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DISCLAIMER

The positions reported herein are con-
sensus responses to the requirements
of NRC Regulatory Guide 1.97, Revision
2, December 1980, and as such do not
necessarily express in every particu-
lar the several positions of the par-
ticipating utilicies.
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1. INTRODUCTION

Following the publication of Regulatory Guide 1.97,
Revision 2, by the U. S. Nuclear Regulatory Commission in
December 1980, the BWR Owners Group (BWROG) established a
committee to review and evaluate the regulatory positions
described therein.'

The inteant of RG 1.97 is to ensure that all light-water-
cooled nuclear power plants are instrumented as necessary to
neasure certain prescribed variables and systems during and
after an accident. The principal purpose of the BWROG RG 1.97
Committee was to evaluate the safety effects and the feasibil-
ity of implementing the proposed regulatory positions=--particu~
larly those defined in Table 1, RG $:97,

Twenty=four (24) domestic and two (2) foreign utilities
supported the Committee's efforts. Seventeen (17) of these
utilities provided representacives to serve on the committee.

A subcommittee of the RG 1.97 committee was formed (Feb. 1982)
to address the issue of inadequate Core cooling (ICC) detection.

Meetings of che committee commenced in April 1981 and con-
tinued through July 1982, The sponsoring utilities and their
representatives who served on the SWROG RG 1.97 Committee are
identified at the end of this section.

The committee's work was devoted primarily to discussions
of specific task assignments, to presentations of committee~
and contractor-generated data related to RG 1.97 requirements,
and to the formulation of recommendations based on the commit-
tee's reviews and analyses. Besides conducting its own
studies, the committee contracted other analytical work to Roy
4 Associates, Inc.; S. Levy, Inc.; and the General Electric
Company .

IAs used throughout this report, RG 1.97 refers to RG 1.97,
Revision 2, December 1980,



A summary statement of the Owners Group position relative
to RG 1.97 requirements is presented in Sec. 2; some proposed
Type A variables, which are unspecified in RC 1.97, are defined
in Sec. 3; a detailed Owners's position statement on a variable~-
by-variable basis is provided in Sec. 4; and abstracts of the
supporting analyses and studies are contained in Sec. 5. Per-
tinent contractor reports, a copy of Table 1 from RC 1.97, and
a list of abbreviations are presented in the appendices.



Sponsoring Utilities

he sponsoring utilities of the BWROG RC 1.97 Committee,
their assigned contacts or committee members, and consultants
are identified below.
Committee Membership
(Names of the working members of the committee are in
italics.)
Boston Edison Company
RICH ST. ONGE; JERRY XITHCWSKI
Cincinnati GCas & Electric Company
WILLIAM COCPER; ROGER THONEY
Cleveland Electric Illuminating Company
RAY TANNEY
petroit Edison Company
JOHN GREEN

Georgia Power Company
~iUL EREMATT (1CC chairman) (from Southern Companv Services
Ine.)

Gulf States Utility Company
MATEE RAHMAN; PHILLITS PORTER

lowa Electric Light and Power Company
P08TEF (Y0SI) 3ALAZ (Chairman)
Jersev Cenrral Power & Light Company
JAMES CHARDOS; PAUL PROCACCI; ABDUL R. BAIG

Long Island Lighting Company
JORN RIGERT

Mississippi Power & Light Company
SAM HOBBS; PUFUS BROWN

Northeast Utilities
MARIO BLANCAFLOR

yorthern Indiana Public Service Company
ADAM SHAHBAZI

Pennsvivania Power & Light Company
JOHN BARTOS; DAN CARDINOBE

Philadelphia Electric Company
wES BOWERS; RICK OGITIS

Power Authority of the State of New York
3. BANGARAO; J. STREET



Public Service Electric and Gas Company
RICHARD O'CONNELL

Tennessee Valley Authority
KATHRYN ASHLEY: ROBERT ZOLLINGER

Washington Public Power Supply System
ARUN JOSHI; BUD KUNTINGTON

Supporting Utilities

Carolina Power & Light Company

Centrales Nucleares Del Norte (5.A.)
Commonwealth Edison Company

Ente, Nazionale per 1' Energia Elettrica
Illinois Power Company

‘lebraska Public Power District

Niagara Mohawk Power Corporation
Northern States Power Company

EPRI/NSAC

€. Dan Wilkinson, program manager (replaced by Robert Kubik for

report coordination in Feb, 1982)

Consultants
General Electric Company

$. Levy, Ine.
Roy and Associates



2. BWR OWNERS GROUP POSITION STATEMENT

The BWROC position on NRC Regulatory Cuide 1.97, Revision
2, is presented in the following statement. The statement
reflects the intent of the regulatory positions set forth in
RG 1.97 but includes alternatives and deviations that relate
to specific instrumentation requirements and to the particulars
of their implementation.

The statements that follow in this section are general
positions on the requirements specified in the designated para~
graphs of RC 1.97. A detalled position statement on a variable~
by=variable basis is presented in Sec. 4, and supplementary
data are provided in Sec. 5 and in the appendices.

General Position Statement

BWROG concurs with the intent of RGC 1.97, Revision 1.
The i(ntent of the regulatory guide is to ensure that necessary
and sufficlent instrumentation exists at each nuclear power
station for assessing plant and environmental conditions during
and following an accident, as required by 10 CFR Part 50,
Appendix A and General Design Criteria 13, 19, and 64, lmple~
mentation of RGC 1.97 requirements is recommended except in
those instances in which deviations from the letter of the
guide are justified technically and when they can be lmple~
mented without disrupting the general intent of the Guide.

In assessing RG 1.97, the Owners Group has drawn upon
information contained in several applicable documents, such
as ANS 4.5, NUREG/CR-2100, and the BWROGC Emergency Procedures
Guidelines, and on data derived from other analyses and stud-
tes. The Owners Group believes that literal compliance with
the provistons of the guide, because of their specific nature,
{s not appropriate. Some RG 1.97 requirements call for exces~
sive ranges or L(nappropriate categories., Other requirements



could adversely affect operator judgment under certain condi~
tions., For example, research by S. Levy, Inc., shows that core
thermocouples will provide ambiguous information to BWR opera~
tors. The Owners Group intends to follow the criteria used by
the NRC for establishing Category 1, 2, and ] instruments,
although it should be noted that Category 2 instruments could
vary widely between utilities, because of various plant-unique
features.

The following Owners Group compliance statement is appli-
cable to the regulatory positions defined in RG 1.97, Revision
1 (the paragraph numbers cited correspond to those in RG 1.97).
L.__Accident-Monitoring Instrumentation

Par. 1.1: The BWR Owners Group concurs with this defini-
tion.

Par. 1.2: The BWR Owners Group comcurs with this defini-
tion.

Par. 1.3: Instruments used for accident monitoring to
meet the provisions of RG 1.97 shall have the proper seasitivity,
range, transient response, and accuracy to ensure that the con=
trol room operator is able to perform his role in bringing the
plant to, and maintaining it in, a safe shutdown condition and
in assessing actual or possible releases of radicactive mate-
rial following an accident. Each utility shall assess its
plant accident-monitoring instrumentation system.

Accident-monitoring instruments that are required to be
environmentally qualified will be qualified to the requirement
of NUREG=0988 and Memorandum and Order CLI-30-21. The seismic
qualification of instruments will be based on individual
assessments performed by each utility.

Each plant will comply with the quality assurance require-
ments, using its approved quality assurance program, as described
(o the FSAR or elsevhere. This would ensure that accident~
monitoring instruments comply with the applicable requirements
of Title 10 CFR 50, Appendix B.



Each plant program for periocdic checking, testing, cali-
brating, and calibration verification of accident-monitoring
{nstrument channels (RG 1.118) shall be in accordance with the
gtility's commitment, as specified in the FSAR, or elsewhere.

Par. 1.3.1: A third channel of instrumentation for
Category 1 instruments will be provided only if a failure of
one accident-monitoring channel results in information ambi-
guity that would lead operators to defeat or fail to accomplish
a required safety function, and Lif one of the following meas~
ures cannot provide the information:

1. Cross=checking with an independent channel that
monitors a different variable bearing a known relationship to
the variable being monitored.

2. Providing the operator with the capability of per~
turbing the measured variable to determine which channel has
failed by observing the response on each instrument.

3. The use of portable instrumentation for validation.

Category 1 instrument channels, which are designated as
being part of a Class IE system, will meet the more stringent
design requirements of either the systam or the regulatory guide.

The requirements for physical independence of electrical
systems (%G 1.75) shall be based on each plant's commitments
tn the FSAR, or elsewhere.

Par. 1.3.2: The BWR Owners Group concurs with the regu~
latory position for Category I instrumentacion, except as
modified by Far. 1.) above.

Par. 1.J.3: The BWR Owners Group concurs with the regu-
latory position for Category ) instrumentation.

Par. 1.4: To assist the control room operator, identifi
cation of instruments designated as Categories 1 and 2 for
variable types A, B, and C should be made with due considera~
tion of human factors engineering. This position is taken to
clarify the intent of RG 1.97, which specified that these
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{nstruments be easily discerned for use during accident condi~
tions (see lssue 1, Sec. 3).

Par. 1.5: The BWR Owners Group concurs with the regula~-
tory position taken in this section, except as modified by
Par. 1.3 above.

Par. 1.6: It is the position of BWROG that in terms of
accident monitoring at a BWR facility, Table 1 of RC 1.97 does
not represent a minimum number of variables and does not neces~
sarily represent correct variable ranges or instrumentation
categories,

fach BWR facility shall assess its compliance with the
tntent of RC 1.97 by establishing a list of accident-monitoring
variables applicable to its own plant. The classification of
(nstrumentation used to measure the variables as Category
2, or 3 shall be in compliance with the intent and method used
in RG 1.97.

The 3WR Owners Group position on the implementation of
each variable described in Table 1 of RG 1.97 and in other
applicable documents is presented in Sec. 4.

2. Systems Operation Monitoring and Effiuent Release Moni-
toring Instrumentation

The SWR Owners Group position stated in Par. 1.) above
is applicable to the Type D and E variables described in
RG 1.97.

Par. 2.1: The BWR Owners Group concurs with these
definitions.

Par. 2.2: The BWR Owners Group concurs with this regula-
tory position.

Par. 2.): The BWR Owners Group concurs with this regula-
tory position. .

Par. 2.4: The BWR Owners Group concurs with this regula-
tory position.

Par. 2.5: The BWR Owners Group position as stated in Par.
1.6 above is applicable to this regulatory position.



implementation of Design Changes

The BWR Owners Group recommer{s that the implementation
into each plant design of additional design changes, as required
by RG 1.97, be integrated with the implementation of other con=
trol ruew design improvements.

A ralativaship axists between identifying acc dent-monitoring
variables, daveloping operating procedures, revie.ing control
room human factors engineering, and in~orperating design changes
into the planr. PWROG believes that an integrated approach
precludes the use of a specific implementation date for all BWR
piants, In this regard, the Owners Group recommends that imple=
mentation dates should be scheduled on & plant=by-plant basis.




3. PROPOSED TYPE A VARIABLES

Regulatory Guide 1.97, Revision 2, designaces all Type A
variables as plant-specific, thereby defining none in particu=
lar. The Guide defines Type A variables as

Those variables to be monitored that provide
primary information required to permit the
control room operator to take specific manu=
ally 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.

fegulatory Guide 1.97 defines primary information as "informa-
tion that is essential for the direct accomplishment of the
specified safety functions." Variables associated with con~
tingency actions that may be identified in written procedures
are excluded from this definition of primary information.

As part of their review of RG 1.97, the BWR owners under-
took the task of developing and analyzing a group of variables
that were determined to be potential candidates for inclusion
tn RG 1.97 as specific Type A variables. The variables identi-
fied by the Owners Group are generic in nature, and the appli-
cability of a given variable to a particular facility should
be determined on an individual utility basis.

in the summary that follows, two groups of variables are
defined: (1) proposed Type A variables and (1) potential Type
A variables, The variables listed are based on the BWR Owners
Group Emergency Procedure Guidelines (EPG's)., Although all of
the operctor actions specified belovw may not be required to
ensure that safety systems fulfill their safety functions in
terms of design-basis events, they are nonetheless included in
the (nterest of completenass.



Variables Identified as Type A

(The variables listed here are also included in the tabu-
lation of Sec. 4.)
Variable Al. RPV Pressure

Operator action: (1) Depressurize RPV and maintain safe
cooldown rate by any of several systems, such as main turbine
bypass valves, isolation condenser, HPCI, RCIC, and RWCU: (2)
initiate isolation condenser; (3) manually open onme SRV to
reduce pressure to below SRV setpoint if any SRV is cycling.

Safety function: (1) Core cooling; (2) maintain reactor
coolant system integrity.

Variable A2. RPV Water Level

Operator action: Restore and maintain RPV water level.
Safety function: Core cooling

Variable A3. Suppression Pool Water Temperature

Operator action: (1) Operate available suppression pool
cooling system when pool temperature exceeds normal operating
limits; (2) scram reactor if temperature reaches limit for
scram; (3) if suppression pool temperature cannot be maintained
below the heat capacity temperature limit, maintain RPV pressure
below the corresponding limit; and (4) attempt to close any
stuck-open relief valve.

