NUF.EG-75/087

\‘.h" ﬂ[(,{/‘

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - Accident Analysis Branch (AAB

C
Electrical, Instrumentation and Control System Branch (EICSH
Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
AREAS OF REVIEW
The design objective of the containment isolation system is to allow the normal or emergency
passage of fiuids through the containment boundary while preserving the ability of the
boundary to prevent or limit the escape of fission products from sustulated accidents.
This plan, therefore, is concerned with the isolation of fluid systems which penetrate the
containment boundary, including the design and testing requirements for isolation barriers

and actuators. Isolation barriers include valves, closed piping systems, and blind flanges.
The CSB reviews the information presented in the applicant's safety analysis r t (SAR)
regarding containment isolation provisions The CSB review covers the following aspects of
containment isolation

The design of containment isolation provisions, including

The number and location of isr stion valves, i.e., the isolation valve arrangements

and the physical location of isolation valves with respect to the containment
The actuation and control features for i1solation valves
The positions of isolation valves for normal plant operating conditions (includin

shutdown), post-accident conditions, and i~ the event of valve operator power

failures
The valve actuation signals.
The hasis for selection of closure times of isolation valves.

The mechanical redundancy of i{solation devices.
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9. The acceptability of closed piping systems inside containment as isolation
barriers.

2. The protection provided for containment isolation provisions against loss of function
from missiles, pipe whip, and earthquakes,

3. The environmental conditions inside and outside the containment that were considered
in the design of isolation barriers.

4, The design criteria applied to isolation barriers and piping.

5. The provisions for detecting a possible need to isolate remote-manual-controlled
systems, such as engineered safety features systems.

6. The design provisions for and technical specifications pertaining to operability and
leakage rate testing of the isolation barriers.

EICSB has review responsibility for the qualification test program for electric valve
operators, and the sensing and actuation instrumentation of the plant protection system

that is located both inside and outside of containment; The MEB has review responsibility for
the qualifications test program to demonstrate the performance and reliability of contain-
ment isolation valves; The MEB and SEB have review responsibility for the structural design of
the containment isolation provisions to ensure adequate protection against missiles, pipe
whip, and earthquakes.

I1. ACCEPTANCE CRITERIA
The general design criteria establish requirements for icolation barriers in lines pene-
trating the primary containment boundary. In general, two isolation barriers in series are
required to assure that the isolation function is satisfied assuming any single active
failure in the containment isolation provisions.

The design of the containment isolation provisions will be acceptable to CSB if the follow-
ing criteria are satisfied:

1. General Design Criteria 55 and 56 require that lines that penetrate the primary con-
tainment boundary and either are part of the reactor coolant pressure boundary or
connect directly to the containment atmosphere should be provided with isolation
valves as follows:

a. One locked closed isolation va1vel/ inside and one locked closed isolation valve
outside containment; or

1/ Locked closed isolation valves are defined as sealed closed barriers (see item 11.3.f).
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b. One automatic isolation valve inside and one locked closed isolation vaive out-
side containment; or

c. One locked closed isolation valve inside and one automatic isolation valveg/
outside containment; or

d. One automatic isolation valve inside and one automatic isolation va1veg/ outside
containment.

2. General Design Criterion 57 requires that lines that penetrate the primary containment
boundary and are neither part of the reactor coolant pressure boundary nor connected
directly to the containment atmosphere should be provided with at least one locked
closed, remote-manual, or automatic isolation valveg/outside containment,

3. The general design criteria permit containment isolation provisions for lines penetrat-
ing the primary containment boundary that differ from the explicit requirements of
General Design Criteria 55 and 56 if the basis for acceptability is defined. Fol-
Towing are guidelines for acceptable alternate containment isolation provisions for
certain classes of lines:

3. Regulatory Guide 1.11 describes acceptable containment isolation provisions for
instrument lines. In addition, instrument lines that are closed both inside and
outside containment, are designed to withstand the pressure and temperature
conditions following a loss-of-coolant accident, and are designed to withstand
dynamic effects, are acceptable without isolation valves,

b. Containment isolation provisions for lines in engineered safety features or
engineered safety feature-related systems may include remote-manual valves, but
provisions should be made to detect possible leakage from these lines outside
containment.

