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A. INTRODUCTION

Criterion 13, “Instrumentation and Control,” of Appen-
dix A, “General Design Criteria for Nuclear Power Plants,”
to 10 CFR Part 50, “Domestic Licensing of Production and
Utilization Facilities,” includes a requirement that instru-
mentation be provided to monitor variables and systems
over their anticipated ranges for accident conditions as
appropriate to ensure adequate safety.

Criterion 19, “Control Room,” of Appendix A to 10 CFR
Part 50 includes a requirement that a control room be pro-
vided from which actions can be taken to maintain the nuclear
power unit in a safe condition under accident conditions,
including loss-of-coolant accidents, and that equipment,
including the necessary instrumentation, at appropnate
locations outside the control room be provided with a
design capability for prompt hot shutdown of the reactor.

Criterion 64, “Monitoring Radioactivity Releases,” of
Appendix A to 10 CFR Part 50 includes a requirement that
means be provided for monitoring the reactor containment
atmosphere, spaces containing components for recirculation
of loss-of<oolant accident fluid, effluent discharge paths,
and the plant environs for radioactivity that may be released
from postulated accidents.

This guide describes 2 metho acceptable to the NRC
staff for complying with the Coinmission’s regulations to
provide instrumentation to moritor plant variables and
systems during and following an accident in a2 light-water-
cooled nuclear power plant. The Advisory Committee on
Reactor Safeguards has been consulted concerning this
guide and has concurred in the regulatory position.

Any guidance in this document related to information
collection activities has been cleared under OMB Clcarance
No. 3150-0011.

B. DISCUSSION

Indications of plant variables are required by the control
room operating personnel during accident situations to (1)
provide information required to permit the operator to take
preplanned manual actions to accomplish safe plant shut-
down; (2) determine whether the reactor trip, engineered-
safety-feature systems, and manually initiated safety
systems and other systems important to safety ar performing
their intended functions (i.e., reactivity co. trol, core
cooling, maintaining reactor coolant system integnity, and
maintaining containment integrity ). 2néd (3) provide informa-
tion to the operators that will enable them to determine the
potential for causing s gross breach of the barriers to
radioactivity release (ie., fuel cladding, reactor coolant
pressure boundary, and containment) and to determine if a
gross breach of a barrier has occurred. In addition to the
above, indications of plant variables that provide informa-
tion on operation of plant safety systems and other systems
important to safety are required by the control room
operating personne; during an accident to (1) furnish data
regarding the operation of plant systems in order that the
Operator can make appropriate decisions as to their use and
(2) provide information regarding the release of radioactive
m.ilerials to allow for early indication of the need to
initiate 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
operator to determine immediately what asccident has
occurred or is occurring and therefore to determine the
appropriate response. For this reason, reactor trip and
certain other safety actions (e.g., emergency core cooling
ctuation, containment isols . on, or depressurization) have
been designed to be performed automatically during the
initial stages of an accident. Instrumentation is also provided
to indicate informatior about plant variables required to
enable the operation of manually initiated safety systems
and other appropriate operator actions involving systems
important to safety.

USNRC REGULATORY GUIDES
l'::v."?m are isued to describe and make svaliable to the

regulations, and compiiance with
s not ncunoz,muznu. .?cbz.o%u'mm'n"om from m'ou sot

accepta ' Provicde a basis for the
findings recuisite lo‘.l'b:" Isuance or continuance of a permit or

This guice was issues after consideration of comments received from

the public, Comments ang suggestions for improvements In these

:m"u.‘:.-r:o..‘ovm # all times, and guiges q'.m be revised, as
" com

oo X 'o modate comments and 1o refiect new informa-

i. Research ana Test Reactors

citic divisions is avalladle through the Government Printi

Washington,

Comments should be sen: to the Secretary of the
A egulatory Commission Washingtos,

.ﬂm
S. Nucisar R
Attention: Docketing and Service Branch.

.C. 20885,

The guides are issued in the following ten broad divisions:

1. Powsr Reactors ’ Products
- Transportation
. Fuels ana Materlals Facllities 8. Occupational mealth
. Environmental ang :um. & Antitrust ang Financis! Review
S. Materials ang Prant Protection 10. General

Onies of issusd guides may be purchased at the current Government
Inting Office price. A su ription service for future 'umoog;'l‘ao-
ce.

information on the subscription service ang current GPO *t may

be obtal By writing the U.S. Nuciesr Regulator Commission,
o, J Nui:m'm Lln Manager.

.C. S, Attention:

502060303 g
ODR ADOCK 030588338




Independent of the above tasks, it is important that
operators be informed if the bamers to the release of
radioactive materials are being challenged. Therefore, it is
essential that instrument ranges be selected so that the
instrument will always be on scale. Narrow-range instruments
may not have the necessary range 10 track the course of the
accident, consequently, multiple instruments with over-
lapping ranges may be necessary. (In the past, some instru-
ment ranges have been selected based on the setpoint value
for automatic protection or alarms.) It is essential that
degraded conditions and their magnitude be identified so
the operators can take actions that are available to mitigate
the consequences. It is not intended that operators be
encouraged to prematurely circumvent systems important
to safety but that they 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-<coolant accidents (LOCAs),
overpressure transients, anticipated operational occurrences
that become accidents such asanticipated transients without
scram (ATWS), and reactivity excursions that result in
releases of radioactive materials. Such events require that
the operators understand, within a short time period, the
ability of the barmers to limit radioactivity release, i.e., that
they understand the potential for breach of a barrier or
whether an actual breach of a barrier has occurred because
of an accident in progress.

It is essential that the required instrumentation be
capable of surviving the accident environment in which it is
located for the length of time its function is required. It
could therefore either be designed to withstand the accioent
environment or be protected by a local protected environ-
ment.

It is desirable that accident-monitoring instrumentation
components and their mounts that cannot be Jocated in
st nically qualified buildings be designed to continue to
function, to the extent feasible, following seismic events.
An acceptable method for enhancing the seismic resistance
of this instrumentation would be to design it to meet the
seismic criteria applicable to like instrumentation installed
in seismically qualified locations although a Jesser cver-
all qualification results.

Variables for accident monitoning can be selected to
provide the essential information needed by the operator to
determine if the plant safety function. are being performed.
It is essential that the range selections be sufficiently
great to keep instruments on scale or that one of a set of
overlapping instruments will be on scale at all times.
Further, it is prodemt that a Limited pumber of those
variables that are functiopally significant (¢ ., containment
pressure, primary system pressure) be moritored by instro-
ments qualified to more stringent environmental require-
ments and with ranges that extend well beyond that which
the selected variables can attain under limiting conditions;
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for example, a range for the containment pressure monitor
extending to the burst pressure of the containment in order
that the operators will not be uninformed asto the pressure
inside the containment. The availability of such instruments
is important so that responses to corrective actions can be
observed and the need for, and magnitude of, further
actions can be determined. It is also necessary to be sure
that when a range is extended, the sensitivity and accuracy
of the instrument are within acceptable limits for monitor-
ing the extended range.

Normal power plant instrumentatian remaining functional
for all accident conditions can provide indication, records,
and (with certain types of instruments) time-history responses
for many variables important to following the course of the
accident. Therefore, it is prudent to select the required
accident-monitoring instrumentation from the normal
power plant instrumentatica to enable operators to use,
during accident situations, instruments with which they are
most familiar. Since some accidents could impose severe
operating requirements on instrumentation components, it
may be necessary to upgrade those normal power plant
instr imentation components to withstand the more severe
operating conditions and to measure greater variations of
monitored variables that may be associated with an accident.
It is essential that instrumentation so upgraded does not
degrade the accuracy and sensitivity required for normal
operation. In some cases, this will necessitate use of over-
lapping ranges of instruments to monitor the required range
of the variable to be monitored, possibly with different
periormance requirements in each range. .

ANSI/ANS4.5-1980," “Criteria for Accident Monitoring
Functions in Light-Water-Cooled Keactors,” delineates
criteria for determining the variables to be monitored by
the control room operator, as required for safety, during
the course of an accident and during the long-term stable
shutdown phase following an accident. ANS4.5 was
prepared by Working Group 4.5 of Subcommittee ANS4
with two primary objectives: (1) to address that instruments-
tion that permits the operators to monitor expected param-
eter changes in an accident period and (2) to sddress
extended-range instrumentation deemed appropriate for the
possibility of encountering previously unforeseen events.
ANS4.5 references a revision to IEEE Std 497-1977,
“lEEE Standard Criteria for Acadent Monitoring lnstru-
mentation for Nuc'zar Power Generating Suuons,"’ as the
source for specific instrumentation design criteria. Since the
revision to IEEE Std 497 has not been completed, its
applicability cannot yet be determined. Hence, specific
instrumentation design criteria have been included in this
regulatory guide.