Safety function: (1) Maintain containment fategrity and
(2) maintain reactor coolant system integrity.

Variable A4. Suppression Pool Water Level

Operator action: Maintain suppression pool water level
within normal operating limits: (1) transfer RCIC suction
from the condensate storage tank (CST) to the suppression pool
in the event of high suppression-pocl level; and (2) if suppres-
sion pool water level cannot be maintained below the suppression
pool load limit, maintain RPV pressure below corresponding
limic.

Safety function: Maintain containment integrity.
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Variable A5. Drywell Pressure

Operator action: Control primary containment pressure
by any of several systems, such as containment pressure con-
trol systems, suppression pool spravs, drywell sprays.

Safety function: (1) Maintain containment integrity and

(2) maintain reactor coolant system integrity.

Potential Type A Variables

(The following is a list of possible Type A variables to
be determined at each plant; they are not included in Sec. 4,)

Variable 1. Condensate Storage Tank Level

Operator action: Transfer HPCI or RCIC suctiom or both
from CST to suppression pool.

Discussion: NRC has recommended automatic suction trans-
fer for HPCI and RCIC. This variable is not a Type A variable
if the automatic suction transfer is installed.

Variable 2. Emergency Diesel Generator (EDG) Load

Operator action: Control loading of the EDG's.
Discussion: Some plants have a planned manual action to
verify the loading on the EDG's before any other safety-related
loads are added. If no planned action is necessary, this vari-
able is not type A.
Variable 3. Reactor Building Flood Level

Operator action: Initiate pump-back of sump to suppression
pool.

Discussion: Water can accumulate in the reactor building
during long-term cooling with any postulated leakage. The
flood-level indication would alert the operator to a problem,
but this indication is an aid to and not the accomplishment
of a safety function.



Variable 4, Drvwell Temprratuie

Opevater action: Indtiate sprayvs, reactor water level
compersation.

Discussion: This variable may be needed for reactor-water-
level compensation. Note: Although the EPG's mention drywell
temperature, the drywell pressure is the key variable for con-
tainment integritv; drywell temperature is a secondary consid=-
eration. This issue will be addressed by the ICC subcommittee.

Variable 5. Suppression Pool Pressure

Operator action: Initiate suppression pool sprays.

Discussion: The suppression pool sprays are not used in
safety analysis. Although the EPG's use suppression pool pres-
sure to initiate suppression pool spray, containment pressure
may be used to approximate the suppression pool pressure.

Variable 6. Oxvgen or Hydrogen Concentration

Operator action: If containment atmosphere approaches the
combustible limits, initiate combustible gas control systems.
Oxygen for inerted and hydrogen for non-inerted containments.

Safety function: Maintain containment integrity.



4. PLANT VARIABLES FOR ACCIDENT MONITORING




variables is also usually Category 2. A complete discussion
of the variable types and instrumentation design criteria is
presented in RG 1.97.

It should be noted that the Type A variables listed below
are being proposed for inclusion in RG 1.97 on the basis of
analyses conducted by the Owners Group (Sec. 3). Table 1l of
RG 1.97 designates all Type A variables as plant specific and
thus defines none in particular.

The variables are listed here in the same sequence used
in Table 1, RG 1.97; however, for convenience in cross-
referencing entries and supporting data, the variables are
designated by letter and number. For example, the sixth B-type
variable listed in RG 1.97 is denoted here as variable B6.

(A copy of Table 1 from RG 1.97 is provided in Appendix C.)

BWROG's position is shown for each variable and for its
instrumentation design criteria and category. (The letters Oz
and 3¢ preceding the category numbers identify the Ownmers Group
and RG 1.97, respectively.) In general, there are three kinds
of responses or recommendations: (1) implement the variable
and required instrumentation in accordance with the regulatory
position stated in Table 1, RG 1.97 (2) implement, with quali-
fying exceptions or revisions; and (3) do not implement.

As necessary, the positions of BWROG are elaborated or
substantiated in the Supplementary Analyses section (Sec. 5)
or in supplementary documents provided in the appendixes. Jote
that references to the data in Sec. § are made by citing the
{33ue wwmbers that appear in the upper comer of the rages

tn See. §.
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Type A Variables

The following Type A variables are recormended by the
Owners Group (0G) for inclusion in RG 1.97 as type A. (See
Sec. 3.)

Al. Reactor pressure (0G Category 1)
RECOMMENDATION: Implement. See B6, C4, and C9.

A2. Coolant level in reactor (0G Category 1)
RECOMMENDATION: Implement. Sea B4.

Al. Suppression pool water temperature (0G Category 1)
RECOMMENDATION: Implement. See D6,

A4. Suppression pool water level (0G Category 1)
RECOMMENDATION: Implement. See C7 and DS.

A5. Drywell pressure (0G Category 1)
RECOMMENDATION: Implement. Type A for plants
without autostarting drywell spray. See B7, B9, C8,
C10, and D4.

16



Type B Variables

Reactivity Control

Bl. Neutron Flux (0OGC Category 2; RC Category 1)
RECOMMENDATION: Implement, but as Category 2 with
alarm and reduced range, in accordance with data in
Issue 2.

RECOMMENDATION: Implement

82. Control Rod Position (OG Category 3; RG Category 3)
83. RCS Soluble Boronm Concentration (sampie) (OG Category 3;
RG Category 3)
RECOMMENDATION: Implement

Core Cooling

B4. Coolant Level in Reactor (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See A2, C3, and i
Issue 3.

35. 3WR Core Thermocouples (RG Category 1)
RECOMMENDATION: Do not implement. See C3 and
Appendix A.

Yaintaining Peactor Coolant System Integrity

B6. RCS Pressure (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See Al, C4, C9, and Issue .

37. Drywell Pressure (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See 89, C8, Cl0, and Dé. v

88. Drywell Sump Level (OG Category 3; RG Category 1)
RECOMMENDATION: Implement as Category 3. See C6b and
Issue 4.

Maintaining Comtainment Integrity

89. Primary Containment Pressure (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See 87, C8, Cl0, and D4. '

310. Primarvy Containment Isolation Valve Position (excluding
check valves) (0G Category l; RG Category 1)
RECOMMENDATION: Implement. Redundant indication is not
required on each redundant isolation valve.



Type C Variables

T M1

Fuel Cladding
Cl. Radioactivity Concentration or Radiation Level in Circu-

lating Primary Coolant (RG Category 1)
RECOMMENDATION: Do not implement. See Issue 5.

C2. Analysis of Primary Coolant (gamma spectrum) (0G Category
3; RG Category 3)
RECOMMENDATION: Implement

C3. BWR Core Thermocouples (RG Category 1)
RECOMMENDATION: Do not implement. See B35 and
Appendix A.

Regotor Coolant Pressure Soundary

C4. RCS Pressure (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See Al, B6, and C9.

C5. Primary Containment Area Radiation (OG Category 3;
RG Category 3)
RECOMMENDATION: Implement. See El.

C6. Drywell Drain Sumps Level (identified and unidentified
leakage) (OG Category J; RG Category 1)
RECOMMENDATION: Implement as Category 3. See B8 and
Issue 4.

C7. Suppres: ion Pool Water Level (OG Category l; RG Category 1)
RECOMMENLATION: Implement. See A4 and DS5.

8. Drywell Pressure (0G Category 1; RG Category 1)
RECOMMENDATION: Implement. See B7, B9, C10, and D4.

Contatnment

C9. RCS Pressure (0G Category l; RG Category 1)
RECOMMENDATION: Implement. See Al, B6, and C4.

C10. Primary Containment Pressure (0OG Category l; RG Category 1)
RECOMMENDATION: Implement. See B7, B9, C8, and D4.

C1l. Containment and Drywell H, Concentration (0OG Category 1;

RG Category 1)
RECOMMENDATION: Implement

18



C12. Containment and Drywell Oxygen Concentration (for
inerted containment plants) (0G Category l; RG Category 1)
RECOMMENDATION: Implement. !

C13. Containment Effluent Radicactivity--Noble Gases (from
identified release points including Standby Cas Treatment
System Vent) (0G Category 3; RG Category 3)
RECOMMENDATION: Implement

Cl4. Radiation Exposure Rate (inside buildings or areas, e.g.,
auxiliary building, fuel handling building, secondary
containment, which are in direct contact with primary
containment where penetrations and hatches are located)
(RG Category 2)

RECOMMENDATION: Do not implement. See E2, E3, and
Issue 6,

C15. Effluent Radioactivity--Noble Gases (from buildings as
indicated above) (0G Category 2; RG Category 2)
RECOMMENDATION: Implement
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Type D Variables

Condensate and Feedwater System

Dl1. Main Feedwater Flow (0G Category 3; RG Category 3)
RECOMMENDATION: Implement

D2. Condensate Storage Tank Level (0G Category 3; RG Category
3)
RECOMMENDATION: Implement

Primary Containment-Related System

D3. Suppression Spray Flow (RG Category 2)
RECOMMENDATION: Do not implement. See Issue 7.

D4. Drywell Pressure (OG Category 2; RG Category 2)
RECOMMENDATION: Implement. See B7, B9, C8, nnd_ClO.

D5. Suppression Pool Water Level (OG Category 2; RG Category
2)
RECOMMENDATION: Implement. See A4 and C7.

D6. Suppression Pool Water Temperature (OG Category 23
RG Category 2)
RECOMMENDATION: Implement.
Both local and bulk temperature. See A3l.

D7. Drywell Atmosphere Temperature (OG Category 2; RG Cate-

gory 2)
RECOMMENDATION: Implement. See Issue 8.

D8. Drywell Spray Flow (RG Category 2)
RECOMMENDATION: Do not implement. See Issue 7.

Main Steam System

D9. Main Steamline Isolation Valves' Leakage Control System
Pressure (0G Category 2; RG Category 2)
RECOMMENDATION: Implement if system is part of plant
design.

D10. Primary System Safety Relief Valve Position, Including
ADS or Flow Through or Pressure in Valve Lines
(0G Category 2; RG Category 2)
RECOMMENDATION: Implement

20
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Dl1l. Isolation Condenser Svstem Shell-Side Wrter Level
(0G Category 2; RG Category 2)
RECOMMENDATION: Implement if system is part cf plant
design.

D12. Isolation Condenser System Valve Position (0G Category 2;
RG Category 2)
RECOMMENDATION: Implement if system is part of plant
design.

D13. RCIC Flow (OG Category 2; RC Category 2)
RECOMMENDATION: Implement. See Issue 9.

D14. HPCI Flow (OG Categery 2; RG Category 2)
RECOMMENDATION: Implement. See Issue 9.

D15. Core Spray System Flow (0G Category 2; RG Category 2)
RECOMMENDATION: Implement. See Issue 9.

D16. LPCI System Flow (OG Category 2; RG Category 2)
RECOMMENDATION: Implement. 3ee Issue 9.

D17. SLCS Flow (0G Category 3; RG Category 2)
RECOMMENDATION: Implement as Category 3. Await ATWS
resolution. See lssue 9.

D18. SLCS Storage Tank Level (OG Category 3; RG Category 2)
RECOMMENDATION: Implement as Category 3. Await ATWS
resolution. See Issue 10.

lfestdual Heat Removal (RER) Systems

D19. RHR System Flow (OG Category 2; RG Category 2)
RECOMMENDATION: Implement

D20. RHR Heat Exchanger Outlet Temperature (0OG Category 2;
RG Category 2)
RECOMMENDATION: Implement

Cocling Water System
D21. Cooling Water Temperature to ESF System Components
(0G Category 2; RG Category 2)

RECOMMENDATION: Interpret as main svstem flow and
implement.
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D22. Cooling Yater Flow to ESF System Components
(0G Category 2; RG Category 2)
RECOMMENDATION: Interpret as main system {low and
implement.

o
Radwaste Syetems

D23. High Radioactivity Liquid Tank Level (0OG Category 3;
RG Category 3)
RECOMMENDATION: Implement

Ventilation Systems

D24. Emergency Ventilation Damper Position (0G Category 23
RG Category 2)
RECOMMENDATION: Interpret as meaning dampers actuated
under accident conditions and whose failure could result
in radioactive discharge to the environment. Control
room damper position should be indicated. Implement.

Power Surplies

D25. Status of Standby Power and Other Energy Sources
Important to Safety (hydraulic, pneumatic) (OG Category
2; RG Category 2)
RECOMMENDATION: Implement; on-site sources onl' .

(Note: The addition of the following D-type variables tis
reccrmended by BWRCG; see [ssue ll, Sec. §5.)

D26. Turbine Bypass Valve Position (OG Category 3)
RECOMMENDATION: Add to RG 1.97., See Issue ll.

D27. Condenser Hotwell Level (OG Category 3)
RECOMMENDATION: Add to RG 1.97. See Issue ll.

D28. Condenser Vacuum (OG Category 3)
RECOMMENDATION: Add to RG 1.97. See Issue ll.

D29. Condenser Cooling Water flow (0G Category 1)
RECOMMENDATION: Add to RG 1.97. See lssue ll.

D30. Primary Loop Recirculation Flow (OG Category 3)
RECOMMENDATION: Add to RG 1.97. See Issue ll.




Type E Variables

Contairnment Radiation

El.

