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Preface

This preface is included for information purposes and is not part of ISA-67.03-1982.

This Standard has been prepared as a part of the service of ISA toward a goal of uniformity in the
field of instrumentation. To be of real value, this document should not be static, but should be
subject to periodic review. Toward this end, the Society welcomes all comments and criticisms,
and asks that they be addressed to the Secretary, Standards and Practices Board, ISA, 67
Alexander Drive, P.O. Box 12277, Research Triangle Park, NC 27709, Telephone (919) 549-
8411, e-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the
metric system of units in general, and the International System of Units (SI) in particular, in the
preparation of instrumentation standards. The Department is further aware of the benefits to
USA users of ISA standards of incorporating suitable references to the Sl (and the metric
system) in their business and professional dealings with other countries. Towards this end this
Department will endeavor to introduce Sl-acceptable metric units in all new and revised
standards to the greatest extent possible. The Metric Practice Guide, which has been published
by the American Society for Testing and Materials as ANSI designation Z210.1 (ASTM E380-76,
IEEE Std. 268-1975), and future revisions, will be the reference guide for definitions, symbols,
abbreviation, and conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards. Participation in the ISA standards making
process by an individual in no way constitutes endorsement by the employer of that individual of
ISA or any of the standards which ISA develops.

The American National Standards Institute (ANSI) assigned work on this standard to ISA
Committee SP-67 "Nuclear Power Plant Standards" in December, 1973. The assignments,
considered a priority project needing urgent and prompt action, was given to Subcommittee SP-
67.03 chaired by M. J. Kimbell during the May 20, 1974 Boston ISA Power Conference. The
subcommittee performed a literature search of leak test standards and current nuclear power
plant practice in relation to reactor coolant leak detection for representative pressurized water
and boiling water power reactors. This information was utilized during the preparation of this
Standard together with comments received from concerned reviewers.

The information contained in this preface, the footnotes and attached Appendices A and B is
included for information only and is not a part of the Standard.

The following individuals served as members of the ISA Subcommittee SP-67.03 which prepared
this standard:

NAME COMPANY

U. Shah, Chairman Washington Public Power Supply System
M. J. Kimbell Bechtel, Inc.

B. G. Atraz General Electric Co.

J. Dodds Bechtel Power Corporation

J. Hersey Bechtel Power Corporation

M. Hildenbrand Nuclear Measurements Corp.

Documents

Document Sharing Hub
3

I~ A ~AD AR AAAA
Copyright The Instrumentation, Systems, and Automation Society

Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001
No reproduction or networking permitted without license from IHS Not for Resale, 03/16/2009 02:08:28 MDT

Full document details: ISA 67.03 1982


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

R. Ulman

L. S. Loomer

R. M. Norris

M. F. Reisinger
B. Segal

G. B. Stramback
I. Sturman

T. N. Crawford
J. H. Gebert

Victoreen Inst. Co.

Bechtel Power Corporation

Washington Public Power Supply System
Combustion Engineering, Inc.

U.S. Nuclear Regulatory Commission
General Electric Company

Bechtel Power Corporation

Pacific Gas and Electric Co.

lowa Electric Light & Power Co.

This standard was approved by ISA SP67 in January 1980.

NAME

B. W. Ball
G. G. Boyle
T. Crawford

J. M. Dahlquist, Jr.

H. T. Evans

L. C. Fron

R. L. Gavin

E. M. Good

W. G. Gordon
S. C. Gattilla
L. F. Griffith

T. Grochowski
G. Harrington
H. S. Hopkins
R. J. Howorth
R. N. Hubby
R. T. Jones

J. R. Karvinen
M. J. Kimbell
J. R. Klingenberg
J. V. Lipka

S. F Luna

D. W. Miller

G. C. Minor

J. W. Mock

J. A. Nay

G. E. Peterson
R. L. Phelps, Jr.
M. F. Reisinger
R. M. Rello

U. Shah

J. Tana

COMPANY

Brown & Root, Inc.
Honeywell

Pacific Gas & Electric Co.
Baltimore Gas & Electric Co.
Pyco, Inc.

