ~ 78 months
16th Outage 78 - 80 months
17th Power Cycle BO - 98 months
17ch Outage S8 - 100 months
18th Power Cycle 100 - 118 months
18th Qutage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months
21at Power Cycle 160 - 178 months
218t OQutage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Present Values

NUREG-1493

- No Licens

Extensions

$67,000 per test
51,690,000 per test

Tests Costs
Required 5% Discount
B &C 62,271
B&C 57,4086
A+B&C 1,334,903
P ~ 48,788
& C 44,977
A +BS&C 1,045,877
B&C 38,225
B&C 35,239
A+BacC 819,429
B &C 29,949
B&C 27,609
none 0
3,544,672

D-12

Coats

10% Discount
58,074
49,543
1,u66,106
36,057
30.761
661,934
22,388
19,099
410,988
13,900
11,858

o]

2,380,708



Alteynative 12:

Current Leakage Criteria,

Type B & C Tests (LLRTS) =
Type A Tests (ILRTS) =
Period Duration
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
l14th Fower Cycle 20 - 38 months
14th Outage 18 - 40 months
15th Power C(ycle 40 - 58 months
15th Outage 58 - 60 months
l16th Power Cycle 60 - 78 months
lsth Outage 78 - 80 months
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 months
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 montha
19ch Power Cycle 120 - 138 months
15th Outage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months
218t Power Cycle 160 - 178 months
218t Outage 178 - 180 monthse
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 monthe
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months
Total Net Pregsent Values

20-Year Test Cycle - No License Extenslons

1 ILKT/10 Years, Reduced LLRTs

$70,000 per test
$1,890,000 per test

Test

Required

>
+ W w w w w
® P W o P

w o W W o
[
G a N a o &

none

D-13

o N0 N0 N

Cosats
5% Discount
65,059
58,9717
55,292
$0,973
46,951
1,169,649
39,936
36,817
33,941
31,290
28,0845
0

1,618,770

Costsg

10% Discount

60,674
51,762
44,158
37,672
32,138
740,270
23,390
19,954
17,023
14,523
12,389
0

1,053,983

NUREG-1493



hlternative 13:

Type B & C Tests (LLRTs) =
Type A Tests (ILRTE) =
Period Duration
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
14th Power Cycle 20 - 38 months
14th Outags 38 -~ 40 months
15th Power Cycle 40 - 58 months
15th OQutage 58 - 60 months
16th Power Cycle 60 - 78 months
16th Qutage 78 - 80 months
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 months
18th Power Cycle 100 - 118 months
18th Outage 118 120 wonths
19th Power Cycle 120 - 138 montha
19th Qutage 138 - 140 months
20th Power Cycle 140 - 1568 months
20th Qutage 158 - 160Q months
21st Power Cycle 160 - 178 months
21at Outage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd power Cycle 200 - 218 months
23rd Qutage 218 - 220 months
24th Power Cycle 218 - 238 montha
Shutdown 238 -~ 240 months
Total Net Present

NUREG-149.

Values

20-Year Test Cycle - No Licena
Felaxed Leakage Criteria,

Extensionsa
1 ILRT/10 Years, Reduced LLRTs

$67,000 per test
$1,690,000 per test

Test

Required

by
+ ® v P ©w W
o n

o ® & w o
[ o]

D-14

n 0O 0 a 0

[ N > IR o N o B o B

Costs

S¢ Discount

62,271
57.406
52,922
48,788
44,977
1,045,877
38,225
35,239
32,486
29,949
27,609
0

1,475,749

10%

Costs

Discount
58,074
49,543
42,266
36,057
30,761
661,934
22,388
19,099
16,294
13,900
11,858
0

962,174



Alternative 14:
Current Leakage Criteria, 1 ILRT/20 Years, Reduced LLRTs

Type

B & C Tests

Type A Tests (ILRTs)

Period

13th
13th
14th
l4th
15th
15th
ié6th
16th
17th
17th
18th
18th
19th
19th
20th
20th
218t
21st
22nd
22nd
23rd
23xd
24th

Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
outage
Power Cycle
Shutdown

Total Net Present

(LLRTB) =

Duration
C - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - S8 montha
58 - 60 months
60 - 78 months
78 - 80 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 monthsg
140 - 158 months
158 - 160 months
160 - 178 monthsa
178 - 180 montha
180 - 198 months
198 - 200 months
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 months
Values

20-Year Test Cycle - No License Extensions

$70,000 per test
$1,890,000 per test

Tests Costs
Required 5% Discount
B &C 65,053
B&C 59,977
B&C 55,292
Bg&gC 50,973
B &C 46,991
B &C 43,320
B &«C 39,936
B &C 36,817
B&C 33,941
B&C 31,290
B &C 28,845
none o
492,441
D-15

Costs

10% Discount

60,674
51,762
44,158
37,672
32,138
27,417
23,390
19,954
17,023
14,523
12,383

0

341,100

NUREG-1493



hAlternative 15: 20-Year Test Cycle - No Licens Extenaions
Relaxed Leakage Criteria, 1 ILRT/20 Years, Reduced LLRTs

Typ B & C Teats {LLRTS) = 567,000 per test
Type A Tests (ILRTE) = $1,690,000 per test
Tests Costs
Period Duration Required 5% Discount
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months B&C 62,271
14th Power Cycle 20 - 38 months
14th Outage 38 - 40 months B&C 57,406
15th Power Cycle 40 - 58 months
15th Cutage S8 - &0 months B&C 52,922
16th Power Cycle 60 - 78 months
16th Outage 78 - 80 months B&C 48,788
17th Power Cycle 80 - 98 months
17th Outage 58 - 100 months B&C 44,977
18th Power Cycle 100 - 118 months
l18th OCutage 118 - 120 months 8 &C 41,464
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 montha B &kC 38,225
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months B&C 35,239
21st Power Cycle 160 - 178 months
218t Outage 178 - 180 months B&C 32,486
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months B&C 29,949
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 wonths B&C 27,608
24th Power Cycle 218 - 238 months
Shutdown 238 - 240 months none 0
Total Net Present Values 471,336

NUREG-1493 D-16

Coats
10% Discount
58,074
49,543
42,266
36,087
30,761
26,242
22,388
19,099
16,294
13,900
11,858
0

326,482



e

ASe . Lne 40-Year Test Cycle - 20-Year License Extens s
srrant Appendix J Requir ments

Type 5 & C Tests (LLRTa) $165,000 p.. test
T/pe A Testa (ILRTA) = $1,890,000 per test
Tests Cosats Costs

Period Duration Required S¥ Discount 10% Discount
13th Power Cycle 0 - 18 months
13th Cutage 18 - 20 months B &C 153,353 143,017
14th Power Cycle 20 - 38 months
i4th Outage 38 - 40 months A +Bs&cC 1,619,377 1,397,561
15th Power Cycle 40 - 58 moaths
15th Outage 58 - 60 menths B&C 130,331 104,087
l16th Power Cycle 60 - 76 months
16th Outage 78 - 80 months A+B&C 1,376,264 1,017,139
17ch Power Cycle 80 - 98 months
17th Outage 98 - 100 monthe B&C 110,765 75,754
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months A+B&C 1,169,649 740,270
19th Power Cycle 120 - 138 months
13th Cutage 138 - 140 months B&C 94,136 55,134
2Cth Power Cycle 140 - 158 months
20th Outage - 158 - 160 montha A+B&C 994,053 538,765
21lst Power Cycle 180 - 178 months
218t Outage 178 - 180 months B&C 80,003 40,126
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 20C months A +B&C 844,818 392,111
23rd Power Cycle 200 - 218 montha
23rd Cutage 218 - 220 months B &C 67,993 29,204
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months A+B&C 717,988 285,377
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 montha B&C 57,785 21,254
26th Power Cycle 260 - 278 montha
26th Outage 278 - 280 months A+B&C 610,198 207,696
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months B&C 49,110 15,469
28th Power Cycle 2300 - 318 months
28th Outage 318 - 320 months A+Bs&C 518,591 151,160
29th Power Cycle 320 -~ 338 months
29th Outage 338 - 340 months B &C 41,737 11,258
30th Power Cycle 340 - 358 months
30th Outage 358 - 360 months A+B&C 440,736 110,014
3lst Power Cycle 360 - 376 months
31st OCutage 378 - 38C months _ B&C a5, 472 8,194
32nd Power Cycle 380 - 398 months-
32nd Outage 398 - 400 months A+B&C 374,570 80,068
33rd Power Cycle 400 - 418 months . L '
33rd Outage 418 - 420 months -B & C 30,146 5,963
34th Power Cycle 420 - 438 menths .
34th QOutage 438 - 440 months A+ B&C 318,336 58,273
3sth Power Cycle 440 - 458 montha -
35th Qutags 458 - 460 months B&«C 25,620 4,340
36th Power Cycle 460 - 478 months ‘

Shutdown 478 - 480 months none 0 0
Toral Nat Present Values . 9,861,030 5,492,234

D-17 NUREG-1493



Alternative 1:
Current Appendix J Test Prequencies with Higher Acceptable Leakage Rates

Type B & C Tests (LLRT8) =
Type A Tests (ILRTS) =
Period Duration
13th Power Cycle 0 - 1B months
13th Qutage 18 - 20 months
14th Power Cycle 20 - 38 months
l14th Outage 38 - 40 months
15th Power Cycle 40 - 58 monthsa
15th Outage S8 - €0 months
l6th Power Cycle 60 - 78 months
l16th Outage 78 - 80 months
17th Power Cycle 80 - 9B months
17th Outage 98 - 100 months
18t.. Power Cycle 100 - 118 months
1Bth Outage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months
218t Power Cycle 160 - 178 months
21st Qutage 178 - 18¢ months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 210 months
23rd Power Cy..e 200 - 1B months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months
26th Power Cycle 260 - 278 months
26th OQutage 278 - 280 months
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 months
28th Outage 318 - 320 months
2°th Power Cycle 320 - 338 months
29th Outage 338 - 34» months
30th Power Cycle 340 - 358 months -
3oth Outage 358 - 360 months
3ist Power Cycle 360 - 373 months
31st OCutage 378 - 380 months
32nd Power Cycle 380 - 395 months
32nd Outage 398 - 400 months
33rd Power Cycle 400 - 418 months
33rd Outage 418 - 420 wmonths
34th Power Cycle 420 - 438 months
34th Outage 438 - 440 wonths -
35th Power Cycle 440 - 458 montha
35th Qutage .- 458 - 460 months
l6th Power Cycle 460 - 478 months
Shutdown 478 - 480 wonths

Total Net Present

NUREG-14%3

Values

40-Year Test Cycle - 20-Y ar License Extensions

$157,000 per test
$1,690,000 per test

Tests

Required

B

&

" W o ©® & n

w e W

c

Nn =« O » O ©» 0

R

a

none

D-18

Costs
5% Discount
145,918
1,448,014
124,012
1,210,628
105,394
1,045,877
89,572
888,862
76,124
755,420
64,636
642,010
54,983
545,627
46,729
463,714
39,714
394,097

33,752

334,533,

28,685
284,650
24,378
¢

8,867,789

Costs
10% Discount
136,083
1,249,671
99,041
909,506
72,081
661,934
52,461
481,753
38,181
350,618
27,788
255,178
20,224
185,718
14,719
135,165
10,712
968,372
7,7%6
71,595
5,674
52,106
4,130
o

4,94C, 506



Alterngtive 2: 40-Year Test Cycle - 20-Year License Extensions
Appendix J Leakage Criteria, Frequency of ILRTs Reduced to 2/10 Years

Type B & C Tests (LLRT8) = $155,000 per rtest
Type A Tests (ILRT8) = $1,890,000 per test
Tests Costs Costs

Period Duration Required S5¥ Discount 10% Discount
13th Power Cycle 0 - 18 months
13th Qutage 18 - 20 months B&C 153,353 143,017
l14th Power Cycle 20 - 38 months
14th Outage 38 - 40 months B&C 141,374 122,009
15th Power Cycle 40 - 58 months
15th Qutage 58 - €0 months A+B&C 1,492,880 1,192,273
16th Power Cycle 60 - 78 months
16th Qutage 78 - 80 months B&C 120,150 88,798
17th Power Cycle BO - 98 months
17th Qutage 98 - 100 months B&C 110,765 75,754
18th Power Cycle 100 - 116 months
18th Qutage 118 - 120 months A+BE&C 1,169,649 740,270
15th Power Cycle 120 - 138 months
19th Outage 138 - 140 months B&C 94,136 55,134
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months B &C 86,7682 47,03%
2let Power Cycle 160 - 178 months
21lst Qutage 178 - 180 months A+ BE&C 916,403 459,626
22nd Power Cycle 180 -~ 198 months
22nd Outage 198 - 200 months B &C 73,754 34,232
23rd Power Cycle 200 - 218 wonths
23rd Outage 218 - 220 months B&C 67,993 29,204
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months A+B&C 717,988 285,377
25th Power Cycle 240 - 258 months
25th Qutage 258 - 260 months B&C 57,785 21,254
26th Powexr Cycle 260 - 278 months
26th Outage 278 - 280 months B&C 53,271 18,132
27th vower Cycle 2680 - 298 months
27th Outage 298 - 300 months A+B&C 562,533 177,188
28th Power Cycle 300 - 318 montha
28th Outage 318 - 320 wonths B&C 45,274 13,197
29th Power Cycle 320 - 338 wonths
23%cth Cutage a3is - 340 manths B&C 41,737 11,258
30th Powar Cycle 340 - 3580 months
3oth Outage 358 ~ 360 monthe . A + B & C 440,736 110,014
3lst Power Cycle . 360 - 378 moaths
3lst Outage 378 - 380 months B&C 35,471 8,194
32nd Power Cycle 380 - 3158 months .
3ind Qutage 398 -~ 400 months - B&C 32,70 . 6,930
33rd Power Cycle 400 - 418 months - i
33rd Outage 418 - 420 montha A+B&C 345,310 . 68,306
34th Power Cycle 420 - 438 months :
34th Ourage 438 -~ 440 wonths &C 27,791 5,087
35th Power Cycle 440 - 458 months :
35th Outage 459 - 460 months & C 25,620 4,340
36th Power Cycle 460 - 478 wmonths

Shutdown 478 - 480 months noae o a
Total Net Pregent Values 6,813,456 3,716,689

D-19 NUREG-1492



hlrternative 3:
Relaxed l.eakage Criteria, Frequency of ILRTs Reduced to 2/10 Years

Type B & C Tests (LLRTB) =
Type A Tests (ILRTs)
Period Duraticn
13th Power Cycle 0 - 18 months
13ith Outage 18 - 20 months
14th Power Cycle 20 - 38 months
14th Outage 38 - 40 months
15th Power Cycle 40 - 58 months
15th Outage 58 - 60 months
l6th Power Cycle 60 - 78 monthe
16th Outage 78 - 80 months
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 montha
18th Power Cycle 100 - 118 months
18th Qutage 118 - 120 months
19th Pawer Cycle 120 - 138 months
19th Qutage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 montha
218t Power Cycle 160 - 178 months
218t QOutage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 wmonths
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months
26th power Cycle 260 - 278 months
26th OQutage 278 - 280 months
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 months
28th Outage 318 - 320 menths
29th Power Cycle 320 - 338 months
29th Cutage 338 - 340 months
30th Power Cycle 340 - 3158 months
3oth Qutage 358 -« 360 mcnths
318t Power Cycle 360 - 378 montha
3lst Outage 378 - 380 months -
32nd Power Cycle 380 - 398 months
32nd Outage 398 - 400 months
33rd Power Cycle 400 - 418 months
33rd Outagse 418 - 420 wmonths
34th Power Cycle 420 - 438 months
34th Qutage 438 - 440 months
35th Power Cycle 440 - 458 months
3Sth Outage 458 - 460 months
3éth Power Cycle 460 - 478 months’
Shutdown 478 - 480 months
Total Net Present Values

NUREG-1493

40-Year Test Cycl

- 20-Year License Extensions

$157,000 per test
$1,690,000 per test

Tests

Required

B&C

B

+ W o+ D W + W B + W W + .
= s ~ ©
N N & O 3 B 0O 0O

o

L T
n a » o Q0 » 0 a r

&

[ I L B "

n

Ly

C

&

oo

none

D-20

costs
5% Discount
145,918
134,520
1,334,903
114,325
105,394
1,045,877
89,572
82,875
819,429
70,178
64,636
642,010
54,983
50,688
503,006
43,079
39,714
394,097
33,752
31,115
308,769
26,444
24,378
o

6,159,422

Costs

10% Discount

136,083
116,094
1,066,106
84,4533
72,081
661,934
52,461
44,755
410,988
32,572
27,788
255,178
20,224
17,283
158,438
12,5587
10,712
98,372
7,796
6,651
61,078
4,841
4,130

0

3,362,585



g n %

Klrerrnative 4:
Appendix J Leakage _iiteria, Frequency of ILRTs Reduced to 1/10 Years

Type
Type

B & ¢ 18te

(LI ""g,

A T¢ ~a [ILRTB) =

Period

13cth
13tk

l14th
i14th

15th

i15th
l1éth
1éth
17th
17th

18th
18th
19th
19th
20th
20th
2.8t
218t
22nd
22nd
23rd
23rd
24th
24th
25th
25¢th
26th
26th
27th
27th
28th
28th
2%th
29th
joth
30th
31st
3ist
iz2nd
32nd
33rd
33rd
34cth
34th
3sth
3sth
36th

Total Net Present

Power Cycle
Outage
Power Cycle
Ourage
Power Cycle
Outage
Power Cycle
Cucage
Power Cycle
Oucage
Fower Cycle
Cutage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Out.age
Power Cycle
OCutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Shutdown

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - 58 months
8 - 60 months
60 - 78 months
78 - 80 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 months
140 - 159 monthsa
158 - 160 months
160 - 178 months
176 - 180 months
180 - 198 months
198 - 200 monthse
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 months
240 - 258 months
258 - 260 months
260 - 278 months
278 - 280 months
280 - 298 months
298 - 300 months
300 - 318 months
318 - 320 months
320 - 338 monthe
338 - 340 months
340 - 358 months
358 - 360 moriths
360 - 378 months
374 - 360 months
380. - 398 months
398 - 400 wonths -
400 - 418 months
418 - 420 months
420 - 438 months
438 - 440 months
440 - 458 months -
458 - 460 monthsa
460 - 478 months
478 - 480 months
Values

40-Year Teat Cycle - 20-Year License Extensions

$165,000 per test
$1,890,000 per test

Tests

Reguired

r

® 0w o W W U w o w w
~ [ 4
a QO aoO o o0

~n

b W w w w
[ o] "
n 0o N N e N N N O N e 0 0O 0 0 a0 r

w W o W oW
[ 4]

none

D-21

Cogats

St Discount

153,353
141,374
130,331
120,150
110,765
1,169,649
94,136
86,782
80,003
73,754
67,993
717,988
57,785
53,271
49,110
45,274
41,737
440,736
35,471
32,701
30,146
27,791
25,620
)

3,785,920

Costs

10% Discount

143,017
122,009
104,087
88,758
75,754
740,270
55,134
47,035
40,126
34,232
29,204
285,377
21,254
18,132
15,469
13,197
11,258
110,014
8,194
6,950
5,963
5,087
4,340

0

1,984,941

NUREG-1493
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Llrterrative S:

Felaxed Leakage Criteria,

Type
Tvpe

B & C Tests

K Tests (ILRTs)

Period

13th
13th
14th
i4th
15th
15th
16th
iéth
lsth
17th
i8th
18th
13th
19th
20th
20th
21st
2lst
22nd
22nd
23rd
23rd
24th
24th
25th
25th
26th
26th
27th
27th
28th
28th
29th
29th
30th
30th
ilst
3lst
32nd
az2nd
33rd
33rd
34th
34th
3sth
3s5th
36th

Total Net Present

Fower Cycle
Qutage
Power Cycle
Outage
Power Cycle
Dutage
Power Cycle
Qutage
Power Cycle
Outage
Puwer Cycle
Outage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Gutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Cutage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Qutage
Power Cycle
Shutdown

NUREG-1493

(LLRTS} =

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - 58 months
58 - 60 months
60 - 78 months
78 - B0 months
80 - 98 months
98 - 1C0 months
100 - 118 months
118 - 120 months
120 - 128 months
138 - 140 months
140 - 1%8 months
158 - 160 months
160 - 178 months
178 - 180 months
180 - 198 months
198 - 200 months
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 months
240 - 258 months
259 - 260 months
260 - 278 months
278 - 280 monthsa
280 - 298 wmonths
298 - 300 months
300 - 318 months
318 - 320 months
320 - 3138 months
338 - 340 mounths
340 - 358 months
358 - 350 months
360 - 378 months
378 - 380 months
380 - 398 months
298 - 400 months
400 - 418 months
418 -~ 420 months
420 - 438 months
438 - 440 wmonths
440 ~ 458 mwonths
458 -~ 460 months
460 -~ 478 months
478 - 480 months
Values

40-Year Test Cycle - 20-Year License Extens:ons
Frequency of ILRTs Reduced to 1/1G Years

$157,010 per test
$1,690,000 per test

Tests

Required

C
B&C
C

+ W o w w w + w W
o L oI o L4l [+ B 4] g
g N 0O g 0 N (o) QO N

» ¥ W w w
o o
N 0O 0 O

P
» W

W ¥ w w m
: P
n Qo N0 n o

none

D-22

Coscs

$% Discount

145,918
134,520
124,012
114,325
105,394
1,045,877
89,572
82,575
76,124
70,178
64,696
642,010
54,983
50,688
46,729
43,079
39,714
394,087
33,752
31,115
28,685
26,444
24,378
0

3,468,865

Cogts
10% Discount
136,083
116,094
59,041
84,493
77,081
661,934
52,461
44,755
38,181
32,572
27,788
255,178
20,224
17,253
14,719
12,557
10,712
98,372
7,786
6,651
S,6 7
4,841
4,130
o

1,823,5%0



Aitemrnative 6:
Appendix J L akage Criteria, Frequency of ILRTs Reduced to 1/20 Years

Type B & C Tests (LLRTB) =
Type A Tests (ILRTS)
Periocd Duration
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
l14th Power Cycle 20 - 38 months
l14th Outage 38 - 40 months
15th Power Cycle 40 - 58 morths
15th Outage 58 - 60 months
16th Power Cycle 60 - 78 months
16th Outage 78 - 80 months
17th Power Cycle BO - 98 months
17th Outage 98 - 100 montha
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months
19th Power Cycle 120 - 138 months
19th COutage 138 - 140 months
20th Power Cycle 140 - 158 months
20th Outage - 158 - 160 months
21st Power Cycle 160 - 178 montha
218t Outage 178 - 180 monthe
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 months
25th OQutage 258 - 260 months
26th Power Cycle 260 - 278 months
26th Qucage 278 - 280 months
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 months
28th Outage 318 - 320 mcnths
29th Power Cycle 320 - 338 months
29th Outage 334 - 340 months
10th Power Cycle 340 - 358 months
" th Outage i58 - 360 months
.1st Power Cycle 360 - 378 months
318t Qutage -°378 -~ 380 wmontha
32nd power Cycle 380 - 398 montha
32nd Qutage 398 - 400 months -
33rd Power Cycle 400 - 418 months
33rd OQutage 418 - 420 months
34th Power Cycle 420 -~ 4368 monthe
34th Outage 438 - 440 months
35th Power Cycle 440 - 458 months
35th Outage 4S8 - 4€0 months
36th Power Cycle 460 - 478 wmonths
Shutdown 478 - 480 wmonths
Total Net Present Values

40-Year T st Cycle - 20-Year License Extensions

$165,000 per test
$1,890,000 per test

Tests

Required

& C
& C
&« C

& C

B &

B

B

B

B
B&C
B & C
B&CcC
B &C
B&C
B

& C

™
+

& C
& C
& C
& C
& C
& C
& C
&‘C

-&.C

m ©® W w W W W w & © W

& C

none

D-23

B&C

& C

Costs
5% Discount

183,353
141,374
130,331
120,150
110,765
102,112
94,136
86,782
80,003
73,754

67,993

717,988

57,785
53,271
49,110
45,274
41,737
38,477
35,471
32,701
30,145
27,7381
25,620

0

2,316,124

Costs

10% Digcount

143,017
122,009
104,087
88,738
75,754
64,627
55,134
47,035
40,126
34,232
29,204
285,377
21,254
18,132
15,4689
13,197
11,258
9,604
8,194
6,990
5,863
S,087
4,340
Q

1,208,888

NUREG-1493



Alternative 7;
Relaxed Leakage Criteria, Frequency of ILRTe Reduced to 1/20 Years