ANS4 S defines turee types of variables (deﬁniﬁoyl
modified herein) for the purpose of aiding toe desigre: 18

selecting accident-monitoring instrumentatian and applicable
criteria. The types are: Type A, those variables that provide

'Copi- may be obtained from the American Nudesr Sockty.
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prnman wnformzuion® needed to permit the control room

operating personnel to take the specified manually controlled
actions for which no automatc control is provnded and that
are required for safety systems to accomplish their safety
functions for design basis accident events, Type B, those
vanables that provide information to indicate whether plant
safety functions are being accomplished, and Type C, those
vanables that provide information to indicate the potential
for being breached or the actual breach of the bamiers to
fission product release, i.e., fuel cladding, primary coclant
pressure boundary, and containment (modified to reflect
NRC staff position, see regulatory position 1.3). The
sources of potential breach are limited to the energy
sources within the bammer itself. In addition to the accident-
monitoring variables provided in ANS<4.5, variables for
monitoring the operation of systems important to safety
and radioactive effluent releases are provided by this
regulatory guide. Two additional variable types are defined:
Type D, those variables that provide informaton to indicate
the operation of individual safety systems and other systems
important to safety, and Type E, those variables to be
monitored as required for use in determining the magnitude
of the release of radicactive materials and for continnously
assessing such releases.

A minimum set of Type B, C, D, and E variables to be
measured 1s listed in this regulatory guide. Type A vanables
have not been listed because they are plant specific and will
depend on the operations that the designer chooses for
planned manual action. Types B, C, D, and E are variables
for following the course of an accident and are to be used
(1) to determine if the plant is responding to the safety
measures in operation and (2) to inform the operator of
the necessity for unplanned actions to mitigate the con-
sequences of an accident. The five classifications are not
mutually exclusive in that a given variable (or instrument)
may be applicable to one or more types, as well as for
normal power plant operation or for automatically initiated
safety actions. A variable included as Type B, C, D, or E
does not preclude that variable from also being included
as Type A. Where such multiple use occurs, it is essential
that instrumentation be capable of meeting the more
stringent requirements.

The time phases (Phases | and II) delineated in ANS4.5
are not used in this regulatory guide. These considerations
are plant specific. It is important that the required instru-
mentation survive the accident environment and function
as long as the information it provides is needed by the
control room operating personnel.

The NRC staff is willing to work with the ANS working
group to attempt to resolve the above differences.

Regulatory positior 1.4 (Table 1) of this guide | des
design and qualification criteria for the mstrum: hon
used to measure the various variables listed in Table 2 (for
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direct sccomplishment of the saf
include thmemmhbl- that mma-odnd b contingency
that may also be identified in written procedures.

functions, it does not
actions

BWRs) and Table 3 (for PWRs). The cntena are separated
into three scparate groups or categories that provide a
graded approach to requirements depending on the impor-
tance to safety of the measurement of a specific vanable.
Category 1 provides the most stringent requirements and is
intended for key variables. Category 2 provides less stringent
requirements and generally applies to instrumentation
designated for indicating system operating status. Category 3
is intended to provide requirements that will ensure that
high-quality off-theshelf instrumentation is obtained and
applies to backup and diagnostic instrumentation. It is also
used where the state of the art will not support requirements
for higher qualified instrumentation.

In general, the measurement of a single key variable may
not be sufficient to indicate the accomplishment of a given
safety function. Where multiple variables are needed to
indicate the accomplishment of a given safety function, it is
essential that they each be considered key variables and be
measured with high-quality instrumentation. Additionally,
it is prudent, in some instances, to include the measurement
of additional variables for backup information and for
diagnosis. Where these additional measurements are included,
the measures applied for design, qualification, and quality
assurance of the instrumentation need not be the same as
that applied for the instrumentation for key vanables. A
key variable is that single variable (or minimum number of
variables) that most directly indicates the accomplishment
of a safety function (in the case of Types B and C) or the
operation of a safety system (in the case of Type D) or
radioactive material release (in the case of Type E). It is
essential that key variables be qualified to the more stringent
design and qualification criteria. The design and qualification
criteria category assigned to each vanable indicates whether
the variable is considered to be a key vanable or for system
status indication or for backup or diagnosis, i.e., for Types B
end C, the key variables are Category 1; backup variables
are generally Category 3. For Types D and E, the key
variables are generally Category 2, backup vanables are
Category 3.

The variables are listed, but no mention (beyond redun-
dancy requirements) is made of the number of points of
measurement of each variable. It is important that the
number of points of measurement be sufficient to adeguately
indicate the variable value, e.g, containment temperature
may require spatial location of several points of measure-
ment.

This guide provides the minimum number of variables to
be monitored by the control room operating personnel
during and following an accident. These variables are used
by the control room optrating personnel to perform their
role in the emergency plan in the evaluation, assessment,
monitoring, and execution of control room functions when
the other emergency response facilities are not effectively
manned. Variables are also defined to permit operators to
perform their long-term monitoring and execution respon-
sibilities after the emergency response facilities are manned.
The application of the criteria for the instrumentation is
limited to that part of the instrumentation system and
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is vita! supporung feztures or power SOUICes that provide
the direst duplay of the vanabies. These provisions are not
necessariy applcable to that part of the instrumentation
systems provided as operator aids for the purpose of
enhancing information presentations for the identification
or diagnosis of disturbances

C. REGULATORY POSITION
1. Accident-Monitoring Instrumentation

The criteria and requirements contained in ANSI/ANS4.5-
1980, “Cntena for Accident Monitonng Functions in Light-
Water-Cooled Reactors,” are considered by the NRC staff o
be generally acceptable for providing instrumentation 0
monitor variables for accident conditions subject to he
following

1.1 Section 1 of ANS4.5 references IEEE Std 457-
1977. The specific applicability or acceptability of thus
standard has not yet been determined.

)

1.2 Instead of the definition given in Section 3.2.1 of
ANS4 5 the definition of Type A vanables should be.
Type A, those variables to be monitored that provide the
primary information required to permit the control room
operators to take the specified manually controlled actions
for which no automatic control is provided and that are
required for safety systems to accomplish their safety
function for design ba .~ accident events.

1.3 In Section 3.2.3 of ANS4.5, the definition of
Type C includes two items, (1) and (2). Item (1) includes
those instruments that indicate the extent to which vanables
that have the potential for causing 2 breach in the pnmary
reactor containment have exceeded the design basis values.
In conjunction with the variables that indicate the potential
for causing a breach in the primary reactor contzinment,
the variables that indicate the potential for causing a breach
in the fuel cladding (e.g., core exit temperature) and the
reactor coolant pressure boundary (e.g., reactor coolant
pressure) shouid also be included. The sources of potential
breach are limited to the energy sources within the cladding,
coolant boundary, or containment. References to Type C
instruments, and associated parameters to be measured, in
ANS4 5 (eg., Sections4.2,5.0,5.1.3,5.2, 6.0, 6.3) should
include this expanded definition.

{4 Section 6.1 of ANS4.5 pertains to general criteria
for Types A, B,and C accident-monitoring variables. In Lieu
of Section 6.1, the design and qualification cnteria cate-
gories in Table 1 should be used for the variables in Tables 2
and 3.

In general, Category 1 provides foa full qualification,
redundancy, and continooas real-time display and requires
onsite (standby) power. Category 2 provides for qualifica-
tion but is less stringent in that it does not (of itself) include
seismic qualification, redundancy, or continuous display

and requires only @ til"“‘y'l PO sou:c:‘not

necessarily standby power). Category 3 is the least stnn-
gent. It prowvides for hugh-quality commercial-grade equip-
ment that requires only offsite power.

1.5 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 6.3.5 of ANS4.5 pertan 10 vanables and
variable ranges for monitoring Types B and C variables. In
conjunction with the above-listed sections of ANS4.5,
Tables 2 and 3 of this regulatory guide (which include those
variables mentioned in these sections) should be considered
as the minimum number of instruments and their respective
ranges for accident-monitoring instrumentation for each
nuclear power plant,

2. Instrumentation for Monitoring Systems Operation and
Effluent Release

2.1 Type D variables are those that provide information
to indicate the operation of individual safety systems and
other systems important to safety. Type E variables are
those that are to be monitored as reguired for use in
determining the magnitude of the release of radioactive
materials and in continuously assessing such releases.

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

s. Ascertain the operating status of each individual
safety system and other systems important to safety to that
extent necessary to deiermine if each system is operating or
can be placed in operation to help mitigate the consequences
of an accident.

b. Monitor the effluent discharge paths and environs
within the site boundary to ascertain if there have been
significant releases (planned or unplanned) of radioactive
materials and to continuously assess such releases.

¢. Obtain required information through a backup or
diagnosis channel if a single channel may be likely to
give ambigucus indication.

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

a. For Type D

(1) The plant safety systems and other systems
important to safety that should be operating or that could
be placed in operation to help mitigate the consequences of
an accident; and

(2) The vasizble or minimum number of mblcl
that indicate the operating status of each system identified
in (1) above.

1974
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TABLE 1

DESIGN AND O\ ALIFICATION CRITERIA FOR INSTRUMENTATION

Category 1 Category 2 Category 3
1. Equipment Quslificstion 1. Equipment Qualification 1. Equipment Qualification
The instrumentstion gshould be qualified in accordance Same as Category | No specific provision

with Regulatory Guide 1.89, “Qualification of Qlass IE
Equipment for Nuclear Power Plants,” and the method-
ology described in NUREG-0588, “Interim Staff Posi-
tion on Envircnmental Qualification of Safety-Related
Fiectrical Equipment.™*

Instrumentation whose ranpes are required to extend Same as Category | No specific provision
beyond those ranges calculated in the most severe design

basis accident event for a given variable should be quali-

fied using the guidance provided in paragraph 6.3.6 of

ANS4.5,

Qualification applies to the complete instrumentation Same as Category | No specific provision
channel from sensor to display where the display is a

direct-indicating meter or recording device. If the instru-

mentation channel signa! is to be used in a computer-

based display, recording, or diagnostic program, qualifi-

cation applies from the sensor up to and including the

channe! isolation device.