¢. Containment isolation provisions for lines in systems needed for safe shutdown of
the plant (e.g., liquid poison system, reactor core isolation cooling system, and
isolation condenser system) may include remote-manual vaives, but provision
should be made to detect possible leakage from these 1ines outside containment.

d. Containment isolation provisions for lines in the systems identified in items b
and ¢ normally consist of one isolation valve inside and one isolation valve
outside containment. If it is not practical to locate a valve inside containment
(for example, the valve may be under water), both valves may be located outside
containment. For this type of isolation valve arrangement, the valve nearest the
containment and the piping between the containment and the valve should be
enclosed in a leak-tight or controlled leakage housing, or additional conser-
vatism should be used in the design of this section of piping.

g7A simple check valve is not normally an acceptable automatic isolation valve for this applica-

tion,
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¢. Containment isolation provisions for lines in engineered safety feature or
engineered safety feature-related systems normally consist of two isolation valves

in series. A single isolation valve outside containment will be acceptable if it
can be shown that the system reliability is greater with only one isolation valve
in the line, the system is closed outside containment, and a single active failure
can be accommodated with only one isolation valve in the line. The closed
system outside containment should be protected from missiles, designed to seismic
Category ! standards, classified Safety Class 2 (Ref. 5), and should have a
design temperature and pressure rating at least equal to that for the containment.
The closed system outside containment should be leak tested, unless it can be
shown that the system is being maintained during normal plant operations.

f. Sealed closed barriers may be used in place of automatic isolation valves.

Sealed closed barriers include blind flanges and sealed closed fsolation valves
which may be closed manual valves, clused remote-manual valves, and closed auto-
matic valves which remain closed after a loss-of-coolant accident. Sealed closed
isolation valves should be under administrative control to assure that they can-
not be inadvertent’y opened. Administrative control includes mechanical devices
to seal or lock the valve closed, or to prevent power from being supplied to the
valve operator.

g. Relief valves may be used as isolation valves provided the reiief set point is
greater than 1.5 times the containment design pressure.

Isolation valves outside containment should be located as close to the containment as
practical, as required by General Design Criteria 55, 56, and 57.

The position of an isolation valve for normal and shutdown plant operating conditions
and post-accident conditions depends on the fluid system function. If a fluid system
does not have a post-accident function, the isolation valves in the lines should be
automatically closed. For engineered sifety feature or engineered safety feature-
related systems, isolation valves in the lines may remain open or be opened. The
position of an isolation valve in the event of power failure to the valve operator
should be the “safe" position. Normally this position would be the post-accident4
valve position. All power-operated isolation valves should have position indication
in the main control room,

There should be diversity in the parameters sensed for the initiation of contaimment
isolation.

Containment isolation valve closure times should be selected to assure rapid isolation
of the containment following postulated accidents. System design capabilities should

be considered in establishing valve closure times. For lines which provide an open
path from the containment to the environs; e.g., the containment purge and vent lines,
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isolation valve closure times on the order of 5 seconds or less may be necessary. The
closure times of these valves should be established on the basis of minimizing the re-
lease of containment atmosphere to the environs, to mitigate the offsite radiological
consequences, and assure that emergency core cooling system (ECCS) effectiveness is not
degraded by a reduction in the containment backpressure. Analyses of the radiological
consequences and the effect on the containment backpressure due to the release of con-
tainment atmosphere should be provided to justify the selected valve closure time.
Additional guidance on the desigi and use of containment purge systems is provided in
Branch Technical Position CSB 6-4 (Ref. 9).