Type B & C Tests (LLRTR) =

Type A Tesats (ILRTs)
P riod Duration
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months
l14th Power Cycle 20 - 38 montha
l14th Cutage 38 - 40 months
15th Power Cycle 40 - S8 months
15th Outage 58 - €0 months
16th Power Cycle €0 - 78 wmontha
16th Qutage 78 80 months
17th Power Cycle 80 98 manths
17th Outage 98 - 100 months
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 140 months
20th Power Cycle 140 - 158 months
20th Qutage 158 - 160 montha
218t Power Cycle 160 - 178 months
21at Cutage 178 ~ 180 months
22nd Power Cycle 180 - 198 months
22nd Outage 198 - 200 months
234 Power Cycle 200 - 218 months
23*14 Outage 218 - 220 months
2atn Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 montha
25th Outage 258 ~ 260 months
26th Power Cycle 260 - 278 months
26th Outage 278 - 280 months
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 months
28th Outage 318 - -320 months
29th Power Cycle 320 - 338 months
29th Outage 338 - 340 months
30th Power Cycle 340 - 358 months
30th Cutage ’ 358 - 360 months
318t Power Cycle 360 - 378 months
31st Outage 378 - 380 months
a2nd Power Cycle 380 - 398 months
32nd Outage 398 -- 400 months
33rd Power Cycle 400 - 416 months
33rd Outage 418 - 420 months
34th Power Cycle 420 - 438 monthse
34th Outage 438 - 440 months
3sth Power Cycle 440 - 458 months
35th Qutage 458 - 460 months
36th Power Cycle 460 -~ 478 months
Shutdown 478 - 480 months
Total Net Present Values

NUREG-1493

40-Y ar Test Cycl

W W D W D W W o W w

- 20-Year License Extensions

$157,000 per test
$1,690,000 per test

Tasts

Required

| o

o]

w o o w o & w ¥ v o w
| 4

-’.
[ [ LA [ 3] " w
N N N .o o a0 nNn o nNnn o e 000 nNn a6 anaanaonon

none

D-24

Costs
$% Discount

145,913
134,520
124,012
114,325
105,394
97,161
89,572
82,575
76,124
70,178
64,696
642,010
54,983
50,688
46,729
43,079
39,714
36,611
33,752
31,115
28,685
26,444
24,378

0

2,162,663

Costs
10% Discount
136,083
116,094
99,041
84,493
72,081
61,493
52,461
44,785
38,181
32,872
27,788
255,178
20,224
17,253
14,719
12,557
10,712
9,139
7,796
€,651
5,674
+,841
4,130
0

1,133,916



Alternative 8: 40-Year Test Cycle - 20-Year License Extensions
Current L akage Criteria and ILRT Frequency, Reduced LLRTs

Type B & C Tests (LLRTS) = $70,000 per test
Type A Tegts (ILRTE) = $1,890,000 per test
Period Duration Tests Costs Costs
Required 5% Discount 10% Discount

13th Power Cycle ¢ - 18 months
13th Outage 18 - 20 months B&C 65,059 60,674
l14th Power Cycle 20 - 38 months
l4th Outage 38 - 40 months A+B&C 1,619,377 1,397,561
15th Power Cycle 40 - 58 months
15th Cutage 58 - 60 months B&C 55,292 44,158
16th Power Cycle 60 - 78 months
16th Outage 78 - 80 mconths A+B&C 1,376,264 1,017,139
17th Power Cyrle 80 - 9B months
17ch Outage 98 - 100 months B&«C 46,991 32,138
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months A+BacC 1,169,649 740,270
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months BeC 39,936 23,390
20th Power Cycle 140 - 158 months
20th Qutage, 158 - 160 months A+Bs&C 994,053 538, 765
218t Power Cycle 160 - 178 months
21at Outage 178 - 180 months B&C 33,941 17,023
22nd Power Cycle 12, - 198 montha
22nd Outage 198 - 200 months A+B&kC 844,818 392,111
23rd Power Cycle 200 - 218 months
23xd Qutage 218 - 220 monthse B&C 28,845 12,389
24th Power Cycle 218 - 238 months
24th Qutage 238 - 240 wmonths A+Ba&C 737,988 285,377
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months B &C 24,518 9,017
26th Power Cycle 260 - 278 months
26th Outage 278 - 280 months A+B&C 610,198 207,696
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months B&C 20,835 6,563
28th Power Cycle 300 - 318 montha
28th Outage 318 - 320 months h+B&C 518,591 151,160
29th Power Cycle 320 - 338 months
29th Outage 338 - 340 months B&C 17,707 4,776
30th Power Cycles 340 - 358 months
30th Qutage 358 - 360 months A+B&C 140,736 110,014
31et Power Cycle 360 - 378 months
31st QCutage 378 - 380 months B&C 15,048 3,476
32nd Power Cycle 2380 - 290 montlis .
32nd Outage 398 - 400 months A-+ B & C 374,570 80,0638
33rd Power Cycle 400 - 418 monthas - '
33rd Outage 418 - 420 months B&cC 12,789 2,530
34th Power Cycle 420 - 438 months -
34th Qutage 438 - 440 months "A+B&C 318,336 58,273
35th Powear Cycle 440 - 458 months -
35th Qutage 458 - 460 months B&C 10,869 1,841
36th Power Cycle 460 - 478 ..onths .

Shutdown 478 - 480 months nons 0 0
Total Net Present Valuss 9,356,407 5,196,409

D-25 NUREG-1493



Alt '‘rnative 9:

kelaxed LLe Yag Crit ria, Reduced LLRTs

Type B . C rests (LLRTs)
Type A Tests (ILRTH) =
Period Du
13th Power Cycle 0 -
13th Outage 18 -
14th Power Cycle 20 -
l4th Outage 38 -
15th Power Cycle 40 -
15th Outage 58 -
l16th Power Cycle 60 -
16th Outage 78 -
17th Power Cycle 80 -
17th OQutage 98 -
18t Power Cycle 100 -
L Jutage 118 -
1 sowexr Cycle 120 -
1% .. Qutage 138 -
20th Power Cycle 140 -
20th Outage 158 -
218t Power Cycle 160 -
218t Outage 178 -
22nd Power Cycle 180 -
22nd Outage 198 -
23rd Power Cycle 200 -
23rd Outage 218 -
24th Power Cycle 218 -
24th Outage 238 -
25th Power Cycle 240 -
25th Outage 258 -
26th Power Cycle 260 -
26th Outage 278 -
27th Power Cycle 280 -
27th Cutage 298 -
28th Power Cycle 300 -
28th Qutage 318 -
29th Power Cycle 320 -
29th Qutage 338 -
30th Power Cycle 340 -
30th Outage . 58 -
318t Power Cycle 360 -
31at Outage 378 -
32nd Power Cycle 380 -
i2nd Cutage 398 --
33rd Power Cycle 400 -
33rd Outage 418 -
34th Power Cycle 420 -
34th Outage 438 -
35th Power Cycle 440 -
3sth Outage 458 -
leth Power Cycle 460 -
Shutdown 478 -
Total Net Present Values

NUREG-1493

ration

18 months
20 months
38 months
40 months
58 months
60 months
78 months
80 months
98 months
100 months
118 months
120 months
138 months
140 months
158 monthse
160 montha
178 months
180 months
198 months
200 months

218 months

2206 monthe
238 months
240 months
258 months
260 months
278 months
280 months
298 montha
300 months
318 months
3120 months
338 months
340 months
358 months
360 months
378 monthsa

380 months .
399 wonths -

400 wonths

4168 wmonths

420 months
438 months
440 nornths

458 months -

460 monchs
478 months
480 months

40-Yesar T st Cycle - 20-Year License Extensions

§67,000 per test
$1,690,000 per test

Tests
Required

o
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none
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Cosce
5% Discount
€2,271
1,448,014
52,922
1,230,628
44,977
1,045,877
38,225
888,862
32,486
755,420
27,609
642,010
23,464
545,627
19,942
463,714
16,948
394,087

14,404

334,933

12,241
284,650
10,403
0

8,389,724

Costs
10% Di count
58,074
1,249,671
42,266
909,506
30,761
€61,934
22,388
481,753
16,294
350,618
11,4858
255,178
8,631
185,718
6,281
135,165
4,571
98,372
3,327
71,595
2,421
52,1086
1,762
0

4,660,250



Alternative ..: )
Current Leaksy Criceria, 2 ILRTs/10 Years, Reduced LLRT=s

“ype B & C Tests (LLRTs) =
Type A Teats {ILRTB} =
Period Duration
13th Power Cycle 0 -~ 18 months
13th Outage 18 - 20 months
l4th Power Cycle 20 38 months
14th Cutage 38 - 40 months
15th Power Cycle 40 - 58 months
15th Outage 58 - 60 months
16th Powear Cycle 60 - 78 months
16th Outage 78 - 80 months
17th Pcwer Cycle 80 - 98 months
17th Qutage 98 - 100 months
18th Power Cycle 100 - 118 months
18th Qutage 118 - 120 months
19th Power Cycle 120 - 138 months
19th Outage 138 - 140 months
20th Power Cycle 140 - 1568 months
20th Outage ° 158 - 160 months
218t Power Cycle 160 - 178 months
21st Qutage 178 - 180 months
22nd Power Cycle 1BO - 198 months
22nd Outage 198 - 200 months
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months
26th Power Cycle 260 - 278 months
26th Outage 278 - 280 months
27th Power Cycle 280 - 258 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 wmcntha
28th Outage 318 - 320 mcnthe
29th Power Cycle 320 - 338 menths
29th Outage 338 - 340 months
30th Power Cycle 340 - 358 months
30th Outage 358 - 360 montha
318t Power Cycle . 360 - 378 montha
3lst Qutage 378 = 3B0 monthe
32nd Power Cycle 1380 - 398 months -
32nd Outage 398 - 400 months
33rd Power Cycle 400 - 418 months
33rd Outage 412 - 420 monthe
34th Power Cycle 420 - 438 monthe
34th Outage ) 438 - 440 monthe
35th Power Cycle 440 - 458 months
3s5th Outage 458 - 460 months
36th Power Cycle 460 - 478 monthe
Shutdown 478 - 480 months
Total Net Presant Values

" Year Test Cycle - 20-Year Licens

$70,000 per test

$1,85%0,000 per test

Ta28ts

Required

B &C

B

2] 1] o w w

w w

w: /R
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&

n

C

K¢ I . G O [p] n [o K o] n Q0O e

o]

n

Coats
5% Discount
65,059
59,977
1,492,880
$0,973
46,991
1,169,649
39,936
36,817
916,403
31,290
28,845
717,988
24,515
22,600
$62,533
19,207
17,707
440,736
15,048
13,873
345,310
11,750
10,869
9]

6,140,996

Extensicns

Cogte

10% Discount

60,674
51,762
1,192,273
37,672
32,138
740,270
23,390
19,954
459,626
14,523
12,389
285,377
9,017
7,692
177,188
5,599
4,776
110,014
3,476
2,965
68,306
2,158
1,841

0

3,323,080

NUREG-14%3



Aiternative 11-
keiaxed Leakage Cri eri&, 2 ILRTS/10 Years, Reduced LLRTs

Type

B & C Tests

Tyr A Tests (ILRT8)}

Feriod

13th
13th
l4th
14th
15th
15th
16th
16th
17th
17th
i8th
i8th
19th
19th
20th
20th
218t
218t
22nd
22nd
23rd
23rd
24th
24th
25th
25th
26th
26cth
27th
27th
28th
28th
29th
29th
30th
30th
3lat
3lat
32nd
i2nd
33rd
33rd
34th
34th
isth
isth
36th

Total Net Present

Power Cycle
Outage
pPower Cyrle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outags
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage ‘
Power Cycle
Outage -
Power Cycle
Outage
Power Cycle
Shutdown

NUREG-1493

{LLRTs)

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - 5B months
58 - 60 months
60 - 78 months
78 - 80 months
80 - 98 monthe
98 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 months
140 - 158 months
158 - 160 months
160 - 178 months
178 - 180 months
180 - 198 months
198 - 200 months .
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 montha
240 - 258 months
258 - 260 months
260 - 278 months
278 - 280 months
280 - 298 wonths
298 - 300 months
300 - 318 months
318 - 320 months
320 - 338 months
338 - 340 months
340 - 358 months
358 - 360 months
360 - 378 months.
378 -« 380 -months
-380 - 398 months
398 - -400 months_ -
400 - 418 months
418 - 420 months -
420 - 438 montha-
430 - 440 months
440 - 458 months- . -
458 - 460 months
460 - 472 months
478 - 480 months .
values

w w4+
L T S I O R
[ -]

40-Year Test Cycle - 20-Year License Extensions

$67,000 per test
$1,690,000 per test

Tests

+ w o o+ o W + w o o+ - <)
r W oW R W o e W B
O o »» a0 N e 00 6 $8 0O N

a O » 0O 0 °»

e w

-]
]

none

D-28

a a ' & 0 0

Required

(9]

e

Cogts
5% Discount
62,271
57,406
1,334,903
48,788
44,977
1,045,877
38,225
35,239
819,429
29,949
27,609
€42,010
23,464
21,631
503,006
18,384
16,948
394,097
14,404
13,278
308,769
11,288
10,403
0

5,522,352

Costs
10% Disccunt
58,074
49,543
1,066,106
36,057
30,761
661,934
22,388
19,099
410,588
13,500
11,658
255,178
8,631
7,363
158,438
5,359
4,571
98,372
3,327
2,838
61,078
2,066
1,762
0

2,989,691
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Zi rnative 12:
f.'zrent Leakag Criteria, 1 ILRT/10 Yeara, Reduc d LLRTa

Type

B & C Tests

Type A Tests (ILRTs)

Period

13th
i3th
i4th
l14th
15th
15¢h
16th
i6th
17th
17th
18th
i8th
19th
19th
20th
20th
21st
21st
22nd
22nd
23rd
23rd
24th
24th
25th
25th
26th
26th
27th
27th
28th
28th
29th
29th
30th
30th
318t
318t
a2nd
32nd
33rd
33rd
34th
34th
3sth
asth
36th

Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage .
Power Cycle
Outage
Power Cycle
Outage
Powar Cycle
ocutage
Power Cycle
Qutage
Power Cycle
Outage
Power Cycle
OCutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage

Power Cycle-

Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage )
Power Cycle
Outage
Powar Cycle
Shutdown

378

380
398
400
418
420

- 438

440
458
460
478

{LLRTS}

et ot

l‘ll‘tllltlllltlilll

260
478

280°

298
300
318
320
338
340
358
160
378
380
398

400

418
420

438

440

- 458

460
478
480

Total Net Present Valuesg

Duration

months
monthe
months
months
monthse
months
months
months
months
monthe
months
months
months
months
months
mcnths
months
months
months
monthe
months
months
monthe
months
months
monthe
months
monthe
months
months
monthe
months
months
months
months

months - -

wmonths

moriths .
moniths

months -
‘monthse

months

months
‘months

months

‘months -
months
months

40-Year Test Cycle - 20-Year Licens

Extensions

570,000 per test
$1,8992,000 per lLeat

Tests

Required

>
m w oo w <+ x o W w w
n 1} |
a o 0o o O

¥y v W & w
o
n = N N 0O N O & O O N O 0O o

+
>
+
O T T T Y S I

W w ow oW w
o

o

none

D-29

n o a a

Coatse

5% Discount

65,039
59,977
55,292
50,973
46,991

1,169,649
39,936
36,817
33,941
31,290
28,845

717,988
24,515
22,600
20,835
18,207
17,707

440,736
15,048
13,873
12,789
11,790
10,869

0

2,946,727

Costs

10% Discount

60,674
51,762
44,158
37,672
32,138
740,270
23,390
19,954
17,023
14,523
12,389
285,377
9,017
7,692
6,563
5,59%
4,776
110,014
3,476
2,965
2,530
2,158
1,841

0

1,495,961
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Airfernative 13:

Fe.axed Leakage Criteria,

Type B & C Tests (LLRTa)

Type A Tests (ILRTs) =
Period Duration
13th Power Cycle 0 - 18 meuths
}3th Outage 18 - 20 months
14th Power Cycle 20 -~ 38 months
14th Outage 38 - 40 months
15th Power Cycle 40 - S8 months
15th Outage 58 - 60 months
16th Power Cycle 60 - 7B months
16th Cutage 78 - &0 months
17th Power Cycle 80 - 98 months
17th Outage 98 - 100 months
18th Power Cycle 100 - 118 months
18th Outage 118 - 120 months
19th Power Cycle 120 138 months
19th Outage 138 - 140 monthe
20th Power Cycle 140 - 158 months
20th Outage 158 -~ 160 months
218t Power Cycle 160 - 178 months
2lst Qutage 178 - 180 months
22nd Power Cycle 180 - 198 months
22nd Qutage 198 200 months
23rd Power Cycle 200 - 218 months
23rd Outage 218 - 220 months
24th Power Cycle 218 - 238 months
24th Outage 238 - 240 months
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months
26th Power Cycle 260 - 278 months
26th Outage 278 - 280 months
27th Power Cycle 280 - 298 months
27th Outage 298 - 300 months
28th Power Cycle 300 - 318 months
28th Qutage 318 - 320 months
29th Power Cycle 320 - 338 months
29th Outage 338 - 340 months
30th Power Cycle 340 - 358 months -
30th Outage 358 - 360 months
31t Power Cycle 360 -.378 months
31st Outage .378 - 380 months .
32nd Power Cycle 360 - 398 monthe
32nd Outage 398 - 400 months .
33rd Power Cycle 400 - 413 months .
33rd Cutage - 418 -.420-wonths -
34th Power Cycle 420 - 438 months
34th Outage 438 - 440 months
35th Power Cycle 440 - 4568 moriths
35¢th Outage 458 - 460 months
36th Power Cycle 460 - 478 months
Shutdown 478 - 480-months
Total Net Present Values

NUREG-1493
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40-Y ar Test Cycle - 20-Year License Extensions

1 ILRT/10 Years, Reduced LLRTs

$67,000 per test
$1,690,000 per test

Testn

Required

o w o W o
[ o ] [ o
n a0 0 o O

+
-]
]

B w w w w
Lo [ a4
o N o 0 0

+ +
(-} [ TN T - B )
N o o 0 o

L
0o n o n a =

none

D-30

Costs

s% Discount

62,271
57,406
52,922
48,788
44,977
1,045,877
3B, 225
35,238
32,486
29,949
27,608
642,010
23,464
21,631
19,942
18,384
16,948
394,097

14,404

-13,278 -

12,241
11,285
10,403

0

2,673,836

Costs
10% Discount
58,074
49,543
42,266
36,057
30,761
661,934
22,388
19,099
16,294
13,900
11,858
255,178
B,631
7,363
6,281
5,359
4,571
98,372
3,327
2,838
2,421
2,066
1,762
0

1,260,343



Alternative 14:

Current Leakage Criteria,

Type

B & C Tests

(LLRTs)

Type A Tests (ILRTg) =

Period

13th
13th
i14th
14th
15th
1sth
léth
16th
17th
17th
18th
i8th
19th
15th
20th
20th
<18t
218t
22nd
22nd
23rd
23rd
24th
24th
25th
25th
26th
26th
27th
27th
28th
28th
29cth
29th
30cth
ioth
llst
31st
i2nad
32nd
33rd
33rd
34th
34th
isth
asth
36th

Total Net Present

Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Qutage
Power Cycle
Qutage
Power Cyc’'e
Cutage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Outage
Power Cycle
Outage
Power Cycle
Cutage
Power Cycle
Cutage

Power Cycle

Outage
Power Cycle
Outage

Power Cyclé

Outage
Power Cycle
Shutdown

Duration
0 - 18 months
18 - 20 months
20 - 38 months
38 - 40 months
40 - S8 months
S8 - 60 months
60 - 78 montha
78 - 80 months
80 - 98 months
98 - 100 months
100 - 118 months
118 - 120 months
120 - 138 months
138 - 140 months
140 - 158 wmonths
158 - 160 months
160 - 178 months
178 - 180 months
180 - 198 months
198 - 200 months
200 - 218 months
218 - 220 months
218 - 238 months
238 - 240 months
240 - 258 months
258 - 260 months
260 - 278 months
278 - 280.monthsa
280 - 298 months
298 - 300 months
300 - 318 months
318 - 320 months
320 - 338 months
338 - 340 months
340 - 358 months
358 - 360 months
360 - 376 months
378 - 380 months
380 - 398 months
398 - 400 months
400-- 418 months
418 - 420 months
420 - 438 months
438 - 440 wonths
440 - 459 months
458 - 460 months
460 - 478 months
478 - 480 months
Values

40-Year T st Cycle - 20-Year License Extensions
1 ILRT/20 Years,

Reduced LLRTs

$70,000 per test
$1,890,000 per test

Tests

Required

¥ o ® w O o W w w

b
+

W w W ow o w D W ow W om

‘none

D-31

& C

&

n

[ I o]
AN a0 o n O aaonoan s o0onononaonaanaaon n

[

L

Costs
Discount

65,059
59,977
55,292
50,973
46,991
43,320
39,936
36,817
33,941
31,290
28,845

717,988
24,515
22,600
20,835
19,207
17,707
16,324

15,048

13,873
12,789
11,790
10,869

o

1,395,886

Costs

10t Discount

60,674
51,762
44,158
37,672
32,138
27,417
23,390
19,954
17,023
14,523
12,383
285,377
S,017
7,692
6,563
5,599
4,776
4,075
3,476
2,965
2,530
2,158
1,841
0

677,169
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Alternative 15: 40-Year T st Cycl - 20-Year License Extensions
kelaxed Leakage Criteri- 1 ILRT/20 Years, R duced LLRTs

Type B & C Tedsts {(LLRTS) = $67,000 per t st
Type A Tests (ILRTB) = $1,690,000 per test
Tests Costs

Period Duration Required S¥ Discount
13th Power Cycle 0 - 18 months
13th Outage 18 - 20 months B&C 62,271
l4th Power Cycle 20 - 38 months
14th Outage 38 - 40 months B&C 37,406
15th Power Cycle 40 - 58 morths
15th Outage S8 - 60 months B &C 52,922
16th Power Cycle 60 ~ 78 months
16th Outage 78 - 80 montha B&C 48,788
17th Power Cycle 80 - 98 months
17th Outage 98 ~ 100 months B&C 44,977
l6th Power Cycle 100 - 11¢ months
18th Outage 118 - 120 months B&C 41,464
191h Power Cycle 120 - 138 montha
19th Outage 138 - 140 months B&C 38,225
20th Power Cycle 140 - 158 months
20th Outage 158 - 160 months B&C 35,239
21st Power Cycle 160 - 178 months
218t Outage 178 - 180 months B&C 32,486
22nd Power Cycle 180 - 198 months
22nd OQutage 158 - 200 months B&C 29,949
23rd Power Cycle 200 - 218 months
23rd Qutage 218 - 22" months B&C 27,608
24th Power Cycle 218 - 238 months
24th Cutage 238 - 240 months A+B¢&C 642,010
25th Power Cycle 240 - 258 months
25th Outage 258 - 260 months B&«C 23,464
26th Power Cycle 260 - 278 months
26th Outage 278 - 280 months B&C 21,631
27cth Power Cycle 280 - 298 months
27th Outage . 258 - 300 months Bk C 19,942
28th Power Cycle 300 - 318 months
28th Outage 318 - 320 months B&C 168,384
29th Power Cycle 320 - 338 months
29th Outage 338 - 340 months B&C 16,948
30th Power Cycle 340 - 358 months
30th Qutage 358 - 360 months B &C 15,624
Jlst Power Cycle 360 - 378 months o
318t Outage 378 - 380 months B&C 14,404
i2nd Power Cycle 380 - 398 montha .
i2nd Outage - 398 - 400 months B&C 13,278
33rd Power Cycle 400 <418 months -
33rd Outage 418 - 420 months. . B & C 12,241
34th Power Cycle 420 - 438 months - . -
34th Qutage 438 - 440 months B&C 11,285
35th Power Cycle 440 - 458 months - R
35th Qutage 458 - 4&0 months B&cC 10,403
36th Power Cycle 460 - 478 months -

Shutdown 478 - 480 months none o]
Total Net Present Values 1,290,950

NUREG-1493 D-32

10%

Costs
Discount
58,074
49,543
42,266
36,057
30,761
26,242
<2,388
19,099
16,294
13,900
11,858
255,178
8,631
7,363
6,281
5,389
4,571
3,900
3,327
2,838
2,421
2,066
1,762
0

630,179
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APPENDIX E

DEPENDENCE OF ENVIRONMENTAL SOURCE TERMS ON
CONTAINMENT LEAKAGE

In order to help explain the nature of the
derived dependence of reactor accident risks
on the assumed containment leakage ' rate
developed in Chapter 5, it is useful to consider
the relationship between fission product losses
from the containment by leakage and removal

from the containment atmosphere by various
deposition mechanisms.

The following differential equation describes
the time dependent concentration of airborne
fission products in a single well-mixed
volurmne:

d/dt C, = - (EN)C, - aC, + S(1) (n

leakage rate of component i, fraction of the volume per unit time

where,
C, = airborne concentration of component i
A; = removal rate constant for component i due to mechanism j
L = sununation over all applicable removal mechanisms
o =
S(t) =  source into containment of component i

The above expression is quite general, but
deceptively simple. It applies to fission
product gases, vapors and aerosols. Its
application to severe accident situations
involving many removal mechanisms, each of
which is time- and species-dependent, multiple
containment compartments, species-dependent
timing of releases, etc., can become
cxceedingly complex. Numerous computer
codes, such as the Source Term Code Package
(GIES0), MELCOR (SNL91), and CONTAIN
(NRC85A) have been developed to anmalyze
these processes. In its most general form, the

solution to the seemingly simple equation
above can require very extensive computing
capability as well as substantial computer time.

