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1. INTRODUCTION

1.1 Purpose 6f Report

| The purpose of this report 1is to identify the safe shutdown
system requirements of the Donald C. Cook Nuclear Plant, Units 1
and 2, relative to the fire protection guidelines of 10 CFR 50
aAppendix R. For those plant areas where fire protection of the

safe shutdown systems and their associated circuits are not in

.compliance, analyses are presented and modifications are proposed

for the purpose of meeting the Nuclear Regulatory Commission's
(NRC) requirements. " In a few areas, exemptions are requested
from the specific requirements of Section III.G where compliance
with the regqulation would not significantly enhance fire
protection above that of present commitments.
The NRC management has established that the reporting
process regarding Appendix R is one of "Management by Exception".
This process suggests that the contents of this Appendix R
submittal need not exhaustively address every instance of
compliance by including the details of the supporting analyses.
Rather, it should focus on the methods by which Indiana and
Michigan Electric Company has determined that either:
(1) The Donald C. Cook design complies with or will comply
with the specific requirements of Appendix R, Section
111.G; or

(2) Exemptions are requested from the specific requirements
of Appendix R Section II1.G. By analysis and
implementation of proposed modifications, the level of
fire protection will provide assurance that at least

one train of redundant safe shutdown systems would be
free of fire damage.

Page 1-1
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1.2 Executive Summary

In accordance with the guidance given in Appendix R,
"...that licensees should re-examine those previously .approved
configurations of fire protection that do not meet the
requirements as specified in Section III.G to Appendix R...", a
detailed, re-examination and re-analysis of the Donald C. Cook
Nuclear p1aﬁ£”§ safe shutdown capability has been performed. The

‘results of that re—enamination and re-analysis, included in this
dreport, build upon‘ the previous fire protection activities
performed under the guidelines of Branch Technical Position " (BTP)

;APCSB 9.5—1, the response to which was submitted in 1977. The

re-analysis also considers other subsequent fire protection

Ead
>

'1mprovements 1ncorporated into the D.C. Cook facility.

. ThlS report rev1ews Indiana‘ and Michigan Electric Company's
Donald C Cook- Nuclear Plant, Units 1 and 2 (Docket Nos. 50-315
and 50-316) "safe shutdown systems and their associated circuits
for compliance with 10 CFR 50 Appendix R, Section III.G. This
report also includes the descriptions of proposed alternative
shutdown systems and provides sufficient technical information to
pzrmit' NRC Staff review and approval of proposed plant

»
.

"modifications. Finally, those areas of noncompliance with the

~ . 4 ¢ »~

provisions of Append1x R are identified, and a subsequent,

w v - 3
A

substantive basis for equ1valent protection to the public health

and safety is demonstrated through detailed analysis.

oA : N
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This report was>prepared in the fo}lowing manner. First, a
process of selection and documentation ’of limiting safety
consequences and safe shutdown system performance goals was
conducted for the Donald C. Cook Nuclear Plant. An analysis was
then performed to identify a minimal set of primary and auxiliary
safe shutdown systems necessary to support safe shutdown in the\
event of a postulated exposure fire. After the requisite systems
were identified, the related components and circuits (including
associated circuits) were reviewed for compliance with the
specific separation criteria of 10 CFR 50 Appendix R, Section
I11.G.2, For those areas not 1in complianée, studies weré
completed to determine whether:

(1) Modifications or changes to plant fire protection or -

safe shutdown system features were required to bring
the zone into compliance; or

(2) Alternative or dedicated shutdown capability was
required to bring the zone into compliance; or

(3) An exemption was justified for the specific fire zone
*in question.

Subsequent to 1issuance of the Appendix R March 1983
submittal, the design and implementafion of the pfoposed
modifications was begun. Some of the proposed fire protection
modifications were reviewed and in some instances it was
identified that the .modifications‘ could not physically be
implemented (e.g., upgrading the access hatches to three-hour
fire-rated). During this period, the fire area boundarieé had
also undergone a reevaluation process. This reevaluation
identified additional areas of concern. These concerns were

evaluated and other options were identified in order to bring the
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D.C. Cook power plant into compliance with the requirements of 10
CFR 50 Appendix R.
" The following approaches were taken to resolve the
‘identified areas of concern: |
(1), Propose .additional modifications (see Section 8).
(2)  Provide justifications for existance of unrated
barriers, HVAC ducts, doors, hatches and/or openings
(see Section 9). :
(3) Combine fire areas into a larger fire area. 1In these
cases, systems analyses were performed to ensure one

train of safe shutdown systems remains unaffected (see
Sections 2 and 9). ‘

(4)‘ Request exemption and provide justification for the

- exemption (see Section 7).

Portions of D.C. Cook power plant were not identified as
.fire zones-in the March 1983 submittal.’ These areas do not
confaiﬁ safe shutdown cabies or comgonents and were not included
in any identified fire areas. During the reevaluation process,
these areas were giyen a fire =zone designation and included in
the previously identified fire areas.

The results of these activities .are listed in Summary Table
1-1. The table identifies the fire areas and fire zones at the
D.C. Cook Plant, the applicable §ppendix R provisions, and the
Fechnical approaches selected to achieve the appropriate levels
of protection. @ablg 1-1 includes the‘unidentified fire zones
»and:presenis t?e condition/status of each fire zone at the time
of the March 1983 submittal. Table 1-1 of this report correlates
to Table Elii of the March 1983 submittal, bdt. has been

reformatted and includes additional information.
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The results of this re-analysis and re-examination can be

summarized as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Separation between required safe shutdown circuits,
which meets the specific requirements of Section
I11.G.2 of Appendix R to 10 CFR 50, exists or will
exist in 147 of the fire zones reviewed. o

Alternative shutdown, which meets the requirements of
Section I1I1.G.3 and III.L of Appendix R to 10 CFR 50,
will exist for 51 fire zones.

Two technical exemption requests were submitted
subsequent to the March 1983 submittal. The exemptions
were (a) Auxiliary Building HVAC ducts and (b)
Containment Building seismic gaps.

Three exemption requests from the specific requirements
of Section III.G.2 of Appendix R are requested in fire
zones where zone features provide equivalent protec-
tion. .

Eight exemption requests from the specific requirements
of Section III.G.3 of Appendix R are requested in fire
zones where 2zone features provide equivalent protec-
tion, ’

All associated circuits of concern having a separation
less than that required by Section III.G.2 of Appendix
R to 10 CFR 50, and having a common power source with
the shutdown equipment, will be electrically protected
from the post-fire shutdown circuit of concern by
coordinated circuit breakers, fuses or similar devices.

All associated circuits of concern having a separation
less than that required by Section I1I.G.2 of Appendix
R and having a common enclosure, e.g., raceway, panel,
junction box, have been adequately resolved by being
electrically protected from the post-fire shutdown’
circuits of concern by .circuit breakers, fuses or
similar devices. ‘

All associated «circuits of concern that have a
separation from the fire area ‘less than that required
by Section II1I1.G.2 of Appendix R and have a connection
to circuits of equipment whose* spurious operation could
adversely affect the shutdown capability have been
adequately resolved by appropriate action pre- or
post-fire. .
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1.2.1 Results of Analysis

The results of the analysis confirm the adequacy of the

existing fire protection features 1in 13 of 57 fire areas when

compared against the specific -criteria of Appendix R, Section’

II1.G. ’ '

For 18 lof the 57 fire areas, proposed modifications
including upgrading of fire barriers, installation of supp}ession
and detection systems, circuit modifications, cable rerouting,
traynand conduit wrapping, and piping modifications will achieve
fire zone and area compliance with the specific criteria of
- Appendix R, Section III.G.

For the.remaining 26 fire areas, similar modifications are
‘proposed but verbatim compliance with Appendix R is not achieved;
For‘lthéée areas, exemétions are requested. . The exemption
requests are made on the basis of detailed fire hazards analyses
‘which conclude that existing features, wﬁen combined with
additional proposed Pfire protection modifications, provide
functéonally ‘equivalent protection of the public health and
safety. The exemption requests are contained in Section 7.0 of

this report.

