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1 Task RS 317-4
S Contact: A. S. Hintze, (301) 444-3813
5 (PREPESEB] REVISION 2 TO REGULATORY GUIDE 1.37

7 INSTRUMENTATION FOR LIGHT-WATER-COOLED NUCLEAR POWER PLANTS

3 TQ ASSESS PLANT AND ENVIRONS CONOITIONS DURING AND FOLLOWING AN ACCIDENT

3 A. INTROOUCTICN

10 Criterion 13, "Instrumentation and Contrel," of Appendix A, “General Design

11 Criteria for Nuclear Power Plants," to 10 CFR Part 50, "Ocmestic Licensing of

12 Production and Utilization Facilities," includes a requirement that instrumen-

13 tation be provided to monitor variables and systams over their anticipated ranges

14 | - accident conditions as appropriate to ensure adeguate safety.

15 Criterion 19, "Control Room," of Appendix A to 10 CFR Part 50 includes a

16 reguirement that a control room be provided from which actions can Se taken to

17 maintain the nuclear power unit in a safe condition under accident canditions,
18 including lToss-of-coolant accidents, and that equipment, including the necassary
1 instrumentation, at appropriate Tocations outside the control room be provided
with a design capability for prempt hot shutdown of the reactor.

Critaricn 64, "Monitoring Radiocactivity Releases," of Appendix A to 10 CFR
Part 30 includes a requirement that means be provided for monitoring the reactor
containment atmosphere, spaces containing components for recirculation of loss-
of-coolant accident fluid, effluent discharge paths, and the plant envirens
for radiocactivity that may be released from postulatad accidents.

Tiis guide describes a method acceptable to the NRC staff for complying
with the Commission's regulations to arovide instrumentation to monitor plant

variables and systems during and folilowing an accident in a light-watar-cooled
nuclear power plant.
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3. DQISCUSSION

Indications of plant variables are required by the control room operating
personne! during accident situations ta (1) provide information required t2
permit the operator to take preplanned manual actions to accomplish safe plant
shutdown; (2) detarmine wnether the reactor trip, engineered-safety-feature
systams, and manually initiatad safety systems and other systams fmportant to
safety are performing their intanded functions (i.e., reactivity control, core
cooling, maintaining reactor coclant system integrity, and maintaining contain-
ment integrity); and (3) provide information to the operator that wi'l enaple
him to detarmine the patential for causing a gross breach of the barriers o
radicactivity release (i.e., fuel cladding, reactor coclant pressure Doundary,
and containment) and if a gross breach of a barrier has occurred. In addition
to the above, indications of plant variables which provide information on opera-
tion of plant safety systams and other systems important to safaty are required
by the control room operating personnel during an accident to (1) furnish data
regarding the operation of plant systems in order that the cperator can make
appropriate cecisions as to their use; and (2) provide information regarding the
release of radicactive materials to allow for early indication of the need to
initiata action necessary to protect the public and for an estimate of the
magnitude of any impending threat.

At the start of an accident, it may be difficult for the cperator ta deter
sine immediataly what accident has occurred or is occurring and, therefore, %o
detarmine the appropriate response. For this reason, reacter trip and certain
ather safety actions (e.g., emergency core cooling actuation, containment isola-
tion, or depressurization) have teen designed to be performed automatically
during the initial stages of an accident. Instrumentaticn is also provided %o
indicate information about plant variadles required to enable the operaticn of
manually initiatad safety systams and other appropriate operator actions invelving
systams important to safaty.

[instrumentation-is-aiso-needed- to-provide-infornaticn-atont-some-niant~
parameters-that-is-currentiy-sot-svaiisbie-seing-present-tachnoiogy-wiii-atere-
the-sperstar-ta-conditions-that-Aave-degraded-teyond- those-postuiated- - the-
sccident-anaiysisT--in-particaiars -44-43-impertant-that-the-speratorbe-<nformed
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regarding-that-statas-of-csciant-ievei-in-the-resctor-vessei-or-the-existence
of-core-vording-shas-providing-indicatien-af-potentisi-degraded-cere-cociing
and-imminent-fuei-damager--Girect-indication-cf-cociant-tevei-+n-Lthe-reacor
vessei-is-not-currentiy-avaiispie-in-pressurized-water-reaciorss--Howevers-it-4s
tmperative-that-this-capapiiisy-te-deveioped-wisthin-a-resscnapie-time-in-crcer
to-provide-the-sperator-with-this-vitai-infornatian-sn-a-positives-anampiguons
manner- ]

Independent of the above tasks, it is important that the operator be infcrmed
if the barriers to radicactive materials release are being challenged. Therefore,
it is essential that instrument ranges be selectad such that the instrument will
always be on-scale. Narrow-range instruments may nct have the necessary range to
track the course of the accident, consequently, multiple instruments with over-
lapping ranges may be necassary. (In the past, some instrument ranges have Deen
selected based on the set-point value for automatic protection or alarms.) It is
essential that degraded conditions and their magnitude be identified so that the
operator can take actions that are available to mitigate the consequences. It is
not intended that the cperator be encouraged to prematurely circumvent systems
important to safety but that he be adequately informed in order that unplanned
actions can be taken when necessary.

Examples of serious events that could threaten safety if conditions degrade
are loss-of-ccolant accidents (LOCAs), overpressure transients, anticipated
operational occurrences which beccme accidents such as anticipated transients
without scram (ATWS), reactivity axcursions which result in releases of radio-
active materials. Such events require that the operator understand, within a
short time period, the ability of the barriers to limit radicactivity release,
i.e., the potential for breach of a barrier, or an actual breach of a barrier by
an accident in progress.

It is essential that the required instrumentation be capacle of surviving
the accident environment in which it is located for the length of time its func-
tion is required. [t could therefore 2ither be designed to withstand the accident
environment or be protected by a 'scal protectad environment.

It is important that accident-menitoring instrumentation components and
their mounts that cannot be located in Seismic Catagory I buildings be designed
to continue to function, to the axtent feasible, during seismic events. Con-
sequently, it it is essential that they be designed to resist the effects of
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seismic excitation. An acceptable method for demonstrating the adequacy of
the seimsic resistanca of this instrumentation wou'd be to qualify it to meet
the seismic criteria applicable to instrumentation installed at other locaticns
in the plant.

Variables selectad for actident monitoring can be selectad to provide the
essential information needed by the operatar to detarmine if the plant safety
functions are Seing performed. It is essential that the range selectians Dde
sufficiently great that the instruments will always be on scale. Further, it
is prudent that 2 limited number of those variables which are functionally
significant (e.g., containment pressure, primary system pressure) de monitored
by instruments qualified to more stringent environmental requirements ind with
ranges that extand well beyond that which the selectad variables can attain
under limiting conditions; for example, a range for thy containment prussure
monityr extending to the burst pressure of the containment in aorder that the
cperator will not be unaware as to the pressure inside containment. Provisions
of such instruments are important so that responses to corrective actions can
be cbserved and the need for, and magnitude of, further actions detarmined.

[t is also necessary to be sure that when a3 range is extended, the sensitivity
and accurac'y of the instrument are within accaptable limits for menitaring the
extended range.

Normal power plant instrumentation remaining functicnal for all accident
conditions can provide indication, records, and (with certain types of instru-
ments) time~history responses for many variables important to fallowing the
course of the accident. Therefore, it is prudent ta selact the reguired
accident-monitoring instrumentation from the ncrmal power plant instrumentation
to enable the operator to use, during accident situations, instruments with
which ha fs most familiar. Since some accidents could impose severe aperating
requirements on instrumentation compcnents, it may be necessary %o upgrade
those normal power plant instrumentation components %o withstand the mere
severe operating conditions and to measure greater variations of monitored
variables that may be associated with an accident. [t is essential that
instrumentation so upgraded does not compromise the accuracy and sensitivity
required for normal operation. In some cases, this will necessitate use of
overlapping ranges of instruments to monitor the required range of the variadle
to be monitored, possibly with different performanca requirements in each
range. -
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Standard ANS-4.5,* “Criteria for Accident monitoring Functions in a Light-
Watar-Cooled Muclear Power Generating Station," dated 1380, delineates
criteria for detarmining the variables to Be monitored by the control reeom
operator, as required for safety, during the course of an accident and during
the Tong-term stable shutdown phase followng an accident. Standard ANS-4.53
was prepared by Working Group 4.3 of Subcommittee ANS-4 with two primary
objectives: (1) to address that instrumentation that permits the cperator %o
monitor axpected parametar changes in an accident period and (2) to address
extanded range instrumentation deemed appropriata for the possibility of
encountaring previously unforeseen avents. ANS-4.3 refarencas a revisien to
[EEE Std 497 as the source for specific instrumentation design criteria. Since
the revision to IEEE Std 497 has not yet been completad, its appliicapility cannot
yet De detarmined. Hence, specific instrumentation design criteria have been
included in this regulatory guide.

The ANS standard defines three variable types (definitions mcdified herein)
fur the purpose of aiding the designer in his selection of accident-monitoring
instrumentation and applicable critaria. The types are: Type A - those variables
that provide primary*® information needed to permit the control room operating
personnel to take the specified manually controlled actions for which no automatic
control is provided and which are required for safety systams to accomplish
their safety functions for design basis accident events. Type 3 - those varfables
that provide information to indicate whether plant safaty functions are being
accomplished, ana ype C - those variables that provide information %o indicate
the potential for being breached or the actual breach of the barriars %o fission
product release, i.e., fuel cladding, primary coolant pressure Soundary, and
containment (modified to reflect NRC staff pasiticn; see Position C.1.2). The
sources of potantial breach are limited %o the energy sources within the barrier

S————
Copies may be obtained from the American Nuclear Society, 355 Nerth Kensington
Avenue, LaGrange Park, I11ineis 5052S.

x
Primary information is that which is essential for the direct accomplishment
of the specified safety functions and does not include those variaples which

are asscciated with contingency actions that may also de identified in written
procedures.
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itself. In addition ta the accident monitoring variables proviced in ANS-4.5
standard, variaples for monitaring the operaticn of systems important to safety
and radicactive effluent releases are provided by this regulatory guide. Twe
additional variable types are defined. They are: Type 0 - those variables
that provide information ta indicate the operaticn of individual safety systams
and other systams important to safety, and Type £ - those variables to de

moi: tored as required for usa in determining the magnitude of the release of
radicactive matarials and for continuously assessing such releases,

A minimum set of Types 3, C, 0, and £ variables to be measured is listad
in this regulatory guide. Type A variables have not deen 1isted Decause they
are plant specific and will depend on the cperations that the designer chocsas
for planned manual action. Types 8, C, 0, and £ are variables for following
the course of an accident and are to be used (3) to detarmine if the plant is
responding to the safety measures in operation, (b) to inform the operator of
the necessity for unplanned acticns to mitigate the consequences of an accident.
The five clariificaticns are not mutually exclusive in that a given variable
(er instrument) may be applicable to one or more types, as wel! as for normal
power plant operation or for automatically initiated safety acticns. A variable
included as Type 8, C, 0, or E does not preclude that variable from being
included as Type A also. Wwhere such multiple use occurs, it is essential that
instrumentation be capable of meeting the mos. stringent requirements.