For the presemt purposes, a number of
simplifying assumptions can be made (o
illustrate some key points. If we consider only
a single generic airborne specics, assume
constamt removal, leakage and source terms,
simplify the expression by dropping the
explicit summation over all ramoval terms, and
set the initial condition of C = Gy at t = {,
the above equation is easily solved to yield

C = SI(\ + a) - {SIA + &) - Clexp (A + aXt-1) ¥)]
The lcaked amount during any time interval t - t, is then given by the integral

¢ .
LmICVad!_ 3)
]

where V is the volume of the containment.

Or,

L = [(SVaY/(A + o)At - {[S/(A + a) - CJ] (aVIWA + a}}

x {1 - exp{~\ + ajat]} 4)

NUREG-1493



{f * e make the further simplifyirg assumption available initially, the expression for the leaked
that there is no time-dependent source term to amount reduces to
the containment, with all of the source

L= C[(ax VV(A + a)] {1 - exp[-(A + a)At]} (5)
The latter assumption is tantamount to saying involved and the roles of the competing
that the release period to the containment is mechanisms for fission product removal from
short compared to the release period from the the containment atmosphere. 3uch simplifying
containment to the environment. Thi. assumptions would not necessarily be generally
assumption is quite reasonable since in typical applicable to the analysis of severe accident
severe accident scenarios the releases to the scenarios.
containment take place over a few hours,
whereas the environmental releases are The last expression can now be easily
assessed over about 24 hours. The long examined to explore the relationship between
leakage durations are particularly relevant to leakage and the other removal mechanisms.
scenarios in which the containment stays
intact, If it is assumed that the leakage term, «a, is
' much smaller than the removal term, A, (c.g.,
All of the above simplifying assumption are a = 0.1)), the above expression reduces to
made to illustrate the essential physics approximately
L = Cy (o V/1.IN) {1 - exp[«(1.10AD)]}} (6)

For the leskage term, a, approximately equal to the removal term, A, Equation 5 reduces to
approximately

'L = G (V72) {1 - exp{<2ran)]} N

And for the leakage term, a, m bigger than the removal term, X, (e.g.. a = 10A), Equation 5
reduces to approximately

L = Cy (V) {1 - exp{-(11A At)}} (8)
If we next examine the exponential term in dnmionofrelweylcldsexpommsof-(llx
cach of the last three expressions, it can be 13 x 24), (2 x .13 x 24), and (I} x .13 x
shown that for the conditions of interest ali the 24), respectively. Thus, it is clear that the
terms are small and can be negiected for exponential - terms can be neglected in the
purposes of this discussion. Obviously, for discussion of the behavior of fission products
very long times these terms vamish. As a that are subject to deposition and other
more specific example, WASH-1400 (NRC75). =~ removal mechanisms, even for relatively low
which is generally considered as-a conservative depaosition rates. This would not be true for
treatment of fission product behavior, .  the noble gases which are not subject to such
calculated an effective removal lambds for -removal mechanisms.
aerosols under natural deposition conditions of
0.13 per hour. Under the influence of sprays The dependence of environmental source terms
or other removal mechanisms pmch higher on the ocontainment leakage rate relative to
deposition rates were predicted.  Substinaing other remosal mechanisms now becomes quite
this removal lambda into each of the above apparent.  For containment feakage rates that
exponential terms and assuming a 24 hour are small relative to fission product removal

NUREG-1493 E-2



mechanisms, as would be the case for nominal
leakage rates, the source terms (leaked amount
L in Eqn. 6) are seen to be essentially directly
proportional to the leakage rate (o). (A
lcakage rate of | percent per day corresponds
to 4.17 x 10* loss ner hour, in contrast to the
0.13/hr nominal deposition rate.) As fission
product losses due to leakage hecome
comparable to other removal mechanisms, the
environmrental source terms (L) become
independent of the leakage rate () and, under
the foregoing assumptions, approach one-half
of the total release to the containment (Eqn.
7). As the leakage is assumed to increase still
further, to the point that it dominates other
removal processes, environmental source terms
are independent of the specific leakage rate
and in the limit approach the total releases to
the containment .(Eqn. 8). These observations
are consistent with the dependence of risk on
containment leakage developed in Chapter 5.

To lend additional, more quantitative, insight
to the environment on containment leakage rate
and competing fission product deposition
mechanisms, solutions to Equation § are
presented in Figure E-1. Solutions are shown
for removal lambdas of 0, 0.13, and '1.3/hr as
functions of the assumed containment leakage
rate. A removal lambda of 0 would apply to
the noble .gases which are not subject to
deposition or removal by normal enginecred
safety features. As noted above, the removal
lambda of 0.13/hr is taken from WASH-1400
and was derived for natural deposition of

Table E-1. Source Terms for Surry

acrosols. The 1.3/hr value for lambda is an
arbitrary increase over the WASH-1400 figure,
recognizing that much larger removal rates
would be encountered with the operation of
engineered safety features. The curves in
Figure E-1 are quite consistent with the
qualitative discussion presented above. It is
noteworthy that the shapes of the curves are
very similar to those derived in Chapter 5 to
show the dependence of risk on containment
leakage rate. This is to be expected since risk
measures, particularly for long term effects,
should be proportional to the magnitudes of
the source terms. The results in Figure E-1
are limited to environmental source terms due
to leakage only; the risk results in Chapter 5
include contributions from all containment
failure modes.

In Chapter 5, fission product source terms
were presented for carly containment leakages
in the Surry unit. These source terms,
repeated below, represent the composite
frequency-weighted source terms for all
accident scenarios involving early leakage
through a 0.1 fi* opening. Comparison of
these source terms with the simplified results
illustrated in Figure B-1 suggests that the
average effective removal lambda for species
such as iodine and cesium as inferred from
NUREG-1150 is between the 0.13/hr taken
from WASH-1400 and the 1.3/br value
assumed for illustration purposes. Thus, the
foregoing simplifications have not prevented a
meaningful illustration of the essential physics
involved.

Fission Product Group.
NG 1 Cs Te. | st Re | la Ce Ba
No Contaioment Failure, 1%/day leakage
o1 | 1164 | 2188 | 1.8E8 | 42E9 |34E10 | 46En | s2rw0 | 35Es
Early Containment Leakage, 0.1 f?
44 075 064 036 I 0037 | 86E4 3.1-E4 9.5-E4 | .0038
el s ek

E-3
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The toregoing siumplified analysis  of deposition rate has been shown to be consistent
environmental  fission  product releases  as with the results of the extremely complex
functions of leakage rate and containment NUREG- 1150 analyses.
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Figure E-1. Impact of Leakage on Source Terms
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APPENDIX F

GRAND GULF NUCLEAR STATION
LOCAL LEAKAGE-RATE TEST PROGRAM
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APPENDIX F

GRAND GULF NUCLEAR STATION
LOCAL LEAKAGE-RATE TEST PROGRAM

The Grand Gulf Nuclear Station (GGNS) Plant
Operations Manual describes the local leakage-
rate test program for meeting the requirements
of the Appendix J containment leakage-testing
requirements. The LLRT Program conducts 316
tests (penetrations, valves and other components)
organized into the following categories: the
Performance-Based Testing Program (250
components), Fixed-Interval Components (24),
Pressure Isolation Valve Tests (24), Drywell
Air-lock Tests (4), Drywell Bypass Test (1),
Containment ILRT (1), Containment and

Drywell Visual Inspection (1), Containment Air-

lock Tests (8), and the Containment/Drywell
Air-lock Tubing Drop Tests (3).

The following summary is excerpted from the
Plant Operations Manual’s Performance and
Enginecring Instruction. By folljowing the
requirements and applying the guidance provided
in the engineering instructions, Grand Guif test
engineers determined that 149 of a total of 316
components will require LLRTs during the next
scheduled unit outage. Of the categories noted
above, the greatest reduction in components to
be tested was from the Performance-Based
Testing Program, where 164 of a total of 250
components will be not be tested in the next
outage. Table F-1 provides a comparison of
some of the changes brought sbout by the

performance-based program. A schematic of the

process is shown in Fxgure F-1.

F. PURPOSE

Among other things, to identify the containment
penetrations, valves and components included in
the LLRT program, and the applicable test
methods, the allowable leakage rates, and testing
frequencies

F.2 COMPONENTS REQUIRED TO BE

LOCAL LEAKAGE-RATE TESTED

The instruction provides a table specifying each
penetration, valve and component to be tested
per Type B and Type C requirements, including
the test medium (air, water, nitrogen).

F.3  TEST METHODS

Type B tests shall be performed by local
pneumatic pressuriation at a pressure not less
than P,. Type C tests shall be performed by
local pneumatic pressurization at a pressure of
P,. unless it is a valve sealed with a fluid, which
is then tested at a pressure not less than 1.10 P,.
Test pressurization shall be applied in the same
direction as that when the valve would be
required to perform its safety function unless it
can be determined that direction of
pressurization isn't a safety consideration.
Certain exceptions to the latter are allowed based
on the design of the component. Each valve to
be tested shall be closed by normal operation,
i.c., without any preliminary exercising or
adjustmients.

F4  LEAKAGE-RATE LIMITS

The combined leakage rate of all Type B & C
penetrations am valves shall be less than or
oqual to 0.60 L, when pressurized to greater
than or equal to P,. Some exceptions may apply
in the case of valves sealed with fluid from a
sealing system  Leakage through main steam
isolation valves shall be limited to less than 100
scth when tested 2t P,. The combined leakage
rate for all comainment isolation valves in
hydrostatically-iested lines which penetrate the
containment shall be less than or equal to | gpm
times the total number ¢f valves when tested at
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Grand Guif Nuclear Station

Appendix J Performance Based Testing Program

'

CTMT ILRT
Type A Test
Program
Interval 10 Years
(06-ME-1M10-0-0002)

l

CTMT LLRT
Type B & C Test
Program
(17-S-08-1)

!

'

" , Select Components
CTMT Aislock Testing for Type B & C Tested
(17-5-05-1) Performance Based Components
Testing Program
Page 2
¢ (17-805-1) VES
Airlock Seal Test o \
30 Day Interval 1 \
{06-ME-1M23-V-0001)
Ovenall Airlock Test N°"'P°ff;;““fu :eﬂon!élm Based
2 Year Intzrval Based ested Companents
(OG-ME-ei"MZ:i-V-OOOI) Components (17-5-05-1 Table !
~ / (17-5-05-1 Table | Note 27)
Note 28)
Test Ourage
Performarce : Initial Interval
Lnterval - Scheduling €= gjecrion
Monitoring
CTMT Leakage —
Tracking
Pectormance Page 3
Based
Components

Figure F-1. Schematic of Performance-Based Program Process
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Component Selection for the
Performance Based Testing Program

17-§-05-1

Components
Excluded from
Performance Based
Program

Y

—NO——

Select Components
For Performance
Based Program

oo YES 3>

Test Vent & Drain
Vaives

(Exempted)

2 Year Interval
Components

Fixed 2 Year
Inzerval Components
(Mainstream &
Feedwater)

Purge Supply and

Exhaust {solation
Valves

{90 Day Interval)

Components
Selected for
Performance Based
Program (Note 27)

l

Initial Test Interval
Establishment

Page 3

Figure F-1. Schemaic of Performance-Based Program Process (Continued)

NUREG-1493

F-3




—

AN

{

)

¥ | sdny

T

Pan |

Initial Test Interval Selecuon for the
Performance Based Testing Program

17-8-05-1

Develop Data Bases

1) Test History

2) Component {nfo.
3) Interval Selection

Y

Collact

l

2) Test History

1) Component Infaormation

1) Maintsnance History

e mer Conpie Al ReviewLa 3 Tens| | KGR ot
Selection With |l Component || ctcrmine i FASEOCL___ol Determine if Test
Engineering Teat Data Into Fail Allowable g Qualified as
Evalustion Report Data Bases Leakage Rate As-Found
. . Test Following
Test Prior Test Not for Component Has T::.for Routine Maintenance
Mai 0 Corrective Action Out Good LLRT 'O;,m Not Expected to
aintenance a Failed LLRT Performance History y Affect Leak
Tightness

Y

!

!

!

L

l

Review Qualified Test and
Determine Pass or Fail
Allowable Leaknge Rate
Pass 3 Consecutive Pass 2 Consecutive Pass | Test or
Tests Tests Failed Previous Test
(10 Year Interval) [ NO —>- (5 Year Interval) | NO —> (2 Year Imerval)

|

YES

[

Figure F-1. Schematic of Perfcrmance-Based Program Process (Continued)
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Part 2

Interval Selection

Perform Engineering
Evaluation to
Determine
Probability of Failure

Leakage High or
Erratic - Could

Failure Before
Next Test

l

L

Experience

Review Industry

l

l

If Test Fails,
Determine if Generic
or Isoisted

i

Component Located

in Same Penetration

of a Failed LLRTed
Component

l

'

_Doctmulm:rv:l

Interval Selection
Reviewed by Expert

Juatification

!

.

Change Test Intervals
on Plam Surveillance
Tracking System {SIMS)

Figure F-1. Schematic of Performance-Based Program Process (Conzinued)
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Figure F-1.
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Test Performance and Interval Monitoring for the
Performance Based Testing Program

17-8-05-1
Perform the
Following
"Test Results/ Perform LLRT
Performance A sinnnend  (06-ME-1M61-V-0001
Interval Evaluation”
(17-8-08-1
Atschment V1)
Test Type
As-Found or As-Lefl :
Document Failure
el S il BT sy
Performed as WO#
PJSS l
As-Found Leakage +
> +5% of As-LeR Test for Post Evaluate
Leakage €— VES Maintenance Generic Failure
= {
YES — NQ\NO
. Document Evaluate Other
Adju;t\lln:rr:al 10 c ive P ) c in the
Texts Penetration
Evaluate Leakage Adjust [nterval 1o
(Eratic, High. 2 Years
ing Trend)
»  justificstion | €
Adjust Integval if
Reguired

Y

Submut SIMS Task Change Request 1o Change Interval
and Documens SIMS Entry Log No.
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CTMT Leakage Tracking
Type B & C Components

Mainstream Line

Leakage

17-8-05-1
Y
Type B & C Leakage Type C[x?ky:gr:mm

Figure F-1. Schematic of Performance-Based Program Process (Continued)
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Table F-1. Commparison of Performance-Based and Prior Test Programs
— — ————— e T
Activity Prior Program Performance-Based Program Total Components
ILRT Every 40 monaths Every 10 years 1
CTMT & Drywell Visual Prior o ILRT Every 40 months I
Inspection
CTMT Aur-lock Barrel Tests Every 6 months Every 2 years. The air-lock relief valve and flange will be ieseed 0a the same | 6
frequency.
CTMT Asr-iock Seal Tests Every 72 hours Every month 2
Type B Components (Electricai Every 2 years interval based on performance (e number of consecutively-passed iests) and | 98
H penetraions, flanges, fuard pipes, engineering judgement.
access pons) - Passed | test or failed previous test - Test every 2 years
- Passed 2 tesis - Test every S years
Type C Components (CTMT ‘ . Every 2 years Interval based on performance (the number of consecutively-passed tests) and | 152
isolation valves) engineering judgement.
- Passed 1 test or failed previows test - Test every 2 years
- Passed 2 tests - Test every S years
Mainsteam & Feedwater Isolation | Every 2 years No change - These valves were determined o have potential safety 16
Valves significance that would require further evaluation prior 10 extending their test
intervals.
Pre-Maintenance As-Found Every ILRT outage Always required for the 250 components in the Performance-Based Testing N/A
| Testing Program.
CTMT Purge Valves Every 30 days No change g
Fixed-Frequency Components Every 2 years No change - These components are the CTMT Equipment Hatch and Puel 2
Transfer Gate. Both components will be removed each outage. therefore
extending the interval would be of no benefit.
Pressure Isolation Valve Tests Every 18 months No change - These tests are required per technical specifications and are not 24

Appendix J tests.

Every 18 months

Every 5 or 10 years

Drywell Bypass Test

Drywel] Asr-lock Tests

Every 18 months

No change

Dy well Air-lock Test Tubing

Every 18 months

Requirements moved to the FSAR. A 50.59 15 being written to possibly
climinate the test or refax the acceptance criteria

Do Tes
!7( 1MT A fock Tubing Drop

i [...v 18 months

No change

L)




not less than 1.10 P,. Overall air-lock leakage
shall be less than or equal to 2 scth at a pressure
equal to or greater than P,. Pressure isolation
valves shall be limited to a leakage rate of less
than | gpm at a reactor coolant pressure between
1040 and 1080 psig. Provisions exist for testing
at lower pressure differentials provided
requirements are met. Purge supply and exhaust
isolation valves shall not exceed 0.01 L,. The
leakage rates noted in the preceding for
individual components may be exceeded
provided the overall Type B & C limits are
maintained.

F.5 DATA ANALYSIS

The procedure identifies those instances where
data analyses are required to ascertain the
reason(s) why an acceptance limit was exceeded
during a test, and specifies when and which
corrective actions are necessary. The procedure
also allows a test to be repeated, in lieu of the
foregoing, as determined by the supervisor in
charge.
F.6  TEST FREQUENCIES

Local leakage-rate testing for Type B & C
valves and penetrations shall be performed at
intervals . ed o the performance of each
componen. Testing history will be evaluated
and intervals adjusted in accordance with defined
criteria. Test vent and drain valves, pressure
isolation valves, vent and purge valves, two-year
interval components and fixed two-year interval
components are excluded from the performance-
based testing program. '

Test intervals shall be established by reviewing

the last three consecutive Type B/C tests

performed  and by determining if each
component had passed or failed. A failure is a
test that exceeded the allowable leakage limit.
Consecutive means 4 test must be performed in
sequence at least 12 months apart with a
minimum of 12-months inservice time before the
test 1f retest data are used to extend the test

F-9

interval, criteria and restrictions apply and are
specified in the instruction. The initial interval
selection will be reviewed and approved by an
expert panel.

The test interval for ..~ B and C components
shall be as follows: c.ery two years for
components that pass one test or that have failed
the previous test and every five years for
components that pass two consecutive tests. A
review of all consecutively-passed tests will be
performed to determine if the leakage was high,
erratic or indicative of a degrading trend. High
or erratic leakage could indicate a potential
failure prior to the next scheduled Type B/C
test. In order to evaluate the probability for
failure the responsible engineer will consider the
following information:

. Past failures - To determine if
the component had failed a
previous Type B/C test, if the
failure was catastrophic (greater
than 0.60 L, and if the
appropriate corrective action
was taken to avoid recurrence.

. Component  application\Usage
factor - To determine if the
component is normally open,
normally closed, used for
system isolation, used for flow
control, or used in any way that
could induce a higher wear rate.

. System function - To determine
if the component is in a system
that is used for normal unit
operation, such as main steam,
feedwater, etc. and could induce
a higher wear rate.

L Component size - To determine
if the size of the component has
any effect on probability of
failure or increases the
consequences of failure.

NUREG-1493



. Operation medium - To
determine if the component is in
an operating medium that could
induce a higher wear rate.

Industry operating experience i8 reviewed to
dentify any generic problems including those
associated with containment isolation valves and
other components subject to Appendix I testing.
Any generic problems identified will prompt a
review to determine if the problem could affect
the Type B/C test performance of any
coni; onent(s). If the problem could affect test
performance, an evaluation will be done and the
test interval will be adjusted to an appropriate
interval. The problem will be monitored until it
is resolved or until the problem is corrected.

A teview will be performed on each failure to
detcrmine if the failure was generic or isolated.
If it is determined that the failure was generic,
all other components that are subject to the same
failure mechanism will be adjusted to an
appropriate interval. All components located in
a penetration of a failed component will be
evaluated for placement in the same interval as
the failed component.

Following these procedures, Grand Gulf
performed an engineering cvaluation of the
performance history all its containment
penetrations, valves and components. This
effort resulted in the development of a 60-page
LLRT database which, along with other
information, was used to determine initial testing
intervals. A separate report provides all
justifications and rationale for the selections
made, which are themselves reviewed by an
expert panel. Examples of the justifications
provided for interval selection are: :

"The LLRT on this valve was changed
from a water test to an air test in 1993.
Only 1 air test has been performed to
date, therefore, the test interval is
limited to 2 years until additional testing
is performed.”

NUREG-1493

“This comporent has a total
allowable leakage rate of 30,289
mi/min. Therefore, leakage of 2700

mi/min is not considered high and does
not indicate a potential failure. The 120
month test interval is acceptable. The
LLRT performed in 1990 was a retest
for scheduled maintenance activities and
was nnt for corrective action of a failed

LLRT. This test was used in the
interval selection process per the
guidelines....  Although this set ot

LLRTs meets the criteria for 10-year
interval selection, the last 3 tests results
display an apparent trend of increasing
leakage. Test interval will be kept at 60
months until the trend is better defined,
the trend stops increasing, or corrective
action is taken.” [Note that subsequent
to thi$ evaluation, the NRC approved a
one-time exemption to Appendix J
requirements, allowing up to a S-year
LLRT test interval for Type C valves.]
F.7  REPAIR, REPLACEMENT AND
MAINTENANCE

An as-found Type B/C test, as appropriate, will
be performed prior to any maintenance or
modification activity performed on a component
if the activity could affect the’ component’s leak-
tightness. Components remaining on 2-year
intervals will not require as-found testing during
outages during which a Type A test is not
performed.

- Each maintenance or modification activity that

F-10

could affect the component's leak-tightness is
followed by a Type B/C test after the completion
of the activity. If the post-work Type B/C test
leakage rate for extended interval components
was not greater than + 5% of the Type B/C test
Jeakage rate performed prior to the maintenance
or modification, and other applicable retests
(such as tests required for the Motor QOperated
Valve Testing Program) are acceptable, re-
establishment of component performance will
not be required and the component will remain



on its current test interval. If the post-work
Type B/C test leakage rate for extended interval
components was greater than +5% of the Type
B/C test leakage rate performed prior to the
mai..tenance or modification, or other applicable
retests were unacceptable, re-establishment of
component performance is required and the test
interval for the componc..i will be adjusted to a
2-year nterval. The iest interval may be
extended once satisfactory performance is re-
established in accordance with the requirements
of this program.

F.8 DATA PACKAGE REVIEW

The instruction provides requirements for review
of the data package supporting the results of the
testing.

F-11

F9  GENERAL REQUIREMENTS lOR

TYPE B & C TEST RESULTS

During refusling or maintenance cutages when
Type B & C testing is performed before a Type
A test, the Type A test results shall be adjusted
for any repairs or adjustments made so that the
As-Found condition of the containment can be
properly determined and evaluated. As-Left
leakages are permitted during certain refueling
outages in accordance with conditions specified
in the instruction. Specific data recording needs
are identified for Type B & C test results during
refueling outages and during power operation;
for main steam line isolation valve leakage, and
hydrostatically-leakage-tested valves.

F.10 DATA TRENDING AND ANALYS!S

If a trend of increasing valve leakage rates is
evident or suspected, it may be appropriate to
analyze data for adverse trends. The procedure
recommends a step-by-step method for
conducting such analyses.
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U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RFSEARCH

Septemb.r 1995

REGULATORY GUIDE 1.163
(Draft was DG~1037)

PERFORMANCE-BASED CONfAINMENT LEAK-TEST PROGRAM

A. INTRODUCTION

Nuclear  Regulatory Commission  has
amended us regulations (60 FR 49495) to provide a
perform.ace-based opuon, Option B, for leakage-rate
tesung of containments of light-water-cocled nuclear
power plants. Licensees may voluntarily comply with
this Option B as an alternative to comphance with the
current requirements in Appendix J, “Primary Reactor
Conta.iment Leakage Testing for Water-Cocled Pow-
er Reactors,” to 10 CFR Part 50, " Domestic Licensing
ol Production and Uutlization Facilities.” The amend-
ment is aimed at improving the focus of the body of
regulations by eliminating prescriptive requirements
that are marginal to safety and by providing licensees
greater flexibility for cost-effective implementation
methods for regulatory safety objectives. This regulato-
ry guide provides guidance on an acceptable perfor-
mance-based leak-test program, leakape-rate test
methods, procedures, and analyses that may be used
to comply with the performance-based Option B in Ap-
pendix J io 10 CFR Part 50.

The

The information collections contained in this regu-
latory guide are covered by the requirements in
Appendix J 10 10 CFR Pan 50, which have been ap-

proved by the Office of Management and Budget

Approval number 3150-0011. S e

B. DISCUSSION

The Commussion has siated that future regulatory
initiatives should use a performance-oriented and risk-
based regulatory approach in which safety standards
are established based upon risk, regulatory require-
ments are expressed in terms of meeting a perform-
ance standard, and regulated entities are provided
fexibihity to adopt cost-etlective methods for comply-
ing with the performance-based safety standard. See
Staff Requirements Memorandum dated May 18,
1994, on SECY-94-090, “Instinntionalization of Con-
tinuing Program for Regulatory lmprovement.”! In
accordance with the policy that iegulated entities
should be allowed flexibility to adopt cost-effective
methods for complying wuh regulatory requirements,
detailed technical methods for compliance with the
performance standard would not be incorporated into
the regulatory requirement. Instead, the detailed
methods would be described either in NRC regulatory
guides or in industry standards and guidance docu-
ments that are reviewed and approved by the NRC

YCopies are available for inspection or copying for a fce from

the NRC Public Document Room at 2120 L Sirect NW |
Washingion, DC; the PDR’s mailing address is Mail Stop
LL~6, Washingion, DC 203555, telephone (202)634-3273;
-(ax (202)634-3343.