1.3 Scope of Report

This report contains nine sections. Section 2.0 identifies
the fire areas and fire zones developed to support the Appendix R

analyses. This includes a detailed discussion of the detection
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and suppression systems(and identifies the features provided on a
zone-by-zone basis. Criteria for establishing fire areas and
zones are discussed as wgll as the process used to determine the’
associated fire hazard severity. The information contained in
Section 2 generally présents the D.C. Cook plant configuration of
each fire zone and fire area at the end of the 1986 Unit 2
refueling outage. In adéition, the fire protection features
include médifications required for compliance with Appendix R
Section III.G, and general plant improvements initiated at the
time of issue of this report. “

Section 3.0 provides. .a description of the active fire

protection features including detection and suppression systems

rat D.C.. Cook, The .information,b contained in Section-3 generally

presents the D.C. Cook plant configuration of each fire zone's

active fire protection features at .the end of the 1986 Unit. 2,
refueling outage. In addition, the fire p}otec£ion features
include modifications required for compliance with Appendix R
Section III.G, and general plant improvements initiated at the
time of issue of this report.

Section 4.0 describes the investigatory process used to
identify safety functions, safe  shutdown systems,  components and
circuits, and associated circuits of concern. :Related assump-
tions and considerations are also discussed.f The information,
contained in this section presents the D.C. Cook plant. status/
condition of the safe shutdown systems and compoﬁents at the end

of the 1986 Unit 2 refueliné outage.
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Section 5.0 provides a discussion of the alternative
shutdown systems provided by use of the unaffected unit's safe
shutdown systems. In addition, Section 5.0 provides detailed

_responses to the relevant questions contained in Generic Letter
81-12 as clarified by the NRC Staff's clarifications dated March
22, 1982, The information contained in this section presents the
D.C. Cook plant status/condition of the safe shutdown systems,
components, and alternative shutdown methods identif}ed at the
time of the_ March 1983 submittal; however, the system flow
diagrams included in this section present the D.C. Cook plant

~piping configuration at the end of the 1986 Unit 2 refueling

~outage. '

= Section 6.0 addresses the cold shutdown repairs necessary to

.achieve long-term safe shutdown. The levels of damage which may
goccur as a result .of hypothesized Appendix R fires, the normal
{actions and repairs required to assure.that cold shﬁtdown can be
Aachieved and maintained within 72 hours, are identified. The
information contained in this section presents the D.C. Cook
plant status/condition of the safe shutdown systems and
components at the end of the 1986 Unit 2 refueling outage.
Section .7.0, contains exemption requests .for each fire
area/zone identified as not being in compliance with Section
I1I.G of Appendix R, and for areas/zones where a modification
would not enhance fire protection safety. Each of the fire

areas/zones is described in detail and a fire hazards analysis,

2
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including results, is provided. Exemptions for each zone are
also formally requested in this section and the detailed
technical bases for each request are identified at the conclusion
of each analysis. Tables and sketches summarizing.significant

fire area information are also provided at the end of each

subsection. Exemptions requested in Subsections 7.2 through 7.12

utilize the D.C. Cook plant condition/configuration at the time
of the March 1983 submittal. The remaining two subsections (7.13
and 7.14) are based on the D.C. Cook plant condition/configura-
tion at the time of June 1984. In some instances, evaluations
were performed to justify not implementing proposed modifica-
tions. These evaluations are presented in Section 9 of this
report and are based on the gonﬁiguration of the D.C. Cook plant
at the end of the 1986 Unit 2 refueling outage. In add{tion, due
to on-going efforts to comply with 10 CFR 50 Appendix R and
subsequent generic NRC clarifications, various modifications in

conjunction with the performance of engineering evaluations have

resulted in revisions to various requested exemptions. These .

revisions are based on the existing configuration of the D.C.

Cook plant at the end of the 1986 Unit 2 refueling -outage.

Section 8.0 describes those modifications proposed at D.C.
Cook Nuclear Plant which are considered necessary to:
(1) Bring each identified fire zone into compliance with
the specific criteria of 10 CFR 50 Appendix R, Section
111.G; or, ’ . ‘ )

(2). satisfy certain assumptions made in Section 7.0 (e.g.,

installation of barriers, thermal shields, conduit

wrappings, etc.).

o
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The information contained in this section presents the D.C.
Cook plant configuration/status at the time of the March 1983
submittal.

Section 9:0 provides a compilation of fire area boundary
evaluations which have been performed since the issuance of the
March 1983 report. The information contained in this section
presents the D.C. Cook plant configuration/status at the end of

the 1986 Unit 2 refueling outage.

1.4 Definitions, Acronym$ and Abbreviations

1.4.1 Definitions

Active Component - a component used to directly control (start,

regulate or stop) a shutdown or support function, e.g., a
flow control valve, a pump, or a normally closed isolation
or‘stop valve.

Affected Unit - as used in discussions of alternative shutdown,

the unit with one or more of 1its normal safe shutdown
systems rendered‘inoperable, without considering the cross
connects in the fire zone under investigation.

Associated Circuit of Concern - safety-related and non-safety-

related cables that are associated with equipment which is
required for shutdown and which have a separation from the
fire area less than that required by Section III.G.2 of

Appendix'R to 10 CFR 50, and which have either: E
(1) A common power source with the shutdown equipment'and
the power source is not electrically protected from the

- post-fire shutdown circuit of concern by coordinated
circuit breakers, fuses or similar devices; or

Page 1-10




"”

R/AEP/1, P188

»

(2) A connection of circuits of equipment whose spurious
operation will adversely affect the shutdown
capability, e.g.,” RHR/RCS isolation valves; or

(3) A common enclosure, e.g., raceway, panel, junction’box,
with shutdown cables and are not electrically protected
from the post-fire shutdown circuits of concern by
circuit breakers, fuses or similar devices or will
allow propagation of the fire into the common
enclosure.

Automatic Detection - a device located (usually at the ceiling)

in a zone or area that transmits a signal to a remote
location (usually the Control Roém) indicating an excess
presence of combustion products. Several types of detection
devices are commonly utilized, such as smoke (photoelectric
and ionization), heat (fixed temperature, rate of rise, or a
combination of both) and flame detectors (ultraviolet,

)

Qisible, or infrared).

Automatic Suppression - a fixed piping system of water or other

Cold

fire extinguishing agent automatically actuated ‘when the
presence of combustion products or heat exceeds the set
point established for'the system in the area in which it is
installed.

Shutdown - reactor at zero power, Keff less than 0.99 and

Fire

RCS temperature at or below 200°F.

Area - that porEion of a building or plant separated from
other areas by boundary fire barriers with the fire hazard
in each area evaluated to determing barrier fire rating

»

requirements.




R/AEP/1, P188

Fire Barrier - a continuous membrane either vertical or

horizontal, such as a wall or floor/ceiling assembly, that
has a specified fire resistance rating to limit the spread’
of fire between fire areés or safe shutdown components. The
fire barriers are defined to be rated commensurate with the
hazard to which the barrier is exposed.

Fire- Brigade - the team of plant personnel assigned to

fire-fighting and who are equipped for and trained in the
fighting of fires.

Fire Rating - the time in minutes or hours that materials or

assemblies have withstood a fire exposure as established in
accordance with test procedures of nation;lly recognized
testing organizations.

Fire Stop - a feature of construction that prevents fire
propagation along the length of cables or prevents spreading
of fire to nearby combustibles within a given fire area or
fire zone.

Fire Zone - a subdivision of a fire area designated as a
potential fire hazard zone for convenience of analysis and
design of fire suppression systems.

Fixed Suppression -  any water or gaseous suppression system

activated either automatically or manually, but excluding

manual hose stations and portable fire extinguishers.

Hot Shutdown - reactor at zero power, Keff less than 0.99 and RCS

temperature between 350°F and 200°F.
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Hot Standby - the initial safe shutdown state with the reactor at

zero power, Keff less than 0.99 and RCS average temperature

greater than or equal to 350°F.

Manual Suppression - a fixed or portable means of controlling or

Safe

extinguishing a fire requiring manual actuation and/or
application.

Shutdown System - a safe shutdown system includes all

components, panels, cables, raceways, conduits, etc.,
necessary for the system to perform a safe éhutdown
function. A safe shutdown system 1is any of the systems
(e.g., Auxiliary Feedwater) which are required by 10 CFR 50
Appendix R. Necessary supporting auxiliary systems are

included.

Sprinkler System - a network of piping-connected to a reliable

water supply that will distribute the water throughout -the
area protected and will discharge the water through

sprinklers in sufficient quantity to either - control or

extinguish a fire. The system, usually activated by heat,

includes a controlling valve and a device for actuating an

alarm when the system is in operation.

Standpipe and Hose System - a fixed piping system with hose

outlets, nozzle and hose connected to reliable water supply
to provide effective fire hose streams to specific areas

inside the building.
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Unaffected Unit - as used in the discussions of alternative
shutdown, the unit whose normal safe shutdown systems will
be used to provide alternative shutdown +in the affected

unit.,

Water Spray System - a network of piping similar to a sprinkler

system except that it wutilizes open-head spray nozzles and
protects a specific hazard.