Detroit Edison Co.

Sargent & Lundy

Florida Power Corp.

Bechtel Power Corporation
Burns & Roe, Inc.

Yarway

Babcock & Wilcox Co.
Rosemount

Westinghouse Electric Corp.
General Physics Corp.
Leeds & Northrup Co.
Philadelphia Electric Co.
MERDI-CDIF

Bechtel, Inc.

W. R. Holway & Assoc.
Gilbert Assoc., Inc.

General Atomic Co.

Onhio State University

MHB Technical Associates
EG&G

Westinghouse Elec. Corp.
Commonwealth Edison Co.
Southern Calif Edison Co.
Combustion Engineering, Inc.
Air Products & Chemicals, Inc.
Washington Public Power Supply System
Ebasco Services, Inc.

Documents

Document Qharing Hub

a
Copyright The Instrumentation, Systems, and Automation Society
Provided by IHS under license with ISA

No reproduction or networking permitted without license from IHS

Full document details: ISA 67.03 1982

ISA-S67.03-1982

Licensee=JGC Gulf International Ltd/5973537001
Not for Resale, 03/16/2009 02:08:28 MDT


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

R. J. Ungaretti

K. Utsumi

R. C. Webb

E. C. Wenzinger, Sr.
W. C. Weston

Philadelphia Electric Co.
General Electric Co.

Pacific Gas & Electric Co.

U.S. Nuclear Regulatory Comm.
Stone & Webster Engr. Corp.

This standard was approved for publication by the ISA Standards and Practices Board in

October 1982.
NAME

T. J. Harrison, Chairman
P. Bliss

W. Calder

N. Conger

B. Feikle

R. T. Jones

R. Keller

O. P. Lovett, Jr.
E. C. Magison
A. P. McCauley
J. W. Mock

E. M. Nesvig
G. Platt

R. Prescott

W. C. Weidman
K. A. Whitman
J. R. Williams
B. A. Christensen*
L. N. Combs*
R. L. Galley*
R. G. Marvin*
W. B. Miller*

R. L. Nickens*

*Director Emeritus

COMPANY

IBM Corporation
Consultant

The Foxboro Company
Continental QOil Co.

Bailey Controls Co.
Philadelphia Electric Co.
Boeing Company

Isis Corp.

Honeywell, Inc.

Diamond Shamrock Corp.
EG&G Idaho, Inc.
ERDCO Engineering Corp.
Bechtel Power Corp.
Moore Products Company
Gilbert Associates

Allied Chemical Corp.
Stearns-Roger, Inc.

Moore Products Company

Documents

I~ A ~AD AR AAAA
Copyright The Instrumentation, Systems, and Automation Society
Provided by IHS under license with ISA

No reproduction or networking permitted without license from IHS

Full document details: ISA 67.03 1982

Document Sharing Hub
5

Licensee=JGC Gulf International Ltd/5973537001
Not for Resale, 03/16/2009 02:08:28 MDT


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

Documents

T Document Sharing Hub

Copyright The Instrumentation, Systems, and Automation Society
Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001
No reproduction or networking permitted without license from IHS Not for Resale, 03/16/2009 02:08:28 MDT