The use of a closed system inside containment as one of the isolation barriers will be
acceptable if the design of the closed system satisfies the following requirements:

a. The system does not communicate with either the reactor coolant system or the
containment atmosphere.

b. The system is protected against missiles and pipe whip.
c. The system is designated seismic Category I.
d. The system is classified Safety Class 2 (Ref. 5).

e, The system is designed to withstand temperatures at least equal to the containment
design temperature.

f. The system is designed to withstand the external pressure from the containment
structural acceptance test.

g. The system is designed to withstand the loss-of-coolant accident transient and
environment.

Insofar as CSB is concerned with the structural design of containment internal struc-
tures and piping systems, the protection of isolation barriers against loss of function
from missiles, pipe whip, and earthquakes will be acceptable if isolation barriers are
located behind missile barriers, pipe whip was considered in the design of pipe re-
straints and the location of piping penetrating the containment, and the isolation
barriers, including the piping between isolation valves, are designated seismic Cate-
gory I, i.e., designed to withstand the effects of the safe shutdown earthquake, as
recommended by Regulatory Guide 1.29.

The design criteria applied to components performing a containment isolation function,
including the isolation barriers and the piping between them, or the piping between the
containment and the outermost isolation barrier, is acceptable if:

a. Group B quality standards, as defined in Regulatory Guide 1.26, are applied to the
components, unless the service function dictates that Group A quality standards be

applied.
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The components are designated seismic Categery I, in accordance with Regulatory
Guide 1.29.

The design of the containment isclation system is acceptable if provisions are made to
allow the operator in the main control room to know when to isolate by remote-manual
means fluid systems that have a post-accident safety function. Such provisions may
include instruments to measure flow rate, sump water level, temperature, pressure, and
radiation level,

Provisions should be made in the design of the containment isolation system for opera-
bility testing of the containment isolation valves and leakage rate testing of the

isolation barriers. The isolation valve testing program should be consistent with
that proposed for other engineered safety features. The acceptance criteria for the
leakage rate testing program for containment isolation barriers are presented in
Standard Review Plan 6.2.6.

REVIEW PROCEDURES

The procedures described below provide guidance on review of the containment isolation sys-
tem. The reviewer selects and emphasizes material from the review procedures as may be
approLiate for a particular case. Portions of the review may be done on a generic basis
for aspects of containment isolation common to a class of containments, or by adopting the
results of previous reviews of plants with essentially the same containment isolation
provisions,

The CSB determines the acceptability of the containment isolation system by comparing the
system design criteria to the design requirements for an engineered safety feature. The
quality standards and the seismic design classification of the containment isolation pro-
visions, including the piping penetrating the containment, are compared to Regulatory
Guides 1.26 and 1.29, respectively.

The CSB also ascertains that no single fault can prevent isolation of the containment.

This is accomplished by reviewing the containment isolation provisions for each line penetrating
| the containment to determine that two isolation barriers in series are provided, and in

conjunction with the EICSB by reviewing the power sources to the valve operator..

The CSB reviews the information in the SAR justifying containment isolation provisions
| which differ from the explicit requirements of General Design Criteria 55, 56 and 57. The
CSB judges the acceptability of these containment isolation provisions based on a comparison
with the acceptance criteria given in Section II.

The CSB reviews the position of isolation valves for normal and shutdown plant operating

conditions, post-accident conditions, and valve operator power failure conditions as listed
in the SAR. The position of an isolation valve for each of the above conditions depends on
the system function. In general, power-operated valves in fluid systems which do not have
a post-accident safety function should close automatically. In the event of power failure
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to a valve operator, the valve position should be the position of greater safety, which is
normally the post-accident position, However, special cases may arise and these will be
considered on an individual basis in determining the acceptability of the prescribed valve
positions. The CSB also ascertains from the SAR that all power-operated isolation valves
have position indication capability in the main control room.