1.4.2 Acronyms and Abbreviations

. AFW - Auxiliary Feedwater
AOV - Air-Operated Valve
.. BIT - Boron Iﬂjection Tank
CCW =~ Component Cooling Water

CST -~ Condensate Storage Tank

CVCS - Chemical and Volume Control System
ECCS - Emergency Core Cooling Systems
. EPS - Emergeﬁcy Power System
ESW - Essential Service Water
LSI - Local Shutdown Indication

MCC - Motor Control Center

MOV - Motor-Operated Valve

MS - Main Steam

PORV - Power-Operated Relief Valve
RCP - Reactor Coolant Pump

RCS - Reactor Coolant System

RHR - Residual Heat Removal

RWST - Refueling Water Storage Tank

Sv

Safety Valve
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TABLE 1-1

APPENDIX R SUMMARY COMPLIANCE TABLE

{ SSS EQPT OR { . APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN ] AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION 1 SUPPRESSION 111.G.2 111.G.3 EVALUATIONS
]
FIRE AREA: RHR AND CTS PUMPS AREA - ELEV. 573’ 3“: 3 _HOUR_BOUNDARY
1 182 EXISTING NONE ER (c) (1), (2), (6),
. - (9)

1A NONE NONE . NONE EC (*) . (3), (5)

18 | NONE NONE NONE EC (*) - (3). (5)

1C I 1 - NONE NONE ER (a.b) (2), (3). (5)

1D I 1 NONE NONE ER (a,b) (2). (3), (58)

1E NONE NONE NONE EC (*) (3), (5)

1F NONE | NONE NONE EC (%) 3), (5)

1G 2 NONE NONE ER (a,b) (2). (3). (5)
. IH 2 NONE NONE ER (a,b) (2), (3). (5)

136 NONE NONE NONE EC (*) NONE

137 . NONE NONE NONE EC (*) NONE

138A NONE NONE NONE . EC (%) NONE

1388 | NONE NONE NONE EC (%) (5)

138C ; NONE NONE NONE EC (*) NONE
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TABLE 1-1

® Q

) (CONTINUED)
8 SSS EQPT on. APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN . AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE | DETECTION SUPPRESSION 111.G.2 111.G.3 EVALUATIONS
_FIRE AREA: TURBINE BUILDING, SCREENHOUSE, SERVICE/OFFICE BUILDINGS AND
UNITS 1 AND 2 WEST MAIN STEAM VALVE ENCLOSURES: 1.5 HOUR BOUNDARY
2 NONE NONE NONE - EC (*) (s)

28 NONE NONE EXISTING EC (*) (si

30 NONE . NONE EXISTING EC (*) . (5)'

77 NONE NONE EXISTING EC (*) (s)

78 NONE NONE EXISTING EC (*) (5)

79 1 NONE EXISTING PC (b,c) (1), (3}, (4), (5)
" 80 1 NONE EXISTING EC (b) (5)

81 NONE NONE EXISTING EC (*) (s) . |

82 NONE NONE EXISTING EC (*) (s)

83 NONE EXISTING EXISTING EC (*) (5)

84 2 NONE EXISTING EC (b) (s)

8s 2 NONE EXISTING PC (b,c) (1), (3), (8), (5)

86 NONE NONE EXISTING EC (%) (s)

87 NONE NONE EXISTING EC (*) . (s) .

88 NONE EXISTING EXISTING EC (*) (5)

89 NONE NONE EXISTING EC (*) (5)

90 NONE NONE EXISTING EC (*) (s)

91 1 NONE EXISTING EC (b) (5)

92 NONE NONE EXISTING EC (*) (5) )

93 NONE NONE EXISTING EC (*) (s)

94 NONE NONE EXISTING EC (*) (5)

FIRE AREA CONTINUED ON NEXT PAGE
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TABLE 1-1
APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
SSS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-

FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION. SUPPRESSION 111.G.2 111.6.3 EVALUATIONS

95 NONE EXISTING EXISTING EC (*) (s) .

96 . NONE NONE EXISTING "EC (%) (5)

97 NONE NONE EXISTING EC (*) (5)

o8 NONE NONE EXISTING EC (*) (5)

99 NONE NONE EXISTING EC (*) (s)

100 NONE EXISTING EXISTING EC (*) (s)

108 NONE NONE ER (b) (5), (6)

109 2 NONE NONE ER (b) (5}, (6)

110 1 NONE NONE EC (b) (s)

111 NONE . NONE NONE EC (*) (5)

112 1 NONE NONE EC (b) (s)

113 2 NONE NONE EC (b) (s)

114 1 NONE NONE EC (b) ) (s)

115 2 NONE NONE EC (b) (5)

124 NONE EXISTING EXISTING EC (*) (5)

125 NONE EXISTING EXISTING EC (*) (5)

126 NONE EXISTING ) EXISTING EC (*) (s)

127 NONE EXISTING EXISTING EC (*) (5)

128 NONE . NONE NONE EC (*) (s)

129 NONE EXISTING EXISTING EC (). (5)

130 NONE EXISTING EXISTING EC (*) (5)

131 NONE EXISTING EXISTING I EC (*) (5)

FIRE AREA CONTINUED ON NEXT PAGE
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APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
$SS EQPT OR _APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION SUPPRESSION I11.G.2 111.G6.3 EVALUATIONS
139 NONE NONE NONE EC (*) (5)
140 NONE NONE NONE EC (*) (s)
141 NONE NONE NONE EC (¥) . (5)
142 NONE NONE NONE EC (*) (5)
143 NONE NONE NONE € (*) (5)
FIRE AREA: AUXILIARY BUILOING ELEV. 633° AND 650’ AND FUEL HANDLING BUILDING: 1.5 HOUR BOUNDARY
3 NONE EXISTING EXISTING EC (*) (5)
31 NONE NONE NONE "EC (*) (5)
, 32 17 . EXISTING EXISTING EC (9) (5)
35 NONE NONE NONE EC (*) (5)
36 NONE NONE NONE EC (*) (5)
48 NONE EXISTING NONE EC (*) (3
49 op EXISTING NONE ER (*) (5). (6)
S0 2 EXISTING * NONE- ER (g9) (s), (6)
51 1 EXISTING NONE PC (9) (2), (4), (5)
52 1382 EXISTING NONE PC. ER (2), (4), (5). (8)
69 182 EXISTING NONE ER (g9) (5), (6)
106 -1 EXISTING NONE €C (9) (s)
107 2 EXISTING NONE EC (9) (5)
146 NONE NONE NONE EC (*) (5)
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TABLE 1-1
APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
S$SS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR’
ZONE ZONE * DETECTION SUPPRESSION I11.G.2 111.G6.3 EVALUATIONS
FIRE AREA: SAMPLING ROOM ELEV. 587’ 0": 1.5 HOUR BOUNDARY
4 1 EXISTING ! . NONE EC (9) NONE
:
FIRE AREA: AUXILIARY BUILDING EAST AND WEST ELEV. 587 0": 1.5 HOUR BOUNDARY
; !
s 182 EXISTING EXISTING PC (c) (1), (2), (4), (5)
9) . .
6A NONE NONE NONE EC (*) (s)
6N 1 EXISTING EXISTING PC, ER (1), (2), -(4). (5)
. (6). (7). (9)
6M 182 EXISTING © EXISTING PC, ER (c¢) (1), (2). (5), (6)
6S 2 EXISTING ' EXISTING PC. ER (1), (2), 4), (5)
(6). (7), (9)
61 NONE EXISTING NONE EC (*) (5)
64A NONE EXISTING EXISTING EC (*) (5)
648 NONE’ EXISTING EXISTING EC (*) (s)
65A 2 EXISTING EXISTING EC (9) (5)
658 2 EXISTING EXISTING EC (9) (5)
FIRE AREA: UNIT 1 QUADRANT 1 CABLE TUNNEL ELEV. 596° 3.5": 3 HOUR BOUNDARY
|
7 1 EXISTING EXISTING PC. ER (9) (s), (8), (7)
B 14 ¥
FIRE AREA: UNIT 1 QUADRANT 4 CABLE TUNNEL ELEV. 596° 3.5": 1.5 HOUR BOUNDARY
8 1 EXISTING EXISTING PC. ER (g) (2), (6)
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TABLE 1-1
APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
SSS EQPT OR - APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
_ ZONE ZONE DETECTION SUPPRESSION 111.6.2 111.G.3 EVALUATIONS
FIRE AREA: UNIT 1 QUADRANT 3N AND 3M CABLE TUNNELS ELEV. 596° 3.5": 1.5 HOUR BOUNDARY . i
9 1 EXISTING EXISTING EC (9) (5)
. 10 1 EXISTING EXISTING PC, ER (9) (8). (8), (7)
FIRE AREA: UNIT 1 QUADRANT 3S CABLE TUNNEL ELEV. 596 3.5": 1.5 HOUR BOUNDARY
11 1 EXISTING EXISTING ER (9) (6)
"EIRE AREA: UNIT 1 QUADRANT 2 PIPING TUNNEL ELEV. 596’ 3.5": 1.5 HOUR BOUNDARY
12 1 " NONE NONE PC, ER (9) (2), (5), (6)
| FIRE AREA: UNIT 1 DIESEL OIL PUMP ROOM ELEV. 587’ 0“: 3 HOUR BOUNDARY
1
1 - 13 182 EXISTING EXISTING EC (9) ()
|
FIRE AREA: UNIT 1 TRANSFORMER ROOM ELEV. 591° 0“: 1.5 HOUR BOUNDARY
14 1 NONE +  NONE PC, ER (3). (5), (7)
: .
FIRE AREA: UNIT 1 CD DIESEL ROOM ELEV. SB87° 1.5 HOUR BOUNDARY
15 1 EXISTING EXISTING PC (a) (1. M
FIRE AREA: UNIT 1 AB DIESEL ROOM ELEV. 587° 0*: 1.5 HOUR BOUNDARY
1 - »
16 1 EXISTING EXISTING EC (9) NONE
FIRE AREA: UNIT 1 WEST AUXILIARY FEEOWATER PUMP_ROOM: 3 HOUR_BOUNDARY
17A | 1 " NONE NONE EC (9) NONE .
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TABLE 1-~-1