E2.

Al'éq

E3.

Primary Containment Area Radiation--High Range
(0G Category l; RG Category 1)
RECOMMENDATION: Implement in accordance with
NUREG-0737 commitment. See C3.

Reactor Building or Secondary Containment Area Radiation
(RG Category 2 for Mark I and II containments; OG Category
1 and RG Category 1 for Mark III containments)
RECOMMENDATION: Do not implement for Mark I and II con=-
tainments. Implement for Mark III containments. See Cl4,
E3, and Issue 12,

Radigtion

Radiation Exposure Rate (inside buildings or areas where
access is required to service equipment important to
safety) (0OG Category 3; RG Category 2)

RECOMMENDATION: Implement as Category 3, using existing
instrumentation. See Cl4, E2, and Issue 13.

Aipborme 3adicactive Materials Released from Plant

E4.

ES.

Noble Cases and Vent Flow Rate (0OG Category 2; RG cate-
gory 2)
RECOMMENDATION: Implement

Particulates and Halogens (0G Category 3; RG Category 3)
RECOMMENDATION: Implement

Snuirons Radiation and Radiocactivity

E6.

E7.

9.

Radiation Exposure Meters (continuous indication at fixed
locations) )
RECOMMENDATION: Deleted. See NRC errata of July 1981.

Airborne Radiohalogens and Particulates (portable sampling
with on-site analysis capability) (OG Category J; RG Cate=-
gory 3)

RECOMMENDATION: Implement

Plant Environs Radiation (portable instrumentation)
(0G Category 3; RG Category 1J)
RECOMMENDATION: Implement (portable equipment)

Plant and Environs Radioactivity (portable instrumenta-

tion) (0G Category 3; RG Category 3J)
RECOMMENDATION: Implement (portable equipment)
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Meteorology

E10.

Ell.

Wwind Direction (OG Category 3; RG Category 3)
RECOMMENDATION: Implement

Wind Speed (OG Category 3; RG Category 3)
RECOMMENDATION: Implement

£12. Estimation of Atmospheric Stability (OG Cacegory i

RG Category 3)
RECOMMENDATION: Implement

b4

‘dent-Sam ling Capability (Analysis Capadility neSite)

£13. Primary Coolant and Sump (UG Category 3--Primary Coolant

El4.

only; RC Category 3)
RECOMMENDATION: Implement Primary Coolant. Do not
implement Sump. See Issue l4.

Containment Air (0G Category 3; RG Category J)
RECOMMENDATION: Implement



5. SUPPLEMENTARY ANALYSES

These supplementary analyses support positions cited in

Sec. 2 (lssue 1) and Sec. 4 (Issues 2-14).
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Variables D13-D17
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Issue ll. Variables D26-D30
Issue 12, Variable E2
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Issue 14, Variable E13
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ISSUE 1. INSTRUMENT IDENTIFICATION

Issue Definition

Regulatory Guide 1.97 specifies, in par. 1.4.D, the
following: "The instruments designated as Types A, B, and C
and Categories 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."

Discussion

The objective of this regulatory position is the achieve-
ment of good human factors engineering in the presentation of
information to the control room operator. This objective is
best achieved by evaluating current practices and procedures
that provide for ideatifying instruments in a manner that aids
the operator; redundant labels would tend to distract the oper-
ator and cause confusion. The Control Room Design Review of
the BWR Owners Group has the charter to provide a basis for
assuring proper identification of accident instrumentation
with consideration for current information for safe plant
shutdown, operational training, and procedures.

COqolu-loq

Instruments designated as Categories 1 and 2 for monitor-
ing variable types A, B, and C should be identified in such a
manner as to optimize aoplicable human factors engineering
and presentation of information to the control room operator.
This position is taken to clarify che intent of RG 1.97,
which specifies that these instruments be easily discerned
for use during accident conditions.



Eaal

ISSUE 2. VARIABLE B1

Bl: Neutron Flux

lssue Definition

The measurement of neutror flux is specified as the key
variable i{n monitoring the status of reactivity. Neutron
flux is classified as a Type B variable, Category l. The
specified range is 108 percent to 100 percent full power
(SRM, APRM). The stated purpose is "Function detection;
accomplishment of mitigation.”

Discussion

The lower end of the specified range, 10™° percent full
power, is intended to allow detection of an approach to criti-
cality by some undefined and noncontrollable mechanism after
shutdown.

In attempting to analyze the performance of the neutron-
flux monitoring systems, a scenario was postulated to obtain
the required approach to criticality. Basically, it assumes
an increase in reactivity from loss of boron in the reactor
water.

The accident scenmario incorporates the following factors:

1. The control rods fail (completely or partially) to
insert, and the operator actuates the standby liquid control
system (SLCS).

2. The SLCS shuts the reactor down.

3. A leak in the primary system results in an outgo of
borated water and its replacement by water that contains no
boron.

4, A range of leak rates up to 20 gpm was considered
(see Table 1).
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Calculations were made to evaluate the rise in neutron
population as a function of different leak rates. The cal-
culations were made for a shutdown neutron level of 5 10-8
percent of full power. The choice of 5 x 10-® is based on
measurements at two nuclear plants. The shutdown level was
assumed to have a negative reactivity of 10 dellars, an
assumption that is representative of a shutdown with all rods
inserted. The results of the calculations are presented in
Table 1. The numbers in the table refer to the time in hours
required to increase the flux by 1 decade. For example, with
a leak of 5 gpm, it takes 100 hr to increase the power from
5 x 10~8 percent to 5 x 10~7 percent, and 10 hr to increase
{t from 5 * 10~7 percent to 5 x 10-% percent.

The reactor is subcritical and the neutron level is given
by

Neutron level = § x M,
where S is the source strength and M is the multiplicationm,
which is given by

M= 1/(1 - k).

For k = 0.9, M is 10; for k = 0.99, M is 100 and so forth.
For ctiticality. the denominator approaches O, as k approaches
1.0. Thus, the calculation model used the above equation to
calculate relative neutron flux levels for .a subcritical reac-
tor until the reactor was near critical; then the critical
equation of power with excess reactivity was used. Reactor
power is directly proportional to neutron level.

The increase in reactivity toward criticality can be
rurned around by actuating the SLCS. It is qsswmed that oper-
ating procedures provide for refilling the SLCS tank soon after
ita actuation. A second actuation of the SLCS would cause a
decrease in reactivity because of the high concentration of
boron in the injected SLCS fluid relative to that in the leak-
ing fluid (nominally 400 ppm). The sensitivity of the detector
must allow adequate time for the operator to act. Ten minutes



is considered sufficient time for operator action for accident
prevention and mitigation.

Table 1 shows that the detector sensitivity (i.e., lower
range) requirement is a function of leak rate and therefore
of reactivity-addition rate. On the basis of a 20-gpm leak
rate, Table 1 shows that a detector that is cn scale within
3 decades of the shutdown power would allow 0.18 hr (10.8 min)
for operator action before reactor power increased another
decade. A total of 0.36 hr (21.6 min) would be available for
operator action from the time the indicator comes on scale to
the time reactor power reaches 0.5 percent of full power. An
alarm would be provided to warn the operator when the neutron
flux starts to increase beyond a plant-specific set=-point.

The 20-gpm leak rate, which was assumed to continue for
27.75 hr, was used to define the sensitivity of the detector.
It should be noted that the assumed leak rate, extended over
the 27.75-br period, would result in a loss of inventory so
large that it could not in reality go undetected by the oper-
ator. Moreover, reactivity-addition caused by this gradual
boron depletion is unlikely, since boron concentration is
sampled and measured periodically. Again, the improbable
20-gpm leak rate was used only to obtain a mechanistic and
conservative approach for selection of instrument sensitivicy.

An absolute criterion for the lower range must include
consideration of the neutron source level. The use of the
neutron level 100 days after shutdown is conservative. There
is high probability that conditions would be stable and con-
trollable 2 day: after the emergency shutdownm, for the core-
decay heat is at a low level and the boron monitoring system
should be functioning by that time. The actual neution level
will vary with fuel design, fuel history, and shutdown con=-
trol strength. Measurements of shutdown neutron flux (with
all rods inserted) at two BWR reactors show readings of 30 to
80 counts/sec (1000 counts/sec corresponds to 10=? of full



power). Measurements on other BWR reactors and for different
fuel histories would show some variation, but those variations
would be small compared with a criterion that is concerned
with units of decades.

Regulatory Guide 1.97 classifies the instrumentation for
measuring a variable as Category 1 on the basis of (1) whether
it is a key variable (defined in Sec. 4), and (2) its importance
to safety. Neutron flux is the key variable for measuring
reactivity control, thus meeting the requirement of criterion
(1). The degree to which this variable is important to safety
{s another consideration. The large number of detectors (i.e.,
source-range monitors and intermediate-range monitors) that
are driven into the core soon after shutdown makes it highly
probable that one or more of the existing NMS detectors will
be inserted. On the other hand, there is little probability
that there would be, simultaneously, a need for this measure-
ment (in terms of operator action to be taken) and an acci-
dent environment in which the NMS would be rendered inoperable.
Further, the operator can always actuate the SLCS on loss of
instrumentation.

Although some upgrading of the current NMS may be appro-
priate to improve system reliability and its ability to survive
a spectrum of accidents, a rigorous Category l requirement is
not justified when the purpose and use of the measurement are
analyzed as they relate to the criterion of "importance to
safety.” A Category 2 classification of this variable fully
meets the intent of RGC 1.97.

Four alternative design approaches to meeting the neutron
flux requirements of RG 1.97 have been identified. All four
alternatives would provide indication over the range recom-
mended by BWROG, using state-of-the-art electronics for dis~
playing the detector reading. A particular utility can choose
a suitable alternative, based on its own design evaluation.
The principal features of tne four alternacives are presented
below.

3o



Alternative 1. The first alternative provides for
upgrading two or more of the source-range monitors (SRM's),
The upgrading includes the connecting cable inside the drywell
and the power source for the SRM drives. At least two SRM's
would have dual roles of accident instrumentation and normal
start-up; these two SRM's would be withdrawn a lesser dis-
tance from the core than the SRM in the current design. It
{s estimated that in its fully withdrawn position, the cur=
rent SRM will detect about 103 or 10™° percent of full power.
This sensitivity can be increased by using a withdrawn posi-
tion that is less than the present 2-2.5 ft from the core.

A withdrawn position that produces 10 percent depletion in

5 vears was used as a guide to the maximen allowed burn=-up of
the sensor. This position below the core would give the SRM
a detection capability of about 2 « 107 percent of full power.
The SRM drives need not be upgraded, because the upgraded
detector system would be adequate, even if the drive did not
move the SRM detector. (An upgraded power source for the
drives improves the probability of insertion.) The success
of this alternative--which uses the four SRM's for normal
start-up--depends on a design modification to accommedate the
new cable (the key concern is the flexibility of the cable,
for the detector moves about 10 ft; this movement is accommo=
dated in the cable loop) and on the design of a limit switch
or a detent mechanism to hold the drive tube in the required
intermediate position.

Alte ve 2. The second alternative is to replace two
or more SRM systems with upgraded systems. The full SRM
system, including the drives, would be upgraded. This approach
would require input from a potential equipment aypplier in
order to estimate schedules, cost, and overall effect of the
upgrading. Whereas the first alternative uses upgraded cables
and power supply (which are commercially available), this

b )
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Conclusion

A range from 5 * 10=° percent of full power (within 3
decades of the neutron flux level 100 days after shutdown) to
100 percent of full power is recommended. An alarm is also
recommended that would alert the operator of a rise in neutron
flux., It is concluded that a Category 2 classification is
responsive to the intent of RG 1.97, as cre the four alterna-
tives, provided that the design program resolves the specific
design concerns {dentifled in the Discussion.
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TABLE 1. RELATIVE NEUTRON FLUX VERSUS TIME?

Leakage rate, gpm (ramp rate, c/min)b

FUPp 1(0.03) 5(0.15) 20(0.60)
power
[ L a z 3 L 3
|
(;7: 109 -555 500 -111 100 -27.75 25
s « 1077 -55 50 -11 10 -2.75 2.5
5 « 10~® -5 5 -1 1 -0.25 0.25
5 « 107°% 0 0 0
5 = 107" 0.8 0.8 0.36 0.36 0.18 0.18
5 x 107 1.33 0.53 0.51 0.15 0.25 0.07
5 = 1074 1.59 0.26 0.62 0.11 0.31 0.06
ls«10°'| 1.80 0.21 | 0.72  0.10 0.3  0.05
5 « 10° 1.89 0.09 0.80 0.08 0.40 0.04

dshutdown flux = 5 x 107% percent of power.

bt « total number of hours; A = hours for neutron flux to increase
by one decade.

34




“ 1
| PA R TR LR

pivi rEANN] vorInau JO DT INLISsEp rIpey 1 caniin

W ﬂ_.:..,_(:
L WOl oG one (L (4] nos oor oy o oot 0
o I ril -
| | |
XN NOMIGIN Wil @
—- 1 ASKE 061 HONOMMEL AN S50 3 - [
/ AN 550 HONOMML AY RS0 3 @
- A 850 HONOMML A 110 3~ U | |
J YO NOMININ WWWHI - O
T ||||| IV —
s - SOy
Q1IHE AMYWING PO
,/ _ (4 - SMOYH)
4 EITII QIS (HYNIHAG D
R, e -
pb—— — — - — S—
— |
- R PT— 4 /
—4— — ﬁIII.iIT-I — — wﬂ
HEZ - SMQYH! .
AdM ro
TSI TR TINISNES, TRSSm——.. ' S

n™

n?