Full document details: ISA 67.03 1982


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

Contents

IR 10T U Tod 1T o PRSPPI 9

12 107 0T 9

G I U1 o 0 1o = P 9

4 Definitions and deSCrHIPLIONS  ..ouiiiii i e e e e e e e e e e e et e aeeeeaaeee 10

5 Leakage classifications and SOUICES  .oovevviiiiiiii e e e e ae e 11

5.1 Leakage ClasSifiCatiONS ...........cciiiiiiiiiiiciii s e e er e e e e e ae e 11

5.2 Potential identified leakage SOUICES .....ccccieiiiiriiiiiiiii e 12

6 General design rEQUIrEIMENTS  ..uuiiiiii e e e e r e e e e rr e e e e e e e e e e e e e e aeeaeatnraaaeeees 13

6.1 Principal monitoring systems for unidentified leakage ..........ccccoceeviiiiiiiiiini e, 13

6.2 Coolant leakage detection system performance ...........ccccceeeeeeeeeeeriveiciisin e eeeeeeeans 13

6.3 Safety ClasSIfiCAtION .......ccouiiiiiii e 13

6.4 Collecting and measuring identified leakages .......cccccooeeviiiiieiircicii e, 13

6.5 Monitoring intersystem [€aKAgE .......ccvviiiiiiiiiiii e e e e e e e 13

6.6 System availability ......ccccooiiiiiiiii e e e ae e 14

6.7 Human engineering and operability features ..........ccccvvvvviiiiin e 14

5.8 POWET SOUITES ...ttt e e e e ettt e ettt et e e e e e e e e e te bttt s s e e e e aeeereebnba e eaeaaaeneee 14

6.9 Design basis dOCUMENTALION ....cciiiieiiiiicie e e e e s e e e e eeeaenaaeans 14

7 Specific leakage detection methods and their requirements ..o, 15

7.1 Sump level and sump pump discharge flow monitoring leakage detection ........... 15

7.2 Radiation monitoring leakage detection ........cccoovviiiiiiiiiiiiiiiin e 16

7.3 Containment air cooler condensate flow collection for leakage detection ............. 17

7.4 Reactor COOlant INVENTOY .....c.ouiuiiiiii e e e e e e e ee ettt s e e e e e e e e e st e e e e e aeaaeens 18

7.5 Humidity monitoring leakage deteCtion ........ccccooeiiiiiiiiiiniii e 18

7.6 Temperature monitoring leakage detection ..........ccccccceeeiiii e e, 18

7.7 Primary containment pressure MONITOMNNG ......eieeereeieieieiiiiiineeeeeeeesesininineeseeeeeeeens 19

7.8 Tape moisture sensors for leakage detection ...........ccvvviiiiin e 20

7.9 Visual 0bSEIVALION .....oooiiiiii e 20

8 REIEIBNCES ..o 21

Appendix A — Leakage not into the containment — .........cccciiiiiiii e 23
Appendix B — Suggested methods and procedures for leakage

detection SYSEIMS  ...iviiiiiiiiiiiii e 25

Documents

i~ A= AR AaAAA
Copyright The Instrumentation, Systems, and Automation Society

Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001
No reproduction or networking permitted without license from IHS Not for Resale, 03/16/2009 02:08:28 MDT

Full document details: ISA 67.03 1982

Document Sharing Hub
7


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

Documents

Document Sharing Hub

Copyright The Instrumentation, Systems, and Automation Society
Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001
No reproduction or networking permitted without license from IHS Not for Resale, 03/16/2009 02:08:28 MDT

Full document details: ISA 67.03 1982


http://www.avadocuments.com/doc/isa-67-03-1982
http://www.avadocuments.com/doc/isa-67-03-1982

1 Introduction

Nuclear power plants vary widely with respect to size, capacity, and design details. Available leak
detection methods must be individually examined by the designers to determine their suitability
for a particular plant or system. The applicable federal regulation on the requirements for
Reactor Coolant Pressure Boundary (RCPB) leak detection is specified in the Code of Federal
Regulations, Title 10, Part 50 (LOCFR50), Appendix A, Criterion 30.*

Detection of leakage from pressurized pipes and vessels is needed because small leaks may
develop into larger leaks or ruptures. During reactor operation, detection of reactor coolant
leakage from nonisolatable portions of the RCPB is important to allow early identification of minor
flaws before they can develop into a pipe break or component rupture that could result in the
accidental loss of coolant. Since the RCPB is housed in a containment structure, physical
access is limited during power operation and remote indicating leakage detection systems are
necessary.**

This standard defines design criteria that are intended to insure that adequate RCPB leak
detection capabilities are provided to the nuclear plant operator and to meet the intent of the
Code of Federal Regulations. However, the burden of proof of compliance with federal
regulations shall remain the responsibility of the plant owner.