The time phases (Phases [, and II) delineatad in ANS-4.5 are not usad in
this regulatory guide. These considerations are plant specific. It is impertant
that the required instrumentation survive the accident environment and function
as long as the information it provides is needed by the contrs! room cperating
prrsonnel.

Regulatory Positions C.1.3 and C.1.4 of this guide provide design and
qualification criteria for the instrumentation used to measure the various
variables listad in Table 1 (for 3WR) and Table 2 (for PWR). The criteria are
separatad ints three separate groups or catagories which provide a graded
approach ta requirements depending on the importance to safety of a variable
being measured. Category 1 provides the most stringent requirements and is
intended for key variables. Category 2 requires less stringent requirements
and generally applies to instrumentation designatad for indicating systeam
operating status. Category 3 is intended to provide reguirements which will
assure that high=quality off-the-shelf instrumentation is obtained and applies
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to backup and diagnestic instrumentation. [t is also used where stata-of-the-art
will not support requirements for higher gualified instrumentation.

In general, the measurement of 2 single key variable may nct e sufficient
to indicata the accomplishment of a given safety function. Where multiple
variables ire needed to indicate the accocmplishment of a given safaty function,
it is assential that they each be considered key variables and measured with
high-quality instrumentation. Acdditiomally, it is prudent, in scme instances,
to include the measurement of additional variables for backup information anc
for diagnosis. Where these additiona! measurements are included, the measures
applied for design, gualification, and quality assurance of the instrumentation
need not De the same as that applied for the instrumentation for key variables.
A key variable is that single variabie (or minimum numper of variablas) that
most directly indicate the accomplishment of a safety function (in the case of
Types 8 & C) or the operation of a system safety (in the case of Type 0) or
radicactive matarials release (in the case of Type £). It is5 essential that
key variables be qualified to the more strirgent design and gqualification
criteria. The design and qualification critaria catagery assigned to each
variables, indicatas whether the variable is considered t3 be a key variable
or for system status indication or for backup or diagnesis, i.e., for Types 8
and C, the key variables are Category 1; backup variables are generally Cate-
gory 3. For Types 0 and £, the key variables ire generally lategory 2, backup
variables are Category 3.

The variables are listed but no mention (beyond redundancy requirements)
is made of the number of points of measurement of each variable. It is important
that the number of points of measurement bde sufficient to adequataly indicate
the variable value, e.g., containment temperature may require spatial lecation
of several peints of measurement.

This guide provides the miniaum variables to be monitared by the contrel
room operating perscnnel during and following an accident. These variables
are used by the contro! room operating personnel ta perform their role in the
emergency plan in the evaluation, assessment, monitoring, and exacution of
control rocom functicns when the other emergency response facilities are not
effectively manned. Variables are also defined to permit the cperator w2
perform his long-term menitoring and execution respensibilities after the
emergency response facilities are manned. The applicaticn of the critaria for
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the instrumentation is limited %o that part of the instrumentaticn system and
its vital supporting features or power sources which provide the direct display
of the variables. These provisions are not necessarily applicanle ts that
part of the intrumentation systams provided as operator aids for the purpose
of enhancement of information presentations for the identification or diagnosis
of disturbances.

C. REGULATORY POSITION

1. ACCIDENT MONITORING INSTRUMENTATION

The criteria, and requirements, contained in Standard ANS-4.5,"Critaria
for Accicent Monitoring Functions in a Light-water-Caoled Muclear Power
Generating Station," datad 1380, are considered 3y the NRC staff to
be generally acceptable for providing instrumentation to monitor variables for
accident conditions subject to the following:

1.1 In Section 3.2.1 of ANS-4.5, the definition of Type A variables should
be modified to De as follows: Type A - those variables %o be monitored that
provide the primary information required to permit the control room operatar
to take the specified manually controlled actions for which no automatic control
is provided and which are required for safety systems %o accomplish their safaty
function for design basis accident events. (Note: Primary information is that
which {s essential for the direct accomplishment of the specified safety function
and does not include these variables which are associated with contingency actions
that may alsc be identified in written procedures.)

1.2 In Section 3.2.3 of ANS-4.5, the definition of "Type C" includes two
items, (1) and (2). Item (1) includes those instruments that indicate the extant
to which parametars which have the potantial for causing a breach in the primary
reactor containment have exceeded the design basis values. In conjunction with
the parameters that indicata the potential for causing a dreach in the primary
reactor containment, the parameters that indicate the potential for causing a
breach in the fuel cladding (e.3., core exit tamperature) and the reactor coolant
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pressure boundary (e.g., reactor coolant pressure) should also Se incluced.
Refaerences %o Type C instruments, and associatad parameters to Be measured, in
Standard ANS-4.5 (e.g., Sections 4.2, 5.0, 5.1.3, 5.2, 5.0, 6.3) should include
this expancded definition.

1.3 Section 5.1 of ANS=4.3 pertains to General Criteria for Types A, 8,
and C accident monitoring variables. In lieu of Section 5.1, the following
design and qualification critaria categories should de used:

1.3.1 Design and Qualification Criteria - Categoery 1

1) The instrumentation should be gqualified in accordance with
Regulatory Guide 1.89 (NUREG-0588). Qualification applies to the completa
instrumentation channe! from sensor t3 display where the display is a direct-
indicating metar or recording device. Where the instrumentation channel signal
is to be used in a computar-based display, recording and/or diagnostic program,
qualification applies %o and including the channel isclation device. The
location of the isolation device should be such that it would be accessible
for maintenance during accident conditions. The seismic pertion of qualification
should be in accordanca with Regulatory Guide 1.100. Instrumentation -nould
continue to read within the required accuracy following, but not necassarily
during, a safe shutdown 2arthquake. [nstrumentaticn, whose ranges are required
to extand Yeycnd those ranges calculated in the most severe design basis accident
event for a given variable, should be qualified using the guidance provided in
paragraph 6.3.5 of ANS-4.5.

(2) No single failure within either the accident-menitoring instrumenta-
tion, its auxiliary supporting features or its power sources concurrent with
the failures that are a condition or result of a specific accident, should prevent
the operatsr from deing presented the information necessary for him to detarmining
the safety status of the plant and to bring the plant to and maintain it in a
safe condition following that accident. Wwhere failure of one accident-menitoring
channe! results in information ambiguity (that is, the reduncant displays disagree)
which could lead the operator to defeat or fail to accomplish a required safaty
function, additional information should be provided %o allow the cperator t2
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deduce the actual conditions in the plant. This may be iccomplished dy providing
additional independen®. channels of informatiocn of the same variapie (addition of
an identical channel), or by providing an incependent channel which menitors a
diffarent variable which bears a known relaticnship %o the multiple channels
(addition of a diverse channel), or Dy providing the capability, if sufficient
time is available, for the operator %3 pertur? the measured variable and deter~
nine which channel has failed by cbservation of the response on 2ach instrumenta-
tion channel. Redundant or diverse channels should be electrically independent
and physica:ly separated in accordance with Regulatory Guide 1.7% up %o and
including any iseclation device. At least one channel should De displayed on a
direct-indicating or recording device. (NOTE: Within each redundant division

of a safety systam, redundant menitoring channels are not needed. )

"

(3) The instrumentation should be energized frem station Standby
Power sources.

(4) An instrumentaticn zhannel should be available prior %2 an
accident excapt as provided in Paragraph 4.11, "Exemption”, as defined in IEZE
Std 279 or as specified in Technical Specifications.

(3) The recommendations of the follewing regulatery guides
pertaining %o guality assurance should de followed:

Regulatory Guide 1.28 "Quality Assurances Program Requirements (Design
& Construction)”

Regulatory Guide 1.30 "Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and
Electric Equipment”

Regulatary Guide 1.38 "Quality Assurance Reguirements for Packaging,
Shipping, Receiving, Storage, and Handling of
Ttems for water-Cooled Nuciear Power ?lants”

Regulatory Guide 1.38 "Qualification of Nuclear Power Plant Insptectionm,
Examinatisn, and Testing Perscnnel”

Regulatory Guide 1.54 "Quality Assurance Requirements for the Design
of Nuclear Power Plants”

10
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Regulatory Guide 1.74 "Quality Assurance Terms and Definitions

Regulatory Guide 1.38 “Collection, Storage, and Maintenance of Nuclear
Power Plant Quality Assurance Recards”

Regulatory Guide 1.123 “Quality Assurance Requirements for Control of
Procurement of [tems and Services for Muclear

Power Plants”

Regulatory Guide 1.144 “"Auditing of Quality Assurance Programs for Nuclear
Power Plants”

Task RS 810-5 "Qualification of Quality Assurance Program Audit

Persanne! for Nuclear Power 2lants” (Guide numper
to be insertad.)

Referenca to the above reguiatory guides (except Regulatory Guides 1.30, and
1.38) are being made pending issuance of a regulatory guide endorsing NQA-1
(Task RS 002-5) which is in progress.

(6) Continuous indication (it may be by recording) display should
be provided. Where two or more instruments are needed %o cover a particular
range, overlapping of instrument span should be provided.

(7) Recarding of instrumentation readout informaticn should be pro-
vided. where direct and immediate trend or transient information is essential
for operator information or action, the recording should be analeg stripchart.
Otherwise, it may be continuously updated, computer memory stored, and displayed
on demand. Intarmittent displays, such as data loggers and scanning recorders,
may be used if no s‘gnificant transient response information is likely %o De
Tos® by such devices.

1.3.2 Design and Qualification Critaria - Categery 2

(1) The instrumentation should e qualified in accordanca with Reguia-
tory Guide 1.89 (NUREG-0582). Wwhere the channel signal is to De processed or
displayed on demand, qualification applies from the sensor through the isalator/
input buffer. The location of the isclation device should be such that it would
be accessible for maintenance during accident conditions.

"
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(2) The instrumentaticn should be energized from a high reliability
power sourca, not necessarily Standby Power, batiary dacked where momentary intarrup-

tion is not tolerable.

(3) The out-of-service interval should 2e basad on normal Technical
Specification requirements on out-of-service for the system it serves where
applicable or where specified by other reg:irements.