§-L6°1L

The seismic portion of quslification should be in accor- No specific provision No specific provision
dance with Regulatory Guide 1.100, “Seismic Qualifica-

tion of Electric Equipment for Nuclear Power Plants.”

Instrumentation should continue to read within the

required accuracy following, but not necessarily during,

a safe shutdown earthquake.
2. Redundancy 2. Redundancy 2. Redundancy
No single failure within either the accident-monitoring No specific provision No spzcific provision

instrumentation, its suxiliary supporting features, or
its power sources concurrent with the failures that are

“Coples are svailable from the NRC/GPO Sales Program, U.S. Nuclesr Regulatory Commission, Washington, D.C. 20855,



TABLE 1 (Continued)

Category 1 Category 2 Category 3

W
2. (Continued) -

° co_o'duoa or result of & specific accident should
prevent the operators from being presented the informa-
tion necessary for them to determine the safety status
of the plant and to bring the plant to and maintain it in
a safe condition following that accident. Where failure
of one accident-monjtoring channel results in informa-
tion ambiguity (that is, the redundant displays disagree)
that could lead operators to defeat or fail to accomplish
a required safety function, additional information should
be provided to allow the operators to deduce the actual
conditions in the plant. This may be accomplished by
providing additional independent channels of information
of the same variable (sddition of an identical channel)
or by providing an independent channel to monitor 8
different variable that bears a known relationship to the
multiple channels (addition of a diverse channel). Redun-
dantybr diverse channels should be electrically independ-
ent dnd physically separated from each other and from
equipment not classified important to safety in accor-
d with Regulatory Guide 1.75, “Physical Independ-
encBf Electric Systems,” up to and including any isola-

| tion device. Within each redundant division of a safety

| system, redundant monitoring channels are not needed
excogt for steam generator level instrumentation in

9L6'1

two-loop plants.

3. Power Source 3. Power Source 3. Power Source
The instrumentation should be energized from station The instrumentation should be energized from a No specific provision
standby power sources as provided in Regulatory Guide high-reliability power source, nol necessanly

1.32, “Criteria for Safety-Related Electnc Power Systems standbv power, and should be backed up by

for Nuclear Power Plants,” and should be backed up by batteries where momentary interruption iz not

batteries where momentary interruption is not tolerabie. tolerabie.

. - -
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Category 1

4. Channel Availability

The instrumentation channel should be available prior to
an sccident except as provided in paragraph 4.11, “Excep-
tion,” as defined in IEEE Std 279-1971, “Critena for Pro-
tection Systems for Nuclear Power Generating Stations,"?
or as specified in the technical specifications.

S. Quality Assurance

The recommendations of the following regulatory guides
pertaining to quality assurance should be followed:

Regulatory Guide 1.28

L-L61

Regulatory Guide 1.38

Regulatory Guide 1.58

Regulatery Guide 1.64

Regulstory Guide 1.74

Regulatory Guide 1.30
(Safety Guide 30)

“Quality Assurance Program
Requirements ( Design and
Construction)”

“Quality Assurance Require-
ments for the Installation,
Inspection, and Testing of
Instrumentation and Electric
Fquipment™

“Quality Assurance Require-
ments for Packaging, Shipping,
Receiving, Storage, and Han-
dling of Items for Water-Cooled
Nuclear Power Plants™

“Qualification of Nuclear Power
Plant Inspection, Examination,
and Testing Personnel™ -

“Quality Assurance Require-
ments for the Design of Nuclear
Power Plants™

“Quality Assurance Terms and
Definitions”

o st

TABLE 1 (Continued)
Category 2
4. Channel Availability

The out-of-service interval should be hased on normal
technical specification requirements on out of service
for the system it serves where applicable or where
specified by other requirements.

5. Quality Assurance
Same as Category | as modified by the following:

Since some instrumentation is less important to
safety than other instrumentation, it may not be
necessary to apply the same quality assurance
measures to all instrumentation. The quality assur-
ance requirements that are implemented should
provide control over sctivities affecting quality to an
extent consistent with the importance to safety of
the instrumentation. These requirements should be
determined and documented by personnel knowl-
edgeable in the end use of the instrumentation.

Category 3

4. Channel Availability

No specific provision

S. Quality Assurance

The instrumentationshould be of high-quality
commercial grade and should be selected to
withstand the specified scrvice environment
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TABLE 1 (Continued)

o e el S e ‘S

: Category 1 Category 2 Category 3
s, (&M)
Reguiatory Guide 1.88 “Collection, Storage, and Main-

tenance of Nuclear Power Plant
’ Quality Assurance Records™

Regylatory Guide 1.123 “Quality Assurance Require-
- ments for Control of Procure-
ment of Items and Services
for Nuclear Power Plants™

\,
Iep“tocy Guide 1.144 “Auditing of Quality Assurance
Programs for Nuclear Power
Plants™

Regulatory Guide 1.146 “Qualification of Quality Assur-
ance Program Audit Personnel
for Nuclear Power Plants™

8-L6°1

lcl:uce to the sbove regulatory guides (except Regula-
tory Guides 1.30 and 1.38) is being made perding issuance
of a revision to Regulatory Guide 1.28 that is under devel-
opﬂlt (Task RS 002-5) and that will endorse ANSI/ASME
NQA-1-1979, “Qualily Assurance Program Requirements

for Power Plants.”
\
6. and Recording 6. Dispiay and Recording 6. Display and Recording
Continuous real-time display should be provided. The The instrumentation sigral may be displayed on an Same as Category 2
indication may be on a dial, digital display, CRT, or individual instrument or it may be processed for
stripchart recorder. display on demand.
Recording of instrumentation readout information Signals {rom effluent radioactivity monitors and Signals from effluent radioactivity momitors,
shauld be provided for at least one redundant channel. area moaitors should be recorded. area monitors, and meteorology monitors

should bhe recorded.

—yummmmmvdw Engineers, 345 East 47th Street, New York, New York 10017,
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TABLE 1 (Continued)

Category 1 Category 2 Category 3
6. (Continued)

If direct and immediate trend or transient information Same as Category | Same as Category |
is emential for operator information or action, the

recording should be continuously available on redun-

dant dedicated recorders. Otherwise, it may be con-

tinuously updated, stored in computer memory, and

displayed on demand. Intermittent displays such as

data loggers and scanning recorders may be used if no

significant transient response information is likely to

be lost by such devices,
7. Range 7. Range 7. Range
If two or more instruments are needed to cover a Same as Category | Same as Category |

particular range, overlapping of instrument span
should be provided. If the required range of moni-
toring instrumentation results in a loss of instru-
mentstion sensitivity in the normal operating range,
separate instruments should be used.

8. Equipment Identification 8. Equipment identification 8. Equipment Identification

Types A, o, and C instruments designated as Cate- Same as Category | No specific provision
gories | and 2 should be specifically identified with a

common designation on the contro: panels so that the

operator can casily discern that they are intended for

use under accident conditions.
9. Interfaces 9. Interfaces 9. Interfaces
The transmission of signals for other use should be Same as Category | ' No specific provision

through isolation devices that are designated as part
of the monitoring instrumentation and that meet

the provisions of this document.
10. Servicing, Testing, and Calibration 10. Servicing, Testing, and Calibration 10. Servicing, Testing, and Calibration
Servicing, testing, and calibratici programs shouid b Same as Category | Same as Category |

specified to maintain the capability of the monitoring
instrumentation. If the required interval between
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Category 1
10. (Continued)

testing is less than the normal time interval between
plant shutdowns, & capability for testing during power
operation should be provided.

Whenever means for femoving channels from service
are included in the design, the design shouid facilitate
sdministrative control of the sccess to such removai
means.

The design should facilitate administrative control of
the sccess to all setpoint adjustments, module calibra-
tion adjustments, and test points.

Periodi¢ checking, testing, calibration, and calibration
verification should be in sccordance with the applicable
portions of Regulatory Guide 1.118, “Periodic Testing
of Electric Power and Protection Systems,” pertaining
to testihg of instrument channels. (Note: Response
time testing not usually needed )

mmo{mwmummo\ndum
that d be accessibls for maintenance during
sccident conditions.

1. ‘-rm

The instrumentation should be designed to facilitate
the recognition, location, replacement, repair, or
adjustment of malfunctioning components or mo-dules.

The monitoring instrumentation design should .ainimize
the development of conditions that would cause meters,
annunciators, recorders, alarms, etc., to give anomalous

indications potentially confusing to the operator. Human

factors analysis should be used in determining type and
location of displays.

TABLE 1 (Continued)

Category 2

Same as Category |

Same as Category |

Same as Category |

Same as Category |

11. Human Factors

Same as Category |

Same as Category |

Same as Category |

Same as Category |

Same as Category |

No specific provision

11. Human Factors

Same as Category |

Same as Category |
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Category 1
11. (Continued)

To the extent practicable, the same instruments should
be used for accident monitoring as are used for the
normal operations of the plant to enable the operators
to use, during accident situstions, instruments with
which they are most familiar,

12. Direct Measurement

To the extent practicable, monitoring instrumentation
inputs should be from sensors that directly measure
the desired variables. An indirect measurement should
be made only when it can be shown by analysis to
provide unambiguous information.

