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ABSTRACT

This report provides a summary of the work conducted during FY-1984 by
Brookhaven Nationmal Laboratory (BNL), under FIN A-3252 "Fire Protection Research
Program.” It was undertaken under .he cognizance of the Electrical Engineering
Branch in the Division of Engineering Technology within the Office of Nuclear
Regulatory Research. The report describes a mathematical mode] for predicting
the thermal environment within complex nuclear power plant enclosures. It dem
onstrates the capability of the existing numerical code by direct comparisons
with electrical cable fire/large enclosure tests performed by Sandia National
Laboratories (SNL) for the NRC and by the Factory Mutual Research Corporation
(FMRC) for the Electric Power Research Institute (EPRI). It further demon-
strates the potential usefulnese of the existing code in addressing fire-protec-
tion issues, This is done through a parametric study of the thermal environment
resulting from a series of fires within cabinets in a nuclear power plant con-
trol room (similar to LaSalle). Al:o, it presents an example of how the code
can be utilized by addressing an Appendix R exemption request which deals with
the vulnerability of containment fans to a fire emanating from a reactor coolant
pump bay. Recommendations are also given as to how the model/code can be fur-
ther enhanced and where current effort is proceeding.
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EXECUTIVE SUMMARY
A. BACKGROUND

For the past several years research in firc protection measures and fire
safety conducted by the U.S. Nuclear Regulatory Commission (NRC) has focused on
providing technical bases upon which specific deterministic requirements for
fire protection could be established. The requirements, buffered by these re-
search activities, are contained in Appendix % to 1OCFR50 and in Section 9.5.1
of the Standard Review Plan (SRP). These criteria/guidelines ind‘cate the mini-
mum necessary fire protection measures and features such as separa:ion by fire
barrier or distance, automatic fire detection and suppression, and system redun-
dancy to limit fire damage while not impairing those engineered safety features
designed to safely shut down the plant,

Efforts by utilities in either complying with or seekinz exemption from
these requirements have largely relied on the use of analytical fire models to
provide justification to their proposed fire-safety design changes or to indi-
cate that existing features conservatively comply with the overall fire safety
mandates. In the course of evaluating these analyses, the NRC must judge
whether they incorporate state-of-the-art models and recent test results, Par-
ticular attention must be given to ensure that the application of the models is
consistent with the assumptions and limitations of the particular unit-problem
fire models employed in the fire hazards analysis.

The scope of these reviews entail answers to the following questions:

* Are the fire scenarios analyzed reflective of what may realistically oc-
cur? In other words, does the physical model employed represent an ade-
quate and conservative replication of the major fire-related phenomena.

* Concomitantly, does the mathematical model adequately portray these
major physical processes and geometrical constraints?

* Does the actual scenario bound the overall problem?

* Are the conclusions drawn from the calculated results uniformly valid
with the assumptions made to provide a tractable analysis?

Responding to these questions as well as other "fire damage” issues which have
been raised indicates a need for NRC to develop a computational capability to
determine the margins of safety inherent i{n various fire protection features and
layouts in nuclear power plants (NPPs),

Also, reflecting upon the increasing emphasis and use of probabilistic
techniques in the assessment of NPP risk in general, and the risk due to inter
nal fires in particular, further indicates a need to develop a fire-scenario
modeling capability. Only recently has the probablilistic analysis of internal



fires become an accepted, albeit immature, part of full~scale Probabilistic Risk
Assessment (PRA) studies. The more difficult aspects of the probabilistic anal-
ysis occur in estimating the likelihood that equipment will be disabled by a
fire. This problem is compounded by the existing uncertainties in
deterministic/probabilistic modeling of detection and suppression s stems, the
stochastic nature of fire growth over time, and the size and geometric complexi-
ty of the fire zone wherein hot gases can cause equipment failure or induce
secondary fires.