0% , Wl N XMTINOHLNEN

.



ISSUE 3. TREND RECORDING

lesue Definition

The purpose of addressing I[ssue ] is to determine which
variables set forth in RG 1.97 require trend recording.

Discussion

Regulatory Guide 1.97, par. 1.3.2f, states the general
requirement for trend recording as follows: '"Where direct and
immediate trend or transient information is essential for
operator information or action, the recording should be con-
tinuously available for dedicated recorders.” Using the BWR
Owners Group Emergency Procedures Guidelines (EPG's) as a basis,
the only trended variables recuired for operator action are
reactor water level and reactor vessel pressure.

Conclusion

On a generic basis, only reactor water level (variable
B4) and reactor vessel pressure (variable B6) recuire trend
reenvdiug; however, other variables may be necessary on a
plant-specific basis.

Jo



ISSUUE 4. VAFIABLES B8 ANDCS

B8: OUrywell Sump Level
C6: Drywel! Drain Sumps Level

Issue Definition

Regulatory Guide 1 97 requires Category 1 instrumentation
to monitor drywell sump Level (variable B8) and drywell drain
sumps level (variable C5). These desi, nations refer to the
drywell equipment and flour-drain tank levels. Cacegory 1
instrumentation indicates that the variable being monirored
is a key variable. In RGC 1.97, a key variable is defined as
w ., that single variable (or minimum number of variables)
thot wet divectly indic:tes the accomplistment of a safety

"
.

function, The following discussiun supports the BWR
Owners Group alteraative posirion that Jrywell sump level and
drywell drain-sumps 'avels should be classified as Category )

instrumentatlon.

Discussion

The BWR Mark I, II, and ITI drywells have two drain sumps.
One drain is the equipment drain sump, which collects identi-
fied leakaga; the other is the flour drain sump, which collects
unidentif (ed leakage.

Although the level of the drain sumps can be a direct indi-
cation of Lreach of the reactor coolant system pressurs boundary,
rhe indication is not upami .guous, L Iuse there is water in
tYose sumps during normal opecation. There !s other lustru-
me-cation required by RG 1.37 that would indicute 'eakage in
the drywell:

1. Drywell pressure--v.tiabla 87, Category 1

2. Drywell temperature--variable D7, Catagory 2

i
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}J. Primary containment arca radiation-~-variable C5,
Category 3

The drvwell-sump level siuna. neither automatically ini-
tiates safety-related svstems nor alarts the operator to the
need to take safety-reluted actions, Both sumps have level
detectors that provide only the following nonsafety indications:

1. Continuous level indication (some plants)

2. Rate of rise indication (some plants)

3. High-level alarm (starts first sump pump)

4, High-high-level alarm (starts second sump pump)

In addition, timers are used in most plants to indicate the
duration of sump-pump operation and thereby permit the amount
of leakage to be estimated.

Regulatory Guide 1.97 requires instrumentation to function
during and after an accident. The drywel] sump systems are
deliberately isolated at the primary containment penetration
upon receipt of an accident signal to establish containment
integrity. This fact renders the drvwell-sump-level signal
{rrelevant. Therefore, by design, drywell-level instrumenta-
tion serves no useful accident-monitoring function.

The Emergency Procedure Guidelines use the RPV level and
the drywell pressure as entry conditions for the Level Control
Guideline. A small line break will cause the drywell pressure
to increase before a noticeable increase in the sump level.
Therefore, the drywell sumps will provide a "lagging" versus
"early" indication of a leak.

Conclusion

Based on the above considerations, the 3WR Owners Group
hol feves that the deywe!l=<ump 'eve! and drywell-drain-sume
level instrumentation should be ela =il bad us Cave oy Lo

"high=quality off-the=shelfl tnstrun acation,”
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ISSUE S. VARIABLEC1

Cl: Radioactivity Concentra:zion or Radiation Level in
Circulating Primary Coolant

lssue Definition

Regulatory Guide 1.97 specifies that the status of the
fuel cladding be monitored during and after an accident. The
specified variable to accomplish this monitoring is varizble
Cl-=-radioactivity concentration or radiation level in circulat-
ing primary coolant. The range is given as "1/2 Tech Spec
Limit to 100 times Tech Spec Limit, R/hr." In Table l of
RG 1.97, instrumentation for measuring variable Cl is desig-
nated as Category 1. The purpose for monitoring this variable
is given as "detection of breach,” referring, in this case,
to breach of fuel cladding.

Discussion

The usefulness of the information obtained by monitoring
the radioactivity concentration or radiation level in the cir-
culating primary coolant, in terms of helping the operator in
his efforts to prevent and mitigate accidents, has not been
substantiated. The critical actions that must be taken to
prevent and mitigate a gross breach of fuel cladding are (1)
shut down the reactor and (2) maintain water level. 'onitoring
variable Cl, as directed in RG 1.97, will have no influence on
either of these actions. The purpose of this monitor falls in
the category of "information that the barriers to release of
radiocactive material are being challenged" and "identificationm
of degraded conditions and thair magnitude, 3o the operator can
take actions that are available to mitigate the consequences.”
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Additional operator actions to mitigate the consequences of fuel
barriers being challenged, other than those based on Type A and
B varisbles, have not been identified.

Regulatory Guide 1.97 specifies measurement of the radio-
activity of the circulating primary coolant as the key variable
in monitoring fuel cladding status during isolation of the NSSS.
The words "circulating primary coolant" are interpreted to mean
coolant, or a representative sample of such coolant, that flows
past the core. A basic criterion for a valid measurement of
the specified variable is that the coolant being monitored is
coolant that is in active contact with the fuel, that is, flow-
ing past the failed fuel. Monitoring the active coolant (or a
sample thereof) is the dominant consideration. The post-~
accident sampling system (PASS) provides a representative
sample which can be monitored.

The subject of concern in the RG 1.97 requirement is
assumed to be an isolated NSSS that is shutdown. This assump-
tion is justified as current monitors in the condenser off-gas
and main steam lines provide reliable and accurate information
on the status of fuel cladding when the plant is not isolated.
Further, the post-accident sampling system (PASS) will provide
an accurate status of coolant radioactivity, and hence cladding
status, once the PASS is activated. In the interim between
NSSS isolation and operation of the PASS, monitoring of the
primary containment radiation and containment hydrogen will
provide information on the status of the fuel cladding.

Conclusion

The designation of instrumentation for measuring variable
¢l should be Category 3, because no planned operator actions
are identified and no operator actions are anticipated based
on this variable serving as the key variable. Existing Cate~-
gory 3} instrumentation is adequate for monitoring fuel cladding
status.
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ISSUE 6. VARIABLEC14

Cl4: Radiation Exposure Rate

Issue Definition

Variable Cl4 is defined in Table 1 of RG 1.97 as fcllows:
"Radiation exposure rate (inside buildings or areas, e.g.,
auxiliary building, fuel handling building, secondary contain-
ment), which are in direct contact with primary containment
where penetrations and hatches are located." The reason for

monitoring variable Cl4 is given as "Indication of breach."”

Discussion

The use of local radiation exposure rate monitors to detect
breach or leakage through primary containment penetrations is
{mpractical and unnecessary. In general, radiation exposure
rate in the secondary containment will be largely a function
of radicactivity in primary containment and in the fluids
flowing in ECCS piping, which will cause direct radiation
shine oh the area monitors. Also, because of the amount of
piping and the number of electrical pemetrations and hatches
and their widely scattered locations, local radiation exposure
rate monitors could give ambiguous indications. The proper
way to detect breach of containment is by using the plant
noble gas effluent monitors.

Conclusion

Using radiation exposure rate monitors to detect primary
containment breach is neither feasible nor necessary. Other
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ISSUE 7. VARIABLES D3 AND D8

D3: Suppression Spray Flow
D8: Drywell Spray Flow

lssue Definition

Regulatory Guide 1.97 specifies flow measurements of
suppression chamber spray (SCS) (variable D3) and drywell
spray (variable D8) for monitoring the operation of the
primary containment-related systems. Instrumentation for
measuring these variables is designated Category 2, with a
range of 0 to 110 percent of design flow. These flows relate
to spray flow for controlling pressure and temperature of the

drywell and suppression chamber.

Discussion

The drywell sprays can be used to control the pressure
and temperature of the drywell. The residual heat removal
(RHR) system flow element is used for measuring drywell flow
in most designs.

The suppression pool sprays can be used to control
the pressure and temperature in the suppression chamber. The
operator controls pressure and temperature by adjusting sup-
pression chamber spray flow. The RHR system flow element is
used for flow indication in most designs. Some plants have
a flow element in the branch .ine to the sprays. The suppres-
sicn chamber spray operates in parallel with the drywell spray
and is regulated with a throttling valve. The flow is deter-
mined by the position of the throttling valve that is in the
branch line that feeds the containment spray lines. These
valve positions are indicated in the control room. The
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effectiveness of these flows can be verified by pressure and
temperature changes of the drywell and the suppression

chamber.
Conclusion

The current plant designs, in conjunction with operating
practice, provide for operator information that is sufficient
for determining the existence of spray flows to the drywell
and suppression chamber without the use of a dedicated flow-

measuring instrument.
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ISSUE 8. VARIABLE D7

D7: Drywell Atmosphere Temperature

lssue Definition

Regulatory Guide specifies drywell atmosphere temperature
(variable D7, Category 2) as one of the key variables in
monitoring individual safety systems. The temperature range
is specified as 4O°F to 440°F.

Discussion

Che evaluation of this {ssue addressed requirements that
call for direct operator action based on variable D7, that is,
temperature and the associated variable of pressure. The BWR
Emergency Procedure Guidelines (EPG's) provide guidelines for
control of containment pressure and temperature. Classifica-
tion of this variable should be done on a plant-specific basis
with full consideration for EPC requirements.

Temperature-monitoring hardware inside the drywell may
not be qualified to the accident conditions specified in
RG 1.97; the primary item of concern is the cable inside the

drywell.

Conclusion

BWROG recommends implementation of variable D7 require-
ments as specified in RG 1.97.

'



ISSUES. VARIABLES D13-D17

D13: RCIC Flow

Dl4: HPCI Flow

D15: Core Spray System Flow
D16: LPCI1 System Flow

DL7: SLCS Flow

Issue Definition

Regulatory Guide 1.97 specifies flow measurements of the
following systems: reactor core isolation cooling (RCIC)
(variable D13), high-pressure coolant injection (HPCI) (vari-
able D14), core spray (C3) (variable D15), low-pressure coolant
injection (LPCI) (variable D16), and standby liquid control
(SLC) (variable D17). The purpose is for monitoring the oper-
ation of individual safety systems. Instrumentation for meas-
uring these variables is designated as Category 2; the range
is specified as 0 to 110 percent of design flow. These vari-
ables are related to flow into the reactor pressure vessel
(RPV) .

Discussion

The RCIC, HPCI, and CS systems each have one branch line~-
the test line--downstream of the flow-measuring element. The
test line is provided with a motor-operated valve that is nor=-
mally closed (two valves in series in the case of the HPCI).
Further, the valve in the test line closes automatically when
the emergency system is actuated, thereby ensuring that indi-
cated flow is not being diverted by the test line. Proper
valve position can be verified by a direct indication of valve
position.

Although the LPCI has several branch lines located
downstream of each flow-measuring element, each of those
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lines is normally closed. Proper valve position can be veri-
fled by a direct Indication of valve position.

For all of the above systems, there are valid primary
indicators other than flow measurement to verify the per-
formance of the emergency system; for example, vessel water
level.

The SLC system is manually initiated, Flow-measuring
devices were not provided for this system., The pump-discharge
header pressure, which is indicated in the control room, will
indicate SLC pump operation. Besides the discharge header
pressure observation, the operator can verify the proper
functioning of the SLCS by monitoring the following:

1. The decrease in the level of the boric acid storage
tank

2., The reactivity change in the reactor as measured Dy
neutron flux

3. The motor contactor indicating lights (or motor cur=-
rent)

4, Squib valve continuity indicating lights

5. The open/close position indicators of check valves
(available in some plants)

The use of these indications is believed to be a valid alterna-
tive to SLCS flow indication.

Conclusion

The flow-measurement schemes for the RCIC, HPCI, CS, and
LPCI are adequate in that they meet the intent of RGC 1.97.
Monitoring the SLCS can be adequately done by measuring vari-
ables other than the flow.
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ISSUE 10. VARIABLED18

D18: SLCS Storage Tank Level

Issue Definition

Regulatory Guide 1.97 lists standby liquid-control system
(SLCS) storage-tank level as a Type D variable with Category 2
design and qualification criteria.