USNRC REGULATORY GUIDES

Reguiatory Guides are i85 1o describe dhd rake svailabis 1o thepub.a .
such infortmation 8 Mathods scceptabld (o the NRC glatf or implarnent- -
g specific parts of the Cammission's regulations, lachdiques: used by
the staft in evaluating: specific problems or_postuiated gcoidents. and
dats reeded by the NAC stafl in i's review of applications for permite and
licenses. Reguiatory gukdes are :c! substitulas for reguiations, and coms
phance w'th them is not required. 'Aethods .nd solutions difterent from -
those se! oul in the guides will be acceplable if they provide a bdsis for the
hogings requisite 10 the issuance or continuance of a permit or ficense by
the Comimission. -

This Quitke was 15sued alter consideration of comments sacelved from the
pubhic JCommaents and suggeslions tor improvements In 1hesa guides are
encoL. agHd at all mes, and guides will L revised, as approp:.ate, to
accommodale coinments andg 1o reflect new informatior or experience

" WiTlen corfiments may be submitted to the Rules Review and Directives
L . Braih, DFIPS, ADM, U.S. Nuclear Regulatery Commission, Washing-

on, ‘Dg 205§5:-DOO|‘
The uides are issued i the following ten broad divisions:

1. Powsr Reactors i 6. Products

2. Resgarch and Tesl Asactors 7. Transportation

3. Fuels and Materlals Facilities 8. Occupational Health

4. Environmental and Siting 9. Antitrust and Financial Review
6. Materials ang Plant Pratection 10. Genera!

Single ¢oples of regulatory guides may be chtained free of charge by writ-
ing he Office of Admunistration, Attention. Distnbution and Services
Section,- U 3. Nuclear Regulalory Comaussion, Washington, DO
20555~0001; or by tax at (301)415-2260

Issued guides may aso be purchased rom the National Technical intor-
mation Service on a standing crder basss. Details on this service may be
obtained by writing NT1S, 5285 Por! Royal Road. Springhald VA ZZ16}

10200172 950930
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penehe Pot ia c ER Parg cas fess presanptive, utilizes
b oo hinapltand alieas the hoensee the Heab
e tooadbept cor ool nethoas, 1 cadhng seting
test mienvals, tor unplementing the salety abjectives
antherlyine the requirements ol Appendss I This repus
Ltory purde approsves anondustry paidehine tha de-
sontbes i detatl a0 pertormance -hased teak test pro-
prane, learage-rate test methods, procedures, and
analyses, the NRC staff has determined this industry
prdehine w e an acceptable means ol demonstrating
comphance with the requirements of the amendment
of appendix J 1o 10 CFR Part 50.

C. REGULATORY POSITION

NLYY4-01, Revision 0, dated July 26, 1995, “In-
dustry  Guideline for Implementing Performance-
B.awed Opuon of 10 CFR S0 Appendix J,”! prepared
by the Nuclear Energy Institute, provides methods ac-
ceptable to the NRC swaff for complying with the praovi-
sions of Option B in Appendix J 10 10 CFR Part 50,
subject to the following:

1. NEI 94-01 references ANSI/ANS~56.8—-1994,
“Containment System Lcakage Testing Require-
ments,”? for detailed descriptions of the technical
methods and techniques for performing Types A,
B, and C tests under the amendment of Appendix
Jto 10 CFR Part 50. However, as stated in NEI
94-01. the test intervals in ANSI/ANS 56.8-1994
are not performance-based. Therefore, licensees
intending to comply with Optian B in Lthe amend-
ment to Appendix J should establish test intervals
based upon the criteria in Section 11:0 of NEI
94-01, rather than using the test intervals speci-

fied in ANSIH/ANS-56. 8-—1994 All other techni-’
cal methogds and techniques for per[ormmg Types
A, B, and C \tests. contained —in. ANSI/
ANS-56.8-1994 are accepmbleto lhe NRC smff

[

Section 11.3,2, "Progmmmn’u"_" Atrels
94-01 provides guidance forli
an extended int€rval greate
refuel;ng cycles for x Typ {

2 Copies may bc obxamed from the Americ :
555 Nornh Kemmgton_/\vmn -'Ltl T}mng 'Pnr
60525 R e R

i M U T L U A FR S ol
footet ot 0 bt HPTEN T
TR TP S MOV AT RS ST FUME HARC I S A
potiend of Bee rohron wvee ateb el e
PIeG o of STORTam atn ¢ onbirols dosoratont o
Leetion 113 g addres t e c uneethntic | the
putdance proaaded i Seate o Vs 2o saioanr,
extended testntervals preater than etonths fon
Tape € tested companents i not presentdy «rne
dorsed by the NRO siaflL Further, the internvid for
Type Ctests for minn steam and teedwater et
ton valves i BAWRS, and contamment parye and
ventvalves in PWRs and BW Ry, shauld be e d
1o 30 months as specified i Sccuon 3 3.4 ol
ANSI/ANS-56.8-199.1, with considerauon given
to operatng experience and safety sipnificance.

3. Section 9.2.1, “Pretest Inspection and Test
Mecthodology,” of NET 94-01 provides gurdance
for the visual examination of accesstble interior
and exterior surfaces of the contamnment system
for structural problems. These examnatons
should be conducted prior to imtiating a Type A
test, and during two other refueling outages be
fore the next Type A test if the interval for the
Type A test has been extended to 10 years, in
order to allow for early uncoveiing of evidence uf
structural detcrioration,

4. Section 10.2.3.3 states that an as-found Type C
test or an alternative test or analysis is to be per-
formed prior to any maintenance, repair, modifi-
cation, or adjustment activity if it could affect a
valve's leak-tightness. * Alternative test or analy-
sis” is not endorsed as an appropriate substitute
for an as-found tesi, because the as-found test
provi.:»s clear and objective evidence of perform-
ance ol isolation componerns.

D. IMPLEMENTATION

The purpose of this section is to provide informa-
tion to applicants and licensees i1egarding the NRC
staf[’s_plans. for using this regulatory guide.
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REGULATORY ANALYSIS

A repulatory smpact analysic has been prepared Yo Dacument Rooon 2120 1 Street NW L Washin or
oor the revision 1o Appendix 2 of 10 CFP Par 50 and L, the PDRs mawng address 10 Mad Step L1 -2,
thiy re utatory guide. The analysts s avalable for in- Washington, DC 206555; phone (202)3634-32713 fas
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NUCLEAR REGULATORY
COMMISSION

10 CFR Part 50
RIN 3150-AF00

Primary Reactor Contalnment Leakage rogulatory miodification were identified.

Tesating for Water-Cooled Power
Rsactors )

AGENCY: Nuclear Regulatory
Commissiaon.
ACTION: Final rule.

SUMMARY: The Nuclear Regulatary
Commission is amending its regulations

to provide a performance-based option -

for leakage-rate testing of containments
of light-water-coaled nuclear power
plants. This option is available for
voluntary adoption by licensees in lieu
of compliance with the prescriptive
requirements contained in the current
regulation. This action improves the
focus of the regulations by eliminating
prescriptive requirements that are
marginal to safety. The final rule allows

testintervals to be based on system and
component perlormand e and provides
hicensees greater flexilality for cost
effective implementation methods of
regulatory safety objectives

EFFECTIVE DATE: Uctober 26, 1445,

FOR FURTHER INFOAMATION CONTACT: Dr.
Moni Dey, Office of Nuclear Regulatory
Research, U.S. Nuclear Regulatory
Comrmission, Washington, DC 20555,
telephone (301) 415-6443, e-mail
mkd@nre.gov

SUPPLEMENTARY INFORMATION:

Background-—Development of Proposed
Rule

NRC’s Marginal-to-Safety Program

In 1984, the NRC staff initiated a
program to make regulatory
requirements more efficient by
eliminating those with roarginal impact
on safety. The NRC's initiative to
eliminate requirements marginal to
salety recognizes both the dynamic
nature of the regulatory process and that
the importance and safety contribution
of some existing regulatory
requirements may not have been
accurately predicted when adapted or
may have diminished with time. The
availability of new technical
information and methods justify a
review and modification of existing
requirements.

The NRC solicited comments from

industry on specific regulatory
uirements and associated regulatory

positions that needed reevaluation. The
Atlomic Industrial Forum conducted a
survey providing most of industry’s
input, published far the NRC as
NUREG/CR-4330+, “Review of Light
Water Reactor Regulatory
Requirements,” Vol. 1, April 1986. A
list of 45 candidates for potential

--The NRC's review of tha list selected
Appendix ] 43 otie 5l séven areas

-4330, Vols-2 and-3:dated June1986 -
_“and May 1967): The NRCalso -~ -~
conducted a survey of I1s staff oo the

same issiie, The NRC staff survey -
‘identified 54 candidates for regulatory

modificalion;d number of which were
previously identified in the industry
=survey. The NRC's assessment of this

' Copies of NUREGs may be purchased ~om the
Superintendent of Docurvents, U.S. Govenment
Prinling Olfice, P O Box 37082, Washington, DC
20013~ 7082. Copiss are aiso availshle from the
National Technical Information Service. 5285 Port
Royal Road. Springfield. VA 27161. A cupy 1s
available for inzpection and’/or copying in the NRL

‘ublic Document Room, 21201 Srreet. NW. {Lower
Levell. Washington. DC

. _requiririg furthief analysis INUREGICR-

hist aisn selevted Appendix ] as o
potential candidate for modification
The NRC published in the Federal
Register, for comment, a 7. posed
revision to Appendix ] on Uctober 29,
14986 (51 FR 39538} to update
acweptance criteria and test methods
based on experience ir applying i e
existing requirements and advances in
containment leak testing methods, to
resolve interpretive questions, and to
reduce the number of exemption
requests. This proposed rule was
withdrawn from further consideration
and superseded with a mors
comprehensive revision of Appendix .
The NRC published & notice in the
Federal Register on February 4, 1992
(57 FR 4166), presenting its conclusion
that Appendix ] was a candidate whose
requirements may be relaxed or
eliminated based on cost-benefit
considerations. On the basis of NRC
staff analyses of public commeunts on the
propnsal, the Commission approved and
snnounced on November 24, 1892 (57
FR 55156) its plans to initiate
rulemaking for developing a
performance-oriented and risk-based
regulation for containment leakage-
testing requirements. On January 27,
1993, (58 FR 6186) the NRC stafl
published a general framework for
developing performance-oriented and
tisk-based regulations and, at a public
workshop on April 27 and 28, 1993,
invited discussions of specific proposals
for modifying containment leakage-
testing requirements. Industry and
public comments on the proposals, and
other recommendations and innovative
ideas raised at the public workshop,
were documented in the proceedings of
the workshop (NUREG/CP-0129,
September 1993). Specifically, the NRC
concluded that the allowable

_containment leakage rate utilized in
. containment testing may be increased

and other Appendix ] requirements
need not be as prescriptive as the
current requirements. To increase
flaxibility, the detailed and prescriptive
technical requirements contained in
Appendix | regulations could be

- improved and replaced with

pérformance-based requirements and
supporting regulatory guides. The
regulatory guides would sllow
alternative approaches, although
compliance with exdsting regulatory
requirements would continue to be
acceptable. The performance-based
requirements would reward superior
operating practices.

The present rulemaking is part of this
overall effort and initiative for
eliminating requirements that are
marginal to safety and is guided by the
policies, framework and criteria for the
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Prograin. A nore comprelienspve
proposed 1ule than that proposed in
1986 thal accounts for the lafest
techmcal inforimation and repularory
framework, using performan o-onented
and nsk-hased approaches, was
published by the NRC 1n the Federal
Register on February 21, 1995. The
puoac comment period for the proposed
rule clused May 8, 1995,

NHC's Regulatory Linprovement Progrum

The NRC's marginal-to-safoty
initiative {s part of a broader NRC
initiative for regulatory improvement.
Through its Program for Regulatory
Improvemaent, the NRC has
institutionalized an ongoing effort to
sliminate requirements marginal to
safety and to reduce the regulatory
burden on its licensees. The NRC staff's
plan, summarized in SECY-84-090,
dated March 31, 1994, satisfies the
requirement for a periodic review of
oxisting regulations given {n Executive
Order 12868 of September 30, 1993.
This plan was approved by the
Co nmission on May 18, 1994. The
R .platory Improvement Program is
nir.sed at the fundamental principle
sgopted by the Commission that all
regulatory burdens must be justified and
that its regulatory process must be
efficient. In practice, this means the
elimination or modiBcation of
requirements for which burdens are not
commensurate with their safety
slgniaclnoa. The activities of the
Regulatory Improvement
sh uld nrzult i‘l,:l mhlncodpmory
focus in areas that are more safety
significant. As & resull, an overall net
increase in safety i3 axpected from the

P ’3’?. Regulatory tmprovement Program
will include, whenever feasible and
appropriate, ths considenation of
performancs-oriented and risk-based
approaches. The program will review _
requirements of ticense conditions that _
are identified as & significant burden on’

licensees. If review and analysis find _

that the requirements aré marginal to -
safety, they will be eliminsted or _
relaxed. By porformance-oriented, the
NRC moans establishing regulatory
objectives without prescribing the
methods or hardware necessary to
accorplish the objective, and allowing
licensees the flexibility to propose cost-
effective methods for implementstion.
By risk-based, the NRC means
regulatory approaches that use
probabilistic risk analysis {PRA) as the
systematic framework for developing or
modifying requirements.

In institutionalizing th Regulatory
Improvement Program and adopting a
perfamance-based regulatory approach.

the NRC hae Jonmulated thi- foutins iy
framework tor tevisions to s
regulations

(1} The new performancs b
regulation will be luss prescnptive and
will allow licensees the fex.bihty 1o
adopt cost-effective methods far
unplementing the safety objectives of
the original rule,

(2) The regulatory safety obyectives
will be derived, to the extent feasible
and practical, from risk considerations
with appropriate consideration of
uncertainties, snd will be consistent
with the NRC's Safely Goals.

{3) Detailed technical methods for
messuring or judging the acceptability
of a licensee's performmance relative to
the regulatory safety objectives will be,
1o the extent practical, provided in
industry standards and guidance
docurnents which are endorsed in NRC
regulalory guides.

{4) The new regulstion will be
aptional for current licensees so that
licensees can decide to remain in
compliance with current regulations.

{5} The regulation will be supported
by necessary modifications to, or
development of, the full body of
‘regulatory practice including, for
example, standard review plans,
inspection procedures, guides, and
other regulatory documents.

{6) The new regulation will be
formulated to provide incentives for
innovations leading to improvements in

" safety through better design,

construction, operating, or maintenancy
practices,

Currant Appendix | Requirements

Appendix ] tu 10 CFR Part 50,
“Primary Reactor Contalnment Leakage
Testing for-Water-Cooled Pows?
Reaclors,” becama effective on March
16. 1973, The regulatory safely objective

-of reaclof corntainment design is stated
“in 10 CFR Part 50, Appendix A,
*'General Design Criteria for Nuclear
Powsr Plants.” Criterion No. 18,
-"Containment Design.” GDC Criterion

" 18 mandates “an esseritially lesk-tight

barrier against the uncoutrolled releass

- of radicactivity to the anvironment
« = =2 for postulated accidents. -
Appendix ] to 10 CFR Part 50 )
implements, in part, General Design

. Criterion No. 16 and specifies
containment | ting
requirements, including the types of
tests required. For each type-of test
required. Appendix | specifies how the
tests should be conducted, the
frequency of testing. and reporling
requirements. Appendix | requires the
following types of contsinment leak
tests:

CENe g e L R LN T T
xll!";‘,"u'v'-l oy g talend i ot RIS BN
Ottt feedeertest oo e 1D RITS)

(23 Moeasin snent o the leakape rate
defuny e B pressare suntasingg o
feakage Timtisy boundary {or vanous
prunary peas tor coniainment
penetrations {Type B tests),

{4} Measurement of the conhinmninent
solation valves teakage rates (Type O
tests)

Type B and Ctests are refersod to as
local leakape-rate tests (LLRT's)

Leak-Tightness Hequirements

Compliance with 10 CFR Parnt 50,
Appendix ). requirements is determined
by comparing the measured
containment leakage rate with the
maximumn allowable leakage rate.
Maximum altowable leakage rates are
calculated in accordance with 10 CFR
Part 100, "Reactor Site Criteria,” and aru
incorporaled into the technical
specifications Typical allowable
leakage rates are 0.1 percent of
containument volume per day for
pressurized water reactors (PWRs] anid
one volume percent per day for boiling
water reactars (BWRs).

Test Frequency Requirements

Schedules for conducting
containment leakage-rate tests are
specified in Appendix J {or both
preoparational and periodic tests.
Periodic leakage-rate test schedules are
as follows:

Type A Tests

(1) After the preoperational leakag -
rate tost, a set of three Type A tests must
be performed al approximately equal
intervals during each 10-year sarvice
g:riod. The third 1est of each set must

conducted when the plant is shut
down for the 10-year plant in-service
inspection.

(2) The performance of Type A tests
must be limited to periods when the
plant facility is nonoperational and
secured in the shutdown condition
under administrative control and in
sccordance with the safety procedures
defined in the license.

{3} If any periodic Type A test fails to
meet the applicable acceplance criteria,
the test schedule applicable to
subsequent Type A tests will be
reviewed and approved by the
Commission If two conseciutive
periodic Type A tests fail to meet the
applicable acceptance cniteria, a Type A
test must be performed at each plant
shutdown for refueling or
approximately every 18 months,
whichever iwcurs first, wni twao
consecutive Type A tewt, et 15,



tederal Register / Vol 60, No, 186 / Tuesday, Septemnber 26, 1495 £ Rules e Repalations 383497

acseprance crtena, after whach tune the
tepular retest schedule gy e resumed

I e 14 Tests

(1) Except for airloeks, Type B tests
mrust be pesformed during ceactor
shutdown for refusling, or other
convenient intervels, but in no case at
intervals greater than 2 years If opened
following a Type A or B test,
<ontainment penetrations subject to
Type B3 testing must be tested prior to
returiing the reactor to an operating
mnexie requiring containment inlegnty
Far primary reactor containment
rennlrnlinns employing a cuntinuous
sakage monitoring system, Type B tests,
except for tesis of airlocks, may be
performed at every other reactor
shutdown for refueling but in no case al
intervels greater than J years.

{2} Airlocks must be tested prior to
initjal fuel loading and st six-month
intervals therealter. Airlocks opened
during periods when containment
integrity is not required by the plani‘s
technical specificalions must be tested
at the end of such periods. Airlocks
opened during periods when
ronfainment integrity is required by the
plant’s technical specifications must be
tosted within 3 days after being opened.
For airlock doors aponed more
froquantly than once every 3 days, the
airlock must be testod at least once
every 3 days during the periad of
frequent openings. For airlock doars
having lestable svals, testing the seals
fulfills the 3-day test requirement.
Airlock door-seal testing must not be
substituted for the 6-month test of the
entire airlock sl not less than P,, the
calculated peak containment pressure
relatad to the design basis accident,
Type C Tests

Type Clests must be performed
during each reacior shutdown fur
refueling, but in no case at intervals
greater than 2 vears.

There have been two amendments 1o
this Appendix since 1973. The first
amendment, published September 22,
1980 (45 FR 62789), modified the Type -
B penetration test requirements lo -
conform to what had become accepted
practice through the granting of
exemptions. The second amendment,
published November 15, 1988 {53 FR
45890), 1ncarporated the Mass Paini
Statistical Analysis Technique as a
pormissible alternative to the Total
Tune and Pointto-Point techniques
specthed w Appendin }

International Experience

A combination of Type A tests and 4n
on hine moawtonng (OLM] capatnhity 1
bewg actively pursued ain Catiada and

Europe, notably o France and Belgoan,
and 18 cureently bewny constaened i
Sweden OLM 1 used toadentifv a
"normal” contamment pressurization
pattern and to detect deviations from
that pattern. With on-hine, low-pressure
testing, Hydro-Quebec’s Gentilly-2
station is able to manitor the change in
cuntainment leaktightness belween
Type A tests. The Belgians conduct a
leakage test using OLM during ieactor
op#ration after each cold shutdown
longer than 15 days with the objective

of detecting gross leaks. The objective of

the Belgian approach to Type A testing
is to reduce the frequency and duration
of the lests. The Type A test is
conducted at a containment pressure
{P\) not * s than hall of the peak
prassure { ™). It is performed once
every 10 yeass. In France, containment
leaktightness is continuously monitored
during reactor operation in all of the
French PWR plants using the SEXTEN
system. It is also being evaluated by the
Swedes far their PWR units. Leaks may
be detected dusing the positive or
negative pressure periods in the
conlainment by evaluating the air mass
balance in the containinent. Type A
tests are conducted al contuinment peak
pressure (loss-of-coolant accident
pressure) before initial plant startup,
during the first refueling, and thereafter
evary 10 years unless s degradation in
containment leaktightness is detected.
In that case, tests are conducted more
frequenily.

Further details of intemational
approaches to containment testing are
provided in NUREG-1493.

Acdvance Notices for Rulemaking

{Over time, it has become apparent
that variations in plant design and
operation frequently make it difficult te
moet some of the requirements )
contained in Appendix ] because of its
prescriptive nature. Economic and
oocupationel exposure costs are directly
related to the frequency of cottainment
testing. Containment integraied leakage-
rate tests (Type A) preclude any other
‘reactor maintenance ectivities and thus
are'on the critical path for retumn to
service from roactor qutsges. in addition

to the costs-of the tests & sted leak
tests impose the added burden of the
cost of replacement power. ~ -

Containment-penietration leak tests
{Type B and C) can be conducted during
reactur shutdowas in parallel with other
activities and thus tend to be less costly.
however. the large number of °
peaetrations impose & significany
burden on the ullities. Additionally,
risk assessments performed ta date
indicate that the atlowabiv ieahage rate
from contaiimets can e incieasesd,

OOt (v aan

v ralesas ab dqs ey

aid that controd o
<t the carrent |
synficant as pooviously asougesd

In August of Tu42, the NRC inntiated
a rulemakang to nodify Appendin 1
maka 1t less prescnptive and more
performance-oriented. The Commission
also initiated a plan1c relas the
allowable containment leakage tate used
to define pecformance standards for
containment tests In the Federal
Register of January 27, 1993 (58 FR
6196}, the NRC indicated the following
potential modifications to Appendix | of
10 CFR Part 50 would be considered

(1) Increase allowables contuinment
leakage rates based ‘on Safety Goals and
PRA technology (i.e., define a new
performance standard); and

(2) Mudify Appendix | to be: s
performance-based regulation:

A. Limit the revised rule to a new
regulatory objectiva. In order to ensure
the availability of the containment
during postulated sccidents, liceusves
should either:

(i) Tes!t overall containment leakage at
intervals not Jonger than avery 10 years,
and lest pressure-containing or leakape
limiting boundanes and containment
isolation valves on an interval based ou
the performance history of the
equipmant; or

(ii) Provide on-line (i.e . continuous)
monitoring of containment isalation
status.

B. Remaove prescriptive requiremerity
from Appendix } and preserve useful
portions as guidance in an NRC
regulatory guide.

C. Endorse industy standards on

(i) Guidance for calculating plant
specific allowable leakage rates based

on new NRC perfurmance standard-,

(i} Guidance on the conduct of
containment tests; and

{iii} Guidance for on-fine montonny
of conlainment isolation status

D. Continue to accept comphiance
with the current detsiled requirement:
in Appendix J {i.e.. licensees presently
in compliance with Appendix | will nor

need 1o do anything if they do not wish

to change their practice)

T Severw Acciderst Kisks, A sssesdrnent {0t e
G 5 Nuclear Power Plants. Fical Sumiriaty
Heport = NUREE~ 1150, December 14991 4 1060 7
SURE S may b purc tased frovn the
Saperrtendent of Do umenrs £ 4 Cuppey o
Printing Offiae P £) Box VIO VWil rgic {4
2001% TOR2 Copses kom alspavaah's o0 e
Ngtoynal Teehr cal Ir-fonnat e Sery co 7 000 0
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February 1095 Proposed Revision

Based on several advance notices for
ruenskoug and significant public
comunent and discussion, evaluation of
nsks and costs, and consideration of
whiteh modifications have becomao
frasihly an.) practical, in the February
21, 19435, Federal Register the NRC.
propused two phases for modifications
of requiremonts to contsinment leakage
1osung. The first phasa allowed leakage-
rate testing intervals to be based on the
purformanca of the containment system
structures and cumponents. The second
phase will further examine the naeded
requirements of the containment
function (1.e. structural and leak-tight
integrity of containment systam
structures and components, and
prevention of inadvertent bypass}, and
imtlude consideration of the potential
for on-line monitoring of containment
integrity tu verify certain functions.
Puhlic comments were soliciled to guide
this fnture work,

Thes Fobruary 21, 1905, proposed rule
applies to all NRC licensees who
operate light-water-cooled pawer
reactors. The proposed rule allows
licauisees the oplion of continuing to
caomply with the current Appendix | or
to sdopt the new performance-based
standards.