- (CONTINUED)
‘ $SSS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION SUPPRESSION 111.6.2 111.G.3 EVALUATIONS
FIRE AREA: UNIT 2 WEST AUXILIARY FEEDWATER PUMP ROOM: 3 HOUR BOUNDARY
178 2 NONE NONE EC (9) NONE
FIRE AREA: AUXILIARY FEEDWATER PUMP CORRIDOR: 3 HOUR BOUNDARY
17C 182 NONE NONE PC (g9) (1), (3), (4)
FIRE AREA: UNIT 1 EAST AUXILIARY FEEDWATER PUMP ROOM: 3 HOUR BOUNDARY
170 1 NONE NONE EC (g9) NONE -~
FIRE AREA: UNIT 1 TURBINE AUXILIARY FEEDWATER PUMP_ROOM: 3 HOUR BOUNDARY
17€ 1 NONE EXISTING EC (9) NONE
FIRE AREA: UNIT 2 TURBINE AUXILIARY FEEDWATER PUMP ROOM: 3 HOUR BOUNDARY
17F 2 NONE EXISTING EC (9) NONE -
FIRE ‘AREA: UNIT 2 EAST AUXILIARY FEEDWATER PUMP ROOM: 3 HOUR BOUNDARY
176 2 NONE NONE EC (g) NONE
FIRE AREA: UNIT 2 CD DIESEL ROOM ELEV, 587° 0": 1.5 HOUR BOUNDARY
18 2 EXISTING EXISTING PC (g) 7
FIRE AREA: UNIT 2 AB DIESEL ROOM ELEV. S587° 1.5 HOUR BOUNDARY
19 2 EXISTING EXISTING PC (a) 1)
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TABLE 1~-1
APPENDIX R SUMMARY COMPLIANCE TABLE
- (CONTINUED)
SSS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION - SUPPRESSION 111.G.2 111.G.3 EVALUATIONS
FIRE AREA: UNIT 2 TRANSFORMER ROOM ELEV. 591’ 0" 1.5 HOUR BOUNDARY
20 2 NONE NONE pPC, ER (3), (8), (7)
FIRE AREA: UNIT 2 DIESEL OIL PUMP ROOM ELEV. 587° 0": 3 HOUR BOUNDARY
21 182 EXISTING EXISTING EC (9) (5)
FIRE AREA: UNIT 2 QUADRANT 2 PIPING TUNNEL ELEV. 596‘ 3.5": 1.5 HOUR BOUNDARY
22 2 NONE NONE PC, ER (g) (2). (5). (6)
FIRE AREA: UNIT 2 QUADRANT 3N CABLE TUNNEL ELEV. 596’ 3.5": 1.5 HOUR BOUNDARY
23 2 EXISTING EXISTING ER (g) (6)
I
| FIRE AREA: UNIT 2 QUADRANT 3M AND 3S CABLE TUNNELS ELEV. 596° 3.5": 1.5 HOUR BOUNDARY
24 2 EXISTING EXISTING PC, ER (9) (5), (6), (7)
25 2 EXISTING EXISTING EG (9) (5)
FIRE AREA: UNIT 2 QUADRANT 4 CABLE TUNNEL ELEV. 596’ 3.5": 1.5 HOUR BOUNDARY
26 2 ) EXISTING EXISTING PC. ER (9) (2)., (6)
FIRE AREA: UNIT 2 QUADRANT 1 CABLE TUNNEL ELEV. 596‘ 3.5": 1.5 HOUR BOUNDARY
| |
27 2 EXISTING { EXISTING' } PC, ER (g) (6). (7)
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TABLE 1- o
APPENDIX R SUMMARY COMPLIANCE TABLE
] (CONTINUED) .
SSS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
_ ZONE ZONE DETECTION SUPPRESSION 111.G6.2 I11.G.3 EVALUATIONS
FIRE AREA: ESSENTIAL SERVICE WATER PUMPS AREA: 3 HOUR BOUNDARY )
29A 1 NONE NONE ER (3). (5)
208 1 NONE NONE ER (3), (5)
29€ 1 NONE NONE ER (3), (5)
29¢C 2 NONE NONE ER (2). (3). (5)
- 29D 2 NONE NONE ER (2). (3), (5)
20F 2 NONE . NONE . ER (2), (3). (5)
" 206 182 NONE NONE i ER (c) (1), (2). (3). (5)
i .
FIRE AREA: UNIT 1 EAST MAIN STEAM VALVE ENCLOSURE AND CONTRACTOR Accesé CONTROL AREA: 1.5 HOUR_BOUNDARY
33 1 NONE NONE ER (2), (3). (5)
33A 1 NONE NONE ER (3), (5), (8)
338 1 NONE NONE ER (3). (5), (6)
105 NONE NONE EXISTING . EC (%) (s)
FIRE AREA: UNIT 2 EAST MAIN STEAM VALVE ENCLOSURE AREA: 1.5 HOUR BOUNDARY
34 2 d NONE NONE ER (2), (3)
344 2 NONE . NONE ER (3), (5), (8)
348 2 NONE é NONE . "ER - (3), (6)
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TABLE 1-1

. APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
. S$SS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI=-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE . DETECTION SUPPRESSION 111.G6.2 111.G.3 EVALUATIONS
FIRE AREA: AUXILIARY BUILDING NORTH AND SOUTH ELEV. 609’ 0“: 1.5 HOUR BOUNDARY
37 NONE EXISTING NONE EC (*) (s5)
43 1 EXISTING NONE EC (5)
44N 182 EXISTING EXISTING PC, ER (1), (2),. (3).
. . (4), (5), (8),
(7). (9)
44s 182 EXISTING EXISTING PC, ER (1), (2), (3),
* (4). (5), (8),
(7). (8), (9)
| 44a NONE NONE NONE EC (*) (s)
!
448 NONE NONE NONE EC (*) (s5)
. I 44C 1 NONE NONE EC (h) (5)
| 44D 1 NONE NONE | EC (h) (5)
44€ SP NONE NONE EC (g) < (5)
.44F 2 NONE NONE EC (9) . (5)
- 44G 2 NONE NONE EC (h) (5)
) 44H 2 NONE NONE EC (h) (5)
FIRE AREA: UNIT 1 QUADRANT 2 CABLE TUNNEL ELEV. 612’ 0": 1.5 HOUR BOUNDARY
I 7 38 1 EXISTING EXISTING PC. ER (). (7)
FIRE AREA: UNIT 2 QUADRANT 2 CABLE TUNNEL ELEV. 612° 0": 1.5 HOUR BOUNDARY
39 2 EXISTING EXISTING PC, ER e), (7)
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TABLE 1-~1
APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
S$SS EQPT OR ; APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC - PROVISIONS CATIONS OR
ZONE ZONE DETECTION SUPPRESSION 111.G.2 111.G.3 EVALUATIONS
FIRE AREA: UNIT 1! SWITCHGEAR ROOMS ELEV. 609’ O* 1.5 HOUR BOUNDARY
40A 1 EXISTING EXISTING : EC NONE
408 1 EXISTING EXISTING PC (5), (7)
FIRE AREA: UNIT 1 ENGINEERED SAFETY SYSTEMS AND MCC ROOM ELEV. 609° O" 1.5 HOUR BOUNDARY
.41 1 EXISTING EXISTING PC (s), (7)
FIRE AREA: UNIT 1 EMERGENCY POWER SYSTEMS AREA ELEV. 609‘ 0»: 1.5 HOUR BOUNDARY ’
[ I _ :
42A . 1 EXISTING EXISTING PC 7)
428. 1 EXISTING EXISTING PC (7)
42C" 1 EXISTING EXISTING PC (7)
.42D0 1 EXISTING EXISTING PC (7)
FIRE AREA: UNIT 2 ENGINEERED SAFETY SYSTEMS AND MCC ROOM ELEV. 609° O 1.5 HOUR BOUNDARY
© 45 2 EXISTING EXISTING - i PC (s), (7)
"FIRE AREA: UNIT 2 EMERGENCY POWER SYSTEMS AREA ELEV. 609° 0%: 1.5 HOUR BOUNDARY
46A 2 EXISTING EXISTING PC (7)
468 NONE - EXISTING EXISTING EC (*)
46C 2 EXISTING EXISTING PC (7)
46D 2 EXISTING EXISTING pPC (7)
FIRE AREA: UNIT 2 SWITCHGEAR ROOMS ELEV. 609’ 0%: 1.5 HOUR BOUNDARY i
a7A 2 EXISTING EXISTING " EC NONE
478. 2 EXISTING EXISTING PC (s), (7)
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TABLE 1-1
- APPENDIX R SUMMARY COMPLIANCE TABLE
» ' (CONTINUED)
S$SS- EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS _.CATIONS OR
ZONE ZONE DETECTION SUPPRESSION 111.G6.2 111.G6.3 EVALUATIONS
FIRE AREA: UNIT 1 CONTROL ROOM: 3 HOUR BOUNDARY
53 1 | EXISTING NONE PC, ER (2). (5). (M)
{
FIRE AREA: UNIT 2 CONTROL ROOM: 3 HOUR_BOUNDARY
54 2 EXISTING NONE PC, ER (2), (s), (7)
FIRE AREA: UNIT 1 SWITCHGEAR ROOM CABLE VAULT: 3 HOUR BOUNDARY
55 1 EXISTING EXISTING PC (s). (7)
FIRE AREA: UNIT 1 AUXILIARY CABLE VAULT: 1.5 HOUR BOUNDARY
56 1 EXISTING EXISTING PC (s), (7) -
FIRE AREA: UNIT 1 CONTROL ROOM CABLE VAULT AND HOT SHUTDOWN PANEL AREA 1.5 HOUR BOUNDARY
57 1 EXISTING " EXISTING PC (5)., (7)
144 1 EXISTING NONE PC, ER (2), (7)
FIRE AREA: UNIT 2 CONTROL ROOM CABLE VAULT AND HOT SHUTDOWN PANEL AREA: 3 HOUR BOUNDARY
58 2 EXISTING EXISTING PC (5), (7)
145 2 EXISTING NONE PE., ER (2). (7)
FIRE AREA: UNIT 2 AUXILIARY CABLE VAULT: 1.5 HOUR BOUNDARY
1 !
59 2 EXISTING EXISTING pC (5). (7)
FIRE AREA: UNIT 2 SWITCHGEAR ROOM. CABLE VAULT: 3 HOUR BOUNDARY
60 2 EXISTING EXISTING PC (5), (7)
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APPENDIX R SUMMARY COMPLIANCE TABLE

TABLE 1-1’

—

|-

(CONTINUED)
$SS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE . ZONE DETECTION SUPPRESSION 111.6.2 111.G.3 EVALUATIONS _
FIRE AREA: UNIT 1 CHARGING PUMPS AREA ELEV. 587° 0“: 1 HOUR BOUNDARY
62A 1 EXISTING EXISTING . PC (2), (8), (7)°
628 1 . EXISTING EXISTING PC (2), (8), (7)
62C 1 EXISTING EXISTING PC (2), (5), (7)
FIRE AREA: UNIT 2 CHARGING PUMPS AREA ELEV. 587° 0%: 1 HOUR BOUNDARY '
63A 2 EXISTING EXISTING . PC (2), (5). (7)
. 638 2 EXISTING EXISTING - PC (2), (5). (7)
63C 2 EXISTING EXISTING PC (2), (5). (7)
FIRE AREA: UNIT 1} CONTAINMENT: 3 HOUR BOUNDARY
66 1 NONE NONE - PC (d) €2
67 1 NONE NONE PC (d) (7)
68 1 NONE NONE EC (d) ° NONE
101 1 NONE NONE EC (d), NONE
103 1 NONE NONE EC (d) NONE
118 sP NONE NONE EC (g9) NONE
120 1 NONE NONE PC (d) &)
122 1 NONE NONE PC (f) (7)
" 182 NONE NONE NONE EC"T*) NONE
134 NONE NONE NONE EC (%) NONE
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- TABLE 1-1
APPENDIX R SUMMARY COMPLIANCE TABLE
’ (CONTINUED) )
SSS EQPT OR APPLICABLE APPENDIX R REQUIRED MODIFI-
FIRE CABLE WITHIN AUTOMATIC PROVISIONS CATIONS OR
ZONE ZONE DETECTION SUPPRESSION 111.G.2 111.G.3 EVALUATIONS
FIRE AREA: CONTROL ROOM HVAC AND COMPUTER AREA: 3 HOUR_BOUNDARY
) 70 ' NONE EXISTING NONE EC (%) ° (5)
71 NONE ek:§rxuc EXISTING ' EC (*) NONE
72 NONE EXISTING EXISTING EC (*) NONE
73 NONE EXISTING NONE T EC (*) (s)
FIRE AREA: UNIT 2 CONTAINMENT: 3 HOUR BOUNDARY
74 2 NONE NONE PC (d) ‘ 7
75 2 NONE NONE PC (d) 7)
76 2 NONE NONE EC (d) NONE
102 2 NONE ‘NONEr EC (d) NONE
104, 2 NONE NONE EC (d) NONE
. 119 sp NONE NONE EC (9) NONE
121 2 NONE NONE PC (d) 7
123 2 NONE NONE PC (f) (7)
133 NONE NONE NONE EC (*) ’ NONE
135 NONE - NONE NONE X EC (*) NONE
FIRE AREA: UNIT 1 TANK AREA PIPE TUNNEL: 3 HOUR BOUNDARY
116 NONE NONE NONE EC (*) (5)
FIRE AREA: UNIT 2 TANK AREA PIPE TUNNEL: 3 HOUR BOUNDARY
117 NONE . NONE NONE EC (*) (5)
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N TABLE 1-1
. APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)
LEGEND:
. NONE ,NO SSS COMPONENTS OR CABLES IN THE ZONE/NO MODIFICATIONS REQUIRED FOR COMPLIANCE . °
| 1 UNIT 1 S$SSS COMPONENTS OR CABLES IN THE ZONE
2 UNIT 2 SSS COMPONENTS OR CABLES IN THE ZONE
182 BOTH UNITS SSS COMPONENTS OR CABLES IN THE ZONE
op OPTIONAL SHUTDOWN COMPONENTS AND/OR CABLES ONLY IN THE ZONE -
EC EXISTING COMPLIANCE - ﬁ
- PC PROPOSED COMPLIANCE
ER EXEMPTION REQUEST .
' . SP SPURIOUS CABLES ONLY. SEE TABLE 4-3
; . TYPE OF 111.G.2' COMPLIANCE STRATEGY .
(a) 111.G.2.(a) COMPLIANCE - SEPARATION OF CABLES AND EQUIPMENT AND ASSOCIATED NONSAFETY-RELATED CIRCUITS OF

REDUNDANT TRAINS BY A FIRE BARRIER HAVING A THREE-HOUR RATING.