The CSB reviews the signals obtained from the plant protection system to initiate contain-
ment isolation. In general, there should be a diversity of parameters sensed; e.g., abnormal
conditions in the reactor coolant system, the secondary coolant system, and the containment,
which generate containment isolation signals. Since plant designs differ in this regard

and many different combinations of signals from the plant protection system are used to
initiate containment isolation, the CSB considers the arrangement proposed on an individual
basis in determining the overall acceptability of the containment isolation signals.

The CSB reviews isolation valve closure times. In general, valve closure times should be
less than one minute, regardless of valve size. (See the acceptance criteria for valve
closure times in Section Il.) Valves in lines that provide a direct path to the environs,
e.g., the containment purge and ventilation system lines and main steam lines for direct
cycle plants, may have to close in times much shorter than one minute. Closure times for
these valves may be dictated by radiological dose analyses or ECCS performance considerations.
Supporting analyses justifying valve closure times for these lines should be provided in

the safety analysis report for the CSB and AAB review.

The CSB determines the acceptability of the use of closed systems inside containment as
isolation barriers by comparing the system designs to the acceptance criteria specified in
Section 1I.

The MEB and SEB have review responsibility for the structural design of the containment
internal structures and piping systems, including restraints, to assure that the containment
isolation provisions are adequately protected against missiles, pipe whip, and earthquakes.
The CSB determines that for all containment isolation provisions, missile protection and
protection against loss of function from pipe whip and earthquakes were design considerations.
The CSB reviews the system drawings (which should show the locations of missile barriers
relative to the containment isolation provisions) to determine that the isclation provisions
are protected from missiles. The CSB also reviews the design criteria applied to the
containment isolation provisions to determine that protection against dynamic effects, such
as pipe whip and earthquakes, was considered in the design.

Systems having a post-accident safety function may have remote-manual isolation valves in

the 1ines penetrating the containment. The CSB reviews the provisions made to detect

leakage from these lines outside containment and to allow the operator in the main control
room tn isolate the system train should leakage occur. Leakage detection provisions may
include instrumentation for measuring system flow rates, or the pressure, temperature,
radiation, or water level in areas outside the containment such as valve rooms or engineered
.afeguards areas. The CSB bases its acceptance of the leakage detection provisions described
in the SAR on the capability to detect leakage and identify the lines that should be isolated.
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V.

v.

The CSB determines that the containment isolation provisions are designed to allow the
isolation barriers to be individually leak-tested. This information should be tabulated in
the safety analysis report to facilitate the CSB review.

The CSB determines from the descriptive information in the SAR that provisions have been
made in the design « e containment isolation system to allow periodic operability testing
of the power-operate: 1solation valves and the containment isolation system, At the opera-
ting license stage of review, the CSB determines that the content and intent of proposed
technical specifications pertaining to operability and leak testing of containment isolation
equipment is in agreement with requirements developed by the staff.

EVALUATION FINDINGS
The information provided and the CSB review should support concluding statements similar to
the following, to be included in the staff's safety evaluation report:

"6.2.4 Containment Isolation System

The scope of review of the containment isolation system for the (plant name) has
included schematic drawings and descriptive information for the isolation provisions
for fluid systems which penetrate the containment boundary. The review has also
included the applicant's proposed desian bases for the containment isolation provisions,
and analyses of the functional capability of the containment isolation system.

“The basis for the staff's acceptance has been the conformance of the containment
isolation provisions to the Commission's regulations as set forth in the general

design criteria, and to applicable regulatory guides, staff technical positions, and
industry codes and standards. (Special problems or exceptions that the staff takes to
specific containment isolation provisions or the functional capability of the containment
isolation system should be discussed.)

"The staff concludes that the containment isolation system design conforms to all appli-
cable regulations, guides, staff positions, and industry codes and standards, and is
acceptable.”
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Valves."
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Branch Technical Position CSB 6-4
CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS

A.  BACKGROUND
This branch technical position pertains to syscem lines which can provide an open path from
the containment to the environs during normal plant operation; e.g., the purge and vent
lines of the containment purge system. It supplements the position tz«en in Standard Review
Plan 6.2.4.