The NRC's analyses are basad upon
the mm?h! gained through the use of
probabilistic risk assessment techniques
and the significant data base of
practical, hands-on operating
oxpedience gained since Appendix | was
promulgated in 1973. This operating
exporience provides solid evidence of
the activities neceasary to conduct
Appendix ) testing, and the costs of
thosa activities b;)!h d‘;‘ manetary terms
and occupational radiation e

The pmp‘poud rule ia wxxgsum
anaiytical efforts documented in
NUREG-1483 which, like NUREG-1150,
confirms provious chssrvations of
insensitivity of population risks from
severe reactor accidents © mnmnmt
loakage rates.

The current é\ppondu& i mqmmmems

continue 10 achieve tha regulatory
criterion af assuring an menualh laak
tight boundary between the power
reactor systam and the extemal
envistumant (Ganeral Design Criterion
16] Costs associatest with complying
with current Appendix  requirements
am estimated to be $165 000 for a

* W ladon on Frogoam & Elimratien of
Kmju rmtends Merginal 1o Safely " NURSE(LY -
I M mdwer 1R

- UMPack ot 6N

20 years, the present value ol ofl

n umunh;, foutainment feakage testing
at & 5 percent discount rate s estunated
to be sbout 87 withon per reactor
Estumates of the remaining mdu tey
wide costs of implementing curcent
Appendhix | requitements ranged from
$720 to 31,080 millon, approximately
75 percent of which could be averted
with a performance-hased rule

The Regulatory Analysis for the
proposed rule finds that by allowing
requizements to remain in effect with
marginal impact on safety, but which
impose a significant cost on licensees, is
to have missed an opportunity to
improve regulatory coherence and to
focus NRC's regulations to areas where
the retumn in terms of added public
safety is higher.

Specific alternatives for modifying the
current Appendix | were identified by
the public in response to the NRC's
Federal Register notice published on
January 27, 1993 (58 FR 6196). Those
whose characteristics maiched the
NRC's established criteria for the

masginal o safaty program were
sefocted for further review.

Modificatians of Advance NRC Proposal
Allowable Leakage Rate

The NRC had initially planned lo
establish, by rulemaking, & risk-based
allowable leakage rate commensurate
with its significance to total public risk.
Specific findings from NUREG~1493 an
the allowable leakage rate include:

1. Atlowable laskage could be
increased approximately two orders of
magnitude {1 {? 00-200 fold] with marginal
impact on population dose estimates
from reactor accidenis. -

2. Calculated risksto individuals are
soveral orders of magnitude below the
NRC's Slfatmeh Ent alhucton :
considered.

Zas MR%MM
falears estimated to have In#gxhh
2t an accupational exposure. -

~Rnkx§ngﬁtll cwibie leakage rale is
estimated to reducs future induistry
testing cosis hy $30 to $110 million, a
10 percent decreass in overall leakage-
rae tos:uag costs. <

A risk-basext allowable leakage rate

would be based on an evaluatron, using
PRA. of the sensitivily and significance
of containment leakape 1o risk. and the
determination of an appropr ate
containment leakage limit
commensurate with 118 sigmficance 10
the visk to the public and plamt cuntral-
roam operators. Homever. this woukd
have entailsd a majos change i palicy

;S i

assOuiated woen the taeat of sevene
acOudents to the contamament, and
therefore, the NRU planned to develup
a modification of the performandce
standard [albhwable Jeakage Jevel}in the
second phase separate from
modificaions of testing requirements
This modification would be part of a
braader effort to further examine the
nsk significance of vanous attnbutes of
containment performance, i.e
structural and leak-ught integnty of
containment-system structures and
components, and inadveartent bypass.

On-Line Monitoring {OLM) Systems

Currently. there is no NRC
requirement for systems which
continuously monitor the containment
1o detect uninlentional breaches of
containment integnty. :

Studies discussed in NUREG~-1493,
“Perlosmance-Based Containment Leak
Test Program,” found that, based on
operating experience, OLM would not
significantly reduce the risk to the
public from nuclear plant operation
and, thus, could not be justilied solely
on the basis of risk-based
consideralions. Specific findings
include:

1. Existing continuous monitoring
methods appear technically capable of
detecting leaks in reactor containments
within t day to several weeks. OLM
systems are in use or planned in several
Euxogean countries and Canada.

LM systerns are capable of
datecting leaks only in systems that are
open to the containment atmospbers
during normal operation (approximately
10 percent of the mechanical

ions),

3. The technical and administrative
objectives of OLM systems and Type A
tests are different.

4, OLM could not be considered as a
compiste replacement for Type A tests
because it cannot challenge
strgctural and leak-tight integrity of the
contsimuent system at elevated

Amlyﬂs of the history of operating

indicated a limited need for,
and hnmﬁ‘l of i Mo the UV 5.

)L M can not be wstified
solely based on risk considerations, a
plant already possessing such a systen
bas » greater asvurance of achieviny
certain attribates of containment
integrity. Therefore, OLM systems could
contnbute tirwards an uverslt leakage-
menitinag w here Some sapaboity for
on-line m::m'unnz Afresdy saste gs s
byproduct ol spev fic centaininent
deigns borevampiv Loense 5
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doerted HWER continnients, of

subatinusphernie PWER contamna uts,
condd porcabily detect gross leakages tha
duvelnp dunng nonmal operatiun

(syeren that the application of on-line
IMOGITLIILE S spe(.ifi(. ta contairpaent
design. and generic appheation can not
be justified solely on risk

Codf nucdedr power plass, aud data
from twemv twao nnclear plants (see
NIIRE(~1493}, perfurmanc e-bdsed
alternatives to current LLRT methods
are feasible with margins! impact on
risk. Specific findings include:

1. Type B and C tests are capable of
detecting over 97 percent of

considerations, the NRC did not propose  containment leakages

a requireament fo- OLMs. However,
licensees with such a capability (e.g
nerted BWR containments, and
subatmosphenc PWR containments)
were encouraged to propose plant-
speuific application of such s capability,
and 1o take credit for any added
assurance of containment integrity
provided by such a system compared to
other testing methods. The NRC
proposed to reconsider the role of OLM
in the second phase of modifications in
this area along with the aljowable
leakage rate.

Proposed Mad:ification of Type A, 8B,
and C Test intervals

In the February 1995 proposed rule,
the NRC proposad a hew risk-based
regulation based on the performance
history of components (containment,
penetrations, valves) as the means 1o
justify an increase in the interval for
Type A, B, and C tests. The revised
regulation requires tests to be conducted
on an inlerval based on the performance
of tha containment structure,
penetrations and valves withou!
specifying the interval in the regulation.
Currently, three Type A tests are
conductad in every 10 year period. Type
B (excnpt aitlocks, which are tested
mare frequently) and C tests are
conducted on a frequency not to exceed

2 years. :
"The NRC proposed 1a base the
frequency of Type A tests {ILRTs) on the

lustorical parformance of the overell
rontainment system. Specific findings
documented in NUREG-1493 that

justify the proposal include:
1. The fraction of leakages detected
only by ILRTs is small, on the erder of .

2. Of the 97 percenl, virtually all
leakages are identified by LLRTs of
containment isolation valves (Type C
tests).

3. Based on the detailed evaluation of
the experience of a single two-unit
station, no correlation of failures with
type of valve or plant service could be
found.

4. For the 20 years of remaining
operatjons, changing the Type B/C test
frequency to once every 5 years for
good-performing components is
estimated to reduce industry-wide
occupational radiation exposure by 0.72
person-siavert (72 person-rem) per year.
If 20-year license extension is assumed,
the estimate is 0.75 person-sievert {75
person-rem) per year.

Future industry testing costs are
reduced by approximately $330 to $660
million {£ ILRT tests are conducted once
every 10 years rather than the current 3
per 10 years. [LRT savings represent
about 85 percent of the remaining costs
of current Appendix ] requirements.
Performance-based LLRT alternatives
are estimated to reduce future industry
testing costs by $40 million 10 $55
million. LLRT savings represent about 5
perceat of the total remaining costs of
Appendix ] testing.

Therefore, based on the risks and
costs avaluated, and other
considerations discussed above, a
performance-based Appendix } was

posed which encampassed the
ollowing principles, which differ
moderately from those first described in

 the Federal Register (january 27, 1993
S8FR6197).. -7 L

" Gertetal {1} Make Appendix | less

Containment wiakage bul purste 1.
medificating as o separate actior

Type A Test [nzensl {11 Based on i
lunited value of inteprored leakage rate
tests (ILRTs) in deteeniayg significant
leakages from penetrations and isolanon
valves, establish the test interval based
on the performance of the contsinment
system structure; (2} The perfarmance
criterion of the test will continue to be
the allowable leakage rate (La}; [3) The
industry guideline allows extension of
the Type A test interval lo ance every
10 years based on satislactory
performance of two previous tests,
inclusive of the pre-operational JLRT,
{4) In the regulatory guide, the NRC
takes exception lo industry guidance for
the extension of the interval of the
general visual inspection of the
contsinment system, and limits the
intervsl 1o 3 times every 10 years, in
accordance with current practice,

Type B & C Test Interval {1} Allow
loca! leakage-rate test (LLRTS) intervals
to be established based on the
performence history of each component,
{2) The performance criterion for the
tests will continue Lo be the allowable
leakage rste (La): (3) Spacific
performance factors for establishing
sxtended test intervals (up to 10 years
for Type B components, and 5 years for
Type C components) are contained in
the regulstory guide and indusiry
guideline. In the regulatory guide, the
NRC has taken exceptian to the NEI
guideline allowing the extension of
Type C test intervals up to 10 years, and
limits such extensions to § years.

Summntary of Public Comments

Twenty-six letters were received that
addressed the policy, technical, and cost
aspects of the proposed rulemaking,
including the nine questions posed by
the NRC in the February 21, 1995
proposed rule. All comments, including
the ones received by the NRC af'er the
deadline were considered. The
commeniers included 4 private citizens,
1. public interest group, 18 utilities, 1

a favz peroent. - . . prescriptiveand more pérformance- . puclear utility industry group, 1 State
2, Rﬁucing the frequéncy of ILRT ¢ -~ oriented; {2} Move details of Appendix - regnilatory agency, and 1 foreign
testing from 3 every 10 yearsia 1 every. ] teststo a'tegulatory guide as guidance. . regulator. : ,
10 years leads to a marginat in ein (3] Endorse inaregulatoryguidethe - Although the proposed rule did nut
nsk ) Lo industry guideline (NE1 94-01} onthe - generate s significant number of publu
3. ILRT also test the strength'of the ~ conduct of containient fesis{Tbe .~ comments, the commenters did align
containment structure. No altemiative to  mathods for testing are contained inan  _themselves into two distinct groups-
ILRTs has been identified to provide = industry standard (ANSU/ANS 38.8- thase who supponted publishing the
assurence that the containment 1994) which is referancad in the NEI rule and those against. These who
structure would meet allowable lsakage  fuideline): and (4) Allow voluntary - aupportsd publishing the rule comprise
rates during design-basis sccidents. sdoption of the nsw regulstion. i.e.. the vast majority of the commenters {22}
4. At a frequency of 1 test svery 10 current detaled requiremants in ° and included the Nuclear Energy
years, industry-wide occupational Appendix ] will continus 1o be lnstitute {NEJ}, wkich represents the
exposure would be reduced by 0.087 acoaptable for compliance with the auelear utility heonsees, eighieen

person-sievert (8.7 person-rem) madifled rule.

Basad on apacific. detailed nn;’!':m of  Leakage Limits Acknuwledge the loss

data {rom the North Anna and Grand rish-aigntficant natume of allowable

individual auclear power plant i ensa
yespondents, & Spanish rogulatory
authority anil 1wo private citieens (Mr
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vioreediay sweth the rubie aran

S epedhtoons manaer despite having
resetvaions about three spiccfic
provistons The ssues of most com ern
tethis oup am (1) Licenses
vorinatments 1o certan requirements of
the tepalatory ginde implementing
Appendin fresting via use of the
techmeal specifications (sndustry would
jefer using A plant’s final safety
analysis report): (2} requirements to
«unduct visual intemsl and external
mspections of the containment on a
truquency of 3 times per 10 years
{industry would prefer once per 10
vears to coincide with Type A tests); (3)
making Option B of the proposed rule
mandatory {industry would prefer to
r-toin the optional feature); and {4) Type
{ test frequency (industry would prefer
« 10-year test interval for certain Typa

{. valvas). lndustry supports a future
rulemaking to increase the allowsbla
leakage rate.

Two private citizens (Mr. Armndt and
. Reytblatt) are apposed to the
proposad rule. The issues of most
concern to these citizens are: (1) Type
A test frequency (Mr. Amdt woul
prefer that frequencies be held at
rurrent levels); (2) Type A tast
mnethodology (Dr. Reytblatt wants to halt
Type A testing until the test accuracy is
improved}: (3) Type C test frequencies
{Mr. Arndl believes the existing
dstabase does not support 10-year test
intervals, and suggests 5-years as an
upper limit at the present time); and (4)
lLeakage rate (a future rulemaking to
increase the allowable leakage rate
should not be undertaken).

Two organizations are opposed 1o the
proposed nule. The Buresu of Nuclear
Engineering of the stat¢ of New Jerasy
and the Ohio Citizens for-Responsible
Lnergy (OCRE, represented by Ms. .
Hiatt), a public interest group, expressed
skepticiam ip the risk-based approach’
regulation as embodied in-the - -
philosophy of the Marginal:to-Safety - -
Program. The [ssues o
this yroup are that: (1) Increasesin =~
pubiic risk are not acceptable, no matter
how marginal; and (2] A fature -

rulemaking to licrease the sllowable - -

irakage rate should not be undsitaken. -
! %.‘Pou'u'on. With respect tothe -

areas of dissgreement between the NRC

and those who generally support the
propused rule, no new information has
heeu provided in the public comments
that was not already addressed in
orgoing dialogue. Accordingly, the NRC
fies not made any substantive changes to
s proposed regulation. Specifically, the
*'R{ has retained: (1) its position of

moat concern to - utilities, belleve thiat the proposed
“burden ‘curtent]
. puciear inddstry; and will result in -

-more-efAcidnl use 6f utility resdurces.: -

toquaring thy wsas ol tec sy ol
spessbications, {2) f e vaters s
ustabhshed Tor visual vamuet ons of
contamnent, and (337 The 5 year Pype o,
test tuterval,

With mspect to the optionst feature of
the rile, the NRU agrees with the
industey and has retated this featare
'With respect to Mr Aradt and I
Reytblatt, the NRC agrees tn part with
Mr. Arndt and has decided not to alter
the LLRT test intarval as nouted 1o ntemn
[3}. The other issues raysed by My, Amadt
and Dr. Reytblatt contan no tnformation
that has not been considered previously
in a public forum. Therefore, the NRC
has decided to make no substantive
changes to its proposed rule as a result
of the issues raised. With respect to the
two organizations opposed to the
proposed rule (OCRE and the NJ Bumau
of Nuclear Engineering), neither has
provided new information or 3
compelling reason 1o abandon the risk-
based approach to regulation.

in its preliminary criteria for
developing performance-based
regulations, the NRC identified several
issues to be addressed by the
rulemaking procoss as a measure of the
viability of the ravised rule. These
issues were addressed in the proposed
rule and the NRC sought further public

* input on them. Commertts were received

on thesa topics in addition 10 other
areas of inlerest to the public. The
-following is a summary of comments
received on these issues and areas, and
NRC's response. A complets discussion
of all commients is included in the
Public Comment Resolution Document.’
1. Can the new rule and its
implementation yield an equivalent
lavel of, or would it only have s
marginal impact on salaty?
Twenty-four commenters addressed

" this issue; offering 8 wide variety of

opiniony, Twenty commentars believe

" thatimplemsntation of tha proposed

eni Javel of .

rule will provide-an equivile

‘rile, A majority’of communtats. = :
‘raprasenting for the mast pant muclear -

will rediice thie testing

regulati
pozed on the

while ensuring thehealth and:salety of

“1hg public:They beliave thatihie. - -
-Pmcﬁa}‘h}iﬁﬁiﬁé’&m‘& from fnore

than 1,500 reactor-years of commercial
nuclear power-plant operdtion provides

*Copies Are avaulable for IRADSCHION OF Copying
for » twe Som the NRLC Publie Document Roaimn at
212D L Strwet NW . Washington, OC. the PDR &
rmaing address 13 Ml Step LL-6. Sashington, OC
2053%. telephone (20226 %4-12) fav 12021 634~
343

PLA S TP BT
T L R A R
\i'l'""" R I RTINS A VRN IR ]
'“»!Jilfl .’i"" TR LW IR Y EIS{EI e
hesis ol vopires g padpgiment Lo
thees cotntiie Lhers belosve that o

Slgmfn il reed gt oy o cpational
exposures Can he o leved with nedaced
testing frequieary

Mr F Gunter Amdr, a povate aitizen,
beheves that the NKC has neither
sufficient ubjec tive data noe perspective
to justify increasing contuinmeant
teakape rates, decreasing test
frequencies, relaxing tesung cntena,
and reducing conmatnment-system
maintenance standards. Dr. Reytblatl, a
private citizen, believes that Type A
testing must be immeodiately suspended
because the current testing methodology
is flawed. Mr. Kent W Tosch, Manager
of New Jersey’s Bureau of Nuclear
Engineecring, points out that the
contmnment s an extremely imporant
barrier to a releass of radioactivity, but
the philosophy reflected in this
rulemaking is that this barrier can be
allowexl to becoma less reliable. even
when some nuclear plants are showing
signs o1 aging. Ms. Susan L. Hiatt,
Director of Ohio Citizens for
Responsitile Energy. notes that relaxing
the frequency of Appendix ) tests leads
to an increase in overall reactor risk of
approximately 2 percent and, while the
NRC may deem this to be marginal, it
nonetheless is an increase in risk.

The NRC believes it has collectad
suffi¢ient subjective and independent
data to conduct its risk analysis.
Detailed data from two independent
power plants, representing four units,
dala supplied by the NEI representing
approximately 30 additional units, and
approximately 180 ILRT and licensee
svent reports were analyzed. These data
produced consistant results. Dr.
Reytblatt’s views, while technically
correct, have been apposed by seversl
technically tornpetent organizations
including the American National

sifety to (hat provided by the current - Standards Institute, and Oak Ridge
; . National Laborstory because the

improvements he suggests will have an
insignificant sffect on measured
containment leakage rates in practice

- and thus bave no safety signilicance.

‘The NRC believes thers has been ample

-apportunity for public discussion of the
basis for the Appendix ] revisions,

Based on the foregoing, the NRC

reaffirma its prior conclusion {stated in
the February 21, 1985, Federal Reylster
notice) that its safety objective for
containment integrity can be maintained
while at the same time reducing the
burden on hicensees Addiuonally, the
final rule provides s greater level of
worker salety than that provided by the
previous rule
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Looavond repetition, the NRC,

[N ()f"lu .i'I'I, l"\;)()llﬂl‘}, tor ‘h]s lll“"\“(”]
with those of Question )

1 Can thee regulation and
snphamentation docnments be
developed o such a manner that they
ran be objectively and consistently
wispe ted and enforced against”?

Appruximately 20 commenters
expressed opinons on Questions #2 and
#3 The majonty of the commenters
belisve that regulatory/safety oljectives
can be established objectively, and can
be consistently enforced, although
opimons differ on the optimuwm
enforcament mechanism. Mr. Fernanda
Robledo of the Spanush nuclear
regulatory agency states that the use of
probabilistic risk assessment in thy
regulatory process provides a mory
realistic and objective assessment of
ouclear safety, and thus supports its
increased use in the rogulatory process.
The NE{ believes the use of technical
specifications for inspection and
enforcament is neither necessary nor
worranted and that, rather than a
licensee commitment in the plant
technical specification, future licrusee
commitnents to impleqent Option B
should be provided by documentation
in the updated Final Safety Analysis
Report.

To assist in the commion
understanding of new methods of
establishing Type A, B, and C test -
frequencins betwseen the NRC and powet
reactor licensees, the NRCG-has had
ongoing discussions with licensees. -
Thess gm:uuiono included
participation in workshops desigried to
elicit a common understanding. Also.
the NRC wishes ta retainthe current. -
practice which requlres s teview as
approval of chafigesto Appeadic
performance limits and surveiilance-
requirements. Therefore, the NRE ha
required that the regulstory guide -
should be specified in the (echni‘cﬂ
specifications, an approach not: :
inconsistent with the Commission's”
policy on technical specifications.

Basad on the {oregoing, the NRC
reaffirms its prior conclusion {stated in
the February 21,1995, proposed rule)
that 1t expects that ils activities to date.
the review and endorsement of 8
tidustn Luxdelme in a regulatory guide,
anc! the general reference of the
regulatory guide in plant technioa!

Spes Bogtionns Wi prn wde 5 commen

-~ ebinmientes. heheuih:! spplication of

et dacadinoe o tha e L
taalyfian e

4 Shoutd the projpesed tovion b
wade even fess preaonptoae?

Except for Mo Hitband Mr Barkles.
comienters dod not explootly address
this questiog, whiel was disected at the

possibility of reducing, even fother the

testing frequens y of ILRTS based on the
fact that there dues seens to be a wtrong
statistieal link bmtween passing oo
farhing successive ILRTs Mr Hill
believe that there is no nead ta make
the rule less prescriptive, and it may be
inferred that is no desire on the pant of
industry to further increase the testing
interval between ILRTs or to eliminate
them completely Richard Barkley,
although strongly supporting an
sdjustment to the frequency of Type A
testing to once every 10 years, also
discourages the NRC. from adopting a
Type A survsillance interval any longer
than 10 years because of aging
considerations.

The NRC has decided. in general, to
maintain the present level of
prescriptiveness in the proposed rule
and. in particular, to not decrease
further the test frequency for ILRTs. The
NRC's position is guided by the desire
to maintain some conservatism to
address uncertainties and adopt an
evolutionary approach wherein
incentives remain for good performance

5. Should the proposed revisions be
made mandalory

To avoid repetition. the NRC
-incorporated responses to this question
with those of Question 7.

“b. Was the definition of “backfir” in
- § 50.108{a}(1) intended to encompass
-rulemakings of the type mpnmmted by
‘this proposed rile? -

* To avold repétition, the NRC
incorpomod responses o this question

wﬂh those of Question 7.

7.1s it sppropriate far the -
Cummmlm 1o waive the ipp!lubxtlty
Of%? Btck:ﬁt uh'# ‘

N ST R Y O S VIR

P R D T N AT TL N T ST TR N

ooyt whien con e relief i avgs nh
ra” are oo erned with the anuse
unpiu ations of w diving the
apphicabniny ot *he backft rule The Nt
betieves that whale the proposed
Appendix j revisions wouid provide
e h needed performance-based
Huptavements to the exasiing Appendis
.t would also inpaose new
renuirements, thus, the proposed rule
consttutes g backfit Further, this
commenter believes that, as a matter of
administrative law, an agency lacks
authority 10 depart from ils own rules,
thus, it cannot waive its own
gulations.

he NRC believes that if the rule were
imade mandatory, all licensees would
incur costs selting up the procedures fur
implementing the nile’s requirements
following the guidance provided in the
regulatory guide and the NE!I guidanc.e
document. For thuse utilites whose
circumstances (e.g.. remaining plant
e} would lead them o follow the
current Appendix ). costs would be
incurred with no additional benefil.
Thus, the NRC agrees with the opinions
expressed by the NEI and has decidud
to retain the proposed rule in its present
form, which provides a non-mandatory
altemnative lo the cusrent Appendix }
requirements. Because the NRC has
decided to retain the optional feature v,
the proposed rule, the question of
backlfit is not addressed.

8. Should NRC pursue a fundamental
modification of its regulalions in this
ares by establishing an allowable
leakage rate based on risk analysis (a-
presented in draft NUREG-1483,
Chnpier 5). as compared to the current

ice of using deterministic design
Easis accidents and dose guidelines

_contained iri 10 CFR Part 100; or should
.the NRE modify the allowsble leaksge

‘Tate within the current licensing basis
Ey fevising source terms and updating
ry-guides (R.G.s 1.3 and 1.4)¢

ting doses to the public?

- ; et l-A
} program —_:Whﬂmﬂm advantsges and

Ty, J“Eh‘m‘ “disadwantagss of the two approaches’

the backiit rulewoculd be necessary
before the NRC tould promulgate the
performance-based Appendix ] program
83 a requirement. believing some -
licensees might selact. for reasons of
cust, fo continde 0 camply with the
existing Appendix [

The maronty of commenters beheve
that e nackAY rule wond tapnly and

¥ hzlt are some other considerstions
than risk to public. <.g., plant control
Eu!nug:hty. st might limit the

id “gllowsble leakage rats?