(b) I11.G.2 (b) COMPLIANCE - SEPARATION OF CABLES AND EQUIPMENT AND ASSOCIATED NONSAFETY-RELATED CIRCUITS OF
REDUNDANT TRAINS BY A HORIZONTAL DISTANCE OF MORE THAN 20 FEET WITH NO INTERVENING COMBUSTIBLES OR FIRE
’ HAZARDS. IN ADDITION, FIRE DETECTORS AND AN AUTOMATIC FIRE SUPPRESSION SYSTEM SHALL BE INSTALLED IN
THE FIRE AREA. R

(c) I11.G.2 (c) COMPLIANCE - ENCLOSURE OF CABLE AND EQUIPMENT AND ASSOCIATED NONSAFETY-RELATED CIRCUITS OF ONE
REDUNDANT TRAIN IN A FIRE BARRIER HAVING A ONE-HOUR RATING. 1IN ADDITION FIRE DETECTORS AND AN AUTOMATIC
FIRE SUPPRESSION SYSTEM SHALL BE INSTALLED IN THE FIRE AREA.

(d) -111.6.2 (d) COMPLIANCE - SEPARATION OF CABLES AND EQUIPMENT AND ASSOCIATED NONSAFETY-RELATED CIRCUITS. OF
i REDUNDANT TRAINS BY A HORIZONTAL DISTANCE OF MORE THAN 20 FEET WITH NO INTERVENING COMBUSTIBLES OR FIRE
HAZARDS.
(e) I11.G.2 (e) COMPLIANCE — INSTALLATION OF FIRE DETECTORS AND AN AUTOMATIC FIRE SUPPRESSION SYSTEM IN THE
FIRE AREA.
(f) 111.G.2 (f) COMPLIANCE ~ SEPARATION'OF CABLES AND EQUIPMENT AND ASSOCIATED NONSAFETY- RELATED CIRCUITS OF
. REDUNDANT TRAINS BY A NON-COMBUSTIBLE RADIANT ENERGY SHIELD.
(g) "I11.G.1 COMPLIANCE IS PROVIDED SINCE NO REDUNDANT SAFE SHUTDOWN EQUIPMENT IS IN THE AREA.
{(h) I11.G COMPLIANCE IS PROVIDED SINCE THE SAFE SHUTDOWN EQUIPMENT IN THE AREA 1S PASSIVE AND IS NOT REQUIRED TO
. OPERATE.
(*) 111.G COMPLIANCE IS PROVIDED SINCE NO SAFE SHUTDOWN CABLES OR COMPONENTS ARE IN THE FIRE ZONE.

¥
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TYPE OF

TABLE 1-1

,‘APPENDIX R SUMMARY COMPLIANCE TABLE
(CONTINUED)

MODIFICATION REQUIRED FOR COMPLIANCE

(1)
(2)
(3) .
(4)
(5)
. (6)
7)
(8)
(9)

RACEWAY PROTECTION (i.e., WRAPPING OF CABLE TRAY OR CONDUIT)
AREA BOUNDARY MODIFICATION A

DETECTION MODIFICATION .
SUPPRESSION MODIFICATION

AREA BOUNDARY EVALUATION

AREA BOUNDARY EXEMPTION

ELECTRICAL CIRCUIT AND/OR MECHANICAL PIPING MODIFICATION
RATED BARRIER ADDITION WITHIN A FIRE ZONE

BOUNDARY -MODIFICATION (STAIRWAY SUPPRESSION)
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2. IDENTIFICATION OF FIRE AREAS

This section provides detailed information on the criteria
and methodologies used to develop fire area and zone definitions
for D.C. Cook. 1In' addition, the methodology utilized to develop
equivalent fire severities for each fire area are discussed. The
results of these activities are presented as Tables 2-1 and 2-2
and Figures 2.1 through 2.11.

 The information contained in this section generally presents
the D.C. Cook plant configuration of each fire zone and fire area
at the end of the 1986 Unit 2 refueling outage. The fife
protection features include modificatioﬁs required for compliance
with Appendix R Section 1I11.G, as well as general plant
improvements initiated at the time of issue of this report.
2.1 Background ‘

" On January 31, 1977, the Indiana and Michigan Electric
Company (I&M) responded to Appendix A of Branch Technical
Position (BTP) APCSB 9.5-1 for Units 1 and 2 at the D.C. Cook
Nuclear Plant. The general guidelines used for the plant layout
of fire zones were:

(1) ‘Identify safety-related systems or equipment;

(2) 1Isolate safety-related systems or equipment from

unacceptable fire hazards by spatial separation or by
the provision of fire barriers or enclosures;

(3) Provide fire detection and/or suppression equipment to
minimize the effects of a fire; and

(4) Employ combinations of the above, acting‘to complement
or back up one another.
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These general criteria were incorporated into the March 31,

1977, Fire Hazards Analysis for Units 1 and 2 of the D.C. Cook

Plant. A total of 104 fires zones were identified in the 1977
Fire Hazards Analysis for D.C. Cook. In that response, rooms or
areas were identified aé separate fire zones if they contained
gombustible materials, safety-related equipment or cables and/or
were adjacent to zones containing such equipment.

For each of the 104 fire zones identified in the 1977 Fire
Hazards Analysis, the combustible/fuel 1loading in terms of Btu's
per square foot of floor area was determined. The combustible
materials considered in the analysis were cable insulation,
plastic, liquid hyérocarbons, flammable gases, and carbonaceous
producfs such as wood, papér and charcoal.

The physical barriers separating fire zones identified in
the 1977 Fire Hazards Analysis were constructed of heavy
reinforced concrete construction having a minimum fire rating of
three hours. = The only exceptions to this construction are
concrete block walls with the minimum rating of 1-1/2 ho&rs,
which had been added for compartmentalization. Artificial
boundaries, such as open walkways varying from six feet in width
to the entire length or width of the zone, separated a number of
zones in both the Turbine and Auxiliary Buildings. In the
Turbine Building, the boundaries were determined by the location

of suppression and/or detection systems. In the Auxiliary
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Building, the location was dependent  on the physical

characteristics of the elevation. The artificial boundaries
typically were located where elevator shafts or walls reduced
size of the openings between zones to large opén walkways.

2.2 1Identification of Fire Zones

The general guidelines used for establishing fire zones in
the Indiana and Michigan Electric Company's response to Appendix
A formed the basis for the fire zone and area activities
performed in response to Appendix R. In responding to the
separation criteria of Appendix R, Section III.G.2, a study was
performed to identify locations within the plant that, if
required, could be defined as fire areas or could be used as
barriers during the 1II.G.2(a) separation analysis. The study
resulted in subdivisions of certain previously defined zones.
These were identified in the subsequent analysis by a letter
following the previous zone definition (e.g., 40a). In some
cases, these subdivided zones were subsequently found to
constitute a valid fire area (e.g., 17a). In other cases, the
subzones were combined during the cable separation analysis for
analytical convenience (e.g., 623,B,C).

In general, those Appendix A fire zones that would qualify
as a fire area wunder the criteria of Appendix R without
modifications were designated as fire areas. Systems analyses
were performed on the fire areas to identify potential conflicts

with the separation criteria of Appendix R. Where no conflicts
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arose,, and where no safe shutdown equipment was identified in the

area, compliance with Appendix R was identified. No attempts
were made to combine the fire areas that do comply with Appendix"
R with adjacent fire areas or =zones in Revision 0 to the March
1983 submittal.  However, during the reevaluation effort, some
fire areas originally in compliance were combined and evaluated
for impact to safe shutdown.

Another study was performed that identified additional plant
locations not previously tabulated 1in the 1977 analysis. These
plant areas were ihcorporated into the fire =zone listing in
Revision 0 to the March 1983 submittal and are numbered as Fire
Zones 105 through 128, Many of these 2zones were subsequently
found to contain no safe shutdown equipment or cables.

Since the previous study did not identify all plant areas,
an additional study was performed for this report per the
criteria of Generic Letter 83-33 to accurately ident{fy all plant
locations. As "a . result, Fire Zones 129 through 146 were
identified, some of which were subdivided by 1letters into
multiple zones (e.g., 138a). These plant areas were also
incorporated into the fire zone listing.