(4) The recommendations of the following regulatory guides
pertaining to gquality assurance should ce followed:

Regulatery Guide 1.28

Regulatory Guide 1.30

Regulatory Guide 1.38

Regulatory Guide 1.38

Reguia*ory Guide 1.54

Regulatory Guide 1.74

Regulatory Guide 1.88

Regulatory Guide 1.123

Regulatory Guide 1.144

Task RS 810-5

"Quality Assurance Program Requirements (Design
& Construction)"

"Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and
Electric Equipment

"Quality Assurance Requirements for Packaginy,
Shipping, Receiving, Storage, and Handling of
[tems for Watar-Cooled Nuclear Power Plarts”

"Qualification of Nuclear Power Plant lasptection,
Examination, and Testing Perscnnel"

"Quality Assurance Requirements for the Design
of Nuclear Power Plants"
“Quality Assurance Terms and Definitions"

"Callection, Storage, and Maintanance of Nuclear
Power Plant Quality Assurance Records”

"Quality Assurance Requirements for Control of
Procurement of [tems and Services for Nuclear
Power Plants"

“Auditing of Quality Assurance Programs for Nuclear
Power Plants"

"Qualification of Quality Assurance ?rograh Audit

Personne! for Nuclear Power Plants” (Guide number
to be inserted.)

2

"

S



W O Oy NN

-

KB

P

18
17

1

20

a3
24

DRG

28

Refarence to the above regulatory guides (axcept Regulatory Guidges 1.20, and

1.38) are being uate pending issuance of a regulatory guide andersing NCA-1

(Task RS 002-3) which is in progress. Since some instrumentation is less
important to safety than other instrumentation, it may not De necessarv to apply
the same guality assurance measures to all instrumentation. The quality assurance
requirements, which are implementad, should provide contral over activities
affecting quality ta an extent consistent with the importance to safety of the
instrumentation. These requirements should be detarmined and documentad Dy
personne! knowledgeabla in the end use of the instrumentation.

(5) The instrumentation signal may be displayed on an individual
instrument or it may be processed for display on demard by a CRT cor cther appro-
priate means.

(6) The method of display may be dial, digital, CRT or stripchart
recorder indication. Effluent release monitars should be recorded, including
effluent radicactivity monitors, environs exposure rate menitors, and metaorology
monitors. Where direct and immediata trend or transient information {s essential
fcr operator information or action, the recording should be analog stripchart. -
Otherwise, it may be continuously updated, computer uemory stored, and displayed
on demand.

1.3.3 Design and Qualification Critaria - Categorv 3

(1) High quality commercial grade instrumentation salectad to with-
stand the specified service environment.

1.4 In addition to the criteria of Pesition C.1.3, the following criteria should
apply to Catagories 1 and 2:

1.4.1 Any equipment that is used for either Categery 1 or Catagery 2
should be designated as part of accident monitaring or systems operation
and effluent monitoring instrumentation. The transaission of signals from
such equipment for sther use should 2e through isolation devices that are
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designated as part of monitoring instrumentation and that meet the provisions
of this document.

1.4.2 The instruments designated as Types A, 8 and C and Catagories 1 and
2 should be specifically identified on the control panels so that the operator
can easily discern that they are intended for use under accident conditions.

1.5 In addition to the above criteria, the following should apply to Catagories
1, 2 and 3.

1.5.1 Means should be provided for checking, with a high degree sf confidence
the operational availability of each monitoring channel, including its input
sensor, during reactor operation. This may be accomplished n various ways,
for example:

(1) By perturbing the monitored variable

(2) By introducing and varying, as appropriate, a substitute input
to the sensor of the same nature as the measured variable; or

(3) By cross-checking between chanrels that bear a known relation-
ship to each other and that have reacdouts available.

1.5.2 Servicing, testing, and calibration programs should be specified
to maintain the capability of the monitoring instrumentation. For those
instruments where the required interval between testing will be less than the
nor.al time interval between generating station shutdowns, a capability for
testing during power operation should be provided.

1.5.3 Whenever means for remeving channels from service are included in °
the design, the design should facilitate acministrative control of the access

to such removal means.

1.5.4 The design should facilitate administrative control of the access
to all setpoint adjustments, module calibration adjustments, and test peints.

14
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1.5.5 The monitoring instrumentation design should minimize the development
of conditions that would cause meters, annunciators, recorders, alarms, etc.,
to give anomalous indications potentially confusing %o the operator.

1.5.6 The instrumentation should be designed tc facilitate the recogni-
tion, location, replacement, repair, or adjustment of malfunctioning components
or medules.

1.5.7 To the extent [practicat] possible, monitoring instrumentaticn inputs
should be from sensors that directly measure the desired variables.

1.5.8 To the extent practical, the same instruments should be used for
accident monitoring as are used for the normal operations of the plant to enable
the cperator to use, during accident situaticns, instruments with which he is
most familiar. However, where the required range of menitoring instrumentation
results in a loss of instrumentation sensitivity in the normal operating range,
separaté instruments should be used.

1.5.9 Periodic festing should be in accordance with the applicable portions

of Regulatory ¢ 118 pertaining to testi- ¢ instruments channels. (Note:

Response tise %esting not usually needed.)

1.6 Sections 6.2.2, 6.2.3, 6.2.4, 6.2.5, 6.2.6, 6.3.2, 6.3.3, 6.3.4, and

8.3.5 of ANS-4.5 pertain to variables and variable ranges for monitoring Types 8
and C variables. In conjunction with the above sections, Tables 1, and 2 of
this regulatory guide (which include those variables mentioned in the above
sections) should be used as the minimum set of instruments and their respective
ranges for accident-monitoring instrumentation for each nuclear power plant.

2. SYSTEMS OPERATION MCONITORING AND EFFLUENT RELEASE MONITORING INSTRUMENTATICN
2.1 Definitions

2.1.1 Type D - those variables that provide information to indicate
the operation of individual safety systems and other systems impertant to safaty.

15
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2.1.2 Type £ - those variables to 22 monitored as required for use in
detarmining the magnitude of the release of radicactive matarials and continually
assessing such relaases.

2.2 The plant designer should select variables and information display
channels required by his design to enable the contrs! rocm operating personnel
to:

"

2.2.1 Ascertain the ocperating status of each individual safaty systam
and other systems important to safety to that axtent necessary to detarmine if
each system is operating or can be placed in operaticn to help mitigate the
consequences of an accident.

2.2.2 Monitor the efflusnt discharge paths and envirens within the
site boundary to ascertain if there has been significant releases (planned or

unplanned) of radicactive matarials and for continually assessing such releases.

2.2.3 (Obtain required information through a backup or diagnosis

_ channe] where a single channel may be 1ikely to give ambiguous indicatioen.

2.3 The process for selecting system operation and effiuent release
variables should include the identification of:

2.3.1 For Type D
(1) the plant safety systems and other systams important to safety
which should be operating or which could be placed in operation to help mitigata
the consequencas of an accident;

(2) the variable or minimum 1ist of variables that indicata the
operating status of vach system identified in (1) above.

2.3.3 For Type £

(1) the planned paths for affluent release;

18
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(2) plant areas and inside buildings where access is required %0
service squipment necessary to mitigate the consequences of an accident;

(3) onsite locations where unplanned releises of radicactive
materials should De detected;

(4) the variables that should be monitored in each location
identified in (1), (2), and (3) above.

2.4 The determination of perfarmance requirements for system operation
monitoring and effluent release monitaring information display channels shoulad
include, as a minimum, identification of:

(1) the range of the process variable.

(2) the required accuracy of measurement.

(3) the required response characteristics.

(4) the time intarval during which the measurement is needed.

(5) the local environment(s) in which the information display
channe! components must operata.

(6) any requirement for rate or trend information.

(7) any requirements to group displays of related information.

(8) any required spatial distribution of sensors.

2.5 The design and gqualification criteria for system operation monitaring

and effluent release monitoring instrumentation should be taken from the criteria

provided in Positions C.1.3 and C.1.4 of this guide. Tables 1 ana 2 of this
regulatory guide should be should be usad as a minimum set of instruments and
their respectives ranges for systems operation monitaring (Type 0) and effluent
release menitoring (Type £) instrumentation for each nuclear power plant.

0. IMPLEMENTATION

All plants going into operation after June 1382 should meet the provisions
of this guide.

17
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Plants currently operating or scheduled %o de licensed to cperate defore
June 1, 1982 should meet the requirements of NUREG-0579 and NRR Tetters dated
Septemper 13, and Octsber 30, 1979. The provisions of this guide as specified
in Tables 1, and 2 for operating plants are compatib’e with thesa documents
which are to be completed by January 1, 1381. The balance of provisions of
the guide are to be completad by June 1383

The difficulties of procuring and installing additions or modifications
ta in~place instrumentation have been considered in establishing these schedules.

Exceptions to requirements and schedules will be considered for extracrdinary
circumstances.

18 .
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TABLE 1
SWR VARIABLES

Type A - Those variables to be monitored that provide the primary information
required to permit the control room operator to take specific manually controlled
actions for which no automatic control is provided and which are required for
safety systems to accomplish their safety function for design basis accident
events. Primary information is that which is essential for the direct accomplish-
ment of the specified safety function and does not include those variables wnhich
are associated with contingency actions that may also be identified in written
procedures.

A variable included as Type A does not praclude it from being included as
Type 8, C, D, or £, or vice versa.

Category (see
Yariable Range Pesttton C.1.3) Pyrpose
Plant specific plant specific 1 Information required

for cperator action



TABLE 1

3WR VARIABLES (continued)

TYPE B Variables - "hose variables that provide information to indicate whether

Plant safety functions are (1)
reactivity control, (2) core cooling, (3) maintaining reactor coclant system
integrity, (4) containment integrity (which includes radicactive effluent control).
Variables are listed with designatad ranges and catagory for design and qualificaticn

plant safety functions are being accomplished.

requirements,

Variable

Range

Category (see
Position C.1.3)

Key varfables are indicated by design and gqualification Category 1.

Purgese

TYPE 8 VARIABLES

Reactivity Control

Neutron Flux

Control Rod Position

RCS Soluble 3oron
Concentraticn

Core Cooling

Coolant Level in
the Reactor

3R Core Tharmocouples

10~%20 5% full power

Full in or not
full in

0 to 1000 ppm

Bottom of core support
plate to above the top
of discharge plenum

Unresclved

20

Function detection;
Accomplishment of
mitigation

Verification

Verification

Function detection;

Accomplishment of
mitigation;

Long-tera surve .llance

To monitor core cooling
if water level is low,
spray is lost, or
channels restricted.



Variable

" on

TABLE 1 (continued)

Category (see
Range Position C.1.3)

Puroose

TYPE B8 - continued
Maintaining Reactor Cool-
ant System Lntegrit

RCS Pressure

Drywell Pressure’

Drywell Sump Levell

Maintaining Containment
integrity

Primary Con:ai*nnng
Pressure (Drywe.i)*

Primary Contaioment
Isolation Valve Pos-
ition (excluding check
valves)

15 psia to 2000 psig i

b

0 to design pressure?
(psiz)

L]

3ottom to top

10 psia to design 1
pressure
Closed - not cleosed 1

21

Function detection;

Accomplishment of
mitigaction;

Verificacion

Function detaction;'

Accomplishment of
mitigacion;

Verification

Function detection;

Accomplishment of
mitigation;

Verification

Function detection;

Accomp lishment of
mitigation;

Verification

Accomplishment of
isolation



TABLE | (continued)
BWR VARIABLES (continued)

TYPE C Variables - Those variables that provide information to indicate the potential
for being breached or the actual breach of the barriers to fission product releases.
The barriers are: (1) fuel cladding, (2) primary coclant pressure boundary, and (3)

containment.