~The 20 commenters who respor.ded to

- this question consist predominantly of

the utilities vndorsing the NEI position
These respondents e..courages the NRU

+Copies ruay be plichares 8t cLitunr fates
the Suparintenger- of Tvw.omants © = faver or
Prnting Office P 1) Box 17082 Wash.ngior s
204029120 twigonnne 102-912-2249 oA 2032-97 0
211 o Tom cnaNatons, Techna Do
Server oy wr ot rg NN 994 Rove Roar
Sper=giaes W3 22
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tarmginal tmpact on population risk
estunates [t way also suggested that a
review of the present source terms, dose
projes ion models, and associated
assulptiuns against the revised source
tertus and dose methodologies should
ais0 ba parformed to determine if relief
can be achievedw while essuring public
health and safety. Three comimentors
discouraged the NRC from relaxing
containment leakage rates ranging from
the upinion that littie benefit would
result {Mr. E. Gunler Amdt) to an
una«imvoul belief that such a move

d violate a plant's licensing basis
by eliminsting the Pmlection provided
jur the nearest public individr.1 by the
10 ("' R Part 100 siting cxiteria (Ms. S
Hiat,;. Ms. Susan Hiatt, representing the
Uhio Citizens for Responsible Energy,
Lalieves that containment leak rates
should be periodically reexamined, not
for the purpose of relaxing them, but to
determine whether they should be made
more stringent given increasing
pupulation density around opersting
nuclear power planis.

l\&% has dscidod to continue to
}lur'iuo further reductions in regulaigry
burden with marginal impacts on safety
and will address the complexities nated
in the public comments in its future
aflorts to relax the allowable leakage
rate.

9. If the allowable leakage rats is
increased, could on-line monitoring of
containment integrity replace othar
current containment tests? Could the
results of the on-line monitoring be used
to establish a naw performance basis for
containment integrity involving less:
stﬁngent reporting requiremeits if them opmwnsm “’3{3"1“""‘:3 the shajority
is high assurance there e no farge - Were suypoﬁw £10-year intervals for
leakage paths in conminxmmt 1 m. e bath Types A< B.and Clests, Regarding
dinmatar). = ILRTE: mmzamm Inslimte..

The 18 conunenters wlm mpandadl 4 eri[raiﬂdu "ﬁiﬁlitin- My,
this question consist of the NE} and t A | ;
utililies endorsing the NEI positicn.
Mr. Richard Barkley: Thé coinin
do not beliave that on-lie mioni

(OLM) of containment integrity- can
replace many of the current” ~ 7 -
containment teats, and siate that QLM
systems have very limited sbilities fo =

risk-based methods can be used to
analyze these attnb tos?

The NEI, speaking for all other
utihties, addressed this question by
stating that it had not conducted any
analyses to determine whather any other
regulatory approaches and technical
methods by which the NRC can adop!t
a complete performance and risk basis
10 1ts regulations (or containment leak-
tight integrity.

11. Rulemaking Documents.

Seventeen commenters expressed
upinions about NRC’s regulatory policy
decisions and/ur specific language in
the rule or ils supporting documents.
mr. Hill believes thai the NKC's and the
NEI's guidance documents are not
developed to the point of establishing a
rommon understanding of how to mest
NRC's regulatory and salaty objectives
(e.g.. while NE! 94-01 contains a lot of
information and solid guidance, it also
vonlains inconsistencius, cantradictions
and unclear passages). The NEI, whose

. tomments were sndarsed by most
responding licensees, proposed
modifications to several of the
rulemaking documents, including the
Federal Register notice and its own
-guidance document.

The NRC has amended its rule and
accepts most of the revisions to the
implementing documents to clarify
language and acl wve consistsncy
between the ralemaking documents.

. 12. Technical lsuu.

) T‘estmg quuency .
Twanty four commenters axpmssed

identify breaches In cuptainment” = T ;’3{091:0:‘!'!10“} sﬁﬁﬁl& ot Ommt s
integrity. In the experisnce of Mz.’ = one.of the tw4 succassful ILRT tests
Barkley, such systems edd unnecessary  “foquired to g6 toa 10-ysar tast interval
plant complexity and cost. ‘ ‘because preoperstional conditions are
The NRB acknowledges the publjc _ not at ell represantative of operating

comments rendered and will be guided  conditions. Tha citizens’ group, Ohio
by them In decfsions yet to be mads Citizans for Respansibls Energy,
regarding the Phase 2 sffort. belisves th Frequency of containment
10 Are there any other regulatory leak-rate testing should remain
approaches and technical mothods by unchanged from the current prartice.

propased in the draft regulatory guide
believes that certan mechanical
penetrattons particularly ymportan? for
plant safety should * e Jeak tested every
24 months. Mr E Gunter Amdt's view
13 that the testing tustury of
penetrations, and especially of vaives.
does nol suppurt lsaving them untestad
for 10 years and suggested that en upper
limnit should be once every 5 years. {(Ine
utility in particular, and the Nuclear
Energy Institute in general believe that
the NRC does not go {ar enough in cifing
that several sets of data justify 10-year
LLRT intervals. In contrast, Mr. Richard
Barkley, who also endorses Type B & C
testing frequency based on performancs,
strongly supports the NRC's propusal to
prohibit the adoption of Type C
surveillance intervals lopger than 60
months.

In establishing the $-year test interval
for LLRTs, the NRC has designed a
cautious, avolutionary approach as data
are compiled to minimize the
uncertainty now believed to exist with
respect to LLRT data. The NRC's
judgment, based on risk assessment and
deterministic analysis, continues to be
thet the limited database on
unquantified leakages and common
mode and repetitive failwres introduces
significant uncertainties into the
probabilistic risk analysis. The NRC will
be open to submittals from licensoes as
more performance-based dala are
developed. The extension of LLRT test
interval to 5 years is a prudent first step.
By allowing a 25 percent margin in
testing frequency requirements, the NRC
bas provided the flexibility to
_sccommodate longer fuel cycles. With
respect to the 10-year interval for ILRTs,

--the NRC believes its technical support

. document (NUREG-1493) is persuasive

could be ificreased up to once avery 20
years with an imperceptible increase in
nsk using actual ILRT data which

eg for randoro and plant-specific
imlum and plant aging effects.

Based on the foreguing discussion, the
NRC has decided to retain the 60-month
Typé C test interval and the 120-month
interval for Type A and B tests. [n
response ¢ public comments, the NRC
has revisad the regulatory guide to limit
" the extansion of tast intervals for main
steam and feedwater isolation valves in
BWRs, and containment purge and vent
valves in PWRs and BWRs beyond 30
months givan thelr opersting experience
and/or safsty significance.
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frieves that Type A teating at full

viheceasary did believes
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that sistial sspes ot aupled with o
redie ed pressae test wall adegoately
asanfe it the cantamnent structarl
members are beak tght, especally since
redus ed pressune Type A tesls are
fepally s ceptable tests as prescnibed o
the current 10 CFR Part 50, Appendix |
M: b Gunter Amdi states that whaile
Type A tests perfonned at reduced
pressure rather than peak accident
pressure are economicelly advantageous
tu the industry, the results of these tests
are n necessarily indicative of leakage
rates during actidents,

The NRC believes that extrapolaling
low pressure leaksge-test results 1o full
pressure [eakege-test results has tumned
out to be unsuccessful. The NRC
believes that the peuk calrulated
accident pressufe: (1) [s consistent with
the typical practice for NRC staff
evaluations of accident pressure for the
first 24 hours in accordance with
Regu!lstory Guides 1.3 and 1.4: {2)
Provides at least a nominal check for
gross leak paths which might exist at
high test pressures, but not at low test
pressures; and (3} Directly represents .
technical specification lesksge-rate
limits. and provides greater confidence
in containment system leak-1ight
integrity.

Based on the foreguing. the NRC has
decided to retsin the calculated design
basis Jass-of coolant accident peak
pressure as the ILKT test pressure.

Containment Inservice Visual
Inspection

Eighteen commenters expressed
upinions on this issue. The NEI and -
most utilities opposelhe NRC's : j_
proposal to require visua) uxammnl ign -
of containment be performad-3 times
every 10 years. These commentérs
suggest that this issti bé !akan up in
parallel rufemaking. %

The NRC finds the induslry
arguments for relaxing thie fmquency o
containinent visual inspecticns (o
unpersuasive. Becauss the visual-
axanunation ts not integral fo the ILRT
{i . may be performied independently)
and because the NRC sees benefits to the
varly detection of unknown aging
e hanisiis which mavy be active, the
NRC considess it prudent to conduct
visual inspections on a frequeney
sreater than the ILRT Fuether, the NRC
ehiev es 1t s sappropriate o defer s
teqarement pertaining o containiueril

-~ njmiber 25
" for denying the- rﬁfuelmg cycli

Hased o the foregmnag the NRE b
Jdecided to peran s fregquencs dor the
mservice visual nispection

eporting Hequirerments

Only one comment was recened on
tiny tssue [ 7 Reythlatt nated that the
proposed rule’s reportng seyuirements
conast only of 4 cover letter 1o the NR(.
and suggested thus is intended 1o
conces) information from the publhic. Dr.
Reytblatt suggests that utilities should
be required to submit all computer files
related Lo testing to the NRC
immediately after the tests have boen
completed to preveni their alteration ur
destruction.

[tis not the intent of the NRC's
reporting requiremants to conceal
information frcm the public; if tests fail,
the information is required to be
repottad 1o the NRC, and the NRC will
make such data available to the public
The NRC has decided to retain its
reporting requirements as stated in the
proposed rule.

Modificatious ta the Proposed Rule in
« Respunse (o Public Comments

The NRC has decided to amend its
proposed rule and its implementing
documents to clarify language. The NRC

- bas concluded that its regulatory

analysis and its technical support
document, NUREG-1493, do not require
corroctions to its technical or cost
analyses or its lindings. Modifications to
all documents will be restricted 10
clarifications and enhancemerts to
assist in communications with the
reader, spectf‘ca}ly in areasdiswssed in
lhe gubhc comments, . .
pragosed rule’ lmsbeen modd‘ ed

bychanging“"z\cceplance criterfa”
“Perigrmance cnledﬂ" in Section ll

it U i:_anfonnmg text
onsistent use of that

33 s

“:Spectlic-chang
régulﬁw;vs*_x! ;
J’osumn facl .
Aheschusion of the muonalt,

change requested in the public
comments;{2) the inclision.of a new

* paragraph number 4. taking exception to
the NEUIndustv Guideline, Section
10.2 3 3, which provides guidant » that
an as-found Type Ctest or no alternative
test or anabvits {feniphasis added) shall
he pettonmed prior 1o anv mantenaice,
repaer, modification, or adiustment

thie Latter provides Ciedr and obipeoop .
vvidenoe of pprf:;rmdm:u of 1andatior.
components, and 3) hinitation of e
extension of test intervals for main
steatis aind fesdwatar 1soldting valves .1
BWRs, and contapnm. .t purge and vent
valves i PWRs and BWRs beyond 10
manths given their operating experiesce
and/or safety significance

Regulatory Guide; Issuaace,
Availability

T he Nuclear Regulatory Cotnnuissing
has issuvd a new guide in ils Regulatory
Guide Series. This series bas been
developed to describe and make
available to the public such information
as imethods acceptable to the NRC staff
for implementing specific paris of the
Commission’s regulations, lechniques
used by the staff in evaluating specific.
problems or postulated accidents, and
data needed by the stalf in its review of
ap'ghcahons for permits and licenses

egulatory Guide 1.163,
“*Parformance-Based Containment
Leakage-Test Program,” endorses an
industry standard which contains
guidance on an acceplable performane e
based leakage-test program, leakage rate
test methods, procedures, and analyses
that may be used to implement the final
regulation published in this notice.

Comments and suggestions in
connection with items for inclusion 1n
guides currently being developed nr
improvements in all published guides
are encouraged at any time. Writlen
comments may be submitted to the
Rules Review and Directives Branch
Division of Freedom of Information and
Publications Services, Office of
Administration, U.S. Nuclear Regulatory
Comriission, Washington, DC 20555
The NRC staff's response to public
cotmiments received on the draft version

Zof this guide {DG~1037, issued in

mdan;atemw it —l-‘ebmary 1995) are available for

inspection-ot copying for a fee in the
NRC Public Document Room, 2120 1.
“Street-NW., Washington, DC.
Regulalory guides are available for
Jnspecuon at the Commission’s Publi.
- Document Room, 2120 L Street NW |
Washington, DC. Single copies of
regulatory guides may be obtaiued fre
of charge by writing the (Mfice o
Admmistration. Attention. Distribubion
and Services Section, {7 8 Nuclear
Regulatary Commission, Washinaum,
DC 205550001 o1 by fas at (3011315
2260 lsued gutdes mayv alen be
purcchases] froan the Natoonas e b ol
Intarmpation Setvuoe ona stand.i
basrs Dt ke un (s serve e

ity

iyt
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chtoaed by wntimg NTIES, 5285 Pont
Reay 2 Road, Sprngfiol . VA 22161,
Regulatory  mides are not copyrighted,
and Cornt..sston approvat s not
svaaired to teproduce thein

as defined in 10 CFK 50 106] 1l 1y
Therefure, a bacxnt analysis s noe
Net esSary

List of Subjects in 10 ©FR Part 50

Antitrust, Classified information,
Criminal penalties. Fire protection,
Incorporation by reference,
Intargovernmental relations, Nuclear
power plants and reactors, Radiation
protection, Reactor siting critena.
Reporting and recardkeeping
requirements.

For the reasons set vut in the
preamble and under the authonty of the

Paperwork Reduclion Act Statement

This final rule amends mformation
enllection requirements that are subject
' the Paperwork Reduction Act of 14980
{44 11.8.C. 3501 et seq.). These
requirements were approved by the
Office of Management and Budget,
apgmval number 3150-0011.

acausc the rule wall relax existing
information collection requirements by
providing an option to the existng
requirements, the public burden for this
collection of information is expected to
be reduced by approximately 400 houss
per licensee per year. This reduction

implementation

s e proposed Option R to Appendix
} will becoroe effective 30 days after
publication. At any time thereafter, a
licenszee or applicant may notify the
NRC of its desire to perform
containment leakage-rate testing
according to Option B. Accompaanying
this notification, a licenses must submit

roposed technical specification includes the tima required for reviewing Atomic Energy Act of 195 ., as amendad,
“-)Jmnge, which y:;ulg(:iin‘“mte :hOsa instructions, searching axisling data the Energy Reorganization Act of 1974,
technical specifications which urces, gathering and maintaining the  as amend‘ed. and‘s U.S.C. 552 and 553,
implement the current ruls and propose dam needed and completing and the NRC is adopling the following
a new technical specification reviswing the collection of information. amendments to 10 CFR Part 50.

Send comments regarding the estimated
burden reduction or any aspect of this
collection of information, including
suggestions for reducing this burden, Lo
the [nformation and Records
Management Branch (T-6 F33), U.S.
Nuclear Regulstory Commission,

referencing the NRC regulatory guide or,
if tha licenses desires, an alternative
implementation guidance.
lmplemenlation must swait NRC roview
and approval of the licensee’s proposal.
The NRC anticipates that a generic

communication will be issued shortly
Washington, DC 20555~0001; and Io the
which will provide the implementation ) Ofgﬁcer Office of In farmation and
procedure to all power reactor licensees. p egulatary Affairs, NEOB~10202,
{3150-0011), Dffice of Management and
* Budget, Washington, DC 20503.

PART 50—DOMESTIC LICENSING OF
PRODUCTION AND UTILIZATION
FACILITIES

1. The authority citation for Part 50 is
revised Lo read as follows:

Auﬂ:omy: Secs. 102, 10). 104, 105, 161,
182, 163, 1886, 189, 63 Stet. 936,937, 918,
848, 953, 954, 955, 956, as amended, sec
234, 80 Stat. 1244, as amended (32 US.CC
2132, 2133, 21234, 2135, 2201, 2232, 2233,
2236, 2239. 2282): secs. 201, as amended,

Finding of No Significant
Environmental Impact: Availability

¢ 202, 208, 88 Stal. 1242, a3 amended, 1244
The Commission has determined Regulatory Analysis 1248 (42 U.S.C. 5841, 3342, 58485).
under the National Environmental The Commission has prepared a final Section $0.7 also issusd under Pub. L. 95~

regulatory analysis on this regulation.

& analysis examines the costs and
‘benefits of the alternatives considered
“by the Commission, The analysis is
available for inspection or copying for a.

Policy Act of 1969, as amendexi, and the
Commission's regulations in Subpart A
of 10 CFR Parst 51, that this rule, if
adopted, would n]ot bea map::;l Fedml
action signifl ect e qualit
o(tztl:: hs“gmmmc::,‘,l{o?mmi? Smd Quazty fee in the NRC Public Document Room,
therefore an environmental impact - - 2120 L Street NW, (Lower Level),
statement is not required. There will be ‘Washington, DC; the PDR's mailing

» marginal radiological environmental sddrass is Mail Stop LL-8, Washington.’
impact offsite, and the occupational: - - PC:20555; phone.(20 2)534‘3273 f”‘ .
exposure onsite is expected 10 decrease

by about 0.8 person-rem per yosr oi[ i SELR
plant o ton for plaat persennel { ;
hcanwﬁ?dopl tha performance-based i 1”
testing scheme girovided s the revised - B
regulation. Allumaum to issumgihls :
revision of the i :

801, sec. 10, 92 Stat. 2051, a3 amended by
Pub. L. 102438, sec. 2902, 106 Stat. 3122,
(42 U.S.C, 58%1). Sections 50.10 also issued
under secs. 101, 185, 68 Stal. 936, 955, a9
amended (42 U.S.C. 2131, 2235); sec. 192,
Pub. L. 91-190, 83 Srat. 853 {42 U.S.C. 4332).
Sections 50.13, 50.54(dd). and 50.100 slso
issued under sec. 108, 88 Stal. 939, as
" amended (42 U.S.C. 2138). Sections 50.21,
. 30.38, 50.55, and 30.58 slso issued under sac.
- 188, 63 Stat. 955 (42 U.5.C. 2235). Sections
50.33s, 50.554 and Appendin Q slso issund
ynder sec. 102, Pub. L. 91-190, 83 Stat. 853
{42 U.SC 4332} Sections $0.34 and 50.54
sl alio Isauad under sac. 204, 88 Siat. 1245 (42
C: T2 7 HL5.C 3844). Sections 50.58, 50.91, and
ifies | " '50,92 also issued under Pub. L 97-415, 96
-~ Siak. 2073 (42 U.S.C. 2239]. Section 50.78
slso-iasued Gnder sec. 122, 68 Stat. 839 {42

considersd, Onﬁ'_if

mgulations and therefore llm NRC
decided 1o pursue it séparately-in the-
future. A third alfernative would add.

regulatory burden withogt a = o

commensurate ufetybemﬁtmd-.; =

there{ore was found-nottobe
acceptable. The envitcnmental
assessment is available for inspection or
copying for a fee in the NRC Public
Document Rootn, 2120 L Street NV,
{Lower Level), Washmg!on DC:; the
POR’s mailing address is Mail Stop LL—
%. Washington, D(, 20555, phone {202)
633 -3273: fax (202) 634-3342.

U.5.€. 2152). Sections 0.80 50.81 also

3 - ~sswad under sec. 184,68 Stat. 954. as

léiyz\aaxh;s;m

Regulatory |
standard adupted:by ﬂwﬂmuo CFR

28101 -

BackRt Analysis
‘This fizal rule mends s current

segulation by establishing altermnative

requirements which may be voluntarily

adopted by hicensees. Therefore. the

final rule does not constitute a backfit

upanded (4ZU.5.C. 2234} Appendix F also

" wmm 187, 68 Stat. 955 (42 U S.C

xpendu 110 10 CFR Past 50 is

by adding the following
language between the title and the Table

:nEConwnB and adding the language for

Option B alter Section V.B3

Appendix }—Primmary Reactor Contasnment
luhp Testing for Water-Cooled Pownr

Thxs appendix incliudes *wn ntions A arid
B. esither of whichy can b (,hﬁ(’" it et g
the requirements of thes sppendin
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i letioduction
il Definiions
15 Porformance based leakage-test
requirenients
A Type A test
B. Type Hand ( tests
IV Racordkeeping
V Apphustion

L. Introduction

One of the canditions required of all
operating licenses for hght- water-cooled
power reactors as apecified in § 50.54(0) is
that pnmary reactor containments meef the
eakage reta last requirements in either
Option A or B of this appendix. These test
requirements ensurs that {a) leskage through
these containments or systems sn
components penstrating thess containmsnts
does not exceed sliowasble leskage rates
specified in the Technicsl Specilications and
{b) integrity of the containment structure is
m.mmu«f during its sarvice life. Option B
of this appendix identilies the performance-
based requirements and criteris far
froopcrmonnl and subsequent periodic
eakage-rate tosting. !

I1. Definitians

Performance crileria inegns the
perfoninance standards againgt which test
results are 10 be compared for establishing
the scceptability of the contalnment system
as a loakage-limiting boundary.

Contairument system masns the princips)
barner, afier the rescior coolant pressure
boundary, ta prevenl the relsase of quantities

. of radioactive material that would have e

significan! radiological effect on the heslth of . -

the public.
Overall integrated leakagy | rate means the.
tota] leakage rate through all testad leakage =
paths. including containment-welds, valves
fittings, and components lhnl pcnglntc th;
_containment system. i
La (percent/2¢ hours] maans t]w mulmum
allowable lsakage rate i pressurs Pa as
specified in the Tochnk‘ilS[ﬁciﬁ
Fa lp.s.ig) means thé catculaied pedk
contsinment internal pressuse related 1o the
deaign besis loss-of-codlant Scxiden
specified in the Todink:il S .

A Type ATest = -
Type A lests to mnmri lhl cuiite
system oversl] integiuted {6 f
be conducted under conditiont representing
design basis loss-ofcoolant sccident - =
containment peak pressure. A Type A lest -
must be conducted (1) sfier the contaigment °
sysiem has been compieted and is ready for

' Specific gudance concerning a performance
besed lsakage-iust program, accaptable loakage-rate
13 tamthods. provedures, snd ansh < that may be
used to implenient these raquiremants and critena
are provided in Regulatory Guide 1 163,
‘Pertoymance Rased Containment Loak Test
rreRran

Operatuon aud {21 at o periodic intersal based
o e Histoncs! perjormande of the overali
tontainment sysfem as a barner to fission
prostuc t relrases to reduce the nsk from
readtar aceidents A general visual mspection
of the ac cessible intenor and exterior
susfaces of the containment system for
struc.turai deterioration which may affert the
contarniment leak-tughe iniegnty must be
conducted prior to each test, and at a
periodic intervel between tests hased on the
perfurmance of the containment system. The
leakage rate must not exceed the allowable
leakage rate [La) with rmargin. as specified in
the Tec hnical Specifications. The test results
must be compared with previous results to
examine the performance history of the
overall containment system to limit leakage.

B. Type Band C Tests

Type B pnsumatic tests 1o detect and
measure local leaknge rutes scross pressure
retaining, leskage-limiting bounduries, and
Type C paeumaslic tests 10 measure
containment isalation valve leakage rstes,
must be conducted (1) prior lo initial
criticality, and (2) periodically thereafter at
intervals based on the ssfety significance snd
historical perfarmance of each unduy snd

isolation valva 1o snsure the integrity of the
oversll contsinment system as :g:rrier 10
flasion product release 1o reduce the risk
from resctor accidents. The performance-
based testing program must conlain e
performance crilerion for Type B and C tests,
consideration of leakage-rate liroits and
factors that are fndicative of or affett
rformance, when establishing test
ntervals, gvalustions of performance of
contai Amant systetn coraposents, and
comparisou (o previous lest results 1o
examine {he perfoimance history of the
averatt conteinmeit system o limit leakage.
The tesiz must demonstate thal the sum of
the leakiage rates st iccidént préssure of Type

- B tesiy; and pathway lnakage rates from Type
= n;scs,tjh:hq ‘Ahan the iﬁ ;:cﬂhﬁon
([.4 wit mug”m lﬂp&c udml

5, thote excestlinees must be -

J for Eniergency Notificatlan System
:epurhng unJerSS 50.72 {BX 1Kt} and §50.72
(b{2){i). and for & Licensee Event Report-
under § 50.73 {a){24ii¥

V. Application -
A Applicability
The requirements in either ot both Option

B, 11LA far Type & tests, sad Option B, [11.8
tor Tvpe B and Ctests. mav be adopted on

Federdd Register / Vol 60, Noo 1h6 / Tuesday, Sepwmbvr 26, 1495 / Rules and Repulations 49505

é voinnlary basis By an operaling fae e
power neac o Doensee @ speaihied in §
1 substitubion of 1he reguiremveats for 14
tests contaned i Op sun A of this apperd s
If the requirements for tests 10 Opuon B, 1l A
or Option B. l{.B are unplemented, the
recordkeeping requirements in Option B, 1V
for these tests must be sub . uted for the
reporting requirements of these tests
contained in Option A of this appendix

ol

B. Implementation

1. Specific exemptions to Option A of thus
appendix that have bean formally approved
by the AEC or NRC, sccording to 10 CFR
$0.12, are still applicable to Option B of this
appendix if necessary, unless specifically
revoked by the NRC.

2. A licensee or applicant for an operating
license may sdopt Option B, or parts thereol,
as apecified In Section V.A of this Appendix,
by submitting its implementstion plan and
request for revision to technicsl
specifications (see paragraph B.3 below) to
the Director of the Office of Nuclear Reactor
Regulation.