Discussion

The symptomatic Emergency Procedure Guidelines (EPG),
Revision 1, as presently approved do not consider ATWS condi~-
tions; however, the EPG committee of the BWR Owners Group has
been developing a draft reactivity control guideline in which
procedures are described for raising the reactor water level
based on the amount of boron injected into the vessel, as
{indicated by the SLC tank level. Additionally, the operator
is required to trip the SLC pumps before a low SLC tank level
{s reached, thereby preventing damage to the pumps that would
render them useless for future injections during the scenario.

Regarding the instrumentation category requirement for
variable D18, RG 1.97 indicates that it is a key variable in
monitoring SLC system operation. Regulatory Guide 1.97 also
states that in general, key Type D variables be designed and
qualified to Category 2 requirements.

In applying these requirements of the Guide to this
{nstrumentation, the following are noted:



. The current design basis for the SLCS assumes a newd

for an nlternative method of reactivity control without a con-

current loss-of=coolant aculdent or high=eoergy lLine break.

The environment in which the SLCS instrumentation must work

is therefore a "mild" environment for qualification purposes.

2. The current design basis for the SLCS recognizes

that the system has an importance to gafecy that is less than

the importance to safety of the reactor protection system and

the engineered safeguards systems. Therefore, in accordance

with the graded approach to juality assurance specified in

RG 1.97, it is unnecessary to apply a full quality-assurance

program to this instrumentation.
Based on a graded approach to safety, this variable is
more appropriately considered a Category 3 variable.

Conclusion

SLCS storage-tank-level instrumentation should meet
Category J design and qualification criteria.

It is realized that the resolution of the ATWS issue may
include substantial changes to the SLCS design criteria. At
that time, the SLCS instrumentation should be reevaluated to

ensure adequacy.
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ISSUE 11. VARIABLES D26-D30

D26: Turbine Bypass Valve Position
D27: Condenser Hotwell Level

D28: Condenser Vacuum

D29: Condenser Cooling Water Flow
D30: Primary Loop Recirculation

Issue Definiticn

Regulatory Guide 1.97 states that "The plant designer
should select variables and information display channels
required by his design to enable the control room personnel
to ascertain the operating status of each individual safety
system and other systems important to safety to that extent
necessary to determine if each system is operating or can be
placed in operation. . . ." The purpose of this analysis was
to determine whether certain other D~type variables should be

added to Table 1, RG 1.97.

Discussion

Regulatory Guide 1.97 addressed safety systems and systems
{mportant to safety to mitigate consequences of an accident.
Another list of variables has been compiled for the BWR in
NUREG/CR-2100 (Boiling Water Reactor Status Monitoring during
Accident Conditions, Apr. 1981). That report and a companion
report, NUREG/CR-1440 (Light Water Reactor Status Monitoring
during Accident Conditions, June 1980), address plant systems
not important to safety, as well as systems that are important
to safety. In particular, these reports consider the potential
role of the turbine plant in mitigating certain accidents.

These two reports were reviewed in determining whether any
vaurlablen should be added to the ReE 1,97 1ine,
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The NUREG evaluations used a systematic approach to derive
a variable list. The basic approach of the analysis was to
focus on those accident conditions with which the operator
{s most likely to be confronted and on those accident conditions
that result in the most serious consequences, should the oper=-
ator fail to accomplish his required tasks. These studies
used probabilistic event trees and the sequences of the Reactor
Safety Study (WASH 1400) and similar studies. The events in
each sequence that involved operator action were identified,.
Also, evencs were added to the event tree to include addicional
operator actions that could mitigate the accident. The event
tree defines a series of key plant states that could evolve as
the accident progresses and as the operator attempts to respond.
Thus the operator's informational needs are linked to these
plant states.

NUREG/CR-2100 is a BWR evaluation undertaken to address
appropriate operator actions, the information needed to take
those actions, and the instrumentation necessary--and suffi-
cient==to provide the required information.

The sequences evaluated were

1. Anticipated transient followed by loss of decay~heat
removal

2. Anticipated transients without scram (ATWS)

3. Anticipated transient together with failure of
HPCI, RCIC, and low-pressure ECCS

4, Large loss of coolant accident (LOCA) with failure
of emergency core-cooling systems

5. Small LOCA with failure of emergency core~cooling
systems
The RG 1.97 list is based on accidents that result in an
{solated NSSS. The MUTEG documents considered accidents that
could be prevenced or mitigated by using water inventory and
the heat sink in the turbine plant.
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Conclusion

Five of the 15 variables {dentified in the NUREG, but not
in RG 1.97, are recommended as lype U, Category J additlons
to the RG 1.97 list. Four of these variables are in the
turbine plant: the turbine bypass valve position, condenser
hotwell level, condenser vacuum, and condenser cooling water
flow, These variables provide a primary measure of the status
of a heat sink or water inventory in the turbine plant. The
turbine=plant systems are not to be classed as "safety systems"

or as systems important to safety. The addition of reactor
primary-loop recirculation flow is also recommended.
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ISSUE 12. VARIABLE E2

£2: Reactor Building or Secondary Containment Radiation

lssue Definition

Regulatory Guide 1.97 specifies that "Reactor building
or secondary containment area radiation” (variable E2) should
be monitored over the range of 10~' to 10" R/h for Mark I and
11 containments, and over the range of 1 to 107 R/hr for Mark
[11 containments. The classification for Mark I and 11 is
Category 2; for Mark III, the classification is Category L.

As discussed in the variable Clé4 position statement
(1asue 6), Secondary Containment Area Radiation is an inap-
propriate parameter to use to detect or assess primary con=
tainment leakage. However, for the Mark III containment, the
reactor building is essentially part of the primary contain=-
ment and Lt is appropriate to monitor that building volume as
specified in RG 1.97.

Conclusion

It is the position of BWROG that the specified reactor
building area radiation monitors be installed on Mark III
containments, but that these monitors should not be required
for plants with Mark I and IT containments.
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ISSUE 13. VARIABLE E3

£3: Radiation lxposure Rate

Issue Definition

Regulatory Cuide L.97 specifies in Table 1, variable EJ,
that radiation exposure rate (inside buildings or areas where
access is required to service equipment important to safety)
be monitored over the range of 10~' to 10 R/hr for detection
of significant releases, for release assessment, and for long=-

term surveillance.

Discussion

In general, access is not required to any area of the
secondary containment in order to service equipment important
to safety in a post-accident situation. If and when accessi-
bility is reestablished in the long term, it will be done by
a combination of portable radiation survey instruments and post-
accident sampling of the secondary containment atmosphere. The
existing lower-range (typically 3 decades lower than the RG 1.97
range) area radiation monitors would be used only in those
instances in which radiation levels were very mild.

Conclusion

It is BWROG's position that unless plant-specific design
requires access to a harsh environment area to service safety~
related equipment during an accident, this parameter should
be modified to allow credit for existing area radiation moni=-
tors. That is, this parameter should be reclassified as
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ISSUE 14. VARIABLEE13

El13: Primary Coolant and Sump

Issue Definition

Regulatory Cuide 1.97 requires installation of the capa-
bility for obtaining grab samples (variable ElJ) of the con-
tainment sump, CCCS pump-room sumps, and other similar auxie-
liary building sumps for the purpose of release assessment,
verification, and analysis.

Discussion

The need for sampling a particular sump must take into
account its location and the design of the plant in which it
{s installed. For all accidents in which radicactive material
would be in the primary containment sump of a BWR Mark I or
Mark II containment, this sump will be isolated and will over=-
flow to the suppression pool. A suppression pool sample can
therefore be used as a valid alternative to a containment-sump
sample.

The analysis of ECCS pump-room sumps and other similar
auxiliary building sump liquid samples can be used for release
assessment, as suggested in RG 1.97 only for those designs in
which potentially radiocactive water can be pumped out of a
controlled area to an area such as radwaste. For designs in
which sump pump=out {s not allowed on a high-radiation or an
LOCA signal, or in which the water is pumped to the suppression
pool, a sump sample does not contribute to release assessment.
For these designs, the use of the subject sump samples for
verification and analysis is of little value; a sample of the
suppression pool and reactor water, as required by other
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portions of RG 1.97 provides a much better measurement for these

purposes.

Conclusion

l. A suppression-poocl sample can be used as an alterna-
tive to a primary containment-sump sample for plants with Mark
[ or Il containments.

2. The analysis of ECCS pump-room sumps and other similar
auxiliary building sumps is a consideration only if the water
{s pumped out of the reactor building (e.g., pumped to radwaste).
For designs in which sump pump=out is not allowed on a receipt
of an accident signal, or in which the water is pumped to the
suppression pool, analysis is not necessary. Provisions for
sump sampling and analysis should be in accordance with each
utility's response to NUREG-07137.
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6. CONCLUSIONS

The BWR Owners Group RC 1.97 Committee completed an
extensive analysis of the regulatory positions proposed in
NRC Regulatory Guide 1.%7, Revision I, The principal goal
of the committee was to formulate the position of the aWR
Owners Group relative to RG 1,97 raquirements. Toward that
end, the committee developed==on the basis of studies con=
ducted by (ts own representatives and its contractors==a
series of positions with respect to interpreting and imple=
menting the various provisions of RG 1.97.

The Owners Group concurs with the intent of RC 1.97,
which is to ensure that each BWR facility is sufficiently
{nstrumented to make possible the timely and effective
assessment of plant and eavironmental conditions during and
following an accident.

The Owners Group also recommends implementing the partic-
ular variables and instrumentation requirements of RG 1.97,
axcapt in those instances when deviations from the 2C 1.97
positions are indicated, are desirable, are in accord with
the intent of RG 1.97, and are technically justifiable. The
oxcaptions notad by the ODwners Croup are gonerally derived

from the incompatibility of an RG 1.97 requirement with the
{ntent of RC 1.97; from evidence that the implementation of
an 8G 1.97 position would not accomplish its intended objec~
tive or that the consequence of its implementation would de
andesirable from a safety point of view; or from the availa-
bility of more effective or more practical ways of achleving
a particular monitoring activity.
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APPENDIX A
THERMAL ANALYSES OF IN-CORE THERMOCOUPLES
IN BOILING WATER REACTORS
(S. Levy, Incorporated)




Abstract

One of the new BWR requirements in Reg. Guide 1.97, in response to the event
at Three Mile [sland is the requirement for thermocouples located at the
top of the core. An analysis was performed of the heat transfer 1n a BWR
fuel bundle during a core uncovery event to determine the nature of the
response of thermocouples to core heatup. The thermocouples were assumed
to be located in the in-core guide tubes, and are heated primarily by ra-
diation from the fuel channels. The results of this analysis show that for
conditions typical of small break loss of coolant accidents, there 15 a
delay of at least 10 minutes betw2en the start of core uncovery and the time
when the thermocouple reads 450F aunve saturation. It is also probable that
operation of relief valves during a small break LOCA would interfere with
the thermocouples operation and could render them useless.
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Summary and Conclusions.

OUne of the new BWR requirements in Rey. Guide 1,97, 10 respunse Lo Lhe event
at Three Mile [sland is the requirement for thermocouples located at tne
top of the core. The stated purposes of these thermocouples are to provide
a backup level gauge, and to provide an assessment of the degree of
degradation of the core, should it become uncovered. [t has been proposed
that these thermocouples de located in the thimbles wnich house the in-core
neutron flux gauges. Based on simple heat transfer analyses of conditions
typical of Small B8reak Loss of Coolant Accidents, it is our conclusian that
these thermocouples will not show a temperature 459F above saturation
until at least 13 minutes after the core has started to uncover.

We have also reviewed a calculation by the staff of the Nucleir Regulatory
Commission (NRC) of the response of thermocouples in the in-core thimbles.
The NRC analysis concludes that the thermocouple response time is on the
order of two minutes. We believe that the difference between our analysis
and theirs is that we used difrerent, and we believe, more realistic decay
power levels and tne convective cooling effect of boil-off steam on the
fuel rods and channe!. Simple calculations show that these elements are
important parts of the problem. We have also found that, using the NRC
assumptions, our calculation will reproduce their results.

A preliminary look at two alternative locations (upper plenum and steam
done) did not indicate that thermocouples located there would have better
response times.
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FIGURE 1

THERMOCOUPLE MOUNTED [N THIMBLE AMONG CHANNELS

‘.

section 1

One of the signals received by plant operations during the accident at
Three Mile [sland was a high temperature reading - indicating the presence
of superheated steam - from the core exit thermocouples. It has now been
suggestad Dy the NRC that in-core thermocouples could be used to detect
core uncovery by showing high temperatures whenever superheated stean
appears. The merits of this idea for Pressurized Water Reactors (PWRs) are

Heat Transfor Analysis of In-Core Thermocouples

being debated elsewhere, only BWRs will be considered here.



[I. Pnysical Description of the Thermucouples Mountes in Flux Monitor
Thimbles

After inspection of the BWR design, it has been concluded Dy the authors,
and independently by the NRC staff, that the most logical place (and
perhaps the only practical place) to locate in-core thermocouples 15 in the
thimbles which house the in-core neutron flux monitors. A plan view of the
physical situation 1s shown in Figure 1. The fu2l rods are surrounded Uy
a square zircalloy channel, and the thimble 1s at the channel corner. [t
is assumed that the thermocouple sits in the center of the thimble as
shown, The dimensions of parts shown are given in Appendix A.