Variable

Category (see

Puroose

TYPE C VARIABLES

Fuel Cladding

Radicactivity Concen-
tration or Radiation

Level in Circulacting

Primary Coolant

Accident Sampling and
Analysis of Primary
Coolant

« Gross Activicy

+ Gamma Spectrum

3WR Core Thermocquples

Reactor Coolant Pressure

Joundary

RCS Pressure’

Primary Contaioment
Area Radiatioal

Drvwell Drain Sumps®
Level (Identified and
Unidincified Leakage)

Suppressicn Pool Water
Level (for operating
plants)

Range Position C.1.3)
) Tech Spec limit to 18
100 Times Tech Spec
limit R/Uur
10 uCi/gm to 10 Ci/gm - o
or TID-14844 source term
in coolant volume
UnresqlvedS
15 psta to 1500 psig e
1 R/hr o 10° R/hr g7 33
Bottom to top 2
Bottom of ECCS suction -

line to 5Pt above normal
water level

22

Detection of breach

Detail analysis;
Accomplishment of
micigation;
Verification;
Long=-term surveillance

To monitor core cool=-

ing if water level is

low, spray is lost, or
channels restricted

Detection of potential
for or actual breach;

Accomplishment of
mitigaticn;

Long-term surveillance

Detection of “reach;
Verification

Derection of breach;
Accomplistment of
micigation;
Verification;
Long=-tara surveillance

Same as immediately
above



TABLE 1 (continued)

Latagory (see

Variadle Range Position C.1.3) yrpose

TYPE C - continued

Reactor Coolant Pressure
Soundary (continued

2

Drywell Pressure’ Q0 to design pressure 1 Detecticn of breach;
(psig) Verification
Containment
RCS Pressure* 15 psia to 1500 psig 1’ Detection of poteatial
for breach;
Accomplishment of
maicizacion
Primary Conctaiament' 10 psia pressure o 3 1 Detection of potential
Pressure {Drvwell) times design pressure<© for or actual breach;
for concrete; 4 times Accomp lishment of
design pressure for steel mitigation
Containment and Dry- 0 to 302 (capabilicy of 1 Detection of poteatial
well Hydrogen Con- operatiagz from 12 psia to for breach;
centration design pressure<) Accomplishment of
micizgation
Containment and Dry- 0 to 107 (capability of & Detection of poteatial
well Oxygen Concen- operating from 12 gsia for breach;
tration (for inerted to design pressure<) Accoaplishment of
¢untainment plants) micigation
1
Containment Efflueat’ 10°% ¢o 102 uCi/cc it Detection of actual
Radicactivicy - Notle breach;
Gases (from identilied Accomplishment of
release points iaclud- mitigation;
ing Standby Gas Treat- Verification
ment System Vent)
Savirons Radicactiv- 10~5zc 10 R/hr gt + Detectiom of breach;

ity - Exposure Rate’

23

Accomplishment of
mitigacion;
Verification



TABLE 1 (continued)
 3WR_V/RIABLES (continued)

TYPE O Variables - those variabl¢s that provide information to indicate the oper-
ation of individual safety systems and other systems important to safety. These
va fables are to help the operator make appropriate decisions in using the indi-
via.1l systems important to safety in mitigating the consequences of an accident.

Category (see
Variable Range Position C.1.3) Purpese

TYPE O VARIABLES

Condensate ang Feed-
water System

Main Feedwater Flow 0 to 110% design flow?® 3 Detection of cperatiom;
Analysis of cooling

Condensate Storage Bottom to top 3 Indication of avail-
Tank Lr 31 able water for cool-
2z

Primary Containment-
ReTated Systems

Suprression Chamber 0 to 110% design flow? 2 To monitor operatiom
Spray Flow
Drywell Pressure 12 psia to 3 psig 2 To mounitor operaticn

0 to 110% design pressure?

Suppression Pool Top of vent to top of 2 To monitor operztion
Water Level weir well
Suppression Pool 30°F to 230°F 2 To monitor operation

Water Temperature

Drywell Atmosphere 40°F to 440°F 2 To monitor operaticm
Temperature

24



Yariable

TABLE 1 (continued)

Range

Categary (see
Position C.1.3)

Purpose

TYPE D - continued

Main Steam System

Main Steamline Flow

Main Steamline Isola-
tion Valves' Leakage
Control Svstem Pressure

Primary System Safety
Relief Valve Positioms,
including ADS or Flow
Through or Pressure in
Valve lines

0 to 120% design flow?

0 to 15" of water
0 to 5 psid

Closed-not closed or
0 to 50 psig

as

To mounitor operation

To provide indicatiocm
of pressure boundary
maintenance

Detecticn of accident;
boundary iantegrity ia-
dication



TABLE 1 (continued)

Category (see
Yariable Range Posftion C.1.3) Purpose

TYPE D - continued

Safety Systams
RCIC Flow 0 to 110% design flow?® 2 To monifor operatiom
HPCL Flow 0 to 110% design flow? 2 To menitor operation
Core Spray Flow 0 to 110X desizn £low? 2 To mcnitor operation
RHR System Flow 0 to 1102 design flow? 2 To monitor operation
(LPCI)
RHR Heat Exchanger 3.°F to 350°F 2 To mouitor operation
Qutlet Temperature
(LPCI)
SLCS Flow 0 to 110% design flow? 3 To monizor operation
SLCS Storage Tank Bottom to top 3 To monitor operaticm

Level

26



(ariable

TABLE 1 (continued)

Category (see
Range Position £.1.3)

Purpose

TYPE D - continued

Cooling Water System

EZSF System Compounent
Cooling Watar Temper-
ature

ESF System Ccmpcnent
Cooling Water Flow

Radwasta Systems

High Radiocactivicy
Liquid Tank Level

Ventilation Systems

Emergency Ventilation
Damper Positicam

Power Supplies

Scatus of Standdy Pow-
er § Other emergy

Sources I[aportant to
Safety

32°F co 200°F

0 to 110% design flow?

Top to bottom

Open-closed status

Voltages, curreats,
pressures

27
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To

To

aonitor

macnitor

monitor

monitor

monitor

operation

cperation

operacion

operation

operaticn



TABLE 1 (continued)
BWR VARIABLES ( continued )

TYPE £ Varifables - Those variables to be monitored as required for use in deternfn-
ing the magnitude of the release of radfcactive materials and continually assessing

such releases.

Variable

Category (see

Range Pesition C.1.3)

Purpose

TYPE E VARIABLES

Containment Radiation

Primary Containment
Area aadiagion -
Bigh Range*

Reactor Bldg or Sec-
ondary Containment
Area Radiatiom

Area Radiation

Radiation Exposure
Rate (Inside bldgs or
ar2as where access is
required to service
equipment important
to safety)

Airborne Radicactive
Materials Re eased rrom
the Plant

Noble Gases and Vent
Flow Rate

o Drywell Purge, Stand-
by Gas Treatment Sys-
tem Purge (for Mark
I, II, III plants) &
Secondary Containment

Purge (for Mark I plants)

o Secondary Containment

Purge (for Mark I, II, IIT

plants)

1 ®/hr o 107 ®/hr

10~% o 10“ uCi/ee go

10-! R/hr to 10 R/hr e

105 o 10% uCi/ee 2
0 to 110% vent desizn
flow?

(Not needed if effluent
discharges thru common
plant vent)

106 to 10* ucCi/ce 2
0 ro 110X vent design
£low?

(Not needed if effluent
discharges thru common
plant vent)

28

Detection of signif-
icant releases;
Release assessment;
Long-term surveillance]
Emergency plan actuation

Detection of signif-
icant releases;

Release assessment

Ling-term surveillance

Detection of signif-
icant releases;

Release assessment;

Long-term surveillance

Detection of signif-
icant releases;
Release assessment

Detection of signif-
icant releases;
Release assessment



TABLE 1 (continued)

Category (see

Variable Range Position C.1.3) Purpose

TYPE E - continued

Airborne Radiocactive
terials Released from

the Plant

Noble Gases and Vent
Flow Rate (continued)

9 Secondary Comntain-
ment (reactor shield
bldg annulus, 1if in
design)

5 Auxiliary Building
(includiag any bldg
containing primary
system gases, e.3.,
waste gas decay tank)

0 Common Plant Vent or
Multi-purpose Vent
Discharging Any of
the Above Releases

o All Other Identified
Release Points

Particulates and Halogens

o All Identifiad Plant
Release Points.
Sampling, with Onsite
Analysis Capabilicy

108 to 10* uCi/ce
0 to 1102 vent desigm

£low’

(Not needed if 2ffluent dis-
ciarges thru common plant vent)
105 to 10% uCi/cc zte
0 to_110% vent design

£low®

(Not needed if effluent dis-
charges thru common plant vent)
10-% to 10% uci/ce g+
0 to 110X vent design

£low?

10~% eo 102 uCi/ce g2*e
Q to 110% vent design

£low?

(Yot needed if effluent dis-
charges thru other monitored
plant vents)

10~3 to 102 uci/ece 3°
0 to 110% vent design
flow?

29

Detection ¢f signif-
icant releases;
Release assessment

Detection of signif-
icant releases;

Release assessment;

Long-term surveillance

Detection of signif-
icant releases;

Release assessment;

Long-term surveillance

Detection of signif-
icant releases;

Release assessment)

Long-terms surveillance

Detection of signif-
icant releases;

Release assessment;

Long-term surveillance



TABLE 1 (continued)

Category (see

Jariacle Range Position C.1.3) Purscse

TYPE £ - continued

Environs Radiation and
adicactivity

Radiacion Ixposure
Raca*

(Installed {astrumenc-
aciom)

10™% R/hr %o 10 %/hr

B

L]

Detection of signif-
icanc releases;

Terification;

Relz2ase assessment;

Long=-tarm surveillance

Airborme Radichalogens 10~? eo 10™3 uct/ee 3+t Release assessment;
and Particulates Analysis

(Sampling, th on~-

site analysis cap~

abilicy)

?lant and Zavirons 0.1 =0 10* %/hr, photons 3": elease issessment;
Radiacion 0.1 to 10" rads/Lr, beta 3t Analysis

(Portable Ilostrument- radiaticns and low-energy

ation) photons

Plant and Eavirons Mylci-channel Gamma-Ray 3 Rel2ases assessment;
Radicactivizy spectrometar Analysis

(Portable Iascrumentc~

acion)

30



TABLE 1 (continued)

Category (see

Jariable Range Position C.1.3) durscse
TYPE £ - Continued
METZOROLOGY *°
Wind Divection 0 zo 360° (25° accuracy 3 Release assessment

Wind Speed

Escimacion of Atmos~-
paric Stabilicy

with a deflection of 15°.
Starting speed 0.43 mps

(1.0 mph). Damping ratio
becweea 0.4 and 0.5, dis~-
tance constant <l metars.