2 Scope

This standard covers identification and quantitative measurement of reactor coolant system
leakage in light water cooled power reactors. Leak detection for gas and liquid metal cooled
reactors and for containment building structures surrounding the reactor coolant pressure
boundary is not covered in this standard.

3 Purpose

The purpose of this standard is to standardize criteria, methods, and procedures for assuring the
design and operational adequacy of reactor coolant pressure boundary leak detection systems
used in light water cooled nuclear power plants. A further objective is to encourage design
improvements yielding increased utility and reliability of reactor coolant leakage detection
systems.

*Other related federal regulations not addressed in this standard cover the requirements for RCPB
fracture prevention, inservice inspection, coolant makeup capability and quality assurance as specified
in the Code of Federal Regulations, Title 10, Part 50 (10CFR50), References (1) and (2)

*Appendix A provides information on primary coolant leakage detection outside of the containment

structure for boiling water reactors (BWR). DOC uments
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4 Definitions and descriptions

As used in this standard, the following definitions apply.

Accessible area : An area routinely or periodically entered by plant personnel in the performance
of routine functions during normal plant operation and in accordance with applicable health
physics procedures.

Accuracy : "Degree of conformity of an indicated value to a recognized accepted standard value,
or ideal value." Reference: ISA Standard S51.1-1979; "Process Instrumentation Terminology."

Boiling Water Reactor (BWR) : A nuclear steam supply system in which process steam is
generated in the reactor vessel.

Calibration : "The adjustment of device or series of devices, in order to bring the output to a
desired value, within a specified tolerance, for a particular value of input." Reference: ISA S51.1-
1979.

Coolant : The fluid contained within the reactor coolant pressure boundary.

Leak: An opening, however minute, that allows undesirable passage of a fluid from its containing
boundaries.

Leakage : The fluid that passes through a leak. The fluid referred to in this Standard is the
primary coolant water unless otherwise stated.

Abnormal leakage : That leakage from the Reactor Coolant Pressure Boundary
(RCPB) which is considered to be unusual, unexpected or in excess of technical
specification allowances.

Allowable leakage : That leakage value defined in plant operational technical
specifications above which plant operation must be altered or interrupted as nec-
essary to perform corrective actions to reduce the leakage to allowable values.

Identified Leakage : See Section 5.1.1.

Leakage Rate : Leakage expressed in volumetric units per unit of time at 20°C and
one atmosphere pressure.

Unidentified Leakage : See Section 5.1.1 and 5.1.2.

Monitoring instrument system : A system that provides information about RCPB leakage
conditions so that the operator can take action.

Nuclear Safety Related (NSR) : Instrumentation "which is essential to: 1) Emergency Reactor
Shutdown; 2) Containment Isolation; 3) Reactor Core Cooling; 4) Containment or Reactor Heat
Removal; 5) prevention or mitigation of a significant release of radioactive material to the
environment or, is otherwise essential to provide reasonable assurance that a nuclear power
plant can be operated without undue risk to the health and safety of the public." Reference: ISA
S67.01-1979.

Non-Nuclear Safety (NNS) : Instrumentation not included in NSR.

Operating Basis Earthquake (OBE) : That earthquake which ". . . could reasonably be expected
to affect the plant site during the operating life of the plant; it is that earthquake which produces
the vibratory ground motion for which those features of the nuclear power plant necessary for
continued operation without undue risk to the health and safety of the public are designed to
remain functional." Reference 10CFR100, Appendix A, lli(d).
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Pressurized Water Reactor (PWR) : A nuclear steam supply system in which the pressurized
primary coolant fluid is heated by the reactor core, and the process steam is generated in a
steam generator by heat transfer from the primary coolant.

Primary containment : The structure that encloses the reactor coolant pressure boundary.