Questions about the usefulness of the thermocouplies mounted in the thime
bles have centered on their time of response during a small break LOCA. In
that situation the core 1s initially covered with water and the reactor has
been scrammed. The decay heat in the core rods continues to boil the water
in the core, and eventually the water level drops to tne top of the core.
As the water leve! drops further, to the level of the thermocouple, tre
rods are uncovered and begin to neat up. Heat then flows outward to tre
channel wall, to the thimble, and finally to the thermocouple.

1994 Transfer Analysis of th n haracteristi f In-Cor
Thermocouples in Small Sreaks

The response charscteristics of thermocouples mounted in the thimgles used

for ine-core neutron monitors was investigated by writing planar eneryy
balance equations for:

1) the rods (the fuel bundle was broken into four subgroups)
11)  the channel

111, the thimble
fv) the thermocouple.



AlsG. a heat balanc® equation was written ®o calculate the tewperature 0
steam as i1t rises Lirough the uncovered portion of the core. .oetner,
(he.: eaguations formed a self-consistent set which determines tne
temperature-time history of the thermocouple.

A. Energy .alance on Lne thermocouple.
The thermocouple was asssuned to receive heat Dy radiation from the thimbl:

wall, This is the only method of heat transfer assumed - convection
through the air in the thimble was ignured. The energy equation was then:

41 1 )o (T = Tnt) (M
Lhe . L ?ﬁ_ te th
where
Ry , 1 -¢€ \ 1 - €
Ath €t F e €. (2)

§. Energy Balance on the Thindle.

The (himble receives energy by radiation from the channel wall, and 'ases
energy hy natural convection to the steam bDetween the channels, and by
radiation to the thermocoup'e. The steas oetween the channels 15 aisumed
L0 e At the saturation Lemperature. (he energy balance can De written:

i
(3)

R lh_'%; 'x,l,.‘ . "‘thl (4)

A relative evaluation of Rz ad R showed that Ry 1s twn orders of magnituce
larger than Ry. Since the tewnerature dif 'erences are about /e same, the
thimble's heat 'uss LJ the thermowouple 15 naglecrad.

whare

n8

- -,}‘-uc ;-}2 (T4« Teh) o - (Tee® = Ten®) * Fnden (Toat - Tth)i



C, Energy Balance on the Channel “all.

The channe) wall receives energy by radiation from the fuel rods, and lose,
it both Dy convection to the steam flow and by rad.ation to the
thermocouple thimhle., As discissed below in more detail, the rod bundle 1,
divided into four rod subgroups and energy balance equations are written
for each. The radiant heat transfer Detween each of those rod groups and
the channel was calculated using gray body factors (Fyj) discussed 10
section E. The sum of the radiant transfer from all the rod gro.os to tha
channel 1s:

4.4 4 .4
Yrag * A * ’[ch(rrl Te ) * FaelTep =Te)

s
v FaelTgoTe) o Fu(Tpgder )] (8)

The channe| convection terms are calculated using a forced convection heat
transfer coefficient on the inside of the channel, and & natural heat
transfer coefficient an the outside of the channel. These coefficients are
calculated from correlations discussed in section E. [t 15 assumed that
the steam temperature bDetween the channels 1s at saturation.

o-’.onv . FF(T‘g.Tc) * iﬂ(T”T.TC’ (6)

The energy balance equation for the channel 1s then:

4.4 4.4
€. 'TiéT: {?e‘['tc"rt Te ) * FaelTep *Te ) 7

4.4 4 .4
* FaelTey *Te ) * FaelTra e )]

* R TgreTe) * Ku“e“m“'c)}
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Corner Rods (4)

f Center Rod; (4)

— Side Rods [24)

/__ — lnterior Rcds (32)

FIGURE 2

OIVISION CF RODS INTO RCO GROUPS FOR
RADTATION MODEL

0. Energy Balance Equations for the Four Rod Groups

The 64 rods in a single 8 by 8 fuel rod bundle were divided up into four
groups as shown in Figure 2. An energy balance equation was written for
gach of these rod gro '+ which considered che heat up of the rods by decay
heat, the transfer of energy among the rod groups (and channel wall) by ra-
diation, and heat transfer by convection to the steam. Radiation from the
rods to the stzam was neglected as this has been shown (4) to be a smal
term.

The four rod group enercy balance aguations then have the form
a

daT v & -
PRI S W WS, o T L (8)
“dt n;Anc ) { - J=l R AEY e

* Bd (TpyTg )}

’



The decay heat is determined from the WNS decay heat curve for times
between 150 and 10,000 seconds, ana the initial power before scram.

Qpecay(sst) = (Qo) {-‘30”‘%:7'&:::)"283] . f(s) (9

where f(x) is the axial power snape, and Qg is the initial power. The
initial power level assumed is 2436 megawatts (thermal). The axial power
shape used 1s:

f(x) = 1,387 [cos ( a.:ég ) ] (10)

where x is in feet and the computed angle is in radians.
E. Convective Heat Transfer Correlations and Radiation Model

Equations 5 and 7 above use the convective heat transfer coefficients for
the rod surface, the inside channel surface and the outside channel
surface. When the Reynolds' numper for the steam flow through the rod
bundle is greater than 2300, the correlation below is used to obtain the
Nusselt number for the rod surfaces.

NU'“‘ - [0.022 Pro's Reo'a] * F (S/r) (l])

The Reynolds number in this calculation is defined as:

Re 4 GeAflow 4 Gety A Tow
it W E 3
Hgt P Jst xd (12)

Equation (12) was modified for the paral’el rod geometry dy the factor F
(s/r) which depends, as shown by Refere.ce 1 on the ratio of rod pit:h
to rod radius (s/r). The resulting heat transfer coefficients ranged be-
tween 10 and 17 Btu/hr £t OF,



These factors were developed from the emissivities of the surfaces (as-
sumed to .0) ana t! jeometric view factors for rod to rod and rod to
-hannel radi jiven in Reference As in reference 5, 1t was assumed
~would be absorbed by its 25 nearest

recdiation emitted outside the 22

surface) which arrived at a given roc

calculation of the Steam Temperature and Flow Rate

In equations 5 and 7 the 1 t convective heat transfer is determined Oy

the flow rate of boiled-off and its temperature as it moves through

- ~

the fuel asserc'ias. The DO

- <9

-off rate, for a partially-s.bmerged fue
sundle, was calcuiated by assuming that all the

of the fuel rods uelow the waterline goes into

level is determined by integrating the d01l1-off

proceeds.




When the steam leaves the water's surface, its temperature wili be at
saturation. As the steam rises through the rod bundle it will be heated Dy
contact with the rods. Thus, steam temperature is both a function of time
and elevation. To calculate the steam temperature at any elevation at a
given time the following equction is integrated from the liquid surface to
the top of the rod bundle.

dTst ¢ Ar

. (Tp = Tst) (15)
dy GAf 1 owlP

This intagration is done numerically using a core divided into twelie
zones. The rod temperatures are obtained from a heat balance on a. average
roc in each of the twelve zones.

The above set of ordinary differential equations was integrated forward 'n
time simuitaneously wusing a fourth-order accurate Adams predictor-
corrector scheme.

IV Results for Thermocouple ia Thimble

The calculations described above was performed for the foliowing starting
conditions:

Reactor power at 2% of full power (2436 MW thermal) - this corre-
sponds to 700 seconds after scram.

. No feedwater supply to reactor pressure vessel or leakage.
. Constant Reactor pressure of 1000 psia.

. 8x8 fuel



These conditions were chosen s0 that our calculation would correspond to
one performed by the NRC wnich will be discussed iater. In the NRC

calculations, 1t was assumed tnat the operator would not consider the
thermocouplie signal to Le seriously out of Tine until it read 459F above
saturation. At first glance this seems like a high number. However, it
must be remembered that the saturation temperature is not absolutely
steady and that during plant transients, it can change by about + 209F, <o
the value of 439F is reasonaple. The fact that the operator has to keep tre
change of saturation temperature with reactor pressure in mind is another

complicating factor which will make succassful use of the thermocouples
less likely.

Figure 3 shows the calculated temperature response for three axial ther-
mucouple positions, the top of the core, 11 ft and 10 ft. elevations. This
graph shows that the response times are on the order of 13 minutes. Fig=
ure 3 also shows that the optimum location for the thermocouple is near to
the top of the core, althougn the response time (measured frou the start of
core uncovery) is not a strong function of position. After cxamining

Figure 3 1T was decided to use a thermocouple location 1 ft from the top of
toe core for all Yurther ca’'culations.

More detailed information on the response of the system with the thermo-
couple located one foot below the top of the core is shown in Figure 4.

The plane of the thermocouple 1s uncovered abou: 150 sec after the top of
the core uncovers. The rods begin to heat up adiabatically, but later
the rate temoerature rise drops Off due to convection and radiation losses.
As the foam level in the bundles drops, and more and more of the core below
the plane of the thermccouplie i1s uncovered, the temperature of the steam
passing the thermocouple location rises. The channel wall, thimble aic
thermocoupie all rise in temperature, and the thermocouple is 45°F above
saturation 780 seconds (13 minutes) after the start of core uncovery.
Figure 4 also snows that the time lag between the thimble and thermocouple
temperatures is extremely small, thus direct contact between the thermo-
couple and thimble will not significantly reduce the time delay.
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FIGURE 4

TEMPERATURE TIME HISTORIES
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V. Jerification of Anal s.s

To check the correctness of the above calculation, two checks were made.
First, the initial rate of temperature rise should be consistent witn th2
aciabatic rod heat up rate a% 2% power. This rate is

J EI&_ = dverace bundie decay power  ;xial peaking function
dat dundie neat capacity
0.02 * 2438 megawatts * 948 8ty 14
- - - sec. megawatt é S6U assembiies . g(y)
o4 * [ 7.37 Lbm U0, + .911 Lom * 0.l 8o
[ 2 rl Lom™F

= 1.30 %F/sec. * f(x)
A line corresponding to the adiabatic heat up rate at 1 ft. below TAF nus

veen drawn on Figure 4 and it can be seen that the rod temperature rise ra:e
dpproaches 1t near 1ts time of uncovery.

A calculation was also conducted to chuck the correctness of the steam
temperature rise caicuiation. Figure 5 shows the axial distribution of
interior group rod temperatures and steam temperatures at 1000 sec after
the start of core uncovery. To check the calculated steam temperatures;,
the rod temperature distribution was approximated with the dashed lines
shown. For a linear temperature profile, constant heat transfer co-
efficient and flow velocity the analytical solution for steam temperatu-e
is:

Tee = @ = 5(x=1/k) + (T, + b/k = a) &™ (16)
where 3 and D are the coefficients of the linear temperature profile (T, =

+0 k1 fine -
d+Lx) and s defined as o B ned

- mep (17)

Using the heat transfer co:fficient computed from the correlation givan
earlier (9.42 3tu/yr.Ftl . 07), the steam temperature was calculated usiag
the apove formula. Resuity are plotted on Figure 5 and show close
agreement with the machine calculation.
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vl Comparison of Present Calculations with a Similar Analysis by the Starf
of the NRC.

As part of this project, we nave reviewed a calculation of the the mocoupie
response time by the NRC office of Nuclear Regulatory Research. The'r
calculation assumed a 2% of rated uniform axial power 1nput and no
convective heat transfer. They assumed that convection and radiation
losses from the rods would be negligible. Their results are piotted 'n
Figure 6. The adiabatic roc heat up rate which they calculated was about
2.79F per second &t the 80% ¢f core height elevation (aoout 9.7 ft above 3
A F) and 3.89F at the 50% core height elevation. With these heat up rates
their results show that a thermocouple at .he 60% neight would show a 45VF
temprature rise 120 sec after the 60% plane i1s uncovered.

The simple calculation in the last section shows that the adiabatic heatup
rate should be on the order of 19F/sec rather than the 2.7-3.8 that the HRC
used. However, 1n order to compare our calculation to theirs, we adjusted
the prescram power in our code (to 8,672 megawatts from 2436) and set the
convective heat trunsfer coefficients equal zero. These results are shown
in Figure 7. They agree very well with the NRC results. Using the NRC
neatup rate our code predicts that a thermocouple at the 60% neight will
show 459F temperature rise 135 seconds after the 60% plane is uncovered.
The NRC calculated the 60% plane would uncover after 30 sec and the 30%
plane after 210 sec. Qur calculations, with their assumptions, shows thes;e
planes uncovering at 110 and 242 seconds respctively.

We conclude that the essential differences between our calculation and te
NRC's are the extremely hign heat up rates they assumed and the fact tnat
they neglected convection to the passing steam. 8cth of these differencas
tend to make the calculatec core temperatures rise more quickly aftar
uncovery which speeds up thernocouple response. We believe cur assumptions
are more realistic, and our results more correct.
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Using the core, bypass and annulus fluid cross section of 220 fte, this
corresponds to a chiange 'n wa'er level of

An = 8.64 + 0.402 ¢

or 8-12 ft. This will be enough to pericdically cover and uncover the
thermocouple until the core 15 almost completely uncovered.

The effect of this periodic swamping of the thermocouple plane 1s nui 2asy
to predict. If the rods are hot enough, then the rod surface w~ill not rewet
and very littie heat will be lost. On the other hand, even if the channel
~all is hot, the fact that 1t has a high surface to volume ratio means that
1t (and the thimble) probably wiil rewet, and its temperature will drop o
saturation. In this case, the temperature-time history of the
thermocouple would look like Figure 10. The rods would heat up gradually

but the thermocouple would never read a temperature very far from
saturation.