0 o 30 mps (67 mph) =0.22 3
aps (0.5 mph) accuracy for
wind speeds lass than 11

aps (25 mph), wich a scars-
ing threshold of less than
0.43 mps (1.0 =ph).

3ased on vertical temper- 3
ature difference from pri-
mary system, -5°C zo 10°C
(=9°F to 18°F) and 20.15°C
accuracy per 50 meter inc-
ervals (20.3°F accuracy

per 164 foot i{iatervals) or
analogous range for back-

up sysctem.

31

Relesase assessment

Release assassment



.. TABLE 1 (continued)
i Categery [see
Yariable Range Pagition C.1.3) Purpose
TYPE £ - (continued)
ﬁCIDENT SAMPLING "FP-'
iLL1Y (Anaiysis Lap-
api ity Unsite)
Primary Cooclant & Sump Grab Sample 3;7 i Release azsessment;
' ¢ - .
5 Gross Activicy 10 uCi/al =0 10 Ci/al !"3‘;:::“""
5 Gamma Spectrum Isotopic Analysis)
2 3oron Content Q 51000 ppm
2 Chloride Content Q0 o 20 ppm
2 Disclved Oxygen Q0 to 20 ppm
o pH 1¢ 13
Coutainment Air Grab Sample 3.‘7 Release assessment;
Verificatioun;
3 dydrogen Coutent 0 to 102 .\.::%. ,: -
0 to 30T for inerted o
containments
2 Oxygen Countent 0 co 302

2 Gamma SpectrTum

(Noble gas analysis)

*The time for taking and analysiag samples shbculd 2e 3 hours or less Irom the
time the decision is made %o sample, except chloride which should de wizhin

24 hours.
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' TABLE 1 (continued)
NOTES

xﬂhcr- a variable is listed for more than cne purpose, the instrumentation requirements
may be integrated and only one zeasaurement provided.

zncsizn pressure is that value corresponding to ASME code values that are obtained at or
below code-allowable material design stress values.

’Denign flow {5 the maxfmum flow anticipated in normal operatiom.

“Me maxizum value may be revised upward to satisfy ATWS requirements.

SThe sumber of thermocouples, their range and lacation ta Be determined.

SMeasurement should be made of the gross gamma radiation emanating from circulating pri-
mary coolant, with instrument calibration permitting couversion of readout to radiocac-
tivity concentrations in terms of either curies/gram or curie./unit-volume. System
accuracy should be % order of magnitude. The point of measurament should be extermal
to a circulating primary coolant line or loop, and should not be a line or loop subject
to isolation, 2.3., main steam line. While such an instrument may not be currently
available off-the-shelf, the staff considers that the necessary components are avail-
able commercially and have been employed and demonstrated under adverse envircm :ntal
conditions in high-level hot cell operations for many years.

TMinimum of two smonitors at widely separated locatioms.

8For estimating release rates of radicactive materials released during an accident
from unidentified release paths (not covered by effluent menitors) - continucus
readout capability. (Approxizately 16 to 20 locations - site dependent.)

Iprovisions should be made to monitor all identified pataways for release of gaseous
radicactive materials to the eavirons in conformance with General Design Griteriom 54.
Monituring of individual effluent streams only is required where such streams are re-
leased directly intn the enviromment. If two or amcre streams are combined prior to
release from a common discharge point, monitoring of the combined stream is cousidered
to meet the iatent of this guide provided such monitoring has a range adequate to
measure worst-case releases.

1%onitors should be capable of detecting and zeasuring radicactive gaseous effluent com-
ceatrations with compositions ranging from fresh equilibrium noble gas fissiom product
mixtures to 10-day old mixtures, with overall system accuracies of +% decade. Effluent
concentrations may be expressed in terms of Xe-133 equivalents or in terms of any ncble
gas nuclide(s). It is not expected that a single momitoring device will have sufficient
range to encompass the entire range provided in this guide and that multiple components
or systems will be needed. Existing equipment may be utilized to monitor amy portiocn of
the stated range within the 2quipment design rating. Additional extended range instru-
mentation should overlap the range of existing instrumentatiom dy a least a fac.or of 2.

lipetectors should respond to gamma radiation photoms within any energy range from 60 keV

to 3 MeV with an accuracy of =202 at any specific photon energy from 0.1 MeV to 3 MeV.
Overall system accuracy should be within )y decade cver the entire range.

3
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TABLE ! (continued)

NOTES - continued

‘?stat.s indication of all Standby Power A-C Buses, D-C Buses, iaverter output buses
and pueumatic supplies.

1370 provide information regarding release of radicactive halogens and particulaces.
Continous collection of reprasentative samples followed by omsite laboratory measure-
ments of samples for radiohalogens and particulates. The design eavelope for shield-
ing, handling, and analytical purposes should assume 30 minutes cf integrated sampling
time at sampler design flow, an average concentratiomns of 102 uCi/ce of radioiodines
in gaseous or vapor form, an average concentratiom of 102 uCi/ce of particulate radic-
iodines and particulates other than radioiodines, and an average gamma photon energy
of 0.5 MeV per disintegration.

i{%For estimating release rates of radicactive materials released during an accident.from
unidentified release paths (not covered by effluent monitors). Continous collection
of representative samples followed by laboratory measurements of the samples.
(Approximately 16 to 20 locations - site dependent.)

1575 monitor radiaticn and airborme radiocactivity concentrations in many areas through-
out the facility and the site environs where it is impractical te install statiomary
monitors capable of covering both normal and accident levels.

‘SMeteorological measurements shculd conform to the provisions of the forthcomiag rev-
ision of Regulatory Guide 1.23, "Onsite Meteorological Programs"”.

1.ﬂanpl‘iug or monitoring of radicactive liquids and gases should be performed in a manner

which assures procurament of rapresentative samples. For gases, the criteria of ANSI
N13.1 should be applied. For liquids, provisions should be made for sampling from well-
mixed turbulent zones and sampling lines should be designed to minimize plateout or
deposition. For safe and convenient sampling, the provisioas should include:

a. Shielding to maintain radiation deses ALARA,

o. Sample containers with container-sampling port commnector compatability,

¢. Capabilicy of sampling under primary system pressure and na2gative pressures,

d. Handling and transport capabilicy, and

e. Pre-arrangement for analysis and interpretationm.

18An installed capability should be provided for obtaining containment sump, ECCS pump
rocm sumps, a~d other similar auxiliary building sump liquid samples.
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TABLE 2
PWR VARIABLES

Type A - Those variables to be monitored that provide the primary information
required to permit the control room cperator to take specific manually controlled
actions for which no automatic control is provided and which are required for
safety systems to accumplish their safety function for design basis accident
events. Primary information is that which {3 essential for the direct accomplish-
ment of the specified safety function and does not include these variables which
are associated with contingency actions that may also be identified in written
procedures.

A variable included as Type A does not preclude it from being included as
Type 8, C, 0, or E, or /ice versa.

Category (see
- Variable Range Position ‘:.1.3) Purpcse
Plant specific plant specific 1 Information required

for operator action
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TABLE 2
PWR YARIABLES (continued)

Tyue B8 Variables - Those variables that provide information to indicate whether
plant safety functions are being accomplished. Plant safety functions are (1)
reactivity control, (2) core cooling, (3) maintaining reactor coolant system
integrity, (4) containment integrity (which includes radicactive effluent control).
Variables are listed with designated ranges and category for design and gqualification
requirements. Key variables are indicated by design and qualification Category l.

Catagory (see
Variable Range Position C.1.3) Purpose
TYPE 3 VARIABLES
Reactivity Control
Neutron Flux 10~ o 5% full power 1 Function detection;
Accomplishment of
micigation.
Control Rod Positi Full ia ot not 3 Verification
full in
RCS Soluble 3orom 0 to 6000 ppm 3 Verification
Concentration
RCS C?ld Leg Temper=- S0°F to 400°F 3 Verification
ature’
Core Cooling
RCS Hot Leg Temper- SO°F to 750°F & Function detectionm;
ature Accomplishment of
aitigation;
Verification;
Long~ts.m surveillance
RCS Cold Leg Temper- 50°F to 7350°F 1 Function detectionm;
ature’ Accomplishment of
mitigation;
Verification;
Long-teram surveillance
RCS Pressura’ 0 to 3000 psig 1 Function detectionm;
(4000 psig for CE Accomplishment of
plants) mitigation;
Verification;
. Long=-term surveillance
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TABLE 2 (continued)

Category (see
Variable Range Position C.1.3) Purpose
TYPE 8 - continued
Core Cooling {continued)
]
Core Exit Temperature' 150°F to 2300°F 3 Verification
(for operatiang plants -
150°F co 1630°F)
Coolant Level ia Bottom of core to 1 (Direct Verification
Reactor top of vessal indicatiag or re-
cording device not
needed)
Degrees of Subcooling 200°F subcool.ng to 1 Verification and
35°F superheat (for operating analysis of plaant
plants - 2, with conditions

Maintaining Reactor Coolant
systam [ntegrity

RCS Pressure’

Containment Sump Water
Level

Containment Pressure’

confirmatory oper-
ator procedures)

Q0 to 3000 psig 1
(4000 psig for CE

plants)

Narrow rarge (sump), 3
Wide range (bottom of 1

containment to 600,000~
galloan level equivalent)

0 to design pressure? 1
(psiz)

37

Function detectiom;
Accomplishment of
mitigation

Function detection;

Accomplishment of
aitigation;

Verification

Funstion detecticn;

Accomplishment of
mitcigation;

Verification



TABLE 2 (continued)

Categery (see
Variab!l Range Posttton C.1.3) Purpcse

TYPE 8 - continued

Maintaining Containment
Integrity

Contaimment Isolation Closed~not closed Accomp Lishment of
Valve Position (exclud- isolation
ing check vales)
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TABLE 2 (continued) \

PWR VARIABLES (continued)

TYPE C Variables - Those variables that provide information to indicate the potential
for being breached or the actual breach of the barriers to fission product releases.
The barriers are: (1) fue! cladding, (2) primary coclant pressure boundary, and (3)

containment.
Category (see
Variable Range Position C.1.3) Purpose
TYPE C VARIABLES
Fuel Cladding
Core Exit Temperature' 150°F to 2300°F t* Detaction of potential