While the containment purge system provides plant operational flexibility, its design must
consider the importance of minimizing the reiease of containment atmosphere to the environs
following a postulated loss-of-coolant accident. Therefore, plant designs must not rely on
its use on a routine basis.

The need for purging has not always been anticipated in the design of plants, and therefore,
design criteria for the containment purge system have not been fully developed. The purging
experience at operating plants varies considerably from plant to plant. Some plants do not
purge during reactor operation, some purge intermittently for short periods and some purge
continuously.

The containment purge system has been used in a variety of ways, for example, to alleviate
certain operational probelms, such as excess air leakage into the containment from pneumatic
controllers, for reducing the airborne activity within the containment to facilitate person-
nel access during reactor power operation, and for controlling the containment pressure,
temperature and relative humidity. However, the purge and vent lines provide an open path
from the containment to the environs. Should a LOCA occur during containment purging when
the reactor is at power, the calculated accident doses should be within 10 CFR 100 gquide-
Tine values.

The sizing of the purge and vent lines in most plants has been based on the need to control
the containment atmosphere during refueling operations. This need has resulted in very
large lines penetrating the containment (about 42 inches in diameter). Since these lines
are normally the only ones provided that will permit some degree of control over the con-
tainment atmosphere to facilitate personnel access, some plants have used them for contain-
ment purging during normal plant operation. Under such conditions, calculated accident
doses could be significant. Therefore, the use of these large containment purge and vent
lines should be restricted to cold shutdown conditions and refueling operations.

The design and use of the purge and vent lines should be based on the premise of achieving
acceptable calculated offsite radiological consequences and assuring that emergency core
cooling (ECCS) effectiveness is not degraded by a reduction in the containment backpressure.
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pressure, safety injection actuation, and containment pressure, safety injection
actuation, and containment radiation level. If energy is required to close the
valves, at least two diverse sources of energy shall be provided, either of which
can affect the isolation function,

Purge system isolation valve closure times, including instrumentation delays,
should not exceed five seconds.

Provisions should be made to ensure that isolation valve closure will not be
prevented by debris which could potentially become entrained in the escaping air
and steam.

2. The purge system should not be relied on for temperature and humidity control within
the containment.

3. Provisions should be made tc minimize the need for purging of the containment by pro-
viding containment atmosphere cleanup systems within the containment,

4. Provisions should be made for testing the availability of the isolatien function and
the leakage rate of the isolation valves, individually, during reactor operation.

5. The following analyses should be performed to justify the containment purge system
design:
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An analysis of the radioiogical consequences of a loss-of-coolant accident. The
analysis should be done for a spectrum of break sizes, and the instrumentation

and setpoints that will actuate the vent and purge valves closed should be identi-
fied. The source term used in the radiological calculations should be based on

a calculation under the terms of Appendix K to determine the extent of fuel failure
and the concomitant release of fission products, and the fission product activity
in the primary coolant. A pre-existing iodine spike should be considered in
determining primary coolant activity. The volume of containment in which fission
products are mixed should be justified, and the fission products from the above
sources should be assumed to be released through the open purge valves during the
maximum interval required for valve closure. The radiological consequences should
be within 10 CFR 100 guideline values.

An analysis which demonstrates the acceptability of the provisions made to proZect
structures and safety-related equipment; e.q., fans, filters and ductwork, located
beyond the purge system isolation valves against loss of function from the environ-
ment created by the escaping air and steam,

An analysis of the reduction in the containment pressure resulting from the

partial loss of containment atmosphere during the accident for ECCS backpressure
determination.
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d.

The allowable leak rates of the purge and vent isolation valves should be specified
for the spectrum of design basis pressures and flows against which the valves must
close,
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