77N
2

TABLE 1 (Continued)

Category 2

Same as Category |

12. Direct Measurement e

Same as Category |

Category 3

Same as Category |

12. Direct Measurement

Same as Category |

g



b. For Type E
(1) The planned paths for effluent release,

(2) Plant areas and inside buildings where access jis
requued to service equipment necessary to mitigate the
consequences of an accident;

(3) Onsite locations where unplanned releases of
radioactive materials should be detected: and

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

2.4 The determination of performance requirements for
system operation monitoring and effluent release monitonng
information display channels should include, as a minimum,
identification of -

. The range of the process variable.

. The required accuracy of measurement.

The required response characteristics.

The time interval during which the measurement is

needed. \

€. The local environments in which the information
display channel components must operate.

f. Any requirement for rate or trend information,

an owm

B Any requrrements to Eroup displays of related
information.
h. Any required spatial distribution of sensors.

2.4 The design and qualification criteria for syster
operation monitoring and effluent release  monitorin
instrumentation should be taken from the criteria provide.
in regulatory position 1.4 of this guide. Tables 2 and 3 o
this regulatory guide should be considered as the minimun
number of instruments and theur respective ranges fo.
sysiems operation monitoring (Type D) and effluent releast
monitoring (Type E) instrumentation for each nuclear
power plant.

D. APPLICABILITY

This revision in combination with §50.49 of 10 CFR
Part 50 provides acceptable guidance for design of new plants
and for plant redesign in response to TMI-2 Action Plan
(NUREG-0737) and its subsequent clarifications and genenc
letters ©

G-0737, “Clarification of TMI Action Plan l;ﬂummcms.'
November 1980, may be obtained from the NRC/GPO Sales Pro am,
U.S. Nuclear Regulatory Commission, Wum:'ron. D.C. 20855,
Supplement 1 (Generic Letter No. 82-33) is avadable for inspection

or coayin‘ for a fee at the NRC Public Document Room, 1717 Street,
Nw.,, ‘ashington, D.C.




TABLE 2

BWR VARIABLES

TYPE A Variables: 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 that are required
for safety systems to accomplish their safety functions for design basis accident events. Primary information is informa-
tion that is essential for the direct accomplishment of the specified safety functions; it does not include those variables
that 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 B, C, D, or E or vice versa.

Category (see
Regulatory
Position 1.4
Varable Range and Table 1) Purpose

Plant specific Plant specific 1 Information required for operator
action

TYPE B 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, and (4)
maintaining containment integrity (including radioactive effluent control). Variables are listed with designated ranges and
category for design and qualification requirements. Key variables are indicated by design and qualification Category 1.

Reactivity Control

i .
de: Neutron Flux 107% to 100% full power 1 Function detection; accomplishment

(SRM, APRM) of mitigation
Control Rod Position Full in or not full in 3 Verification
RCS Soluble Boron Concen- 0 to 1000 ppm 3 Verification
tration (Grab Sample}
T Core Cooling 2
Coolant Level in Reactor Bottom of core suppon plate to 1 Function detection; accomplishment
Vessel Jesser of top of vessel or center- of mitigation, long-term surveillance

line of main steam line.

f._ BWR Core Temperature’»? - - - 200°F 10 2300°F > To provide diverse indication of
> water level
Maintaining Reactor Coolant
System Integrity
RCS Pressure? 0 to 1500 (psig) 1 Function detection; accomplishment
of mitigation; verification
Drywell Pressure? 0 to design prmn’ (pug) 1 Function detection, accompli.hment
of mitigation; verification
-,;‘M!ggmc.mnmm. ‘
’lhvvhtllbwh—!hnuom.mm-cmﬁummMnyhmwuNdym measurement provided.
A 3 Design premure i that value corresponding to ASME code values that are obtained st or below code-allowsble values for material design



. TABLE 2 (Continued)

Vanable Range

TYPE B (Continued)

| Drywell Sump Level? Top to Bottom

Maintaining Containment
Integrity

2 3

Primary Containment Pressure -5 psig to design pressure

Primary Coniainment Isola- Closed-not closed
tion Valve Position (exclud-
ing check valves)

Category (see
Regulatory
Position 1.4

and Table 1)

Purpose

——————

Function detection, accomplishment
of mitigation, verification

Function detection, accomplishment
of mitigation; verification

Accomplishment of isolation

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 coolant pressure boundary,and (3) con-

1.97-14

tainment,
Fuel Cladding
Radioactivity Concentration or  1/2 Tech Spec limit to 100 times 1 Detection of breach
Radiation Level in Circulating Tech Spec Limit
Primary Coolant
Analysis of Primary Coolant 10 uGi/ml to 10 Gi/ml or 3¢ Detail analysis, accomplishment of
(Gamma Spectrum) TID-14844 source term in mitigation; verification, long-term
coolant volume surveillance
BWR Core Temperature’ 3 200°F to 2300°F To provide diverse indication of
water level
Reactor Coolant Pressure
Boundary
| RCS Pressure? 0 to 1500 (psig) 1 Detection of potential for or actual
breach, sccomplishment of mitiga-
tion; long-term surveillance
Primary Containment Area 1 R/ to 10° R/hr 3¢’ Detection of breach; verification
Radiation
4 or monitoring of radioactive liquids and ases should be performed in & manner that ensures ment of representative
sam or the criteng of ANSI N13.1-1969, “Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities,”" should be
0 .Fotmt. -houuu--am.wunmumm:mmcmmh—mumcu
¢ platecut or position. For safe and convenient , the provisions should include:
Shielding to maintain radiation ALA
containers with container aampling part coanector ibilty,
: ility .:(‘ sampling n‘-. .‘qm- pressure and pressures,
e. Prearrangement for -nlgrud ktunu.-
» ’ S1he mv@mka‘bMAMmm
A : ‘(hﬁu fro monttors at wiely separsted locations.
7
Detectors should 1o radiation within energy range i 60 keV 3 MeV with s dose
l sccurscy within a factor of 2 over m.u-&.: range. — - o - . ’ gt




TABLE 2 (Continuec)

Category (see
Regulatory
Position 1.4
Vanabie Range and Table 1) Purpose
TYPE C (Continued)
Reactor Coclant Pressure
Boundary (Continued)
Drywell Drain Sumps Level? Top to Bottom 1 Detection of breach; accomplishment
(1dentified and Unidentified of mitigation; verification; long-term
Leakage) surveillance
Suppression Pool Water Level Bottom of ECCS suction line 1 Detection of breach,accomplishment
to § ft above normal water of mitigation, verification, long-term
level surveillance
Drywell Pressure? ' 0 to design mmre’ (psig) ] Detection of breach; verification
Containment
RCS Pressure’ 0 to 1500 (psig) 15 Detection of potential for breach,
accomplishment of mitigation
Primary Containment Pressure?  -S psig pressure to 3 times design 1 Detection of potentia! for or actual
pmure’ for concrete; 4 times breach; accomplishment of mitiga-
( “ design pressure for steel tion
Containment and Drywell 0 to 30 vol-% (capability of 1 Detection of potential for breach;
Hydrogen Concentration opentin! from -5 psig to design accomplishment of mitigation
pressure”)
Containment :nd Drywell 0 to 10 vol-% (capability of 1 Detection of potential for "sreach,
Oxygen Concentratior (for cpﬂmnx from -5 psig to design accomplishment of mitigat.on
inerted containment plauts) pressure” )
Containment Effiuent? Radio- 107 uCijcc to 102 uGijec 3** Detection of actus. breach, accom-
activity - Noble Gases (from plishment of —utigation; verifica-
identified release points includ- tion
ing Standby Gas Treatment
System Vent)

‘mmu.ucw.m.luuwrnmnmm.r radioactive materials to the environs in conformance
with General Design Criterion 64 Monitoring of individu effluent streams is mmdﬂmudm-‘dmddﬁ«uyhum
environment. If two or -mmumuwpdovwmm.wmﬂt.-edmdudthcmm“n
-umnommhwuumﬂammwmnn—um-nnmm«nm

I Monitors should be nmkoflcmmcnww mmwrlonm
u&mmmmmtolmdm. Mym-mmum-muz vent radioa may be
um‘hw-dmmxxol”qms.hnﬂmmdnym puclides, or in terms of integrated
run MeV per unit time. K s not ex Mﬂu!uﬁdc-odlo%mwﬂm“m*ﬂrua onn-p-llcnm'“w

an and that m Wﬂtn«- &-udod‘uh\h.oqu!ymalmyu-odlom.ny'md
the range the equipment b
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Variable

TYPE C (Continued)

Containment (Continued)
Effluent Radioactivity? - Noble
Gases (from buildings or areas
where penetrations and hatches
are located, e.g., secondary con-

and fuel handling buildings that

containment)

tainment and auxiliary buildings

are in direct contact with primary

TABLE 2 (Continued)

Category (see
Regulatory
Position 1.4
Range and Table 1)
10°¢ uCi/ce to 103 uCi/ec r id

i

Indication of breach

TYPE D Variables: those variables that provide information to indicate the operation of individual safety systems and other
systems important to safety. These variables are to help the operator make appropriate decisions in using the individual sys-
tems important to safety in mitigating the conscquences of an accident.