(for operating plamts =
150°F to 16350°F)

for breach;
Accomplishment of

mitigation;
Long-term surveillance

8
Radiocactivity Concen=- % Tech Spec limit to 1 Detection of breach
tration or Radiatiomn 100 times Tech Spec
Lavel in Circulating limitc R/hr
Primary Coolant
18
Accident Sampling and 10 uCi/gm to 10 Ci/gm 3 Detail analysis;
Analysis of Primary or TID=14844 source term Accomplishment of
Coolant in coolant volume micigation;
*Gross Activicy Verification;
*Gagma Spectrum Long=-term surveillance
Reactor Coolant Pressure
doundary
R(S Pressure’ 0 to 3000 psig 1* Detection of potential
(4000 pgig for CE for or actual breach;
plants) Accomplishment of
micigacion;
Long-term surveillance
Containment Pressure’ 10 psia to design 1 Detecticn of breach;

pressure- psig
(5 psia for sub-atmos-
pheric contaimments)
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Accomplishment of
micigation;

Ve:ification;

Long~-term surveillance



TABLE 2 (continued)

Category (see

Postition C.1.3) uroose

Yariable
TYPE C - continued

Range

Reactor Coolant Pressure

Soundary (continued)

Con:a§nnnn: Sump Water
Level®

Containnn?u Area

Radiaction

Effluent Radicactivicy -
Noble Gas Effluent from
Condenser Air Removal
System Exhaust'

Containment

RCS Pressure’

Containment Hydrogen
Concentration

Containment Pressure

Narrow range (sump), 2
Wide range (bottom of

containment to 500,000~
gallon level equivalent)

b

7 ‘b.
1 to 10* R/hr 3
10°% to 10=2 yCi/ecc .
0 to 3000 psig 1t
(4000 psig for CE
plants)

0 to 102 (capable of oper- 4
ating from 10 psia to max-
imum design pressure<)

0 to 302 for ice condenser
type cou :inment

10 psia pressure to 3 times 1
desiga pressure? for concrete;
4 times design pressure for
steel

Detection of breach;
Accomplishment of
mitigacion;
Verification;
Long-term surveillance

Deteczion of breach;
Verification

Detection of breach;
Verification

Detection of poteantial
for breach;

Accomp lishment of
micigacion

Detection of pctential
for breach;

Accomplishment of
mitigal

Long-term . .veillance

Jetection of potential
for or actual breach;

Accomplishment of
mitigation



TABLE 2 (continued)

Category (see
Variable Range Pesition C.1.3) Purpose
TYPE C - continued
Containment (continued)
Containment Effluent 10°% to 102 uCi/ec 29 o Detection of breach;
Radicactivity - Noble Accomplishment of
Gases from Identified mitigacion;
Release Poiacs’ verificaticn
Environs Radiocactiv- 10** to 10 R/hr 2li Detection of breach;
ity - Exposure Rate' Accomp lishmeat of
mitigation;
Verification
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TABLE 2 (continued)
PWR VARIABLES (cuntinuad)

TYPE D Variables - Those va~iables that provide information to indicate the oper-
ation of individual safety systems and other systems important to safety. These
variables ara to help the operator make appropriate decisions in using the indi-
vidual systems important to safety in mitigating the conseguences of an accident.

Category (see
Variable Range Position C.1.3) Purpose
TYPE D VARIABLES
Residual Heat Remcval or
ecay Heat Removal 5ystem
RER System Flow 0 to 1102 design flow? 2 To monitor operation
RER Heat Exchanger 32°F to 350°F 2 To monitor soperation
Out Temperature and for analysis
3afety Injection Systems
Accumulator Tank Level 102 to 90% volume 2 To monitor operation
Level or Pressure 0 to 750 psig
Accumulator Isola- Closed or Open 2 Operation status
tion Valve Position
3oric Acid Charging 0 to 1102 design flow? 3 To monitor cperaticn
Flow
Flow in HF[ System 0 to 110% design flow? 2 To monitor opecation
Flow ia LPT System 0 to 110% design flow? 2 To monitor operation
Refueling Water Top to bottom 2 To monitor operation
Storage Tank Level
Primary Coolant System
Reactar Ceoclant Pump Motor current 3 To monttor coperation

Status
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TABLE 2 (continued)

Category (see
Jariable Range Position C.1.3) Purpese

TYPE D - continued

Primary Coolant Svstem -

!!ﬂ!iiﬁ!!!
Primary System tafecty Closed-not closed 2 Operation status; %o
lelief Valve Positiomns mcnitor for loss of
(iacluding PORV and coclaat
code valves) or Flow
Through or Pressure
in Relief Valve Lines
Pressurizer Level Bottom to top 1 To assure proper oper-

ation of pressurizer

Pressurizer Heater Electric current 3 To determine operating
Stactus status
Quench Tank Level Top to bottom 3 To monitcor operatiom
Quench Tank Temp- 50°F to 750°F 3 To monitor operation
arature
Quench Tank Pressures 0 to design pressure? 3 To monitor operation

Secondary System
[Steam E%nerator)

Steam Generator Lavel

Steam Generator
Pressure

Safety/Relief Valve
Positions or Main
Steam Flow

Main Feedwater Tlow

From tube sheet to
separators

2 (Categery 1 To mopitor operatiom
for I-loop plants)

From atmospheric pressure 2
to 20T above the lowest
safety valve setting

To monitor operation
Closed - not closed 2 Te moniteor operatiom
0 to 110% design flow’ 3

To monitor operation
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TABLE 2 (continued)

Category (see

Variable Position C.1.3) Pyrpose

Range

TYPE O - continued

Auxiliary F ter or
enc gedwater
Jstem
Auxiliary or Emergency
Feedwater Flow

Condensate Storage
Tank Water Lavel

Containment Cooling
Systems

Containment Spray
Flow

Heat Removal By the
Containment Fan Heat
Removal System

Containment Atmos-
phere Temperature

Containment Sump
Water Temperature

0 to 110% desiga £low?

Planc specific

0 to 1102 design £low’

Plant specific

40°F to 400°F

S0°F to 250°F

(1 for
B&W
plants)

-

To monitor operatiocn

To ensure water supply
for auxiliary feedwater
(Can be Category 3 if
not primary source of
AFW. Then whatever is
primary source of AFW
should be listed and
should be Category 1)

To monitor operaticm

To monitor operation

To indicate accomplish
ment of cooling

To monitor operation



Variable

TABLE 2 (continued)

Range

TYPE D - continued

Chemical and Yolume
ntrol System

Makeup Flow - In
Letdown Flow = Out

Yolume Control
Tank Level

Cooling Water System

Compounent Coc'ing
Water Temperature
to ESF System
Compconents

Component Cooling

Water Flow to ESF
Svstem Components

Radwasta Systems

gigh-Level Radiocactive
Liquid Tank Level

Radiocactive Gas Hold-
up Tank Pressure

Ventilation Systams

Emergency Ventila-
tion Damper Pocsition

Power Supplies

Status of 3tandby

Power & Otner Energy
Sources Imporcant to
Safecy

Category (see
Position C.1.3)

Purpose

0 to 110% design flow?
0 to 1102 design flow?

Top to bottom

32°F cc 200°F

0 to 110% design flow?

Top to bottom

0 to 150% design
pressure?

Open-closed status

Voltages, currents,
pressures

i3

[ )

ro

(]

To amcnitor operaticn
To monitor operaticm

To monitor operaticm

To monitor operation

To momitor operaticn

To indicate
storage volume.

To indicate
storage capacity

To indicate damper
stacus

To indicate system
status



TABLE 2 (continued)
PWR VARIABLES (continued)

TYPE £ VYariables - Those variables to be monitored as required for use in detarmin-
ing the magnitude of the release of radiocactive materials and contirually assessing

such releases.

Variable

Category (see
Position C.1.3)

Range

Puroose

TYPE £ VARIABLES

Containment Radiation

Containment Area
Radiation - Hi Range'

Area Radiation

Radiation Exposure

te (Inside bldgs or
areas where access is
required to service
equipment important to
safety)

Airborne Radiocactive
Waterials Released from
the Plant

Noble Gases and Vent
Flow Rate

o Containment or Purge
Effluent*

o Secondary Contain-
ment (reactor shield
bldg annulus, if ia
design)

o Auxiliary Building
(including any bldg
containing primary
system zases, e.3.,
waste gas decay tank)

~

1 R/hr to 107 R/hr 1

-
=

10=! R/hr to 10* R/hr

ro

10~% o 105 uCi/ec 240
0 to 110X vent desiga

£low’

(Not needed if effluent dis-
charges thru common plant vent)

10~% o 10* ucCi/ece b
0 ro 1102 vent design

flow’

(Naet needed if effluent dis-
charges thru common plant vent)

1075 to 10* uCi/ce 20
0 to 110X venc design

£low’

(not needed if effluent dis-
charges thru common plant vent)
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11

Detection of signif-
icant releases;
Release assessment;
Long~term surveillance;
Emergency plan actuation

Detection of signif-
icant releases;

Release assessment;

Long-term surveillance

Detection of signif-
icant releases;
Release assessment

Detection of signif-
icant releases;
Release assessment

Detection of signif=-
icant releases;

“:lease assessment;
Jung=-term surveillance



TABLE 2 (continued)

Category (see

Yariable Range Position C.1.3) Purpose

TYPE £ - continued

Airborne Radicactive
Matarials Release ‘rom

the Plant (continued)

Noble Gases and Vent
Flow Rate (continued)

2 Condensor Air Rg-oval
System Exhaustc*

o Common Plant Vent or
Multi-purpose Vent

Discharging Any of
the Above Releases

o Vent From Steam Gen-
erator Safery Relief
Valves or Atmospheric

Dump Valves

o All Other Identified
Release Points

Particulates and Halogens

o All Identified Plant
Release Points (ex-
cept Steam Generator
Safety Relief Valves
or Atmospheric Steam
Dump Valves and Coun-
deasor Air Removal
Svstem Exhaust)
Sampling, With On~
site Analysis Cap-
abilicy

10°% to 10% uCi/cc -

0 to 110X vent desigm

£low?

(Not needed if effluent dis-
charges thru common plant vent)

1078 o 103 uci/ee Z‘{l
0 to 110% vent design

flow?