A number of important models have been develop:d over the years to assist
the analyst in calculating the likely progression of a fire, but in evea the
simplest cases the quantitative uncertainties remain large. Available fire-
growth ana fire-enclosure models are highly approximate in character and are not
capable o. accurately modeling the fire-induced environment in a compartment of
crowded objects situated in a unique configuration. Also, the analysis of fail-
ure modes for components exposed to the whole spectrum of combustion products
(heat, smoke, toxic aerosols) needs more methodological development enhanced by
test data. Methods must also be developed for treating the intercompartmental
spread of fire and combustion products.

The need for conducting fire testing in complex, large test enclosures that
contain flow obstacles, prototypic fire-sensitive equipment, and house forced
ventilation systems requires that a computational capability be developei to
economically scope a fire-test program.

For the NRC to determine how fire safe nuclear power plants are, how much
fire~safety improvement, if any, is required, and how the desired level of fire
safety can be ensured during the lifetime of the plant more sophisticated and
phenomenologically complete mathematical tools must be developed to assist them
in their regulatory, decision~making process.

B. SUMMARY OF EFFORTS

As a continuation of a research project initiated in FY 1982, prior efforts
entailed surveys of both national and international research programs which
could be a factor in formulating nuclear power plant fire protection programs
and guidelines. Keeping abreast of these fire-protection research programs
undertaken by the fire-science community aud apprising NRC of the results, con-
clusions, and possible implementation into NRC's decision-making process (as it
relates to fire-safety issues) provided the necessary background and experience
to complete a survey of enclosure fire models that specifically employ three-
dimensional, transient field model techniques. Also, understanding NRC needs in
nuclear power plant fire safety and the issves raised allowed BNL to develop
criteria for selecting one of these modeling approaches which has the potential
for analyzing the fire-induced environment in enclosures typical of NPP critical

areas.
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combustion-inefficiency parameter. This presupposes that input to the
code will include mass fractions of the major reactant products.

Heat exchange mechanisms, notably losses due to conduction and radia=
tion, should also be modeled. However, these loss mechanisms (or
thermal energy transfer mechanisms) are to be treated in an ancillary
manner and coupled to the conservation equations through a unit-prob-
lem approach. For example, instead of using relations directly linked
to the general governing equations, constitutive unit models will be
employed which are somewhat decoupled from the convective and diffu-
sive exchange processes. Thus, radiative heat transfer could be
treated by linking zone models to the field model, employing view
factors and global energy transfer considerations. This will allow
global radiation transfer from the hot gas layer and the flame zone to
selected targets to be determined simply.

This model enhancement can be used in the design of a fire-test exper-
imental program and could assis®. SNL's fire-research efforts by iden~
tifying the parameters, instrumentation locations, relevant fire loca-
tions, etc., for their test program.

2. Apply the upgraded model, at an appropriate level of development, to
complete the parametric study (started in FY 1984) to investigate po~
tential fire environments in the LaSalle Plant control room. The par-
ametric study and model development should be initially tied directly
to existing NRC concerns for this type of fire area, e.g., control
room habitability during the early stages in the developing iire.
Means for appraising final roomdamage states and plant operability
from the control room after the fire has been extinguished will also
be key modeling features that should be examined. Fire suppression
activities (manual/automatic) can be modeled during this effort.
Detection/suppression models can be augmented into the existing code/
mathematical model.

3, In addition to parametric studies of control room environment, given a
selected serics of realistic iniriating fires, the upgraded model
should be used to predict potential fire environments in cther nuclear
power plant enclusures. As potential support to the fire-risk tasks
of the RMTE Program (FIN A-1391) initial guidance for choosing other
enclosure/geometries will come from the critical fire area screening
analyses to be conducted for the LaSalle plan'.

This report indicates that continued future efforts should be conducted
with the existing code and its adaptations through parametric studies of criti-
cal fire areas and identified by screening analyses performed through "external~-
event"” risk studies. By the example applications described in this report, how
ever, the results show that at its present stage of development, the model/code
can be a useful adjunct to NRC's decision-making process in addressing fire-
safety issues,
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1. INTRODUCTION
A. BACKCROUND: FIRE PROTECTION SAFETY ISSUES AND PROGRAM OVERVIEW

Appendix R to 10 CFR Part 50 and the Branch Technical Position CMEB 9.5-1
establish the fire damage limits to systems associated with achieving and main-
taining safe hot shutdown condition of the nuclear reactor as follows:

"One train of equipment .ecessary to achieve hot shutdown from either the
control room or emergency control station(s) must be maintained free of
fire damage by a single fire, including an exposure fire."