Reactor Coolant Pressure Boundary (RCPB):  "...all those pressure-containing components of
boiling and pressurized water-cooled nuclear power reactors, such as pressure vessels, piping,
pumps, and valves, which are:

1) Part of the reactor coolant system, or

2) Connected to the reactor coolant system, up to and including any and all of the
following:

i) The outermost containment isolation valve in system piping which penetrates
primary reactor containment.

ii) The second of two valves normally closed during normal reactor operation in system
piping which does not penetrate primary reactor containment.

iii) The reactor coolant system safety and relief valves.

For nuclear power reactors of the direct cycle boiling water type, the reactor coolant system
extends to and includes the outermost containment isolation valve in the main steam and
feedwater piping." Reference: 10CFR50, Section 50.2(v).

Sensitivity :". .. ratio of the change in output magnitude to the change of the input which causes
it after the steady-state has been reached." Reference: ISA S51.1-1979.

Time constant : "The time required for the output of a first-order system forced by a step change
to complete 63.2 percent of the total rise or decay." Reference: ISA S51.1-1979.

Time response of instrumentation :". .. an output expressed as a function of time, resulting
from the application of a specified input under specified operating conditions." Reference: ISA
S51.1-1979.

5 Leakage classifications and sources

The significance of leakage from the RCPB will depend upon the leak location, the leakage rate,
duration, and the nature of the flow path permitting the leakage. Through-wall cracks or flaws are
the most difficult to detect and monitor because they can occur at any RCPB location. This type
of leak is also of most concern because the leak may develop from some unpredicted
combination of internal defects and external stresses in a nonisolatable portion of the RCPB.

5.1 Leakage classifications

A principal concern in leakage monitoring is the capability to discriminate between unidentified
leakage from the RCPB and leakage from identifiable sources into the containment. Being able
to discriminate allows more rapid and reliable assessment of plant operating conditions. The
following leakage classifications, as used in this standard, facilitate identification of leakage
sources and interpretation of leakage data:
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5.1.1 Identified leakage

a) Leakage into collection systems, e.g., pump seal or valve packing leakage that is
collected and measured, or

b) Leakage into the containment which meets all of the following conditions:
1) The leaks have been specifically located and the rate quantified.

2) The leaks are not cracks or flaws in the RCPB.

An example of b) above is a quantified leakage of component cooling water into the
containment.

5.1.2 Unidentified leakage

Leakage into the containment which is not classified as identified leakage.

5.1.3 Intersystem leakage

Coolant leakage across RCPB passive barriers such as heat exchanger tubes or tube sheets into
other closed systems. Such leakage is not normally released to the containment atmosphere
and is a separate classification.

5.1.4 Other leakage

Any leakage not from the RCPB and outside of the reactor containment structure, if not covered
by the above classifications. An example of such leakage could be leakage from steam or
feedwater lines outside the containment structure of a BWR plant. A summary of such leakage
sources and typical detection methods frequently used is given in Appendix A of this standard.

5.2 Potential identified leakage sources

Variations in plant designs do not allow a single definitive check list of all potential leakage
sources. However, probable leakage sources can be identified during plant design and
appropriate leakage detection, measurement and collection (leakoff) systems provided.
Collection and isolation, to the extent practical, of leakage from identified sources enhance the
monitoring capability for unidentified leakage. The following are some of the more common types
of leakage sources that can be easily identified:

a) Dynamic seals such as valve stem packing, pump drive shaft seals and control rod drive
gland seals.

b) Static seals such as the reactor head pressure seals, equipment gaskets and valve seat
seals in lines connected to the RCPB.

c) Pressure relief systems such as pressure relief valves, rupture disks and safety relief
valves.

d) Passive interface boundaries with the RCPB such as instrument bellows, diaphragms
and Bourdon tubes, thermometer wells and heat exchanger tubes.
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6 General design requirements

This standard is not intended to replace applicable handbooks and texts, such as References
(11) and (12), which provide detailed design and analytical techniques. Suggested methods and
procedures for developing required design information are given in the references and
;appendices to this standard.

£6.1 Principal monitoring systems for unidentified leakage

At least three dissimilar, diverse, and independent principal methods of monitoring coolant
leakage from the RCPB to the containment shall be provided. One of these methods shall be
sump level and/or sump flow monitoring. Other acceptable methods are identified in Section 7
and Table 1.