107! to 10% uCt/ce i

(Duration of releases in
seconds, and mass of steam
per unit time)

10~% to 10% uCi/ec 3
0 to 110X vent design

flow

(Not needed if effluent dis-
charges thru other monitored
plant vents)

"

5 1
103 go 10% uCi/ce *

Q0 to 1107 vent design
£low?d

Detection of signif-
icant relesases;
Release assessment

Detection of signif-
icant releases;

Release assessment;

Long~-term surveillance

Detection of signif-
icant releases;
Release assessment

Detection of signif.
icant releases;

Release assessment;

Long-term surveillance

Detection of signif-
icant releases;

Release assessment;

Long=-term surveillance



TABLE 2 (continued)

(Portable Iastrument-
ationm)

Pilant and Eavirons
Radicactivicy
(Portable Instrument-
ation)

radiations and low-energy
photons

Multi-channel Camma-Ray 3
spectrometer

Category (see
Jariable Range Position C.1.3) Purpcse
TYPE € - continued
Environs Radfation and
Radicactivity
i1
Radiation Exposure 10™% R/hr o 10 R/hr 2 Detection of signif=-
Rate* icant releases;
(Installed instrument- Verification;
ation) Release issessment;
Long—-term sjurveillance
15
Airborne Radiohalogens 10~? to 10~? uct/ee 3 Release assessment;
and Particulates Analysis
(Sampling, with on-
site analysis cap~-
abilicy)
15
Plant and Eaviroams 0.1 to 109 R/hr, photous I Release assessment;
Radiation 0.1 to 10* rads/hr, beta 3 18 Analysis

Releases assessment;
Analysis



TAELE 2 (continued)

Category (see
Yariable Range Pesition C.1.3) Purpose
TYPE £ - Continued
METEQROLOGY '’
Wind Directiom 0 to 360° (£5° accuracy 3 Release assessment
with a deflection of 15°.
Starting speed 0.45 mps
(1.0 mph). Dampiag ratio
between 0.4 and 0.6, dis-
tance comstant <2 meters.
Wind Speed 0 to 30 mps (57 aph) £0.22 3 Release assessment
mps (0.5 mph) accuracy for
wind speeds lass than 1
mps (25 mph), wich a start-
ing threshold of less than
0.45 mps (1.0 mph).
Estimation of Atmos~- Based on vertical temper- 3 Release assessment
phric Stabilicy ature difference from pri-

mary system, -35°C to 10°C
(=9°F to 18°F) and 20.15°C
accuracy per 50 meter int-
ervals (£0.3°F accuracy
per 164 foot intervals) or
analogous range for bdack-
up system.
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Variable

TABLE 2 (continued)

Category (see
Range Pesition C.1.3)

Pyurpose

TYPE £ - (continued)

ACCIDENT SAMPLING CAP-*
L alysis Ca
apility Onsite

Primary Coolant & Sump

o Gross Activicy

o Gamma Spectrum

¢ Borca Content

9 Chloride Content
o Disolved Oxygen
2 pH

Containment Air

o Hydrogen Content

2 Oxygen Content
2 Gamma Spectrum

Grab Sample "

Grab Sample g

18 19

10 uCi/=l to 10 Ci/ml
(Isotopic Analysis)

0 %o 6000 ppm

0 to 20 ppm

0 to 20 ppm

1 to 13

0 to 102
0 to 30X for ice
condensors

0 to 302
(Noble gas anmalysis)

Release assessment;
Verification;
Analysis

Relzase assessment;
Verification;
Analysis

*The time for taking and analysing samples should be 3 hours or less from the
time the decision is rade to sample, except chloride which should be within

24 hours.
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TABLE 2 (continued)

NOTES

2’dhcn a variable is listed for more than omne purpcse, che instrumentation requirements
may be integrated and only one measuremeu: provided.

Zbcsizn pressure is that value correspondiang to ASME code values that are cbtained at or
below code-allowable material design stress values.

3D¢si;n flow is the maximum £low anticipated in normal operatiom.
“The maximum value may be revised upward to satisfy ATWS requirements.

A minimum of 4 measurements per quadrant is required for operatiom. Sufficient aumber
should b2 installed to account for attritiom.

°Measurement should be made of the gross gamma radiation emanating from circulatiag pri-
mary coolant, with instrument calibration permitting couversion of readcut to radiocac-
tivity concentrations in terms of either curies/gram or curies/unit-volume. System
accuracy should be ¥ order of magnitude. The point of measurement should be external
to a circulating primary coolant line or loop, such as a hot leg, and should not be a
line or loop subject to isolation, e.g., letdown line. While such ar instrumeat zay
not be currently available off-the-shelf, the staff considers that the necessary com~
ponents are available commercially and have been emploved and demonstrated under ad-
verse environmental conditioms in high-level hot cell operaticms for many years.

"Minimum of two monitors at widely separatad locatioms.

Iror estimating release rates of radiocactive materials released duriag ar accideat
from unidentified release paths (not cover:d by effluent monitors) = continuous
readout capabilicy. (Approximately 16 to 20 locations - site dependent.)

Yprovisions should be made to momitor all identified pathways for release of gaseous
radicactive materials to the enviroms in conformance with General Design Gritariom 64.
Monitoring of individual effluent streams only is required where such straams are re-
leased directly iato the enviromment. If two or more streams are combined prior to
release from a common discharge point, monitoring of the combined stream is comsiderad
to meet the iantent of this guide provided such monitoring has a range adequate to
measure worst-case releases.

‘9%onitors should bde capable of detectiag and measuring radicactive gaseous effluent com-
centrations with compaesitions ranging from fresh equilibrium noble gas fissiom product
mixtures to 10-day old mixtures, with overall system accuracies of +% decade. Effluent
concentrations may be expressed in terms of Xe-133 equivalents or ia terms of any acble
gas nuclide(s). It is not expected that a single monitoring device will have sufficient
range to encompass the antire range provided in this guide and that multiple components
or syst 3 will be needed. Existing equipment may be utilized to monitor aay portiocm of
the stated range within the equipment design rating. Additional extended range instru-
mentation should overlap the range of existing instrumentatiocn by a least a factor of Z.

!ipetectors should respond to gamma radiation photoms withia any energy range from 50 keV
to 3 MeV with an accuracy of =20% at any specific photon emergy from 0.1 MeV to 3 MeV.
Overall system accuracy sho-'d be within =% decade over the entire range.



TABLE 2 (continued)

NJUTES - continued

'2gffluent for PWR steam safety valve discharges and atmospheric steam dump valve dis-
charges should be capable of approximately linear response to gamma radiaction photous
with energies from approximately 0.5 MeV to 3 MeV. Overall system accuracy should be
within % order of magnitude. Calibration sources should fall within the range of
approximately 0.5 MeV to 1.5 MeV (examples: Cs-137, Mn-34, Na-27, and Co-60). Effluent
concentrations should be expressed in terms of any gamma-emitting aoble gas auclide
within the specified energy range. Calculational methods should be provided for est-
imating concurrent releases of low-energy nocble gases which cannot be detected or
measured by the meth,ds or techniques emploved for monitoring.

Yisratus indication of all Standby Pawer A-C buses, D=C buses, inverter output buses
and pneumatic supplies.

e & provide information -egarding release of radiocactive halogemns and particulates.
Continous collection of representative samples followed by omsite laboratory measure-
ments of samples for radiochalogens and particulates. The design eavelope for shield-
ing, handling, and analytical purposes should assume 30 minutes of integratad sampling
time at sampler design flow, an average conceantrations of 102 uCi/cc of radioiodines
in gaseous or vapor form, an average concentratiom of 10¢ uCi/ce of particulate radio=
icdines and particulates other than radioiodines, and an average gzamma photcn energy
of 0.5 MeV per disintegratiom.

‘Svor estimating release rates of radiocactive materials released during an accident.from
unidentificd release paths (not covered by effluent monitors). Continous collection
of representative samples followed by ladoratory measurements of the sam@les.
(Approximately 16 to 20 locations - site dependent.)

18To monitor radiation and airborme radicactivity concentrations in many areas through-
out the facility and the site environs where it is impractical to imstall statiomary
monitors capable of covering both normal and accident levels.

l1"Meteorological measuresments should conform to the provisions of the fortbcomiag rev-
ision of Regulatory Guide 1.23, "Onsite Meteorological Programs”.

l3sampling or monitoring of radicactive liquids and gases should be performed in a manner

which assures procurement of representative samples. For gases, the criteria of ANSI
N13.1 should be applied. For liquids, provisions should be made for sampling from well-
mixed turbulent zones and sampl.ng lines should be designed .o minimize plateout or
deposition. For safe and convenient sampling, the provisiocas should include:

a. Shielding to maintain radiation drses ALARA,

5. Sample containers with container-sampling port comnector compatabilicy,

¢. Capability of sampling under primary system pressure and negative pressures,

d. Handling and transport capability, and

e. Pre-arrangement for analysis and incerpretaticm.

13sn installed capability should be proviied for obtaining contaisment sump, ECCS pump
room sumps, and other similar auxiliary building sump liquid samples.

w
~



VALUE/IMPACT STATEMENT

1. PRCPQSED ACTION

1.1 Description

The applicant (licensee) of a nuclear power plant is required by the Com=
mission's regulations to provide instrumentation to (1) menitor variables and
systems over their anticipated ranges for accident conditions as appropriate
to ensure adequate safety and (2) monitor the reactar containment atmosphere,
spaces containing components for recirculation of loss-of-coolant accident
fluid, effluent discharge paths, and the plant environs for radicactivity that
may be released from postulated accidents. This revision to Regulatory Guide 1.97
proposes to improve the guidance for plant and environs menitoring during and
following an accident, including extended ranges for some instruments to account
for consideraticn of degraded core cooling.

1.2 Need

- s

Regulatory Guide 1.97 was issued as an effective guide in August 1977. At
the time the guide was issued, it was recognized that more specific guidance than
that contained in the guide would be required. However, the difficulty in
developing the guide to the point where it could be initially issued was evidence
that experience in using the guide as 1t then existed was assential before
further development of the guide would be meaningful.

Therefore, in August 1977, the staff initiated Task Action Plan A-34,
“Instruments for Monitoring Radiation and Process Variables During an Accident.®
The purpose of the task action plan was to develop guidance for applicants,
Ticensees, and staff reviewers concerning implementation of Regulatory Guide 1.97.
Such effort would provide a basis for revising the guide.

When the staff was ready to issue the results of the Task Action Plan A-34
effort, the accident at TMI-2 occurred. Subsequently, the TMI-2 Lessons Learned
Task Force has issued its "Status Report and Short-Term Recommendations," NUREG-0578.



This report, along with the draft Task Action Plan A-34 report; Oraft 1 of Regula-
tory Guide 1.97, dated April 12, 1974; and Standard ANS-4.5, provides ample basis
for revising Regulatory Cuide 1.97.

1.3 Value/Impact of the Proocsed Action

1.3.1 NRC Operations

Since a list of selected variables to be provided with instrumentation to
be monitored by the plant cperator during and following an accident has not
been explicitly agreed tc in the past, the proposed action should result in
more affactive effort by the staff in reviewing applications for construction
permits and operating licenses. The propesed action will establish an NRC
position by taking advantage of previcus staff effort (1) in completion of a
generic activity (A-34), (2) in evaluating the lessons learned from the TMI-2
event (NUREG-0578), and (3) in conjunction with effort in developing a nicional
standard (ANS-4.5). For future plants, the staff review will be simsiified with
guidance contained in the endorsed standard developed by a voluntary standards _
group and the regulatory guide, which includes a list of varisbles for accident
monitoring. Efforts by the staff to implement Revision 1 tu Regulatory Guide 1.97
has been fraught with frustration and met with delays because the guide was
adjudged by licensees to be vague and ambigucus. Revision 2 eliminates the
problems encountered with Revision 1 because it provides a minimum set of vari-
ables to be measured and hence gives more guidance in the selection of accident
monitoring instrumentation. Consequently, there will be no significant impact
on the staff. There will, however, be effort required to review each operating
plant and plants under construction to assure compliance with Regulatary
Guide 1.97.