Condensate and Feedwater
System

Main Feedwater Flow
Condensate Storage Tank Level
Primary Containment-Related

Systems

Suppression Chamber Spray
Flow

Drywell Pressure?

¥ Suppression Pool Water Level

Suppression Pool Water
Temperature

Drywell Atmosphere
Temperature

Drywell Spray Flow
Main Steam System
Main Steamline Isolation

Valves® Leakage Control
System Pressure

0 to 110% design flow'® 3
Top to Bottom 3
0 to 110% design Now'® 2
-5 psig to 3 psig (narrow 2

range) and 0 to 110%
design pnuure’ (wide

range)

Top of vent to top of weir well 2
40°F 10 230°F 2
40°F to 440°F 2
0 to 110% design flow*® 2
0to 15" of water (narrow 2
range) and O to 5 psid

(wide range) "

- »
’ I! i&; flow is the maximum flow anticipsted in pormal operation.

1.97-16

Detection of operation, analysis of
cooling

Indication of available water for

cooling

To monitor operation

To monitor operation

To monitor oprration

To monitor operation

To monitor operation

To monitor operation

To provide indication of pressure
boundary maintenance




@

Variable

TYPE D (Continued)

Main Steam System (Continued)
Primary System Safety Rebef
Valve Positions, Including ADS
or Flow Through or Pressure
in Valve Lines

Safery Systems

Isolation Condenser System
Shell-Side Water Level

Isolation Condenser System
Valve Position

RCIC Flow

HPCI Flow

Core Spray System Flow
LPC] System Flow

SLCS Flow

SLCS Storage Tank Level

Residual Heat Removal (RHR)
Systems

RHR System Flow

RHR Heat Exchanger Outlet
Temperature

Cooling Water System

Cooling Water Temperature to
ESF System Components

Cooling Water Flow to ESF
System Components

Radwaste Systems

High Radioactivity Liquid Tank
Level

Ventilation Systems

Emergency Ventilation Damper
Position

TABLE 2 (Continued)

Closed-not closed or 0 to 50 psig

Top to bottom
Open or closed

0 to 110% design flow*®
0 to 110% design flow'®
0 to 110% design flow'®
0 to 110% design flow'®
0 to 110% design flow!®

Top to Bottom

0 to 110% design flow'®

40°F to 350°F

40°F to 200°F

0 to 110% design flow'®

Top to bottom

Open-<losed status

1.97-17

Cstegory (see
Regulatory
Position 1.4
and Table 1)

Detection of accident, boundary

integrity indication

To monitor operation

To monitcr status

To monitor operation
To monitor operation
To monitor operation
To monitor operation
To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation




N TABLE 2 lCommutd)

Category (see
lcmlnory
Position 14
Vari
ariable Range and Table 1) Purpose
TYPED (Continued)
Power Supplies
Status of Sundby Power and Plant specific 21 To monitor system Status

Other Energy Sources lmporunt
to Safety (elecm‘c. hyduubc,

Conm’nmenl Radiation

|
I Pn‘mary Comu'nmem Area I R to 107 R/hr 16,7 Detection of significant relea:
Radiation . High Range? release assessment, long-term
Surveillance. emergency plan
actuatjon
Reactor Buiding o Secondary o1 R/ 10 10% Ry 1o, Mark | - Detection of Significant rejegse
Conm’nment Area Radiation? and J1 Containments release assessment . long-term
I RMr 1o 107 R/hr for Mark 1y 167 surveillance
containmeny

Ares Radim‘on

Radiation Exposure Rate 107! R/hs to 104 R/hr 3’ Detection of significant nlm..’
(inside buildings or areas where releass assessment long-term
dccess is required to service surveillance
€Quipment important fo safety)

Airborne Rldioulivc M= terials
Released from Plang

Noble Gases ang Vent Flow Rate

* Drywell purge, Standby Gas  jg6 HCi/ee 10 10°% pey/ee o Detection of
Treatment System Purge 010 110% vent design flow 10 release assessm
(for Mark land plants) (Not needeq if effluent discharge-
and Secondary Contain- through €ommon plan¢ vent)
ment Purge (for Mark 111
plants)

* Secondary Containment 10 4Cijee 10 10* poyjee b 3d Detection of signi;
Purge (for Mar j, I, and 010 110% veny design flow !0 release assessmen,
I plants) (Not needeg if ellluent discharges

through €ommon plant vent)

* Secondary Containmen; 10 uCifec 1o 104 uCifce 2* Detection of significant
(reactor shielg building 0to 110% vent design g, 10 L] release assessmens
Aanulus, if jn design) t needc‘“ﬂ“ﬂ**t;' "

& igh comom plant¥ent)
" g} on of alf F1AAdbY power u.c. buses, d.c. buses, lnverte, OUTPUt buses, and preymatic supplies.
1.97.18



Variable

TYPE E (Continued)

e Auxiliary Building
(including any building
containing primary system
gases, e.g., waste gas decay
tank)

« Common Plant Vent or Mult-

purpose Vent Discharging
Any of Above Releases (f
drv well or SGTS purge is

included)

Airborne Radioactive Materials
Released from Plant (Continued)

Noble Gases and Vent Flow
Rate (Continued)

« All Other Identified Release
Points

Particulates and Halogens

« All Identified Plant Release
Points. Sampling with Onsite
Analysis Capability

Environs Radiation and Radio-
sctivity'?

Airborne Radiohalogens and
Particulates (portable sampling
with onsite analysis capability)

s z‘I'o information regl

radioactive and
by onsite m'y mu:mmmmgpm for n&omm m The design
should assume 30 minutes of mw-

TABLE 2 (Continued)

Category (see
Regulatory
Position 1.4
Range and Table 1)
10°® uCi/ec to 10? uCi/ee i

0 to 110% vent design flow’
(Not needed if effluent discharges
through common plant vent)

107® uCijec to 10® uCijec
0 to 110% vent design fiow’

1078 pCijcc to 10* pCi/ec

10® uCijce to 107 pCijce

0 to 110% vent design flow

(Not needed if effluent discharges
through other monitored plant
vents)

107 uCijec 1o 10? uCijec
0 to 110% vent design flow’

10" pCifee to 10°2 pCijec

release of

Purpose

P

Detection of significant releases,
release assessment, long-term
surveillance

Detection of significant releases,
release assessment, long-term
surveillance

Detection of significant releases,
release assessment; long-term
surveillance

Detection of significant releases,
release assessment, long-term
surveillance

Release assessment; analysis




'
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TABLE 2 (Continued)

Category (see

Regulatory
Position 1 4
Vanable Range and Table i) Purpose
TYPE E (Continued)
Environs Radiation and Radio-
activity'? (Continued)
Plant and Environs Radiation 10" R/hs to 10* R/hs, photons 3 Release assessment, analysis

(portable instrumentation) 107 rads/hr to 104 rads/hs, beta 3t
radiations and low-energy photons

Plant and Environs Radio- (Isotopic Analysis) 3is.ae Release assessment, analysis
activity (portable instru-
mentation)

Meteorology”

Wind Direction 0 to 360° (#5° accuracy with a 3 Release assessment
deflection o. 10°). Starting speed
Jess than 0.4 mps (1.0 mph).
Damping ratio greater than or
equal to 0.4, delay distance
less than or equal to 2 meters.

Wind Speed 0 to 22 mps (50 mph). $#0.2 mps 3 Release assessment
(0.5 mph) accuracy for speeds
less than 2 mps (5 mph), 10% for
speeds in excess ¢! 2 mps (5 mph),
with a starting t! reshold of less
than 0.4 mps (1.0 mph)and a
distance constant n. 1 to exceed

2 meters
Estimation of Atmos- Based on vertical temperature 3 Release assessment
pheric Stability difference from primary

meteorological system, $°C
to 10°C (-9°F to 18°F) and
- ' = = +0.1 5°C accuracy per SO-meter
5 - intervals (10.3'F accuracy per
164-foot intervals) or analogous

range for alternative stability
estimates

15 monitor radiation and alrborne radiosctivity concentrations in many aress throughout the facility and the site environs
impractical to install stationary monitors capable of covering both normal and sccident levels.

16 o
A portable multichannel gamina ray spectrometer woold vide the earliest capability for scoping the radionuclide contest
source (see R. C. Ragaini, D. E. Jones, and G. W, Hucksbay "-m'::mnuﬁoo ‘ar Off.-Site Reactor Plume Studies,” in In ternational Syl
sum on Environmentas Mowt "TEEE Catalogue No. 75-CH 10041 ICESA. Instrute of Electrical and Electronics Engineers, 345 e

Street, New York, New York 10017, 1976)

176 uidance on meteorological measurements in the context of emergency response is provided in Regulatory Guide 1.101,
Planning and Pre dness for Nucleawr Power Reacton.” Guidance on meteorological instrumentation is contained in Regulstory G
“Onsite Meteor Programs.” A proposed revision to guide has been issued for comment as Task SS 9264,

1.97-20
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TABLE 2 (Continued)

Category (see

Regulatory
Position 1.4
Variable Range and Table 1) Purpose

TYPE E (Continued)
Accident Slmplin“ Capas-
bility (Analysis Capabil-
ity On Site)

Primary Coolant and Sump Grab Sample 3419 Release assessment, verification,

analysis

e Gross Activity 1 uG/ml to 10 Gi/ml

o Gamma Spectrum (Isotopic Analysis)

+ Boron Content 0to 1000 ppm

¢ Chioride Content 0 to 20 ppm

« Dissolved Hydrogen or 0 to 2000 ce(STP)/kg

Total Gas®®

« Dissolved Oxygen3® 0 to 20 ppm

» pH 1to13

Containment Air Grab Sample o Release assessment, verification;

analysis
* Hydrogen Content 0to 10 vol-%
0 to 30 vol-% for inerted containments
» Oxygen Content 0 to 30 vol-%
e Gamma Spectrum (Isotopic analysis)

“Tln time for taking and analyzing samples should be 3 hours or Jess from the time the decision is made to sample, except for chloride,
which should be within 24 hours on sea or brackish water sites. Plants on fresh water sites should perform analysis within 96 hours.