The newly identified fire zones, with the exception of Fire
Zones 144 and 145, contain no safe shutdown cables or components.
These new fire zones. were combined with adjacent fire areas to
form larger fire areas. Fire hazards analyses and safe shutdown

system evaluations were performed to ensure that there would be
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no impact on compliance for these fire areas (see Sections 7 aﬁd
9). Only Fire Zones 144 and 145, which were originally included
as part of Fire 2Zones 54 and 53, respectively, contain safe’
shutdéwn equipment or cables. However, these two zones are the
Unit 1 and Unit 2 hot shutdown panels, which were proposed to be
enclosed by three-hour barriers in Revision 0 to the March 1983
Appendix R submittal. ;

An artificial fire zone was also identified during the
course of this study. This zone, ELSH, 1is made up of the two
elevator shafts (paséenger and freight) connecting levels of the
Auxiliary Building. The door openings to thé shafts are
protected by 'B' label fire doors. This artificial zone was
created due to the difficulties associated with identifying a
vertical shaft in horizontal fire area boundaries., It exists for
convenience purposes only and is not identified elsewhere in this
report.

Based on these studies, a total of 198 individual and
subdivided fire zones (é.g., 40A) have been identified. Table
2-1 is a compilation of all the fire zones identified in this
analysis.

2.3 1Identification of Fire Areas

A fire area is defined as that portion of a plant, separated
from other areas by rated boundary fire barriers. The rating of
the barriers is determined by the fire.hazard within each area

and is required to be commensurate with the fire hazard to which
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the barrier 1is exposed. Fire barriers, doors, dampers, and

penetration seals are not necessarily required to be three-hour-
rated. The rating is dependent upon the fire hazards to'whi;h‘
they could be exposed. At D. C. Cook, the construction of walls,
floors, and ceilings is typically of heavy, reinforced concrete
with an inherent fire rating of at 1least three hours. In
addition to this construction, the definitiSn of the fire area
boundaries must also address the protection provided for the
doors, dampers, stairways, hatches, and other penetrations in the
fire area boundary cénstruction. wen

Doors and dampers at D.C. Cook .are typically either 1-1/2 or
three-hour fire-rated when. they form part of a barrier separating
fire areas. Evaluations and/or exemption requests are provided
where fire-rated protection does not exist. Ratings also may
exist for doors that form =zone boundaries within an area or are
part of exterior walls. At D.C. Cook, no'externallfire hazards
exist along exterior plant walls that contain unrated doors.

Some conditions exist where ventilation systems exit into
rated enclosures and proceed through other areas in the plant to
the exterior. Rated dampers do not exist in these situations.
These types of ventilation systems exist in Zones 40A, 40B, 41,
42A, 42D, 45, 46A, 46D, 47A and 47B (Emergency Power Systems
Area). ‘Section- 3 discusses further the acceptable impact of

these openings on these zone's gaseous suppression systems.
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Stairways cbnnecting fire areas within the Auxiliary
qulding will Dbe providgd with automatic water suppression
systems around the perimeter of the stair openings. These
systems form water curtains that inhibit the passage of hot
gases, flames and products of combustion to the areas above.
Based on the low area combustible 1loading of each level of the
Auxiliary Building (less than ten minutes for any fire area),
this type of water suppression protection provides an adequate
barrier that prevents fire propagation to adjoining levels. This

protection permits each level of the Auxiliary Building to be

treated as a separate fire area.

Unrated metal hatches, where they form part of a fire area
boundary, have been evaluated and found to proQide a level of
protection appropriate to the area hazard, in canunction with
the existing fire protection features for that area. Large
concrete plugs are provided in the floor/céiling assemblies
between fire areas of the Auxiliary Building for equipment
removal. When in place, these plugs provide an equivalent level
of protection to that required for the barrier.

Other penetrations and openings in barriers separéting fire
areas that contain safe-shutdown equipment are eithe} sealed to
provide a level of fire protection commensurate with the fire

hazard in the fire area or evaluations are performed to justify

the existing configuration,
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Penetrations and openinés may not be sealed where area walls

form a natural_division between plant buildings, the areas do not
contain safe shutdown equipment, and the combustible loading in’
the vicinity of the wall is extremely low. Such unsealed
penetgations and openings in barriers typically exist either as
natural ventilation flowpaths or to facilitate other aspects of
plant and building design (water drainage paths, room pressure
relief for hypothesized pipe'sreaks, seismic gaps, etc.).

In general, artificial boundaries (i.e., large open spaces)
do not exist between defined fire areas.. However, this is not
always the case. For example, an evaluation is performed to
justify the ladder opening connecting each unit's'main steam
valve enclosure (Fire Zones 33 and 34 for. Units 1 and 2,
respectively) with the RW, és and PW tank area pipe tunnel (Fire
Areas 116 and 117 for Units 1 and 2, respectively), which then
connects with the quadraﬁt 2 piping tunnel (Fire Areas 12 and 22
foy‘Units 1 and 2, respectively) via an open walkway. Artificial
boundaries do exist between fire zones or sub-zones within a fire
area. These boundaries occur in somé cases as a result of the
combination of previously defiped zones into larger fire areas.l
In other cases, they were created to facilitate the. cable and -
equipmen; separation analysis. In all instances, these
artificial boundaries wére recognized as sgch,ﬂand the separation
andlysis performed between such zones used the III.G.2 20-ft

and/or one-hour barrier provisions.
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An inherent feature of the D.C. Cook electrical system
desién is' the extensive use of embedded conduit. Although such
embedded conduit principally contains power cabling, sqﬁe control
and instrument circuits may also be routed within embedded
conduits., Embedded conduit wtypically is located in concrete
floor fill slabs. These fill slabs, of varying thickneés, are
poured directly on the floor's structural concrete pads.
Embedded conduits also exist in certain vertical wall sections.
Such floor and wall conduits are embedded with a minimum of four
inches of concrete.cover. In some cases, the conduit may exist
under two to three feet of concrete. In all cases, due to the
inherent fire ratings associated with such construction and the
separation available between redundant division conduits within
the,slabs, cables so embedded are not considered as part of any
identified fire zone until they exit the concrete.

Based on these criteria, the March‘1983‘submittél identified
80 fire areas at D.C. Cook. As a result of idegtifying
previously unidentified plant locations, fire area boundaries
have changed. In some cases, fire areas identified separately in
the March 1983 submittal were combined into larger fire areas.
In other cases, the newly identified fire zones were combined
with adjacent fire areas forming larger fire areas. Where
penetrations in fire area boundaries were identified as having no
impact on redundant safe shutdown capabilities, technical

evaluations were performed justifying the configurations (see
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Section 9). These fire areas, which may consist of individual

fire zones or a consolidation of zones, are listed in‘'Table 2-2

and are shown graphically in Figures 2.1 through 2.11 on a floor-'

by-floor (plan and sectional views) basis. . A total of 57 fire
areas have been identified in this manner. The automatic
detection and suppression systems, which are described in Section
3, are also listed in Table 2-2. Table 2-2 also identifies floor
areas and combustible loadings on a fire zone by fire zone basis,
with total floor areas and combustible loadings provided for each
fire area. Bach solid horizontal line in Table 2-2 delineates
one of the 57 fire areas utilized in this analysis. Where zones
and sub-zones have been combined into a single fire area, the
zones are grouped together in this table and are separated from
other fire areas by solid horizontal lines. Unless specifically
indicated, the rating of the boundary fire barriers for each fire
area indicated in this table describes the minimum f{re rating of
the dohponents that form Ehe boundaries of the area.

Figures 2.1 through 2.11 identify the location of fire area
and fire zone boundaries as they exist at D.C. Cook. Blue lines
in these figqures identify fire area boundaries, while orange
lines identify fire zone boundaries that do not form a portion of
fire area boundaries. Figures 2.1 through 2.11 identify the
entirety of fire area boundaries; they do not solely identify
those barriers that separate interior fire areas. As such,

exterior walls ‘and walls below grade that do not abut adjacent
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interior fire areas have also been identified with blue lines as

fire area boundaries. These fire areas are identified for the

performance of Appendix R separation analysis. Where only one

train of safe shutdown systems is located within a fire area with

justifiable barriers, then the criteria of Appendix R Section
ITI.G.1 are met. :

Although not specifically identified 1in either Table 2-2 or
Figures 2.1 through 2.11, three-hour-rated barriers separating
redundant safe shutdown components located in the same fire area
have been identified. These barriers, while not resulting in the
creation of separate fire areas, have been utilized to achieve
compliance with Section III1.G.2(a) of Appendix R. The III.G.2(a)
barriers at D.C. Cook that have been utilized are identified as
follows:

(1) The T-shaped wall separating the Unit 1 RHR pumps in

Fire Zoné 1C and Fire Zone 1D on the 573 ft elevation
of the Auxiliary Building;

(2) The T-shaped wall separating the Unit 2 RHR pumps in

Fire Zone 1G and Fire 2Zone 1H on the 573 ft elevation
of the Auxiliary Building;
(3) The wall separating Unit 1 ESW pumps in Fire Zone 29A
and Fire Zone 29B from the Unit 2 ESW pumps in Fire
Zone 29C and Fire Zone 29D; and

(4) The barrier separating the Unit 1 CCW pumps from the
Unit 2 CCW pumps and the spare CCW pump from the Unit 1
and Unit 2 CCW punps.