1.3.2 Ot“er Government Agencies

Not applicable, unless the government agency is an applicant.

L53 Industry

The proposed action establishes a more clearly defined NRC position with
regard to instrumentation to assess plant and envirens conditions during and
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following an accident and, therefore, reduces uncertainty as to what the staff
considers acceptable in the area of accident monitoring. Most of the impact on
industry will be in the area of providing instrumentation to indicate the poten=
tial breach and the actual breach of the barriers to radioactivity release, i.e.,
fuel cladding, reactor coolant pressure boundary, and containment. These instru-
ments have extended ranges and there are others with qualification requirements
not previously imposed. There will be additional impact due to a heretofore
unspecified variables to be monitored (i.e., water level in reactor for F¥Rs and
radiation level in the primary coolant water for PWRs and 8WRs) that have been
identified during the evaluation of TMI-2 experience and will require development.

Attempts were made during the comment period to determine the cost impact
on industry for future plants and for backfitting exi:ting plants. Estimates
ranged from $4,000,000 to over $20,000,000. The higher estimates undoubtedly
charged all accident monitoring instrumentation to Revision 2 to Regulatory
Guide 1.97 which should not be the case. The requirement for accident monitoring
has always been a part of the regulations. Consequently the impact of Revision 2
to Regulatory Guide 1.97 should only be the delta added by Revision 2. A conser-
vative estimate of the increase in Eéquirements are the additions of Type C =
measurements and the upgrading of some of the Type B8 measurements to higher
qualification of the instrumentation. There are 17 unique Type 8 & C variables to
be measured for PWRs, less for BWRs. A conservative average cost for each
measurement is $130,000 making a total cost impact of $2,210,000. If this
figure were doubled to account for overhead costs and about a 15% contingency
added, the cost impact would be about $5,000,000. This cost estimate is the
same for operating plants as for plants under construction and future plants.
while it is recognized that for operating plants the costs associated with
backfitting are generally higher than the costs associatad with new plants,
there are some concessions made in some of the requirements due to existing
licensing committments which brings the cost estimate to about the same value.

1.3.4 Public

The proposed action will impreve public safety by ensuring that the plant
operator will have timely information to take any necessary action to protect
the public.



No impact on the public can be foreseen.

1.4 Decision on Proposed Action

As previously stated, more definitive guidance on instrumentalion to assess
plant and envirens conditions during and following an accident should be given.

2 TECHNICAL APPRCACH

This section is not applicable to this value/impact statement since the
propesed action is a revision of anm existing regulatory guide, and there are no
alternatives to providing the plant operator with the required informat.ion.

3.  PROCEDURAL APPRCACH

Previously discussed.

4.  STATUTORY CONSIDERATIONS

4.1 NRC Authority

~uthority for this guide would be derived from the safety requirements of
the Atomic Energy Act through the Commission's regulations, in particular,
Criterion 13, Criterion 19, and Criterion 84 of Appendix A to 10 CFR Part S0,
which require, in part, that instrumentation be provided to monitor variables,
systems, and plant environs to ensure adequate safety.

4.2 Nead for NEPA Assessment

The proposed action is not a major action as defined in paragraph 51.5(a)(10)
of 10 CFR Part 51 and does not require an environmental impact statement.

S.  RELATIONSHIP TO OTHER EXISTING OR PROFOSED REGULATIONS OR POLICIES

No conflicts or overlaps with requirements premulgated by other agencies
are foreseen. This guide does include the variables to be menitored on site by
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the plant operator in order to provide necessary information for emergency
planning. However, emergency planning and its relationship to other agencies is
provided by other means. Implementation of the proposed action is discussed in
Section D of the proposed revision. :

6.  SUMMARY AND CONCLUSIONS

The revision to Regulatory Guide 1.97, "Instrumentation For Light-Water-
Coolad Nuclear Power Plants to Assess Plant and Envirens Conditions Ouring and

Following an Accident," should be issued and implemented according to existing
schedules.
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VALUE/IMPACT STATEMENT

1. PROPOSED ACTION

1.1 Description

The applicant (licensee) of 1 nuclear power plant is required by the Com-
mission's regulations to provide instrumentation to (1) menitor variables and
systems over their anticipated ranges for accident conditions as appropriate
to ensure adequate safety and (2) monitor the reactor containment atmosphere,
spaces containing components for recirculation of loss-of-coclant accident
fluid, effluent discharge paths, and the plant environs for radiocactivity that
may be released from postulated accidents. This revision to Regulatory Guide 1.97
propcses to improve the guidance for plant and envireons meonitoring during and
following an accident, including extended ranges for some instruments to account
for consideration of degraded core cooling.

1.2 Need

- ~

Regulatory Guide 1.97 was issued as an effective guide in August 1977. At
the time the guide was issued, it was recognized that more specific guidance than
that contained in the guide would be required. However, the difficulty in
daveloping the guide to the point where it could be initially issued was evidence
that experience in using the guide as it then existed was essential befare
further development of the guide would be meaningful.

Therefore, in August 1977, the staff initiated Task Action Plan A-34,
"Instruments for Monitoring Radiation and Process Variables During an Accident.®
The purpose of the task action plan was to develop guidance for applicants,
licensees, and staff reviewers concerning implementation of Regulatory Guide 1.97.
Such effort would provide a basis for revising the guide.

When the staff was ready to issue the results of the Task Action Plan A-34
effort, the accident at TMI-2 occurred. Subsequently, the TMI-2 Lessons Learned
Task Force has issued its "Status Report and Short-Term Recommendations," NUREG-0578.



This report, along with the draft Task Action Plan A-34 report; Draft 1 of Regula-
tory Guide 1.97, dated April 12, 1974; and Standard ANS-4.5, provides ample basis
for revising Regulatory Guide 1.97.

1.3 Value/Impact of the Proposed Action

331 NRC Operations

Since a Tist of selectad variables to be provided with instrumentaticn to
be monitored by the plant operator during and following an accident has not
been explicitly agreed to in the past, the propesed action should result in
more effective effort by the staif in reviewing applications for construction
permits and operating licenses. The proposed action will establish an NRC
position by taking advantage of previous staff effort (1) in completion of a
generic activity (A-34), (2) in evaluating the lessons learned from the TMI-2
event (NUREG-0578), and (3) in conjunction with effort in developing a nationa)
standard (ANS-4.5). For future plants, the staff review will be simplified with
guidance contained in the endorsad standard develeoped by a voluntary sta.dards_
group and the regulatory guide, which includes a 1ist of variables for accident
monitoring. Efforts by the staff to implement Revision 1 to Regulatory Guide 1.97
has been fraught with frustration-and met with delays because the guide was
adjudged by licensees to be vague and ambigucus. Revision 2 eliminates the
problems encountered with Revision 1 because it provides a minimum set of vari-
ables to be measured and hence gives more guidance in the selection of accident
monitoring instrumentation. Consequently, there will be no significant impact
on the staff. There will, however, be effort required to review each operating
plant and plants under construction to assure compliance with Regulatory
Guide 1.97.

L33 Cther Government Agencies

Not applicable, unless the government igency is an applicant.

1.3.3 Industry

The proposed action establishes a more clearly defined NRC position with
regard to instrumentation to assess plant and environs conditions during and
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following an accident and, therefore, reduces uncertainty as to what the staff
considers acceptable in the area of accident monitoring. Most of the impact on
industry will be in the area‘of providing instrumentation to indicate the poten-
tial breach and the actual breach of the barriers to radicactivity release, i.e.,
fuel cladding, reactor coolant pressure boundary, and containment. These instru-
ments have extended ranges and there are others with qualification requireme ts
not previously imposed. There will be additional impact due to a heretofore
unspecified variables to be monitored (i.e., water level in reactor for PWRs and
radiation level in the primary coolant watar for PWRs and 3WRs) that have been

identified during the evaluation of TMI-2 experience and will require development.

Attampts were made during the comment period to determine the cost impact
on industry for future plants and for backfitting existing plants. Estimates
ranged from $4,000,000 to over $20,000,000. The higher estimates undoubtedly
charged all accident menitoring instrumentation to Revision 2 to Regulatory
Guide 1.97 which should not be the case. The requirement for accident monitoring
has always been a part of the regulations. Consequently the impact of Revision 2
to Regulatory Guide 1. 97 should on]y be tne delta added by Revision 2. A conser=
vative estimate of the increase in requirements are the additions of Type C
measur~ments and the upgrading of some of the Type 8 measurements to higher
quaiification of the instrumentation. There are 17 unique Type 8 & C variables to
be measured for PWRs, less for BWRs. A conservative average cost for each
measurement is $130,000 making a total cost impact of $2,210,000. If this
figure were doubled to account for overhead costs and about a 15% contingency
idded, the cost impact would be about $5,000,000. This cost estimata is the
same for operating plants as for plants under construction and future plants.
while it is recognized that for operating plants the costs associated with
backfitting are generally higher than the costs associated with new plants,
there are some concessions made in some of the requirements due to existing
Ticensing committments which brings the cost estimate to about the same value.

1.3.4 Public

The propesed action will improve public safety by ensuring that the plant
operator will have timely information to take any necassary action to protect
the public.
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No impact on the public can be foreseen.

1.4 Decision on Proposed Action

As previously stated, more definitive guidance on instrumentation to assess
plant and environs conditions during and following an accident should be given.

2. TECHNICAL APPROACH

This section is not applicable to this value/impact statement since the
proposed action is a revision of an existing regulatory guide, and there are no
alternatives to providing the plant operator with the required information.

3.  PROCEDURAL APPROACH

Previously discussed.

4.  STATUTORY CONSIDERATIONS

4.1 NRC Authority

Authority for this guide would be derived from the safety requirements of
the Atomic Energy Act through the Commission's regulaticns, in particular,
Criterion 13, Criterion 19, and Criterion 64 of Appendix A to 10 CFR Part 50,
which require, in part, that instrumentation be provided to menitor variables,
systems, and plant environs to ensure adequate safety.

4.2 Need for NEPA Assessment

The proposaed action is not a major action as defined in paragraph 51.5(a)(10)
of 10 CFR Part 51 and does not require an environmental impact statament.

S.  RELATIONSHIP TO OTHER EXISTING OR PROPOSED REGULATIONS OR POLICIES

No conflicts or overlaps with requirements promulgated by other agancies
are foreseen. This guide does include the variables to be monitored on site by
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the plant operator in order to provide necessary information for emergency
planning. However, emergency planning and its relationship to other agencies is

provided by other means. Implementation of the proposed action is discussed in
Section D of the proposed revision. :

6.  SUMMARY AND CONCLUSIONS

The revision to Regulatory Guide 1.97, "Instrumenta*ion For Light-Water-
Cooled Nuclear Power Plants to Assess Plant and Environs Conditions Ouring and

Following an Accident," should be issued and implemented according to existing
schedules.