19
An installed capabdility should be provided for obtaining containment sump, ECCS pump room sumps, and other similar suxiliary
building sump liquid samples. . _— -

”wmdn the first 30 dl&: sfter an accident, oxygen analysis need not be performed until chloride analysis indicates s chloride concentrs-
tion grester than 0.15 ppm. Once the chloride concentration exceeds this value, oxygen should be determined within 3 hours. For this 30-day
miod. it is scceptable to venfy that dissolved oxygen is less than o.lxm if the mewured dissolved hy&?cn residual is 10 cc/kg or less.

wever, conmstent with minimizing personnel radistion exposures (AL ), direct monitoring for dissolved oxygen is recommended. This
spplies only to primary cooclant, not to sump.

1.97-21
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TABLE 3

PWR VARIABLES

TYPE A Variables: those variables to be monitored that provide the primary information required to permit the con
room operator to take specific manually controlled actions for which no automatic control is provided and that are requ
for safety systems to accomplish their safety functions for design basis accident events Prinary information is infor
tion that is essential for the direct accomplishment of the specified safety functions; it does not include those varia
that are associated with contingency actions that may also be identified in written piocedures.

A variable included as Type A does not preclude it from being include as Type B, C, D, or E or vice versa.

Category (see
Regulatory
Position 1.4
Variable Range and Table 1) Purpose
Plant specific Plant specific 1 Information required for operato

action

TYPE B Variables: those variables that provide information to indicate whether plant safety functions are being accomplish:
Plant safety functions are (1) reactivity control, (2) core cooling, {3) maintaining reactor coolant system integrity, and (
maintaining containment integrity (including radioactive effluent control) Variables are listed with designated ranges a
category for design and qualification requirements. Key variables are indicated by design and qualification Category 1.

Reactivity Control

Neutron Flux 10%% to 100% full pLwer 1 Function detection; accomplishme:
of mitigation
Control Rod Position Full in or not full in 3 Verification -
RCS Soluble Boron Concen- 0 to 6000 ppm 3 Verification
tration
RCS Cold Leg Water Temper-  S0°F to 400°F 3 Verification
ature’
Core Cooling
RCS Hot Leg Water Temper- S0°F to 700°F 1 Function detection; accomplishmest
ature of mitigation, verification; long-term
surveillance
!
4 [ Cﬁ'ﬁg 'ﬁr ‘femper- 50°F to 700°F 1 Function detection; accomplishmes!
ature! of mitigation; verification; long-tere
surveillance
RCS Pressure! 0 to 3000 psig (4000 psig for 12 Function detection; accomplishmez!
CE plants) of mitigation; verification; long-tere
surveillance
l Core Exit Temperature! 200°F to 2300°F 3? Verification
'l‘h-ccnrhhhtmfumhmm.hhmuhnqhmsuyhm“mmm
2% masinem valoe may be revised upward to satisfy ATWS requirements.
tation that b of the fing ICC ction uFad
nuu"wmmn X s ocou come DD of the term, they me ey eien % et e it Ras g
, | wblﬁ% s ou resct sh d meet the requiremeats specified.)

1.97-22
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TABLE 3 (Continued)

( Category (see
Regulatory
Position 1.4
Vanzble Range and Table 1) Purpose

TYPE B (Continued)

Core Cooling (Continued)
Coolant Inventory Bcitom of hot leg to top ] Verification, accomplishment of
of vessel* mitigation
Degrees of Subcooling 200°F subcooling to 2?3 Verification and analysis of plant
35°F superheat (With con- conditions
firmatory
operator
procedures)
Maintaining Reactor Coolant
Sysiem Integrity
RCS Pressure’ 0 to 3000 psig (4000 psig for 12 Function detection, accomplishment
CE plants) of mitigation
Containment Sump Water Narrow range (sump), 2 Function detection; accomplishment
Level! Wide range (plant 1 of mitigation, verification
specific)
de .
Containment Pressure’ 0 to design ptessure’ (psig) i Function detection, accomplishment

of mitigation, verification

Maintaining Containment

Integrity

Containmert Isolation Valve Closed-not closed 1 Accomplishment of isolation
Position (excluding check valves)

Containment Pressure’ -5 psig to design ptessure’ 1 Function detection, accomplishment
of mitigation; verification

" ~ TYPE C Variables: thosg variables that e i mation to inglicat ot for baing breached or the actual breach
!? “Bfthe ba-rens to roduct Feleases ¢ barmers are (1) fuel cla , (2) coolant pressure boundnry. and
(3) containment, == =
Fu»l Cledding
Core Exit Tempentm' 200°F to 2300°F Rt Detection of potential for breach;
accomplishment of mitigation; long-
term surveillance
‘A measurement to detect the trend of voidy in the reector coolant syviem with noﬂot coolant pumps running should also be provided
=:="lmu.l‘ or B&W reactors, 3 measurement should be provided to detect voids in the hot leg candy cane when reactor coolant pumps

TR 2 A
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Variable

TYPE C (Continued)

TABLE 3 (Continued)

Category (see

Fuel Cladding (Continued)

Primary Coolant

(Gamma Spectrum)

Radjoactivity Concentration or
Radiation Level in Circulating

Analysis of Primary Coolant

Reactor Coolant Pressure

Boundary

RCS Pressure’

Containment Pressure’

Level’

Containment Area Radiation’

Effluent Radioactivity -

Containment Sump Water

Gas Effluent from Condenser

Air Removal System E
Containment

RCS Pressure’

“af sg .

Regulatory
Position 1.4
Range and Table 1) Purpose
1/2 Tech Spec limit to 100 times 1 Detection of breach
Tech Spec Limat
10 uCi/ml to 10 Gi/ml or 3¢ Detail analysis, accomplishment of
TID-14844 source term in mitigation, verificauon, long-term
coolant volume surveillance
1 E 2
0 to 3000 psig (4C00 psig for CE 1 Detection of potential for or actual
plants) breach, accomplishment of mitiga-
tion, long-term surveillance
-5 psig to design ptesurc‘ 1 Detection of breach; accomplishment
(-10 psig for subatmosphenic of mitigation, verification, long-term
containments) surveillance
Narrow range top to 2 Detection of breach, accomplishment
bottom (sump), wide 1 of mitigation, verification, long-term*
range (plant specific) surveillance
1 R/hr to 104 R/hs 378 Detection of breach, verification
Noble 107 uCi/cc to 1072 pCijec 3° Detection of breach, verification
xhaust!
0 to 3000 psig (4000 psig for 1? Detection of potential for breach;
i CE plants) asccomplishment of mitigation
P b -
B & g H «k_ a

pling or monitoring of radioactive liquids and gases should be ‘'ormed in a manner thst ensures mtmﬂo!ur-nm
" ot ~cJ¢- 'ﬂm g should be

sam Fa , the amm of ANSI N13.1-1969,
ﬁ.“ For uid; provisions should be made for sampling from we|
plateout or dcpodtbn For safe and convenient sampling, the mam include

?.iddmg to maintain “r:dhm doses
containers with container sampling port co~aector b
ug‘yohulﬂn-‘a mmq c-dm

'nmtm for

Radioactive Materials in Nuclear Facilities,

to Sam
ed turbulent xms. and sampling lines should be Mmd to mini-

and transport capability, mnd

’Iﬂnﬁnm of two monitors st widely separsted locations.

S Detectons should

noble gas fission

radistion photons within any emergy range from 60 keV to 3 MeV with a dose rate response

mﬁﬁhohﬂudlmt&uﬁm

¥Monitors should be capable of detecting
product mixtures to “lyou mixtures,
expressed in terms of concentrations of

rnoucﬂlvntnw with co! podﬂoﬂru;ﬁn from fresh e ‘m
cnmlﬂthhnuﬂmdz : y be

Xe-133 equivalents, in terms of concentrations of any noble gas nuclides, or la terms of hu.mcd

MMHCV wnit time. It s not expected that » single monit m‘ﬂMsuMdcalwtomommlmanw
. 2 '” ﬂv and that m xauum:- be needed. Exismng equipment may be used to monitor any portion of
= coq-lpmt
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TABLE 3 (Continued)

Category (see i

Regulatory
Position 1.4
Variable Range and Table 1) Purpose
TYPE C (Continued)
Containment (Continued)
Containment Hydrogen 0 to 10 vol-% (capable of 1 Detection of potential for breach;
Concentration operating from -5 psig to accomplishmernt of mitigation,
maximum design pressure ) long-term surveillance
0 to 30 vol-% for ice-
condenser-type containment
Containment Pressure’ -5 psig pressure to 3 times design 1 Detection of potential for or actual
pressure® for concrete; 4 times breach; accomplishment of mitiga-
design pressure for steei (-10 psig tion
for subatmospheric containments)
Containment Effluent Radio- 10 uCi/cc to 1072 uCi/cc 210 Detection of breach, accomplish-
actwvity - Noble Gases from ment of mitigation, verification

Jdentified Release Points!