3. The regulatory gulde or other
implementation document used by a
licenses, or applicant for an aperating
license, to develop a performance-based
leakage-testing program must be included. by
general refereace, in the plunt technical
specifications. The submittal for technicat
specification revisions must contain
justification, including supporting analyses.
if the licensee chooses to devisle from
methods approved by the Commission and
endorsed 1u & regulatory guide.

4, The detsiled licenses programs for
conducting testing under Dption B must be
available at the plant site for NRC inspection

Dated st Rockville, Marylund this 20th day
of September, 1995.

For the Nuclear Regulatory Commussion.
John C. Hoyls,

Secreitary of the Comnmission.

“IFR Dog. 95~23803 Flled 9-25-05; 8:45 am|
LG CODE 7500-05-8
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FOREWORD

The purpose of this guidance is to assist licensees 1n the implementation of
Option B to 10 CFR 50, Appendix J, “Leakage Rate Testing of Containment of Light
Water Couled Nuclear Power Plants.” In response to NRC data gathering inquiries.
the industry collected, evaluated, and provided summary data that supported the
NRC's independent data analysis.

Licensees can minimize the redundant and overlapping engineering and
evaluation efforts associated with these related regulatory requirements by internal
coordiaation. NEI will continue to monitor these and other activities to provide
focus on opportunities for safety improvement and cost avoidance.



TIVE SUMMARY

This document describes a:: acceptable approach for implementing the
optional performance-based requirements of Option B to 10 CFR 50,
Appendix J. It delineates a performance-based approach for determining
Type A, Type B, and Type C containment leakage rate surveillance testing
frequencies. Justification of extending test intervals is based on the
performance history and risk insights.

This guideline discusses the performance factors that licensees must consider
in determining test intervals. It does not address how to perform the tests
because these details can be found in existing documents ( e.g., ANSI/ANS
56.8-1994 ).

The performance criteria for Type A tests is less than 1.0L., Extension in
Type A test intervals are allowed based upon two consecutive successful Type
A tests and consideration of performance factors as described in Section 11 of
this guideline. Type A testing shall be performed at a frequency of at least
once per 10 years. If the As-found Type A results are not acceptable, a

det: rmination should be performed to identify the cause of unacceptable
performance and determine appropriate corrective actions. Once completed.
acceptable performance should be reestablished by performing a Type A test
within 48 months following the unsuccessful Type A test. Following a
successful Type A test, the surveillance frequency may be returned to once
per 10 years.

Extensions in Type B and 'I‘ype C test intervals are allowed based upon
completion of two consecutive periodicAs-found tests where the results of
each test are within a licensee'eallowable administrative limits. Intervals for
Type B and Type C may bemereased from 30 months up to a maximum of
120 months (except for containm Jocks): 1f the Type B and C test
results are not acceptable,-the:test frequency should be set at the initial test
intervals. Ornce the cauge dmrmmntmfi and corvective actions have been
completed, acceptable performance niay.be. reestablizshed and the testing
frequency returned to the extanded mtervals as specified in this document.
Containment airlock(s) ehaﬂ be tested at in internal pressure of not less than
P.. prior to a preoperational Type A test. Subsequent periodic tests shall be
performed at a frequency of at least once per 30 months. When containment
integrity is required, airlock door seals should be tested within 7 days after
each containment access. For periods of multiple containment entries where

v



the airlock doors are routinely used for access more frequently than once
every 7 days ( e.g.. shift or daily inspection tours of the containment}, door
seals may be tested once per 30 days during this time penod.

The r .ormance factors that have been identified as important and should be
considered in establishing testing intervals include past performance, gervice,
design, safety impact, and cause determination as described in Section 11.3.1.

If a licensee considers extended test intervals of greater than 60 months or
three refueling cycles for Type B or Type C tested components, the review
should include the additional considerations of As-found tests, schedule and
review as described in Section 11.3.2.

Finally, this document discusses the general requirements for recordkeeping
for implementation of Option B to Appendix J.
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1.0 INTRODUCTION
1.1 Background

Currently, containment leakage rate testing is performed in accordance with
10 CFR 50, Appendix J, “Leakage Rate Testing of Containment of Light Water
Cocled Nuclear Power Plants.” Appendix J specifies containment leakage testing
requirements, including the types of tests required. In addition, for each type of
test, Appendix J discusses leakage rate acceptance criteria, test methodology,
frequency of testing, and reporting requirements. The specific testing requirements
are discussed in a variety of sources, including Technical Specifications, Final
Safety Analysis Reports (FSARs), National Standards (e.g., ANSI/ANS 56.8-1994,
“Containment System Leakage Testing Requirements”), and licensee/NRC
correspondence. These documents require that periodic testing be conducted to
verify the leakage integrity of the containment and those containment systems and
components which penetrate the containment..

The reactor containment leakage test program includes performance of an
Integrated Leakage Rate Test (ILRT), also known as a Type A test; and
performance of Local Leakage Rate Tests (LLRTs), also known as either Type B or
Type C tests. The Type A test measures overall leakage rate of the primary reactor
containment. Type B tests are intended to detect leakage paths and measure
leakage for certain primary reactor containment penetrations. Type C tests are
intended to measurs conwainment isolation valve leakage rates.

" The NRC has amended the tegulaﬁanﬁ to provide an Option B to the existing
Appendix J. Option B is a performance-based approach to Appendix J leakage
testing requirements. This opfion would allow licensees with good ILRT
performance history to reduce the Type:A' 'stmg &equency from three tests in 10
years to ane testnfr lﬂyem F&Tygef and Type €. tests Opnon B would allow

Generally, a FSAR deacnbéa plwﬁ témxig reqmrements. mcludmg
containment testing. In ‘some-cases, FSAR testing requirements differ from those of
Appendix J. In many cases, Technical Speclﬁcatwns were approved that
incorporated exemptions to provisions of Apperidix J. Additionally, some licensees
have requested and received exemptions after their Technical Specifications were



issued  The alternate performance- based testing requirements contained in Option
B of Appendix J will not invalidate such exemptions.

1.2  Discussion

This guideline describes an approach that may he used to meet the alternate
testing requirements described in Option B to Appendix J. The performance history
of containment, penetrations, and containment isolation valves i1s used as the
means to justify extending test intervals for containment Type A, Type B, and Type
C tests. This guideline provides a method for determining the extended test
intervals based on performance.

Under Ogpiion B, test intervals for Type A, Type B, and Type C testing may
be determined by using a performance-based approach. Performance-based test
intervals are based on consideration of operating history of the component and
resulting risk from its failure. Performance-based for Appendix J refers to both
performance history necessary to extend test intervuls as well as criteria necessary
to meet the requirements of Option B. The performance--based approach to leakage
rate testing discussed in NUREG-1493, “Performance~Based Leak-Test Program,”
concludes that the impact on'public health and safety due to extended intervals is
negligible.

The objective for monitoring performance of Type A tests focuses on verifying
the leakage mtegﬂty of & passive containment structure. Type B and C testing
focuses on asaurmg that contamment ‘penetrations are essentially leak tight.

This gu:dalme &e 8¢ ;:»',__ij ia an ncceﬁta;hle method for implementing the optional
performance—bﬂae& reqmremém&pf &ppend;x . Thmmetho& uses mdust.ry

mcludes i = ;’_ S

Contitinad assurance of the leakage mbegnty of the containment without
adversely affecting public heaith and safety;

e Licensee flexibility to implement cost-effective testing methods;



e A framework to acknowledge good performance; and

e Uulization of risk and performance-based methods

Ttus guideline delineates the basis for a performance-based approach for
determining Type A, Type B, and Type C containment leakage rate surveillance
testing frequencies. It does not address how to perform the tests L.c “use these
details can be found in existing documents (e.g., ANSI/ANS 56.8-1t. 4). Licensees
that select Option B are urged to coordinate the implementation of Appendix J, as
described in this gu.iciine, with their plans for implementation of the Maintenance
Rule and other changes in the regulations as they are finalized.

3.0 RESPONSIBILITY

Each licensee should determine if the requirements of the existing Appendix
J (Option A) or the alternate requirements (Option B) are most appropriate for its
facility. If a licensee elects to implement the Option B requirements, the guidance
described in this document has been reviewed and endorsed by the NRC as an
acceptable method of implementing the requirements.

In addition, if a licensee elects to adopt Option B, it may elect to adopt the
requirements that apply to a specific category of tests (i.e., Type A, or Type B and
Type C tests) only.

NAW

This mdehne is sppﬁenﬁk 0 Ewexueﬁa hﬁlding an operating license issued in
accordance with- 19 CFR 50 Zt(b} aﬂ& wzz, am! 1& B‘FR Paft 52, Subpart C.

Deﬁmtwnt of eommoﬁiy aee*éptﬁ& tetm used in tlus guideline may be found
in ANSVANS B6.6-1994, - -



6.0 GENERAL REQUIBEMENTS

Option B of 10 CFR 50, Appendix J states, in part. thao - Type A test whieh
measures F .th the containment system oserall integruted leakage rate at the
containment pressure and system ahignments assumed during a large break loss of
coolant accident (LLOCA), and demonstrates the capability of the primary
containment to withstand an internal pressure load may be conducted at a periodic
interval based on the performance of the overall contan ment system The leakage
rate must not exceed what is allowed as specified in a plant's Technical
Specifications.

A review of leakage rate testing experience indicates that only a small
percer:tage of Type A tests have excessive leakage. Furthermore, the cbserved
leakage rates for the few Type A test failures were only marginally above current
limits. These observations, together with the insensitivity of public risk to
containment leakagc rate at these low levels, suggest that for Type A tests,
intervals may be established based on performance. Type A test is the primary test
to detect significant leakage from the containment that would not be detected by
the Type B and Type C testing programs, and to verify at periodic intervals the
accident Jeakage (Lg) assumptions in the accident analysis. Specific details of Typ:
A test requirements are discussed in ANSI/ANS 56.8-1994.

An LLRT is a test performed on Type B and Type C components. An LLRT 1s
not required for the following casés:
o Primary containment boundaries that do not constitute potential primary
containment ammphem pnﬁ:ways dunng and folla’wmg a Design Basis
Accident (ﬁBAj :

. Boundnrn!s sealed mth a (;ugliﬁed seal symm or,

. Tm mnnectmnxen:ﬁ‘ﬁﬂéf_ 2
valves whickh are one’inch o:
consist ofa dtmblﬁ bﬁl’l’fﬂ‘

m;&nmazjv éontamment isolation
48 11 51@1 Edminmtmtwely secured closed and

For 1‘ype B and ‘!‘ype € l;aaf&, iﬁwwah shall be established based on the
performance history of each-component. Performance criterion for each component
is determined by designating an administrative leakage limit for each component tn
the Type B and Type C testing program. The acceptance criteria for Type B and
Type C tests is based upon demonstrating that the sum of leakage rates at DBA
pressure for containment penetrations and valves that are testable, is less than the
total allowable leakage rate specified in the plant Technical Specificaticns.



Primary containment barniers sealed with a quabifies) « «~vstem shall
7 riically tested . demonstrate their functionality in accordance with tue plant
Technical speaifications. Specific details of the testing methodology and
requ rements are contained in ANSI/ANS 56.8-1994 and should be adopted by
Licensees with applicable systems. Test frequency may be set using a performance
b ix1n 1 manner similar to that described in this guideline for Type B and Type C
test intervals. Leakage from containment isolation valves that are sealed with a
gualificu seal system may be excluded when dewcrmining the combined leakage rate
provided that:

¢ Such veaves have been dem .o istrated ic have fluid leakage rates that do
not exceed those specified in the technical specifications or associated
buses, and

e The installed isolation valve seal-water system fluid inventory is
sufficient to assume the sealing function for at least 30 days at a pressure
of 1.10 Pa.

7.0 mmm&mw

Licensecs should use exxstmg mdustry programs, studies, initiatives and
data bases, where possible.

Type A, Type B and Type C tests ahould be performed using the technical
methods and techniques. spsclﬁudm ANSIIANS 56.8-1994, or other alternative
testing methods that have been approved by ths NRC, However, because
ANSI/ANS 66.8-1994 I.atnﬁfr}mﬂ'ﬁrm rice-bused: certain exceptions and clarification

to methods, teefmrques and-defin tiéns mnt_'*zriéd m th&t dacuﬁient are required.
These are d:scussed m the foﬂawmg paragraphs St

Tesf mtervals in ANSIIANS 568-4994 are not. performance-based This
guideline should be implemented when estabhsfung test intervals for Type A, Type
B and Type C testing.
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Al Appendix J pathways must be proporly dramed and vent o during th
performance of Che [LRT. with the following exceptions

+ 'athwavs n syvstems which are required for proper conduct of the Type A
test o¢ to mamtain the plant 1n a safe shutdown condition during the Type
A test;

e Pathways in systems that are normally filled with fluid and operable
under post-accident conditions;

¢ Portions of the pathwaye outside primary containment that are designed
to Seismic Category | and at least Safety Class 2; or,

o For planning and acheduling purpose, or ALARA considerations,
pathways which are Type B or C tested within the previous 24 calendar
" months need not be vented or drained during the Type A test.

The proper methods for draining and venting are specified in ANSI/ANS 56.8-199%4.

It should be noted that the Type B or C tests performed on those pathways
must test all of its containment barriers. This includes bonnets, packings, flanged
joints, threaded connections, and compression fittings. If the Type B or C test
pressurizes any of the | athway's containment barriers in the reverse direction, it
must be shown that test résults are not affected in & nonconservative manner by
direct:onality. The As-found and the As-lef: leakage rate for all pathways that are
not drammed and vented must be determined by Type B and Type C testing within
the previous 24 calendar months of the time that the Type A test is performed and
must be added to the Type A-loakage rate UCL to-determine the overall Ly
surveillance mfceptance cnterm in aemz'd&nce mth the deﬁmtmn in ANSIVANS
56. 8*12994 S :

‘I‘Be éssfa:md p
defined tmﬁif!ﬁde fha'

Type A test: (Ieltkage s&vings —~For o “é'témimm'g an acceptable Type A
test for opérability’ cmnderatiom tﬁa ﬂéﬁﬁitwns and discussions found in
ANSI/ANS 56.8-1994 for As—wfound'l‘ype A laalmge rate should be followed.

However. because of the performance—based emphasis on Type A testing,
criteria for Type A tesis have been defined differently, and do not use the leakage
savinge value. The performance criteria use a calculated performance leakage rate,



which v defined as the sum of the Type A UCL and As left MNPLR leakage rate
tor all Type B and Type C pathways that were in service, 1solated or not ined up in
thetr test position (1 e, drained and vented to containment atmosphere) prior to
performing the Type A test  In addition, any leakage pathways that were ulated
during perforinance of the test because of excessive leakage must be factored into
the performance determination. [f the leakage can be determined by a local leakage
rate test, the As-left MNPLR for that leakage path must also be added to the Type
A UCL Ifleakage cannot be determined by local leakage rate testing, the
performance criteria for the Type A test were not met.

ANSI/ANS 56.8 1994 also epecifies surveillance acceptance cniteria for Type
B and Type C tests. The ANSI/ANS 56.8-1994 definition is that the combined
leakage rate for all penetrations subject to Type B or Type C tests is limited to less
than or equal to 0.60L,, when determined on 8 MNPLR basis from As—found LLRT
results; and limited to less than or equal to J.60Lg, as determined on a Maximum
Pathway Leakage Rate (MXPLR) basis from the As—left LLRT results.

Due to the performance-based nature of Option B to Appendix J and this
guideline, it is recommended-that acceptance criteria for the combined As—found
leakage rate for all penetrations subject to Type B or Type C testing be the same as
that defined in ANSI/ANS 56.8<1994, with the following additions. The combined
As-left leakage rates determined on & MXPLR basis for all penetrations shall be
verified to be less than 0.60L, prior to entering a mode where containment integrity
is required following an outage or shutdown that included Type B and Type C
testing only. ‘The combined As-found leakage ratea determined on a MNPLR basis
for all penetrations shall be lose than 0:60L4 at all times when containment
integrity is required, ‘These combined leakage vate determinations shall be done
with the latest leakage rate test das&avaxlabke and shall be- kept as a running
summation of tlié leiknga Eates

rof Type A tests is based upon

satisfactory paifOrmnnee of lé&lmgu test&ﬁhat maet the requirements of Appendix J.
Performance in this contesit refers t5 both tha performance history necessary to
determine test intervals as well as overall ériteria needid to demonstrate leakage
integrity performance. Performance is also used as a basis for demonstrating
negligible impact on public health and safety.



The purpose of Type A testing is to verify the leakage integrity of the
containment structure. The primary performance objective of the Type A test 12 not
to quantify an overall containment system leakage rate. The Type A testing
methodology as described in ANSI/ANS 56.8-1994, and the modified testing
frequencies recommended by this guideline, serves to ensure continued leakage
integrity of the containment structure. Type B and Type C testing assures that
individual penetrations are essentially leak tight. In addition, aggregate Type B
and Type C leakage rates support the leakage tightness of primary containment by
minimizing potential leakage paths. A review of performance history has concluded
that most, if not all, containment leakage is identified by local leakage rate testing.

This section discusses a method to determine a testing frequency for Type A
testing based on performance. The extended test interval is based upon industry
performance data that was compiled to support development of Option B to
Appendix J, and is intended for use by any licensee. In adopting extended test
intervals recommended in this guideline, a licensee should perform Type A testing
in accordance with recommended industry practices. Additional technical
information concerning data analysis may be found in NUREG-1493.

Consistent with standard scheduling practices for Technical Specifications
Required Surveillances, intervals for recommended Type A testing given in this
section may be extended by up to 15 months . This option should be used only in
cases where refueling schedules have been changed to accommodate other factors.

9.1.1 Performance Criteria

Performance criteria for establishing Type A test intervals should provide
both the standard against which performance is to be measured and basis for
determining that performance is acceptable.-Because of the performance—based
emphasis on Type A testing, the criteria to. detérmine extended Type A test
intervals have been defined differently than the surveillance acceptance criteria

discussed in ANSI/ANS 56.8-1994." This-is to make the performance leakage rate
more of an indicator of the” overall condltmn of contamment leakage integrity.

The performance cntena fer ’I‘ype A- test allowable leakage is ; less than 1. 0L,.
This allowable leakage rate is calculated as the sum of the Type A UCL and As-left
MNPLR leakage rate for all Type B and Type C pat]lways that were in service,
isolated, or not lined up in their test position (i.e., drained and vented to
containment atmosphere) prior to pe' “~rming the Type A test. In addition, leakage
pathways that were isolated during performance of the test because of excessive
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leakage must be factored 1nto the performance determination. If the leakage can be
detormined by a local leakage rate test, the As~found MNPLR for that leakage path
must also be added to the Type A UCL. If the leakage cannot be determined by
local leakage rate testing, the performance criteria are not met.

Performance criteria do not include addition of the positive differences
between the As-found MNPLR and the As-left MNPLR for each pathway tested
ana adjusted prior to Type A testing (total leakage savings). Total leakage savings
are 1dentified through performance of Type B and Type C testing and do not
contri* * significantly to performance of a Type A test. Failure of Type B and
Type C test components found during performance of a Type A test should be
reviewed for cause determination and corrective actions.

9.1.2 Test Interval

Extensions in test intervals are allowed based upon two consecutive, periodic
Type A tests and consideration of performance factors as described in Section 11.3,
“Plant-Specific Testing Program Factors.” The elapsed time between the first and
the last tests in a series of consecutive passing tests used to determine performance
shall be at least 24 months.

9.2 Type A Test
9.2.1 Pretest Inspection and Test Methodology

Prior to initiating a Type A test, a visual examination shall be conducted of
accessible interior and exterior surfaces of the containment system for structural
problems which may affect either the containment structure leakage integrity or
the performance of the Type A test. This inspection should be a general visual
inspection of sccessible mterlor and extenor surfaces of the pnmary containment
and components.- - -

ANSI/ANS 56. 8—-1994testmg mf hodalogy.istates thatpathways open to the
primary containment atmosphere unde BA-conditions shall be drained and
vented to the primary contaiiment atmiosphere during a Type A tést. There are
three exceptions dwcussed in ANSI/ANS 56.8-1994 that allow penetrations to be
tested under the LLRT prograin + und the results added to the Type A leakage rate
Upper Confidence Limit (U CL) One exceptmn atates that- pathways in systems
which are required for proper conduct of the Type'A test or to maintain the plant in
a safe condition during the Type A test may be operable in their normal mode.
Proper outage planning should identify systems that are important to shutdown
safety. A sufficient number of systems should be available so as to minimize the
risk during the performance of the Type A test.




For planning and scheduling purposes, or ALARA considerations, heensces
m:y want to consider not venting and draining additional penetrations that are
capable of local leakage rate testing. It should be noted that the Type B or C tests
performed on those pathways must test all of its containment barriers. This
includes bonnets, packings. flanged joints, threaded connections. and compression
sttings. If the Type B or C test pressurizes any of the pathway’s containment
barriers in the reverse direction, it must be shown that test results are not affected
in a nonconservative manner by directionality. The As—found and the As-left
leakage rate for all pathways that are not drained and vented must be determined
by Type B and Type C testing within the previous 24 calendar months of the time
that the Type A test 1s performed and must be added to the Type A leakage rate
UCL to determine the overall L, surveillance acceptance criteria in accordance with
the definition in ANSI/ANS 66.8-1994.

9.2.2 Initial Test Intervals

A preoperational Type A test shall be conducted prior to initial reactor
operation. If initial reactor operation is delayed longer than 36 months after
completion of the preoperational Type A test, a second preoperational Type A test
shall be performed prior to initial reactor operations.

The first periodic Type A test shall be performed within 48 months after the
successful completion of the last preoperational Type A test. Periodic Type A tests
shall be performed at a frequency of at least once per 48 months, until acceptable
performance is established in accordance with Section 9.2.3. The interval for
testing should begin at initial reactor operation. Each test interval begins upon
completion of a Type A test 11hd"e'nds at the start of the next test.

If the test interval ends while'; pnmary ‘containment integrity is either not
required or it is required solely | for shutdown activities, the test interval may be
extended indefinitely. I_—on'ever g successful ‘Type A test shall be ¢ompleted prior to

entering the operating mode r"qumng pmmary contamment mtegnty

9.2.3 Extended Test Intervals : '__

frequency of at least once per 10 years based on aceeptable performance hxstory
Acceptable performance history is defined as completion of two consecutive periodic
Type A tests where the calculated performance leakage rate was less than 1.0 L.
A preoperational Type A test may be used as one of the two Type A tests that must
be successfully completeu to extend the test interval, provided that an engineering

10



analysis 1s performed to document why a preoperational Type A test can be treated
as a periodic test. Elapsed time between the first and last tests 1n a seres of
consecutive satisfactory tests used to determine performance shall be at least 24
months.

For purposes of determining an extended test interval, the performance
leakage rate is determined by summing the UCL (determined by containment
leakage rate testing methodology described in ANSI/ANS 56.8-1994) with As-left
MNPLR leakage rates for penetrations in service, isolated or not lined up in their
accident position (i.e., drained and vented to containment atmosphere) prior to a
Type A test. In addition, any leakage pathways that were isolated during
performance of the test because of excessive leakage must be factored into the
performance determination. If the leakage can be determined by a local leakage
rate test, the As—found MNPLR for that leakage path must also be added to the
Type A UCL. If the leakage cannot be determined by local leakage rate testing, the
performance criteria for the Type A test are not met.

In reviewing past performance history, Type A test results may have bee -
calculated and reported using computational techniques other than the Mass Po...
method from ANSI/ANS 56.8-1994 (e.g., Total Time or Point-to-Point). Reported
test results from these previously acceptable Type A tests can be used to establish
the performance history. Additionally, a licensee may recalculate past Type A UCL
(using the same test intervals as reported) in accordance with ANSI/ANS 56.8-1994
Mass Point methodology and its adjoining Termination criteria in order to
determine acceptable performance hiatory. In the event where previous Type A
tests were performed at reduced pressure, at least one of the two consecutive
periodic Type A tests shall be performed at{peak accident pressure (Pge).

9.2.4 Contamment Repau-s andModlﬁcauons

Repairs’ and mod;ﬁcatmns th&t affect the oontamment leakage integrity
require leakage rate testmg (’I‘Vpe A testmg or !ocal leakage rate testing) prior to
returning the oontamment to operatmn Testmg may be deferred to the next
regularly scheduled - Type A test’ for the followmg repan-s or modifications:

o Welds of attachments to the surfaoe of steel pressure—retaining boundary;

o Repair cavities, the depth that does not penetrate required design steel
wall by more than 10%; or

11



»  Welds attaching to steel pressure -retaining boundary penetrations. where
the nominal diameter of the welds or penetrations does not exceed one
inch.

9.2.5 Surveillance Acceptance Criteria

The As—found Type A test l.akage rate must be less than the acceptance
criterion of 1.0 L, given in the plant Technical Specifications. Prior to entering a
mode where containment integrity is required, the As-left Type A leakage rate
shall not exceed 0.75 Ly. The As-left and As-found values are as determined by
the appropriate testing methodology specifically described in ANSI/ANS 56.8-1994.