VIII. Other locations for Thermocouples

A very quick investigation was made of two alternative locaticns for the
thermocouples. The two locations looked into, in the upper plenum and n
the cteam dcme, were chosen on the basis of the following argument. [f it
is impractical to locate an in-core thermocouple any closer to the fuel
cladding than in the in-core flux monitoring tubes, then the only other way
to get the information that the core is overheating is tc measure the steam
temperature after the steam has left the core. The ideal way to do this
would be to put a bere thermocouple in the .team flow just above the core
exit., Examination of detaiied reactor drawings indicatas that this would
be very difficult to do. An easier alternative would be to put the
thermocouple in the steam dome. A thermocouple in the steam dome, however,
will not respond immediately o an increase in core steam exit temperature.
To get to a thermocouple in the steam dome, the steam will have to pass

througnh relatively cold standyipes, steam separators and dryers before it
enters the dome.



The analysis developed to investigate thermocouple response in the in-core
tubes was used to determine the response time of thermocouples in these two
locations. The temperature drop of the steam as it flows through the
dryers and separators was calculated (approximately) by treating these
parts as a uniform temperature heat exchanger:

Tsplexit) = Tgp(entrance) + [Toupf = Tst(entrance)] e-Ntu

where Tsurf i the semperature of Lhe dryers, separator and standpipes, and
Ntu is defined

hA

(M cp) steam

Nty =

The heat transfer coefficient used was the same one calculated for the rod
bundle. The separator-dyer-standpipe temperature was calculated as a
function of time Dy

d(Tsurf) (M cp) [Tep (exist) - Tsy (entrance)]
at (Mgapl)

The area of the separator-standpipes-dryers was estimated at 20,000 Fre,
the mass was estimated at 130,000 Lbm.

Results shown "n Figure 11 do not show the alternative locations to
be promising. As Figure 5 showed earlier, the temperature of the steam at
the core exit follows the temperature of the top of the rod bundle fairly
closely. Since the power 1s low at the top of the bundle, the temperature
there rises fairly slowiy. For this reason, a thermocoupie in the upper
plenum would not read 459F above saturation for seven minutes after the
start of core uncovery. Figure 11 shows that the time delay introduced by
the hardware above the upper plenum is not too great, and that ¢
thermocouple in th2 steam dome would read 459F above saturation about 9.7
minutes after uncovery.

36



The two response times calculated Jbove tor thermocoup les 1n Lhe upper
plenum and steam dome are intended to illustrate the ‘ower limit of how
fast they could possibly be under idealized conditions in which an un-
shielded thermocouple is placed directly in the steam flow out of the core
(upper plenum) or directly in the steam flow out of the dryers (steam
dome). For other, more realistic, installation positions these times are
unrealistically low. [n poth cases the large volumes of saturation
Lemperature steam in both Lhe upper plenum and steam dome will dilule the
superheated steam from the core and will slow the response greatly.
Calculations which include this dilution effect in a very approximate
manner show the time delay increased by a factor of two.
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Table 2 shows a riin/max rem exposure espected for installation Jduring

an outage.

There 15 a wide variation in expected radiation rates at

operating plants which y affected by factors such as:

History of Fuel Failures

water Chemistry

Reacter Water Clean Up & Polishing Demineralizer Operation
History.

Some plants could produce rates 2 or J times higher than the highest rite
on Taple 2. The rates on Table 2 are considered ranges expected for 75%
of operating 8WR's. The tutal exposure would be spread over a numpber of
workers so as nct to exceed the gquarterly allowables for | worker.

The following assumptions were used in developing these estimates:

90

1.

3'

Instaliation of TC's would be accomplished by repiccing an L’RM
assy. with a new design which includes a TC in the LF M assy.

The existing wiring and connectaors for LPRM's need not be cl-
tered or replaced.

New iring for 16 TC's 1s added using existing spare electrizal
peretrations. No drywell sh.eld or primary containment core
dr11ling 1s necessary.

The TC's are wired back to the relay room to 16 signal con-
ditioners and from there to 2 recorders in the control room.
The system is separated intc 2 divisions



For installation of each of 16 LPRM assy. relates cable und
conduit runs inside containment, a five man crew inciuding |
supervisor is used. The four workers require a total of 20
Mandays (per TC) to do the work. Half the 80 Man/days (MD) 1s
spent inside containment. of this 40 MD, 2MD/TC is spent insile
the drywell and the remaininy 38 MO/TC i1s spent inside contain-
ment.

The differentia)l exposure between installing TC's vs. the normal
faile¢ LPRM replacement activity is the exposure resulting from
cable installation inside primary containment only.




ITEM

LPRM Strings & Install
(16 Strings)

Cable (to Control Room)

Penetrations & Assy.
(Inc). Seal)

Terminal Boxes
Cable Trays & Installation
Electronics Installation

Sub Total

Labor @ 3$20/MH
Distributed Costs
(Clerical. Doc. eic
@ 55% (DL)
Utility Engineer.ing
A/JE Fee == 5% (M+L)
Escalation (3 yr @ 10%)
contingency

Total

Prior to
Fuel Load

$

Material

700,000

4,800

140,000

4,000
48,000
24,000

920,800

177,160

97,000

130,000

55,000
413,988
300,000

$2,093,948

oor

6,400

3,7.'()

1,360

480

5,000

50

During
Quta je

$

Matrrial

700,000

4,800

140,000

4 ,l‘l: 0
48,000
‘?‘t » UL )O

g g ,(‘,»ll)

350,600

193,000

140,000

£5,000
500,820
300,000

32,470,220

Cost in Addit

Replacement of Fail

i LP}




Table 2.

l. Radiration [ntensity
Location

Exposury MR/Hr

Inside Orymell Min Max
AL LPRM Flanye 100 /50
Platfcem (5' Celow Flange) 50 300
inside Primary Containment 1 50
1l. Estimated Exposure for 16 LPRM Assy. w/TC.
Min.
Orywell: ¢ M0 8 hes 16 TC S0 mR 12.8 ManR
TC 0 AR
Prim Contm: 3$MD . 8 grs 2 16 TCx IOHTR s 48.64 ManR

Min. Total = 51,44

Max

Orywell: 2 MD 8 nrs 16 TC 750 mR
X A A tmmam——

e - Ar

Prim Contm: 38 0 . 8 hrs . 16 TC .

TC 0

MD = Man Day

Say 65 Man R

192 Man R

-Si— = 243.2 Man R

Hr

TOTAL = 435.2 Man R

Say <450 Man R



il

Differential Cxposure vs. Replacement of 16 Failed LPRM

Min. = Prim. Centm Exp. =30 Man R

Max, = " b . =250 Man R.
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APPENDIX A

Tne dimensions used 1n this analysis are shown below:

Rod bundle axial length

Rod dirameter

Cladaing thickness

Fuel Rods per bundle

Rog to wali gap

Channel cross section

Chaniel wall thickness

Rated Reactor Thermal Power

Thimble diameter

Thimble thickness

148 ins.

0.416 ns.

0.034 ins.

64

0.135 1ns,

5.52 x 5.52 ins.
.120 ins.

2436 megawatts

0.70 ins.

0.080 ins.




APPENDIX B
TABLE 1: BWR VARIABLES
(NRC Regulataory Guide 1.97, Revision 2)

TYPE A Vanables: those vanables to be monitored that provide the pnmary information required to permit the control
room operator to take speuiiiv inai ually controiled actions fo- which no automatic control is provided and that are required
for safety systems to accomplish heiur safety funcrions for design basis accident events. Primary information is tnforma-
ton that is essential for the duect accomplishment of the specified safety functions. it does not include those vanabies
that are associated with contingency acuons that may also b= identified in wntten procedures.

A vanable included as Type A does not preclude it frors bewng included as Tvpe B, C. D, or E or vice versa.

Category (se2
Regulatory
Vanabie Aange Posinon 1.3) Purpose
Plant specific Plant specific i Information required for operator

cnon

TYPE B Vanables: those vanaties that provide information fo \ndicate whether plant safety functions are being accomplshed.
Plant safety functions are (1, reactivity control, (2} core cooling, (3) maintaining reactor coolant system integnty. and (4)
mantaining containment integniy (ip-luding radioactive effluent control). Vanables are listed wath designated ranges and
category for design and qual fication requirement.. Key vanables are indicated by design and gualification Category 1.

Reactivity Control

Neutron Flux 107°% to 100 full power 1 Function detecuon. accomplishment
(SRM, APRM) of mitugation

Control Rod Position Full in or not full ia 3 Venficauon

RCS Soluble Boran Concen- 0 to 1000 ppm 3 Venfivation

tration (Sample)

Care Cooling

Coolant Level in Reactor Bottom of core support plate to ] Function detection. accomolishment
lesser of top of vessel or center- of mitigation; long-term surveillance
line of maiwn steam line

BWR Core Thcrmocouvlcs’ 200°F to 2300°F & To provide diverse indication of

water level

Maintaining Reactor Coolant
System Integnty

RCS Pressure” 15 pma to 1500 pug | Function detection; accomplishment
of mutigation; verification

Drywell Pressure’ 0 to design pnmn’ (psg’ 1 Function detection, accomplishment
of mitigation; ver:fication

! Fout thermocoupies per quaarant. A minimum of one measurement &7 quadrant s required for nperation.
zVﬂm‘ » vanabie @ listed for more than one puriose. ihe MEtruUMen tation requirements may Se integrated end anly one measurement pronmdea.

’Dcu. premure & (hat value corresponding (o Allt«amwnnotmmuuw.wowmmfu-umw




TABLE 1 (Continued)

Category (see
Regulatory
Varabie Range Position 1.3) Purpose
TYPE B (Continued)
Drywell Sump Level? Bottom to top 1 Function detection; accomplishment
of mitigation, venification
Maintaining Containment
Integrity
Pnmary Containment Pressure’ 10 psia to design pressure’ | Function detection. accomplishment
of mutgation, venfication
Pnmary Containment [sola- Closed-not closed | Accomplshment of isolation

tion Valve Position (exclud
ing check valves)

TYPE C Vanables: those vanables that provide information to indicate the patential for being breached or the actual breach of
the barners to fisgson product releases. The barriers are (1) fuel cladding. (1) pnmary coolant pressure boundary, and ( 3) con-
tainment,

Fuel Cladding
Radioactivity Concentration or  1/2 Tech Spec limit to 100 times 1 Detection of breach
Radiation Level in Circulating Tech Spec umit, R/hr
Prnmary Coolant
Analysis of Primary Coolant 10 Ci/gm to 10 Ci/gm or i Detail analysis: accomplishment of
(Gamma Spectrum) TID-14844 source term in mutigation; venfication, long-term
coolant volume surveilance
BWR Core Thermocouples® 200°F to 2300°F 1! To momitor core cooling
Reactor Coolant Pressure
Boundary
RCS Pressure® 15 psia to 1500 psig 19 Detection of potential for or actual
breach, accomplishment of mitiga
tion, long-term survetilance
Primary Containment Area | R/hrto 10° R/hr 3e.? Detection of breach. venfication
Radiation?

‘hmum or momtoring of radioactive liquids and gases shouid be performed in a manner that ensures procurement of represent, v«
samples. For gases, the criteria of ANSI Ni).1 should be spplied. For liquids, provisions should be made for sampling from well-mized turbu
lent ones, and sampling (ines should be deugned (o minimize pisteout or depomition. For safe and convenient samphing, the provisions shoul
nclude

Shielding to maintan radistion doses ALARA,

. Sample containers wath containersampling port connector compstibiity,
Capability of sampling urder primary tystem presaure and negative pressures,
Handling snd transport capability . and

Prearrangement fon anslysis and interpretation

fanos

"nu maximum value may be revised upward to satuly ATWS requirements.
‘m of two monitors at widely separated locstions.
7Dtmmn should respond (o gamma radistion photons wathin any energy range from 60 keV to 3 MeV wAth an energy response sccuracy

of 110 percent at any specific phaton energy from 0.1 MeV 1o 3 MeV. Overall system accurscy should be wathin a factor of 2 over the sntire
range.