Effluent Radioactivity' - Noble 107°¢ uCi/cc to 10% uCijec b1 Indication of breach
Gases (from buildings or areas

where penetrations and hatches

are located, e.g., secondary con-

tainment and auxiliary build-

ings and fuel handling build-

ings that are in direct contact

with primary containment)

TYPE D Variables: those variables that provide information to indicate the operation of individual safety systems and other
systems important to safety. These variables are to help the operator make appropriate decisions in using the individual sys-
tems important to safety in mitigatii.g the consequences of an accident.

Residual Heat Removai (RHR)
or Decay Heat Removal System

RHR System Flow 0 to 110% design flow? 2 To monitor operation
RHR Heat Exchanger Outlet 40°F to0 350°F 2 To monitor operation and for analysis
Temperature

Safety Injection Systems

Accumulatoy Tank 10% to 90% volume 2 To monitor operation

Level and Pressure 0 to 750 psig

Accumulator Isolation Valve Closed or Open 2 Operation status

Position

Oy ovisions should be rd erial to the eavirons In confogmance

with General Design hw h“’!‘ ';'o:‘-kn.: ongun ‘M wa‘:‘m‘m are ::Inn‘ db::t?y
environment. lf two ov nonu bined prior to release from s common disch point, monitoring of the combined stream 0 <
considered to meet the intent of this regplstory guide provided such monitoring has » runge mqwc 10 measure worstcase releases.

"Dcdn flow is the maximum flow anticipsted in normal operstion.
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TABLE 3 (Continued)

Category (see

Regulstory

Position 1.4
\'nnitll_e and Table 1)

TYPE D (Continued)

Safety Injection Systems
(Continued)

Boric Acid Charging Flow 0 to 110% design flow!? To monitor operation
Flow in HP] System 0 to 110% design flow!! To monitor operation
Flow in LP] System 0 to 110% design flow!! To aonitor operation

Refueling Water Storage Tank Top to bottom To monitor operation
Level

Primary Coolant System
Reactor Coolant Pump Status Motor current To monitor operation

Primary System Safety Relief Closed-not closed Operation status, to monitor for
Valve Positions (including loss of coolant

PORV and code valves) or

Flew Through or Pressure in

Relief Valve Lines

Pressurizer Level Top to bottom To ensure proper operation of
pressunizer

Pressurizer Heater Status Electric current To determine operating status
Quench Tank Level Top to bottom To monitor operation
Quench Tank Temperature 50°F to 750°F monitor operation

Quench Tank Presswe 0 to design pressure monitor operation

Secondary Sysgem (Ste
Generator) * b r

Steam Generator Level From tube sheet to separators monitor operation
Steam Generator Pressure From atmospheric pressure monitor operation
to 20% above the lowest safety
valve setting

Safety/Relief Valve Positions Closed-not dowsed monitor operation
or Main Steam Flow

Main Feedwater Flow 0 to 110% design flow!! monitor operation

15 9 g g » = = ¥
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. TABLE 3 (Continued)

" Category (see
Regulatory
Position 1.4
Variable Range and Table 1) Purpose

TYPE D (Cortinued)

Auxiliary Feedwater or Emer-
gency Feedwater System

Auxiliary or Emergency Feed- 0 to 110% design flow'! 2 To monitor operation
water Flow (1 for B&W
plants)
Condensate Storage Tank Plant specific 1 To ensure water supply for auxiliary
Water Level feedwater (Can be Category 3 if not
primary source of AFW. Then what-
ever is primary source of AFW should
be listed and should be Category 1.)
Containment Cooling Systems
Containment Spray Flow 0 to 110% design flow!! 2 To monitor operation
Heat Removal by the Contain- Plant specific 2 To monitor operation
mer’ Fan Heat Removal System
Containment Atmosphere 40°F 10 400°F 2 To indicate accom plishment of cooling
Temperature
Containment Sump Water 50°F to 250°F 2 To monitor operation !
Temperature i
Chemical and Volume Control H
System |
Makeup Flow - In 0 to 110% design flow!'! 2 To monitor operation
Letdown Flow - Out 0 to 110% design fiow"! 2 To monitor operation
Volume Control Tank Level Top to bottom 2 To monitor operation i
Cooling Water System
Component Cooling Water 40°F to 200°F 2 ‘To monitor operation
Temperature to ESF System
Component Cooling Water Flow 0 to 110% design flow'’ 2 To monitor operation
to ESF System
Radwaste Systems
High-Level Radioactive Liquid  Top to bottom 3 To indicate storage volume
Tank Level
' Radioactive Gas Holdup Tank 0 to 150% design pn-\m' 3 To indicate storage capacity
Pressure
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TABLE 3 (Continued)

Category (see

Regulatory
Position 1.4
Variabie Range and Table 1) Purpose
TYPE D (Continued)
Ventilation Systems
Emergency Ventilation Damper  Open<losed status 2 To indicate damper status
Position
Power Supplies
Status of Standby Power and Plant specific 212 To indicate system status

Other Energy Sources Impor-
tant to Safety (electnc,
hydraulic, pneumatic)
(voltages, currents, pressures)

TYPE E Variables: those variables to be monitored as required for use in determining the magnitude of the release of radio-
active materials and continually assessing such releases

Containment Radiation

Containment Area Radiation - 1 R/hrto 107 R/hr Detection of significant releases;
High nge' release assessment, long-term
surveillance, emergency plan
actuation
Area Radiation
Radiation Exposure Rate 10" R/ to 10* R/hr 3 Detection of significant releases,
(inside buildings or areas where release assessment; long-term
access is required to service surveillance
equipment important to safety)
Airborne Radioactive Materials
Released from Plant
Noble Gases and Vent Flow Rate
« Containment or Purge 10" uCijec to 10% uGijee 2° Detection cf significent releases;

0 to 110% vent design flow'! release assessment
(not needed if effluent discharges

through common plant vent)

Effluent’

10°¢ uCi/cc to 104 uCijec p i
0 to 110% vent design flow"’

(not needed if effluent discharges

through common plant vent)

e Reactor Shield Building
Annulus' (if in design)

Detection of significant releases,
release assessment

o Auxiliary Buiding’ 10°® pCi/ec to 10? uGijec 2* Detection of significant releases;
(including any building 0 to 110% vent design flow*’ release assessment ; long-term
containing primary system (not needed if effluent discharges surveillance
gases, e.g., waste gas decay through common plant vent)
tank)

nmnu indicatioh of all standby power a.c. buses, d.c. buses, inverter output buses, and pneumatic supplies.
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Variable

Type E (Continued)

Airborne Radioactive Materials
Released from Plant (Continued)

Noble Gases and Vent Flow
Rate (Continued)

* Condenser Air Removal
System Exhaust’

¢ Common Plant Vent or Multi-
purpose Vent Discharging
Any of Above Releases (if
containment purge is
included)

e Vent From Steam Gen-
erator Safety Relief Valves
or Atmospheric Dump
Valves

e Al Other ldentified Release
Points

Particulates and Halogens

« All Identified Plant Release
Points (except steam gen-
erator safety relief valves or
atmospheric steam dump
valves and condenser air
removal system exhaust ).
Sampling with Onsite
Analysis Capability

TABLE 3 (Continued)

Category (see i
Regulatory i
Position 1.4 '
Range and Table 1) Purpr,se
10°® uCi/ee to 10% uCifec 2° Detection of significant releases;
0 to 110% vent design flow*! release assessment
(not needed if effluent discharges
through common plant vent)
10°¢ uCijec to 102 uCijec i Detection of significant releases,
0 to 110% vent design flow!! release assessment; long-term
surveillance
107 uCijes to 10* uGijec
107! uCijec to 10® uGi/ee p A Detection of significant releases,
(Duration of releases in seconds release assessment
and mass of steam per unit time)
10°® uCi/cc to 10? pCi/ce o Detection of significant releases;
0 to 110% vent design flow!! release assessment; long-term
(Not needed if effluent discharges surveillance
through other monitored plant
vents)
|
10" pCifec to 10? uGijec gt Detection of significant releases; '

0 to 110% vent design flow!! release assessment, long-term

surveillance

“‘ro informistion regarding refewse of radioactive halogens and Continuous collection samples followed
by onsite Mmmduﬂut-ndouz--d mwmr«zﬂ .!m..‘.m
rvo.l should 30 minutes olhw'-lc‘-w ¢ ot sampler design flow, an sverage concentration of HCifcc of radioiodines
sverage ..:.'-:' :taoto. ﬁ:u of lilcv per dﬁmp::b-“ or 1:: 'ur:nt;fr:hh ftem :!l;‘ “‘mfw.:f "mnﬂ:ﬁ ll'vlﬂ".:::
obtaining the best the 3 ent,

- . nﬂ.mﬂ.m 3 d':n“z'umu‘h. udd.ntuvhmt.lbch-uulnkmmoddh
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TABLE 3 (Covm'rm-d)