6.2 Coolant leakage detection system performance

The sensitivity and response characteristics for each of three principal leak detection monitoring
systems shall be shown by design calculations or performance tests to be capable of indicating
and alarming a 1 gpm (3.8 liters/min) leakage increase within one hour. It is recognized that
some systems other than sump monitoring may not be capable of meeting this requirement
during certain normal plant operating conditions. In these cases, these systems shall be
designed for leakage sensitivity that is as high as reasonably achievable. When identified
leakages are superimposed on unidentified leakages the above sensitivity requirements shall
apply also.

6.3 Safety classification

The RCPB leak detection systems covered in this standard are non-nuclear safety systems or
monitoring instrument systems.

6.4 Collecting and measuring identified leakages

Seals, relief systems, and other probable sources of leakage shall be identified. Leakage
collection and measurement systems shall be provided for sufficient identified sources to limit the
expected leakage to the containment atmosphere to the extent practical. The residual
uncollected liquid leakage shall not prevent unidentified liquid leakage monitoring systems from
meeting Section 6.2 requirements.

Leakage to the primary reactor containment from identified sources shall be collected or
otherwise isolated so that:

a) The flow rates from identified leaks are monitored separately from unidentified leaks.

b) The total flow rate from identified leaks can be established and monitored with a
sensitivity capable of detecting a 1 gpm (3.8 liters/min) leakage increase within 1 hr for
PWR plants and 2 gpm (7.6 liters/min) leakage increase within 1 hr for BWR plants.

6.5 Monitoring intersystem leakage

Provisions shall be made to monitor systems connected to the RCPB through passive barriers for
indications of intersystem leakage. Acceptable methods include radioactivity monitoring and
water inventory monitoring. See Appendix A for additional information.
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6.6 System availability

The RCPB leakage detection systems shall be designed to operate whenever the plant is not in
cold shutdown condition.

6.6.1 Ambient conditions

Monitoring system shall be designed to maintain specified accuracy and performance features
for the range of ambient temperature, humidity, and radiation levels that are expected at the
component locations during normal plant operations.

6.6.2 Seismic events

The sump monitoring system and at least one of the other diverse monitoring channels provided
shall be demonstrated to be acceptable for the design requirements after any seismic event for
which plant shutdown is not required, i.e., less than an operating basis earthquake. The
guidelines of IEEE Standard 344, Reference (6), may be used for seismic qualification.

Recorders need not function during or after seismic events provided alarm and indication
capability remain available.

6.7 Human engineering and operability features

6.7.1 Displays and alarms for all leakage detection systems shall be located in the main control
room. Incases where additional process displays related to leakage are identified, these indications
should be provided at one general display location. Leakage monitoring displays may also include
computer functions and CRT displays. Quantitative measurements with procedures for locating

leakage sources should be monitored and controlled from one general display location.

6.7.2 Capability for online calibration of leakage detection channels by simulated detector outputs
or other means shall be provided. Readouts, alarm set points, and calibration factors shall be
capable of periodic adjustment to compensate for changes in actual environmental or background
conditions.

6.7.3 Leakage measuring system displays shall be expressed in volumetric units or if expressed
in other units, conversion capability shall be provided. Capability for trend monitoring of measured
leakage shall be provided.

6.7.4 Capability for entire channel calibration and maintenance during refueling outages shall be
provided. The leakage detection systems shall be designed and located for ease of periodic testing,
servicing, removal, and replacement.

6.8 Power sources

Two of the three principal leakage detection systems shall be energized from separate power
sources. Seismically qualified systems shall be powered from seismically qualified power
sources.

6.9 Design basis documentation

Compliance with this standard shall be supported by design basis documentation to include the
following:

a) The data and design basis used for the design of each RCPB leak detection system,
e.g., primary coolant temperature, pressure, radioactivity.

b) A description of the analytical derivations and methods used to determine each system's
sensitivity, response time, and alarm set point.
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