1.97:9

100



Vanable
TYPE C (Continued )

Aeactor Coolant Pressure
Boundary (Continued)

*Drywell Drain Sumps Level?
(Identified and Unidentified
Leakage)

Suppression Pool Water Level

Drywell Pressure 1

Containment

RCS Pressure’

Primary Containment Pressure’

Containment and Dry well
Hydrogen Concentration

Containment and Drywell
Oxygen Concentration (for
inerted containment plants)

Contanment Effluent® Radio-
sctivity - Noble Gases (from
identified release points includ-
ing Standby Gas Treatment
System Vent)

Radiation Exposure Rate? (in-
nde buildings or areas, e g,
auxiliary bullding, fuel hand-
ling buillding, secondary con-
tainment, which are in direct
contact with pnmary con-
tainment where penetrations
and hatches are located)

e ——

'hm should be made to monitor sil identified pathways for release of gaseous radioactive
with Genersi Design Critenor 64, Monitoring of individual
environment. If twn or more streams are combined pnor
considered 10 meet the intent of this regulatory guide provided such momitonng

T oniton should be capable of detecting and messurin
fission product mixtures (0 10-day mixt

equiitbrium noble gas

will have sufficient range to encompass
needed. Lusting equipment may be use

TABLE 1 (Continued)

Hottom to top

Bottom of ECCS suction line
to § 1t above normal water
level

0 to design preuure’ (psig)

1§ psia to 1500 pnig

10 psia pressure to J Limes design
prcuurt’ for concrete, 4 times
design pressure for steel

0 to 30% (capability of operating
from |2 psia Lo design musun’)

0 to 1 0% (capability of operating
from |2 psia to design pressure’)

10°® Cijce 10 10 Cilee

10" R/hrto 10* R/

1.97-10

Category (see
Regulatory
Position 1.3)

].-’

effluent streams s Only required where suc
to telease from a common discharge point,

Detection of hreach . accomplishment
of mitigation, venficaton, long-term
surveilllance

Detecton of breach. accomplshment
of mutugation, venfication, long-term
surveillance

Detection of breach. venfication

Detection of potential for breaca,
sccomplishment of mitigation

Detection of potential for or actual
breach, accomplishment of mitiga-
tion

Detection of potential for breach;
accomplshment of mitigation

Detection of potential for breach,
accomplshment of mitigation

Detection of actual breach, accom-
pushment of mitigation. venfica-
tion

Indication of breach

matenals 10 the environs in conformance
N streams are released directly into the
monitonng of the combined stream

has & range sdequate 1O MEAsUre worti-case releases.

effluent concentrations with compostions ranging from fiesh

. with overall system sccuracies within &
Hons mey be expressed in terms of Xe | 1) squiveients or in terms of any noble gas nuciide(s) It u not sxpected that
the entue range provided in this reguiatory

4 to monitor any portion of the stated range wat

e and that multiple components or
in the equiprment desgn rating.

factor of 1. EIfl.ent concentrs:
2 sngle monitoring device
systems wall be



Vanabie
TYPE C (Continued)

Containment (Continued)

Effluent Radsooctmty’ - Noble

Gases (from buildings as
indicated above)

TABLE 1 (Continued)

Range

10® Ci/ee to 10° WCilee

Category (see
Regulatory
fosivien 1.31

Purpose

Indication of breach

TYPE D Variables: those variables that provide information to indicate the operation of individual safety systems and oth« -
systems important to safety. These vanables are to help the operator make appropnate decisions in using the individual sy -
tems important to safety un mitigating the consequences of an accident.

Condensate and Feedwater
System

Main Feedwater Flow

Condensate Storgge Tank Level

Primary Containment-Related
Systems

Suppression Chamber Spray
Fiow

Drywell Pressure?

Suppression Pool Water Level

Suppression Pool Water
Temperature

Drywell Atmosphere
Temperature

Drywell Spray Fiow
Main Steam System

Main Steamline Isolation
Valves' Leakage Control
System Pressure

Primary System Safety Relief
Valve Positions, Including ADS
or Flow Through or Pressure
in Valve Lines

0 to 110% design Now'?

Bottom to top

0to 110% design Now'®

12 pwato 3 psig

0to | 107 design pressure’

Top of vent to top of weir well

30°F to 230°F

40°F to 440°F

0to 110% design Now'®

Oto 15" of water
Oto § pnd

Closed-not closed or 0 to 50 psig

'°D.. flow is the maximum Mow anticipated in normal operstion.

oS-

1.97-11

L

L

(=]

L=

(=]

L]

Detection of operation, analysis of
cooling

Indication of avadable water for

cooling

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To manitor operation

To monitor aperation

To provide indication of pressure
boundary maintenance

Detection of accident, boundary
integrity indication



Vanable
TYPE D (Contnued)
Safery Systems

Isolation Condenser System
Shell-Side Water Level

Isolation Condenser System
Valve Position

RCIC Flow

HPCI Flow

Core Spray System Flow
LPCI System Flow

SLCS Flow

SLCS Storage Tank Level

Resic sal Heat Removal (RHR)
Systems

RHR System Flow

RHR Hear 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

Ventilatiun Systemsy

Emergency Ventdation Damper
Position

Power Supplies

Status of Standby Power and
Other Energy Sources Important
to Safety chydraulic. pneumatic)

" Siaeus indic uon of all Standdy Power a.c. buses. 4.c.

Range

Top to bottom

Open or closed

TABLE 1 (Continued)

Category (see
Regulatory

0to 1107 design Now'®

0to 1 10% design Now'?

3 to 110 design Nlow'?

0to | 10% design Now'?

0to 110 design Now'?

Bottom to top

0to 110%™ design Now'?

32°F 1o 3°0°F

32°F to 200°F

0to 110% dengn flow'?

Top to bottom

Open-<losed status

Voitages, currents, pressures

1.97-12

Position 1.3)

L]

"

LB

L

"

"

s

LR

L

To monitor operation

To monitor status

To monitor operation
To monitor operation
To mnnitor operation
To monitor operation
To monitor operation

To momtor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor operation

To monitor system status

Duses, inverter output buses. and pneumatic supphies.



PE E Vanables those vanables to be monitored as requured for use in determuning the m

TABLE 1 (Continued)

five matenals and continually assessing such relcases

Variable
Containment Radiation

Pramary Containment Ares
Radiaton - High R.mge’

Reactor Budding or Secondary
Containment Area Radiation®

Area Radiation

Radiation Exposure Rate?
tinside buildings or areas where
dcvess s required to servige
equipment important 2 saletv)

Airbarne Radioactive Materials
Reieased from Plant

Noble Gases and Vent Flow Rate

+ Drywell Purge Standby Gas
Treatment System Purge
ttor Mark | and Il plants)
and Secondary Contan-
ment Purge (for Mark 11
plants)

« Secondary Containment
Purge i for Mark | 11, and
1 plants)

* Secondary Containment
freactor shueld budding
annulus, of 1n design)

*  Auxiiary Budding
tincluding any budding
containing pamary system
gases e g waste gas decay
tank)

« Common Plant Vent or Mult-
purpose Vent Duchargng
Any of Above Releases (if
drywell or SGTS purge 15
included)

Ran!

| R/hrto 107 R/hr

107" R hrto 10* R hr for Mark |
and Il containments

I R/hrto 107 R he for Mazk 111
«ontainment

10" R'hrto 10* R hr

10 Ciiccto 10° uCi/ee

0to 1107 vent design Now'®
(Not needed if effluent discharges
through common plant vent)

10" Cilce to 10* Cilce

0to 1 10% vent design Now'?
(Not needed if effluent discharges
through common plant vent)

10" Ci/ee to 10* Ci/ee

0to 1107 vent design flow'?
(Not needed uf effluent discharges
through common plant vent)

10* Cisceto 10° Cijce

0to 1107 vent de.gn Now'®
(Not needed if effluent discharges
through common plant vent)

0% Cileeto 107 Lilee
{13t vent Jeuign flow!'®

10 Cijeeto 10* Cijee

1.9%)12

Category (see
Regulatory

Position 1.3)

lﬁ‘,‘

Purpose

Detection of sgnificant releases,

release assessment, long-term
survellance, emergency plan
actuation

Detection of significant releases,

release assessment, long-term
surveidlance

Detection of significant releases
release assessment, long-term
survellance

Detection of sigmificant releases,

release assessment

Detection of significant releases.

release assessment

Detection of sigmificant releases.

release assessment

Detection of sigmificant releases.

release assessment, long-term
survedlance

Detection of sienificant releases.

release assessment, long-term
survetliance

apntude of the reiease of radio-




TABLE 1 (Continued)

Category (see
Regulatory
Vanaoie Ranage Posinon 1.3) Purpose
TYPE E (Continued)
Airborne Radicactive Matenals
Released from Pant (Continued)
Noble Gases and Vent Flow
Rate (Continued)
o Al Other Identified Release  10™ Ci/cc to 10 Cilce - i Detection of significant re)

Points

Particulate and Halogens

* All Identified Plant Release
Pownts. Sampling with Onsite
Analysis Capabity

Environs Radiation and Radio-
activity

Radiation Exposure Meters
fcontinuous indication at
fixed locations)

0to 110% vent design Now'?
(Not needed if effluent discharges
through other monitored plant
vents)

107 Ci/ec to 10° WCi/ee 3
0to | 10% vent design flow'®

Range. location, and qualifica-
uon cntena to be developed to
satisfy NUREG-06 54, Section
IL.H.5b and 6b requirements for
emergency radiological monitors

release assessment long-term
surveilance

Detection of significant releases;
release assessment. long-term
survedlance

Venfy significant releases and | cal
magnitudes

Aurborne Radiohalogens and 10° LCi/ccto 107 uCi/ee L Release assessment. analysis
Particulates (portable sampling

with onsite analysis capabiity)

Plant and Environs Radiation 10" R/rto 10° R/hr, photons yie Release assessment. analvus
(portable instrumentation) 10" rads/hr to 10* rads/hr, beta L

Plant and Environs Radio-
activity (portable instru-
mentation)

radianons and low-energy photons

Multichannel gamma-ray 3
spectrometer

Release assessment, analysis

1 regar alogen ollection of representative sampies follo wed
f tion ding release of radiosctive h s and paruculates. Continuous ¢ _
by motourom?u‘: :::unmn of 'nm'm for radsonaiogens and particu.ates. The design snvelope for thielding, handling. and ansl) tica

poses of integrated sampling time st sampler design Mow, an average concentration of 10
Ay 6 T T, & RO o lo‘ WCijee of :.mmnm'c‘ radiorodines and particulates other than radioiodines. s d an

W gaseous or vepor form, an

average concentration o
average gamma photon energy of 0.5 MeV per duintegration.

"Fumnnﬁmmuotm matenals released during an scaident.

Jijee of radiovodines

i | facility and (he ute environs where i
To monitor radiation and mrborme radiosctivity concenirations v many areas throughout the
impractical 10 install stanonary monitors capable of covening both normal and sccident levels.

19714



Variable
TYPE E (Continued)
Meteorology |’

WwWind Duection

Wurd Speed

Estimation of Atmos-
phernic Staoity

Accident Sampling ' ® Capa-
bility (Anastvns Capatnl-
ity On Site)

Primary Coolant and Sump

Gross Activity
Gamma Spectrum
Boron Content
Chlonde Cortent
Dussolved Hyarogen or
Total Gas'®
Dissoived Oxygen'?
« pH

L I T

Containment Aur
« Hydrogen Content

¢« Oxygen Content
¢ Gamma Spectrum

18
Programs in

TABLE 1 [Conunued)

Category (see
Regulatory

0 to 360° ( =5” accuracy with a
geflection of 1£7). Starung speed
045 mps (1.0 mph). Damping ratio
between 0 4 and 0.6, distance con-
sant < I meters

010 J0 mps (67 mph) =0.22 mps
(0.5 mph) accuracy for wind speeds
less than || mps (2§ mph) wvath a
starting threshold of less than

048 mpst1 O mph)

Based on vertical temperature
difference from pnmary system,
$°C10 10°C(-3°F to 158”F) and
#0.15°C accuracy per SO-meter
intervals ( =0 3°F accuracy per
|84 fo0t intervais) or analogous
range for alternative stability
estumates

Grab Sample

10 Ci/ml to 10 Ci/mi
(Isotopic Analyns)
Jto 1000 ppm

Qto 20 ppm

0 to 2000 ce(STPI/kg

0to 10 ppm
ltolld

Grab Sample

0to 10%

0 to 30% for inerted contannments
0to 0%

(Isotopic analysis)

3

Jll"

3‘

Purpose

Release assessment

Rejeass assessment

Release assessment

Reiease assessment, venfication,
analysis

Release assessment, venfication,
analysis

bewn R
ouomwno § developed in a Proposed Rewvasion | 1o Regquistory Guide 1.2), ""Meteorologeal

“1‘7« time for takung and analyring samples should be ) hours or less from (he time the decision is made to mample, except for chionde

which should be wathin 14 houns.
An (nstalled capadility should be prowided for obtaining contanment sump, ECCS pump room sumps, and other smiler susiliary

7

bullding sump Liquid samples.
"A”I- only to primary coolant, not (o sump.




ADS

ATWS
BWR
BWROG
CRD

w

APPENDIX C
ABBREVIATIONS

automatic depressurization svstem
average~-rower range monitor
anticipated transients without scram
boiling water reactor

Boiling Water Reactor Owners Croup
control rod drive

core sprav

condensate storage tank

emergency core cooling svstem
emergency diesel generator
Emergency Procedure Guidelines
Electric Power Research Institute
engineered safety feature
high-pressure coolant injection
intermediate~range monitor

loss of coolant accident
low=pressure coolant iniection
low=pressure core spray

local power range monitor

neutron monitoring system

Nuclear Safety Analysis Center
nuclear steam supply svstem
Owmers Group

post-accident sampling svstem
pressurized water reactor

reactor core isolation cooling
reactivity control system
residual heat removal

Regulatory Guide




reactor pressure vessel
reactor water cleanup unit
standby gas treatment
suppression chamber spray
standby gas treatment 3ystem
standby liquid control system

source range monitor

safecy relief valve