9.2 6 Corrective Action

If the As—found Type A results are not acceptable, then a determination
should be performed to identify the cause of unacceptable performance and
determine appropriate corrective actions. Cause determination and corrective
action should reinforce achieving acceptable performance. Once the cause
determination and corrective actions have been completed, acceptable performance
should be reestablished by performing a Type A test within 48 months following the
unsuccessful Type A test. Following a successful Type A test, the surveillance
irequency may be returned to once per 10 years.

Performance criteria do not include addition of the positive differences
between the As—found MNPLR and the As-left MNPLR for cach pathway tested
and adjusted prior to Type A testing (total leakage savings). Total leakage savings
are identified through performance of Type B and Type C testing and do not
contribute significantly to performance of a Type A test. As discussed in Section
9.2.2, leakage paths detected during a Type A test that are caused by failures of
Type B and Type C test components are not required to be included in
determination of adequate performance and Type A test intervals. Corrective
actions for Type B and Type C failures should be taken in accordance with Sections
10.2.1.4, 10.2.2.3, or102340fthlsgu1dehne :

10.1 Introduction

This section discusses the method to determine extended test intervals for
Type B and Type C tests based on performance. It presents a range of acceptable
intervals based upon industry data which have been analyzed through a process
similar to that used by NRC in NUREG-1493, and have been reviewed for safety

12
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~wnihiance  Individual heensecs may adopt a testing interval and approach as
discussed in this guideline provided that certain performance factors and
programmatic controls are reviewed and apphed as appropriate. Programmatic
contrals may be necessary to ensure that assumptions utiljzed in analysis of the
industry data are reasonably preserved at individual facilities.

The range of recommended frequencies for Type B aad Type C tests are
discussed 1n Section 11.0. The proposed frequencies are in part based upon
industry performance data that was compiled to support the development of Option
B to Appendix J, and a review of their safety significance. A licensee should develop
hases for new frequencies based upon satisfactory performance of leakage tests that
meet the requirements of Appendix J. Additional considerations used to determine
appropriate frequencies may include service life, environment, past performance,
desiyn, and safety impact. Additional technical information concerning the data
may be found in NUREG-1493.

Consistent with standard scheduling practices for Technical Specifications
Required Surveillances, intervals for the recommended surveillance frequency for
Type B and Type C testing given in this section may be extended by up to 25
percent of the test interval, not to exceed 16 months.

10.2 Type B and Type C Testing Frequencies

The testing interval for each component begins after its Type B or Type C
test is completed and ends at the beginning of the next test. If the testing «aterval
ends while primary containment integrity is not required or 1s required solely for
cold shutdown or refueling activities, testing may be deferred; however, the test
must be completed prior to the plant entenng a mode requiring pnmary
ccmtalnment mtegnty o

Leakage rates lessihan the adxmmstratwe leakage rate lumts are considered
acceptable. Administrative limits’ for] l_eakage rates shall be established and
documented for each Type B and Type C componenf prmr to the performance of
should be specified sueh that they iire an mdlcator of potential valve or penetration
degradation. Administrative limits for alrlocks may be equivalent to the
surveillance acceptance criteria given for airlocks in Technical Specifications.

Administrative limits are specific to individual penetrations or valves, and
are not the surveillance acceptance criteria for Type B and Type C tests. Due to the
performance-based nature of Uption B to Appendix J and this guideline. it is

13



cosme wded that acceptance eriteria for the combined Teakage rate tor all
oo netrations ~ubject to Type Boor Tvpe C testing be defined as follows

e The combined As left leakage rates determined on o MXPLR basis for all
penetranons shall be venified to be less than 0 601, prior to entering a
mode where containment integrity 1s required following an outage or
shutdown that included Type B and Type C testing only These combined
leakage rate determinations shall be done with the latest leakage rate
test data available, and shall be kept as a runming summation of the
leaknge rates.

¢ The As-found leakage rates, determined on a MNPLR basis, for all newly
tested penetrations when summed with the As-left MNPLR leakage rates
for all other penetrations shall be less than 0.60Ly at all times when
containment integrity 1s required.

The surveillance acceptance criteria for awrlocks are as specified in Technical
Specifications. In addition, there is other leakage rate testing specified 1n the
Technical Specifications that contain Surveillance Acceptance Criteria and
Surveillance Frequencies. This guideline does not address the performance-based
frequency determination of those surveillances.

10.2.1 Type B Test Intervals
10.2.1.1 Initial Test Intervals (Except Containment Airlocks)

Type B tests shall be performed prior to initial reactor operation. Subsequent
penodic Type B tests shall be performed at a frequency of at least once per 30
months, until acceptable performance is established per Section 10.2.1.2.

10.2.1.2 Extended Test Intervals (Except Containment Airlocks)

The test intervals for Type B penetrations may be increased based upon
completion of two consecutive perlodlc As—found Type B tests where results of each
test are within a licensee's allowable’ admlmstratwe limits. Elapsed time between
the first and last tests in-a series of consecutive satmfacmry tests used to determine
performance shall be 24 months or the noiinal test-interval (e. g., refueling cycle)
for the component prior to implementing Option B to Appendix J. An extended test
wnterval for Type B tests may be increased to a specific value in a range of
frequencies from greater than once per 30 months up to a maximum of once per 120

months. The specific test interval for Type B pernetrations should be determined by
a licensee 1n accordance with Section 11.0.

14



102,13 Repairs or Adjustments (Except Containment Airiocks)

[n addition to the penodie As-found Type B test, an As- tound Tyvpe B test
~hall be performed prior to any mamntenance, repair, modification. or adju~tment
actovity if the actuvaty could affect the penetration’s leak tightness. Ar As-left Typ
B test shall be performed fodowing mamtenance, repair, modification or adjustment
activity  In addition, of a primary containment penetration 1s opened following As-
found testing, & Type B test shall be performed prior to the time primary
containment 1Ltegrity 1s required. If the As—found and As-left Tvpe B test results
are hoth less than a component's allowable Administrative Limit. a change in test
frequency is not required. If As-found or As-left test results are greater than the
allowable adminmistrative limit, provisions of Section 10.2.1 4 apply.

Frequency for a Type B testing shall be in accordance with Section 10.2.1.11f
the penetration is replaced or engineering judgment determines that modification of
the penetration has invalidated the performance history. Testing shall continue at
this frequency unti] adequate performance is established in accordance with Section
10.2.1.2.

10.2.1.4 Corrective Action

If Type B test results are not acceptable, then the testing frequency should be
set at the initial test interval per Section 10.2.1.1. In addition, a cause
determination should be performed and corrective actions identified that focus on
those activities that can eliminate the identified cause of failure! with appropriate
steps to eliminate recurrence. Cause determination and corrective action should
reinforce achieving acceptable performance. Once the cause determination and
corrective actions have been completed, acceptable performance may be
reestablished and the testing frequency returned to the extended interval in

accordance with Section 10.2. 1 2. - :

Failures of Type B penetrations: dlsc.overed during performance of a Type A
test should be considered as failures of a TVpe Btest for purposes of cause
determination and corrective action.  This includes failures of penetrations that
were not previously 1denuﬁe& by a- Type B test;mg pmgram

1 A failure in this context 1e exceeding an admimstrative limit and not the total failure of the
penetration. Administrative limita are established at a value low enough to identify and allow early
correcticn of potential total penetration failures.
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10.2.2 Containm nt Airlocks

10.2.2.1 Test Interval

Containment airlock(s) shall be tested at an internal pressure of not less than
Pgc prior to a preoperational Type A test. Subsequent periodic tests shall be
performed at a frequency of at least once per 30 months. Containment airlock tests
should be performed in accordance with ANSI/ANS 56.8-1994. In addition,
equalizing valves, door seals, and penetrations with resilient seals (i.e., shaft seals,
electrical penetrations, view port seals and other similar penetrations) which are
testable, shall be tested at a frequency of once per 30 months.

Airlock door seals should be tested prior to a preoperational Type A test.
When containment integrity is required, airlock door seals should be tested thhm 7
days after each containment access.

For i)eriods of multiple containment entries where the airlock doors are
routinely used for access more frequently than once every 7 days (e.g., shift or daily
inspection tours of the contaipment), door seals may be tested once per 30 days
during this time period.

Door seals are not required to be tested when containment integrity is not
required, however they must be tested prior to reestablishing containment
integrity. Door seals shall be tested at Pg¢, or at a pressure stated in the plant
Technical Specifications.

10.2.2.2  Repairs dr Adjuat_mgnts;ofAirlocks )

Fonowmg mamtenanoe onan axrlock pressure retaining boundary, one of the
following tests shall be compieted ST

Airlock shall be test.e‘d at apre_ssu;e of not Iesé than Py or

Leakage rate testmg at Pac shall be=performed on the affected area or
component. : i

10.2.2.3 Corrective Action —

If containment airlock Type B test results are not acceptable, then a cause
determination should be performed and corrective actions identified that focus on

16
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‘nose activities that can eliminate the identified cause of a failure? with appropriate

steps 16 -minate recurrence. Cause determination and corrective action should
remforce  eving acceptable performance.
10.2.3 Type C Test Interval

10.2.3.1 Initial Test Interval

Type C tests shall be performed prior to initial reactor operation. Subsequent
penod'c Type C tests shall be performed at a frequency of at least once per 30
months, until adequate performance has been established consistent with Section
102 3.2

10.2.3.2 Extended Test Interval

Test intervals for Type C valves may be increased based upon completion of
two consecutive periodic As—found Type C tests where the result of each test is
within a licensee’s allowable administrative limits. Elapsed time between the first
and last tests in a series of consecutive passing tests used to determine performance
shall be 24 months or the nominal test interval (e.g., refueling cycle) for the valve
prior to implementing Option B to Appendix J. Intervals for Type C testing may be
increased to a specific value in a range of frequencies from 30 months up to a
maximum of 120 months. Test intervals for Type C valves should be determined by
a licensee in accordance with Section 11.0.

10.2.3.3 Repairs or Adjustments

In addition to the periodic As-fouﬂd Type C test, an As—found Type C test or
an alternative test or analysis shall be perfermed prior to any maintenance, repair,
modification, or adjustment-activity if it could affect a valve’s leak tightness. An
As-left Type C test shall be performed: following maintenance, repair, modification
or adjustment activity unless an alternate testing method or analysis'is used to
provide reasonable assurance that such jajnot affect a valve's leak tightness

and a valve will stIIl perform its‘intended fanétio
If As—found’ and As-lefi‘ Ty
allowable administrative limit; a< . frec
As—found or As-left test results’ aregrea t‘han the a}lowable admunstratxve Limit,
then provisions of Sectmn 10.2. 3. 4apply T
The frequency for Type C testmg shall be in accordance with Section 10.2.3.1
if a valve is replaced or engineering judgment determines that modification of a
valve has invalidated the valve’s performance history. Testing shall continue at

* A failure in this context is exceeding performance criteria for the airlock, not a total failure.
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this frequency until an adequate performance history ts established i accordance
with Section 10.2.3 2.

10.2.3.4 Corrective Action

If Type C test results are not acceptable, then the testing frequency should
be set at the initial test interval per Section 10.2.3.1. In addition, a cause
determination should be performed and corrective actions identified that focus on
those activities that can eliminate the identified cause of a failure? with appropriate
steps to eliminate recurrence. Cause determination and corrective action should
reinforce achieving acceptable performance. Once the cause determination and
corrective actions have been completed, acceptable performance may be
reestablished and the testing frequency returned to the extended interval in
accordance with Section 10.2.3.2.

Failures of Type C valves that are discovered during performance of a Type A
test should be considered as a failure of a Type C test for purposes of cause
determination and corrective action. This includes failures of valves that were not
previously identified by a Type C test.

11.1 Introduction

This section provides guidance on establishing leakage testing frequencies
and provides information regarding the risk impact of such actions. Extended test
intervals in Sections 9:0'and. 10:0: have been selected based on performance, and
have been asaassad for—mk mpa,ct usmg—hwtoncal performanoe data. The various

and Type C- teats In_dzvxdu«
60 months or three refueling tycles.
detailed analysis provided-ths performa actofs:dxscussed in Section 11.3.1 are
considered. A&dltmnal pmgrammaﬁc cdntrol&afe discussed in Section 11.3.2 and

3 A failure in this context is exceeding an administrative limit and not the total failure of the valve.
Administrative limits are established at a vaiue low enough to identify and allow early correction of
total valve failures.

18



~hould be considered when the extended test intervals are greater than 60 months
or three refueling cveles.

11.2 Discussion

The effect of extending containment leakage rate testing intervals 1s a
curresponding increase in the likelihood of containment leakage. The degree to
which intervals can be extended, if at all, is a direct function of the potential effects
on the health and safety of the public that occur due to an increased likelihood of
containment leakage.

In order to determine the acceptability of extended testing intervals, the
methodology described in NUREG-1493 was applied, with some modifications, to
historical representative industry leakage rate testing data gathered from
approximately 1987 to 1993, under the auspices of NEI. The range of testing
intervals recommended for Type B and Type C testing was evaluated to determine
the level of increased risk in the event of an accident. The same methodology was
also applied to the 10-year interval for Type A testing. In all cases, the increased
risk corresponding to the extended test interval was found to be small and compares
well to the guidance of the NRC’s safety goals.

NUREG-1493 provides the technical basis to support rulemaking to revise
leakage rate testing requirements contained in Option B to Appendix J. The basis
consisted of qualitative and quantitative assessments of the risk impact (in terms of
increased public dose) associated with a range of extended leakage rate testing
intervals. .

NUREG-1493 found the effect of Type B and Type C testing on overall
accident risk is small and concluded that:’

Performance-based alternatwes to local leakage rate testmg requirements
are feasible thhont mgmﬁcant nsk nnpacts‘ and

e Although extended testmg mf;emzals Ieiw mmor:mcreases in potential off-
site dose consequences; tha‘actual‘ glqcreaee in on-site (worker) doses
exceeded: - (by at Ieast an order of magmtude) ‘the potentxal off-site dose

increases.; - e

NEI, in comunctmn mth EPRI undertoek a sumlar study in order to
supplement NRC's rulemaking basis and pr(mde added assurance the more
detailed elements in this’ guxdehne ‘have an adéquate basis. Results of the EPRI
study are documented in EPRI Research Project Report TR-104285, “Risk Impact
Assessment of Revised Containment Leak Rate Testing Intervals.”
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EPRI dcveloped an abbreviated methodology that was used to assess plant
risk 1mpact associated with containment leakage rate testing alternatives currently
being proposed by this guideline. The overall approach involved an examination of
the risk spectra from accidents reported in PWR and BWR IPEs. Plant nsk was
quantified for a PWR and a BWR representative plants. Quantification of the risk
considered the consequences from containment leakage in more detail than reported
in IPEs. The impact associated with alternative Type A, Type B and Type C test
intervals, measured as a change in risk contribution to baseline risk, is presented 1n
Table 1. The risk values compare well with the analysis in NUREG-1493.

The risk model was specifically quantified by using a “failure to seal”
probability (as opposed to failure to close considered in IPEs). This required failure
rates to be developed for this failure mode. Type B and Type C test data obtained
by NEI allowed determination of failure rates where failure is defined as the
measured leakage exceeding allowable administrative limits for a specific Type B or
Type C component. The failure rate values were used in the containment isolation
system fault tree, and used to calculate a failure—to—seal probability.
Characterization of baseline risk (in terms of accident sequences that are influenced
by containment isolation valve or containment penetration leakage rate) allowed
the plant models to calculate the risk .wapact associated with changes in test
intervals.

As indicated above, historical industry failure rate data was used to develop
the component failure to seal probabilities used in the analysis. This approach is
quite conservative because these guidelines require demonstration of performance
prior to extending the component leakage rate testing interval. The performance
demonstration consists of successful completion of two consecutive leakage vate
tests to increase the interval from 30 to 60 months or three refueling cycles, and
three consecutive leakage rate tests to increase the interval to greater than 60
months or three refueling cycles. This takes advantage of the findings of NUREG-
1493, Appendix A, which suggests that- “If the component does not fail within two
operating cycles, further failures appear to be governed by the random failure rate
of the component,” and “Any test scheme-considered should require a failed
component pass at leasttwo consecut ive tests before allowing an extended test
' failure s ana]ysm caonsidered components

ilires: “The eontamment leakage rate
computation conservauvely:use NAXIm

which exceeded the ndmnnsﬁr i

T “pathway leak rates derived from the
upper bounds of the NE] dats. -Therefore, the a'nalysxs isvery conservative, and the
component performance trendmg provz&ea thé necessary confidence demonstration
that component leakage 1 18 bemg managed at a Jow Ieve1

For Type C test, a b_btinding‘analysis Was perfo_rmed that assumed all valves
have test intervals that were extended to 48, 60; .72 and 120 months. For Type B
tests, it was assumed that electrical penetrations were tested at a nominal 120
months frequency. In addition, it was assumed that some portion of the
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prielrations was tested periodically during the 120 months. Airlock tests were
assumed to be conducted every 24 months. Blind flanges were assumed to be tested
after each opening, or at 48-month intervals.

There are many points of similarity between the NUREG-1493 report and
the EPRI study, both in methodology and assumptions, reflecting close agreement
on ¢lements important to safety for containment leakage rate testing. The
similarity also extends to the results. The EPRI study confirms the low risk
significance associated with Type A testing intervals of 10 years. Similarly,
extending the Type B and Type C test intervals to 120 months was found acceptable
provided the Type B or Type C components have successfully passed two
consecutive tests, and provided that certain controls were imposed on the leakage
rato testing program.

Changing Appendix J test intervals from those presently allowed to those in
this guideline slightly increases the risk associated with Type A and Type B and
Type C-specific accident sequences as discussed in Table 1. The data suggests that
increasing the Type C test interval can slightly increase the associated risk, but this
ignores the risk reduction benefits associated with increased test intervals. In
addition, when considering the total integrated risk (representing all accident
sequences analyzed in the IPE), the risk impact associated with increasing test
intervals is negligible (less than 0.1 percent of total risk). This finding is further
reinforced by the conservative assumptions used in the analysis. The EPRI study
reaffirms the conclusion in NUREG-1493 that changes to leakage testing
frequencies are “feasible without significant risk impact.”

11.3 M:ﬁnmﬁﬂ.eﬂh&mm&sﬂm

A licensee may adopt specxﬁc surveillance frequencies from Section 10.0
provided that plant-specific test performance history is acceptable as discussed in
Section 10.0, and certain performan'ce factors arid controls are reviewed and applied
as appropriate in the détermination of test mtervals Each licensee should
demonstrate by quantxtatwe m: q ,fj_" X we xev;ew ‘that plant—~spec1ﬁc performance
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Table 1

Risk Results for Type A, Type B, and Type C Test Intervals

Test
Type

Risk-Impact
Current Test Intervals

Risk- Impact
Extended I'est Intervals

Comment

PWR Representative Plant Summary

Type A

0 0032% incremental risk
countribution, based on
2xl.g leakage

0.035% incremental risk contnibution,
based on test interval 1 n 10 years

Compares well watn
Surry risk
contribution of 0 07"
A range of 0.002 to
0.14 percents
reported for other
plants in NUREG
1493,

Type B

«) 001% incremental nsk
contribution

6.9E-05 person—rem/yr
rebaselined nsk

<0.001% incremental risk contribution,

1.3E-04 person-rem/yr rebaselined
risk. Based on testing with some
components tested periodically during
tume interval months. In addition,
blind flanges and penetrations would
be removed and retested during every
refueling outage. Airlocks to be tested
every 24 months.

A range of 0.2 to 4.4
percent 1s provided for
other plants for both
Type B and Type C
penetrations 1n
NUREG-1493.

Type €

0.022% of total risk

4.9E-03 person-rem/yr

0.04% incremental risk contribution,
8.8E--03 person-rem/yr rebaselined
risk, based on 48 month test intervala.

1E-2, 1.2E-2, and 1.64E-2 person-
rem/yr risk, based on 60, 72, and 120

Arangeof 0.2t0 4.4
percent of total risk 1s
provided for other
plants for both Type B
and Type C
penetrations tn
NUREG-1493.

month test intervals
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o

Table 1 (continued)

BWR Representative Plant Summary

T vpe A

() (28% incremental risk
. mntribution, based on
2xL.g leakage

0 029% incremental risk contribution,
based on test interval 1 1n 10 years

Compares well with
the Peach Bottom
estimated value of
0.038% A range of
0.02 to 0.14 percent 1»
reported for other
plants in NUREG-
1493.

<0.001% of total nsk

8.0F-06 person—rem/yr

0.001%, 1.85E-05 person-rem/yr
Based on testing with sorie
components tested periodically during
time interva) months. In addition,
blind flanges and penetrations would
be removed and retested during every
refueling outage. Airlocks to be tested
every 24 monthas,

Arangeof 0.2t 4.4
percent 18 provided for
other plants for both B
and C penetration
types in NUREG-
1493.

Type C

0.002% of total rusk

4.5E-06 person-rem/yr

0.0068% of total riek, 1.1E-04 person—
rem/yr,
based on 48 months test intervals.

1.8E-4, 2.3E—4, and 5.01E—4 person—
rem/yr riak, based on 60, 72, and 120
month test intervals.

Arangeof0.2to 4.4
percent 18 provaded for
other plants for both B
and C penetration
types in NUREG-
1493.
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IBER Performance Factors

Prior to determining and implementng extended testintersalds for Tope B
And Tvpe C components, an assessment of the plant's continnment penetration zicd
vitlve peerfurmance should be performed and documerted  The following are som.
f:ee tor- thut have been identified as mmportant and should be considered in
extablishing testing intervals

o Pust Component Performance — Based on a survey sample of industry dava
from approximately 1987 to 1993, 97 5% of the industry’s contaimnment
penetrations have not faded a Type B test. and 90% of the wsolation valves
have never failed a Type C test in over 500 reactor years of commercial
operation Of the 10% of the Type C tests that have fuiled, only 22% of thow
have failed more than once. A heensee should « nisure that leakage rate
testing intervals are not extended until plant-specific component
performance of twu successful consecutive As-found tests are performed.

o Service — The environment and use of components are important 1n
determining its likelihood of failure. For example, & plant may have
experienced high leakage in valves in a high-flow steam environment due to
effects of valve seat erosivn. Certain valves that open and close frequently
during normal plant operations may have experienced higher leakage. The
hicensee's existing testing program should identify these types of components
to establish their testing intervals based on their performance history.

e Design — Valve type and penetration design may contribute to leakage. For
example, motor operated valves in a plant may be found to leak less
frequently tnan check valves, and may support a longer test interval. Vendor
recommendatiofis for vaive or penetration subcomponent service life may be a
factor in determining test intervals. Certain passive penetrations, such as
electrical penetrations, may have had excellent performance history. Test
mtervals for these penetrationgmay be_r’elsitive!y lunger.

o lafety Imgag — ’Phe relzmve 1mportance ot' penetr&tmns can be judged in
terms of the potential impact of failure in limiting releases from containment
under accident conditions.- Due to size or system inter—connections, some
componeiits or penietrations may be more unportant than others in ensuring
the safety function of a containment penetration is achieved. This relative
importance should be considered in determining the test interval.

e Cause Determination — For failures identified during an extended test
mnterval, a cause determination should be conducted and appropriate
corrective actions identified. Part of a corrective action process should be to
identify and address common-mode failure mechanisms.
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11.3.2

Programmatic Controls

I a hicensce considers extended test intervals of greater than 60 months or

three refueling cycles for a Type B or Type C tested component, the review to
estabhish surveillance test intervals should include the additional cunsiderations:

As-found Tests — In order to provide additiona) assurance that the increased
probability of component leakage 1s kept to a minimum, and is reasonably
within the envelope of industry data, a licensee should consider requiring
three successive periodic As-found tests to determine adequate performance.

Schedule — To minimize any adverse effects of unanticipated random
failures, and to increase the likelihood unexpected common-mode failure
mechanisms will be identified in a timely manner, a licensee should
implement a testing program that ensures components are tested at
approximate evenly— distributed intervals across the extended testing
interval for valves or groups of valves. A licensee should schedule a portion
of the tests during each regularly schediiled outage or on sc:me regular
periodic basis, such that some percentage of the components are tested
periodically, and all components are tested at the new extended test interval
of greater than 60 months or three refucling cycles.

Review — A review of the entire process should be performed prior to

establishing alternate test intervals under Option B to 10 CFR 50, including

plant-specific performance history, data analysis, establishment of

surveillance frequencies, and, if available and applicable, any risk—impact

assessment. This review should include adjustments to the program as

required, based on expert insight or engmeermg judgment. Results of the
review 8houl(f be dacumemed



120 RECORDKEEPING
12.1 Report Requirements

\ post—outage report shall be prepared presenting results of the previous
cvcle’s Type B and Type C tests, and Type A, Type B, and Type C tests, 1if perfurmed
G : that outage. The technical contents of the report are generally described in
ANSI/ANS 56.8-1994, and will be available on-site for NRC review. The report
shall also show that the applicable performance criteria are met, and serves as a
record that continuing performance is acceptable.

12.2 Records

Documentation developed for implementation of Option B to Appendix J
should be done in accordance with licensee established procedures. Sufficient
documentation shall be collected and retained 8o that the effectiveness of the
implementation of Option B to Appendix J can be reviewed and determined. This
documentation shall be available for internal and external review, but is not
required to be submitted to the NRC.

Federal Recycling Program
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