Category (see

. (0.5 mph) accuracy for speeds

Renuulory
Position 1 4
Variable Range and Table 1) Purpose
TYPEE (Connnued)
Environs Radiation ang Radio-
’ activiry !
Airborne Rldxohuogcns and 10° uCijecto 1073 uCi/ec 3le Release Assessment, analysis
Particulates (portable sampling
with onsite analysis Capability)
Plant and Environs Radiation 1073 R/hr to 104 R/hs, photons 3 Release Assessment, analysis
(portable msrrumenunon) 10° rads/hr to ) 0% rads/hr, beta L
radiations and low-energy photons
Plant and Environs Ragjo. (Isotopic Analysis) 31718 Release assessment; analysis
acuvity (portable instru-
mentation)
Mueoro!ogy" |
\
Wind Direction 0to 360° (25° accuracy with 5 3 Rele. se assessmeny ‘
deflection of 10°). Starting speed |
less than 0 4 mps (1.0 mph), |
Dampin; ratio greater than or
€qual to 0.4, delay distance less
than or tqual to 2 meters.
Wind Speed Oto 22 mps (50 mph). 0.2 mps 3 Release assessment

2 meters,
Estimation of Atmos- Based on vertical temperature 3 Release assessment
pPheric Stability ifference from Primary mete.

orological system, -5°Cto

10°C (-9°F 10 18 F)and 40.15°c
accuracy per 50-meter intervals
(#0.3°F accuracy per | 64-foot

intervals) of analogous
for alternative stability estimates
15
It s unlik that g 1, lhodmﬁo. could provige M wlormation of
from uamonhon;”eoamn.-; nhw"m‘tnﬂm may be M?.-L Such g m‘:c:. of -—:-mm

practical install st bl e
- rou::mwudhuo.-:mnauemmuhmymmw&-wrummmﬁm

»
A Mmf’ sepabllity for scoping the radionuclide content of the source
. & , D, dG. W, o
E : C;"N ",*5: lt. :ﬁ”{:& %:muu{- for on-tl'u Reactor Plume Studies,” jn rernational

ork, New Yor, X

| and Electronicy 5
& ) 2's -
‘ Guidance on measurements in the context Mmcmum Guide 1.10;, “Emergen
Planning ang Pr. for ! ct G is contained Regulat Guide 1.2
“Onsite gwx%% this been issued for m::.':'::‘;:n S5 9264, -
o . 3 -
R 4
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TABLE 3 (Continued)

Category (see
Regulatory
Position 1.4
Variable Range and Table 1) Purpose
TYPE E (Continued)
Accident Sampl'm:” Capa-
bility (Analysis Capabil-
ity On Site)
Primary Coolant and Sump Grab Sample 36 Release assessment ; verification;
analysis
o Gross Activity 1 uG/ml to 10 Gi/ml
o Gamma Spectrum (Isotopic Analysis)
* Boron Content 0 to 6000 ppm
e Chloride Content 0 to 20 ppm
e Dissolved Hydrogen 0 to 2000 cc(STP)/kg
or Total Gas®?
e Dissolved Oxygen" 0to 20 ppm
« pH 1to13
Containment Air Grab Sample 3¢ Release assessment; verification;
analysis
e Hydrogen Content 0 to 10 vol-%
0 to 30 vol-% for ice condensers
e Oxygen Content 0 to 30 vol-%
¢ Gamma Specirum (Isotopic analysis)

”‘l‘hc time for taking and analyzing samples should be 3 hours or less from the time the decision is made to sample, except for chioride,
which should be within 24 hours for plants that use sea or brackish water in essential heat exchangers (i.e., shutdown cooling) that have only
» single barrier from the reactor coolant. Other plants have 96 hours to perform s chloride anal

:‘M installed capability should be provided for cbtaining containment sump, ECCS pump room sumps, and other similar suxiliary
building sump Lquid samples.

”’wuah the first 30 days after an accident, oxygen analysis need not be performed until chloride analysis indicates a chloride concentra-
tion greater than 0.15 ppm. Once the chloride concentration exceeds this value, oxygen should be determined within 3 hours. For this 30-day
m.-h is scceptable tc verify thst dissolved oxygen is less than O.IXK: if the measured dissolved hydr?m residual is 10 ulk&a Jess.

, consistent with minimizing personnel radistion exposures (AL ), direct monitoring for dissolved oxygen is recommended. This
spplies only to primary coolant, not 10 sump.
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REGULATORY ANALYSIS

1. STATEMENT oF THE PROBLEM

This revision to Re;uhtory Guide 1 97
Proposes to modify and update the Ruidance Previously

meteorological Measurements,
independent evaluation of the overall clarity of the guide.

Op guidance as to their number and iocation. Addm'ondly,
shortly after the guide was issued, a research program was
initiated with INEL to identify any modifications to the
guide that Might make the intent more clear.

The study Pertaining to the environs radiation monitors
has been completed and published in NUREG/CR-2644,
“An Assessment of Offsite, Real-Time Dose Measurement
Systems for Emergency Situations ! The conclusion was
that it js unlikely that few fixedstation area monitors
could privide zufﬁcuntjy reliable information to be of use
in detec ing releases from unmonitored containment release
points, The NRC staff agrees with the conclusion of thjs
study, and the environs radiation monitors have been
delete, from he PWR and BWR tables *v% of the
¥ 5 s F "

- A.no?evuuafjon by the NRC staff concluded that
the function of exposure rate monitors inside auxilj
idi djoining the containment

s

=

pensate for the energy spectrum.

An additiona] change agreed 1o by the NRC staff Pertaing |
to meteorology measurements. During the Committee To
Review Generic Requirements (CRGR) review of Proposed
Revision ) of Regulatory Guide 1.23, “Meteorologica)

recommended that bo
cations. Regulatory Guide 1,97 has been modified 1o agree
with Proposed Revision | of Regulatory Guide 1.23,

Of the clarifyir_ modifications that have thus far been
identified by the INEL evaluation, those that can be readily
agreed to by the NRC staff are also included. These modif.
Cations include (1) listing the Provisions for the design and
Qualification criteria for Categories 1,2,and 3in s different
format that Was recommended a5 being more understangd.
able, (2) changing the “range” Provisions in the tables of

2. OBJECTIVES

The ubove-mcnu'oned deletions represent g substantive
change in the NRC staff position regarding accident moni-
toring that could Tepresent a reduction in cost to the users

being revised 1o sccomplish the lbo;c objectives, it is
Prudent to also include thoge modifications that have been
identified a5 being essentia) to make the guide more ander-

lic “and aff raining to
itoring occur, -



4. CONSEQUENCES

If no action is taken, licensees and vendors m.y continue
to incur costs to meet a provision that is no longer a recom-
mendation of the staff. Time will be lost in answering
questions that could be avoided by issuing a revision.

5. DECISION RATIONALE

The revision of the guide should be issued to inform its
users of the current staff position, to clarify the staff posi-
tion, and to eliminate or reduce unnecessary costs incurred by
trying to meet provisions that are no longer recommended.

6. IMPLEMENTATION

The implementation for this revision of Regulatory
Guide 1.97 does not alter the implementation of Revision
2 as outlined 1n §50.49 of 10 CFR Part 50 and Supple-
ment 1 to NUREG0737, “Clarification of TMI Action
Plan Requinmems."’ Since there are no new recom-
mendations, there is no adverse impact on cost or schedule.

’nun:conv may be obtained from the NRC/GPO Sales
Program, U.S. Nuclear Regu hlo'7 Commission, Washington, D.C.
20555 Qu ement 1 is available for ht‘r'chon or copying for a fee
luhc NRC Public Document Room, 1717 H Street, NW_, Washington,
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

CLEVELAND ELECTRIC ILLUMINATING
COMPANY, ET AL.

(Perry Nuclear Power Plant,
Units 1 and 2)

Docket No. 50-440 OL
50-44]1 OL
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this £th day of February, 1985:

*James P, Gleason, Chairman
Administrative Judge

513 Gilmoure Drive

Silver Spring, MD 20901

*Mr. Glenn 0. Bright

Administrative Judge

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, DC 20555

*Dr. Jerry R. Kline

Administrative Judge

Atomic Safety and Licensino Board
U.S. Nuclear Regulatory Commission
Washington, PC 20555

cay Silberg, Esq.

Shaw, Pittman, Potts ard Trowhridoe
1800 M Street, NV

Washington, DC 20036

Donald T. Ezzone, Esq.

Assistant Prosecuting Attorney
105 Main Street

Lake County Administration Center
Painesville, Ohio 44077

Susan Hiatt
8275 Munson Poad
Menotr, OK 44060

Terry J. Lodge, Esq.
618 N, Michigan Street, Suite 105
Toledo, OH 43624

John G, Cardinal, Esq.
Prosecuting Attorney
Ashtabula County Courthouse
Jefferson, Ohio 44047

Janine Migden, Esq.
Ohio Office of Consumers Counsel
137 E. State Street
Columbus, OH 43215



*Atomic Safety and Licensing

Board Panel
!.S. Nuclear Regulatory Commission
washington, DC 20555

*Atomic Safety and Licensing
Appeal Board Panel
U.S. Nuclear Regulatory Commission
Washington, DC 20555

*Docketing & Service Section

(ffice of the Secretary

U.S. Nuclear Regulatory Commission
wWashington, DC 20555

ChotbeenV P

Colleen P, Woodhead
Counsel for NRC Staff