2.4 Procedure for Updating Combustible Loading

Since the submittal of the 1977 Fire Hazards Analysis,

additional cabling has been installed at D.C. Cook. In order to
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address this increase in combustible loading due to additional

-cable insulation, previously developed zone cable combustible
loadings were increased by an average value based on the total’
amount of additional cable installed at D.C. Cook. A review of
documentation revealed that the total number.of feet of cable at
D.C. Cook increadased by  approximately 25% between 1977 and 1982.
A 25% 1increase in combustible 'loaging associated with cable
insulation was therefore applied to the fire zones identified in
the 1977 Fire Hazards Analysis for D.C. Cook. In order to
account for additionél amounts of cable installed since 1982, an
additional 10%.increase in total feet of installed cable has been
applied to those fire zones containing cable insulation.

Between 1982 and the end of 1985, the actual increase has
_been less than 5%. The 25% and 10% increases are conservative in
nature because the increases include all cables used in the
plant, whether in cable trays or conduit, — -

Since 1977, cables in conduit and trays in some fire
areas/zones have been wrapped with a one-hour fire barrier to
achieve the appropriate separation criteria. Pilasters in the
diesel generator rooms have been protected with a three-hour
wrap. As a conservative measure, the wrapped cables have not
been deleted from the cable combustible 1loading in the fire
areas/zones where they exist. Area surveys were conducted in
1982 and again in 1986 to determine if any additional substantial

combustibles had been added to the various zones.
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The equivalent fire severity then was estimated through a

strict interpretation of the criteria presented in Table 6-8A of

the 14th Edition of the Fire Protection Handbook. This table,’

which was also utilized to estimate the fire severity in the 1977
Fire Hazards Analysis, relates the Btu/ft? of combustible
material with the estimated minutes of fire severity based on the
area under the standard time-temperature curve. The values
contained within this table are based on materials with an
average heat of combustion of 8000 Btu/lb. To obtain an accurate
equivalent fire seve}ity for materials with heats of combustion
greater or less than 8000 Btu/lb, the Btu/ft? referenced in Table .
6-8A must be multiplied by the ratio of the heat of combustion of
the actual materials within the =zone (cable ‘insulation, liquid
hydrocarbons, plastics, etc.) divided by the heat of combustion
(8000 Btu/lb) utilized 1in the table. This analysis has béen
pérformed for each fire area contained within thi§ report with
the equivalent fire severities referenced in Table 2-2, Table
2-2 of this report correlates to Table 2-2 .of the March 1983
submittal, buf has been reformatted and includes additional
information,

2.5 Suﬁplemental Information to -Support the Contention that

Cables 1n Conduirt Embedded in Concrete are not Part of the
Fire Area

Section 2.3 states that cables located in conduit embedded
in concrete walls, floors, or ceilings were not considered as

part of any fire =zone wuntil they exited the concrete. The
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supplemental information contained in this section provides the
basis for this technical determination.

The technical basis substantiating that four inches of"
concrete cover provides adequate protection for embedded cables
considers the following:

(1) The fire hazard and level of fire detection .and

suppression that exist for each of the various areas of
concern;

(2) The NFPA ratings for concrete fire barriers;

(3) The difference between the NFPA fire Dbarrier

configuration and the wall, floor, ceiling
configurations at Donald C. Cook that contain embedded
cable;

(4) The difference between the NFPA fire barrier cold side

’ temperature criteria and the temperature failure
criteria for typical nuclear plant cables.

In accordance with the NFPA's 1l4th Edition of the Fire

Protection Handbook, Table 6-7G of Section 6 concerning building

construction and design criteria indicates that for normal weight
concrete, which ig‘the predominant type of concrete at D.C. Cook,
a minimum solid thickness of 4.2 to 4.5 inches results in a two-
hour fire rating, while a one;hour fire rating requires only 2.8
to 3 inches of concrete. The range of these ratings is based on
the two types of concrete aggregate that could potentially be
used. '

Although this would indicate that a 1-1/2 to 2-hour rating
is achieved by a simple four-inch concrete section, direct use of

these ratings for the actual configuration of the concrete
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. sections containing embedded cable at D.C. Cook should not be

made. .

Figure 2.0-a depicts the typical construction for which the

NFPA ratings directly apply, while Figure 2.0-b indicates the
typical construction of concrete at D.C. Cook containing embedded
cables. It immediately becomes apparent, recognizing the typical
values for thermal conductivity and heat capacity of concrete,
that the additional barrier mass between the embedded cables and
the cold side will function as a heat"sink, lowering the actual
in-wall temperature .at the embedded cable to‘ a number
substantially lower than the 322°F used for the standard NFPA
barrier rating. The 322°F value in the NFPA ratings is based on
a limiting factor of 250°F plus anxéssumed ahbient temperature of
72°F on the cold side of the concrete section.

In order to quantify this comparison, a Finite Difference
Thermal Computer Model was used that assumed a constaﬁt fire side
heat flux of three-hour duration and measured the temperature
variations at the four-inch embedment for various section
thicknesses. As a base case, a four-inch concrete section was
used with incident heat fluxes varied until a 322°F cold side
temperature was achieved. Once determined, this base case heat
flux was applied for 6.0, 8.0 and 12.0 inch concrete sections for

a three-hour duration. In all cases, the cold side wall was
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assumed adiabatic. The model results listed below indicate that,

at a distance from the hot side of four inches, the concrete

temperatures decrease dramatically as wall thickness increases.

Total Section Thickness (in.) Temp. at 4 in. at 3 hours ( °F)
4.0 322
6.0 216

. 8.0 197
2.0

12. 196

Further support for the conclusion that embedded cable does
not degrade is contained in a report entitled, "A Study of
Damageability - ‘of" ‘Electrical *Cable int Simulated Fire
‘Environments," prepared by Factory Mutual Research Corporation in
March 1981 for the Electric Power Research Institute. The report
‘indicates that the surface Eemperature for 11 cable samples
(varying ‘from PE/PVC to EPR/Hypalon), at the point where
‘insulation degradation begins, ranges from 567°F to 993°F. The
temperature atlwhiéh insulation degradation pegins isﬂhigher than
the temperatures associated with the failure criteria of 322C0F
for NFPA-rated fire'barriers. When a comparison is made between
the onset of insulation degradation (567°F to 993°F) and the
likely thermal profiles for concrete sections typical for D.C.
Cook Barriers, it is evident that no cable insulation degradation

should occur for embedded cables.
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Indiana and Michigan Electric Company's technical conclusion

is that a minimum concrete cover of four inches protecting
embedded conduit and cable proQides sufficient protection to
justify*the exclhsion of embedded conduit and cable in any fire
area until it exits the concrete section.

2.6 Identification of Maximum Allowable Combustible Loading

Justification for some of the exemptions and evaluations is
based on)the quantity of combustible loading present in the area.
For the purpose of controlling the increase of fixed and/or tran-
sient combustible loading due to maintenance or future plant
modifications, a maximum allowable ' combustible loading yalue is
identified only for those areas involved in an-exemption or eval-
uation. Thése values are listed in Table 2-3. The plant loca-
tions (areas) identified on:- this table may consist of a single
fire zone, a single fire area, or a group of fire zones that do
not make a fire area. Unless specifically listed, the values in,
Table 2-3 are totals of fixed and transient combustible loadings
in the areas. The fire =zones in Table 2-3 are grouped together

by fire area. similar to those listed in Tables 1-1 and 2-2.
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Fire
Zone

1A

1B

1C

1D

1B

1F -

1G

1H

6A*

6N

TABLE 2-1
FIRE ZONE IDENTIFICATION TABLE

Identification

Auxiliary Building - El 573 ft 0 in. - both units

Containment Spray Pump East, Auxiliary Building - El
573 ft 0 in. - Unit 1

Containment Spray Pump West, Auxiliary Building - El
573 ft' 0 in, - Unit 1

Residual Heat Removal Pump East, Auxiliary Building -
El 573 ft 0 in. - Unit 1

Residual Heat Removal Pump West, Auxiliary Building -
El 573 ft 0 in, - Unit 1

Containment Spray Pump East, Auxiliary Building - El
573 £t 0 in, - Unit 2
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