This is interpreted as a clear requirement to maintain at least one of the re-
dundant trains of safe hot shutdown equipment in continued operable condition,
even after exposure to a fire or a fire environment. Section 1IIG of Appendix R
and Section C5.b of the BTP spell out three options available to the licensee to
meet this requirement, one of which is the "20-ft separation” option. The
licensee may meet the requirement of maintaining a hot shutdown capability by
separating the redundant trains by a horizontal distance of more than 20 ft,
with no intervening combustibles or fire hazards, provided that fire detectors
and an automatic fire suppression system are also installed in the fire area.

The Office of Nuclear Reactor Regulation requested a series of tests to as-
certain the adequacy of the 20-ft separation option. Full-scale replications of
a nuclear power plant enclosure were set up, with cable tray systems represent=-
ing the two redundait trains lccated a horizontal distance of 20 ft apart. In
some of the tests' in which one of the redundant trains (a vertical cable tray)
was set on fire, the second train suffered electrical failures occurring at
varying times from the inception of fire. IEEE Std. 383-qualified cables fared
better than their unqualified counterparts, and expectedly, fire retardant
coatings and ceramic fiber blankets on cable trays improved the chances of sur-
vival of both types. No suppression of the fire was attempted in order to as-
certain the level of protection afforded by spatial separation alone without
benefit of the automatic suppression system.

The tests provided valuable insight into the fire growth process in a cable
tray and the nature of the consequential damage to a second cable system separa-
ted by an intervening space. They did not, however, provide the basis for ex-
trapolation of the data to the numerous combinations of enclosure geometry and
equipment layouts that are encountered in nuclear power plants. It has also
since been realized that safe shutdown equipment other than cables may be vul-
nerable to fire. Obviously, some measure of protection is obtained by spatial
separation of the redundant trains. This protection, howeve., 1s effective for
a limited maximum severity of the exposure and for a limited duraticn. The
severity of the fire exposure in turn is dependent not only on Its own charac-
teristics, such as the heat evolution rate, but also on factors such as fire en-
closure geometry, equipment layout, door and vent locations, fire locations, and
ventilation rate, Therefore, the NRC has not been able to clearly confirm the
adequacy of the 20-ft separation option. However, based on experience to date,
the question may best be addressed by studying the various factors affecting the
continued operability of equipment exposed to fire. These factors are:
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1) the characteristics of the fire (energy and mass release rates),

2) the environment produced by the fire (Lemperature, heat flux, species
concentrations), and

3) the response of the equipment itself to the environment (fire dumage
thresholds).

The overall fire protection research program being conducted by NRC, which is
discussed in more detail below is, therefore, to investigate these factors
separately and to combine the acquired knowledge at a later stage to address the
totality of the problem.

Additional specific needs are also addressed within the overall framework
of the fire protection research program. Among these are: 1) enhancing fire
test prcgrams, and 2) addressing PRA fire-related issues. The above issues con-
stitute a more thorough view of the overall objectives of the fire protection
research program.

Full-scale fire test programs represent necessary yet expensive means for
determining enclosure fire environments., Case-specific fire tests represent
prohibitive costs to both the NRC and licensees, Careful fire enviroument char-
acterization and consequent modeling capability produced by this program can aid
in the careful selection of full-scale test cases and reduce the number of tests
required, thereby lowering costs,

Probabilistic studies (PRA) of nuclear power plants require data regarding
the occurrence frequencies and consequences of events which take place within
plant anviitons. Also, more detailed fire models can be used to benchmark models
used in fire-risk analysis thereby providing some measures of modeling and data
uncertainties inheren’ in these simpler models. An example of an event of
interest would be a fire within a safety-related NPP area. Data regarding the
consequential outcome of a fire in a specific plant area would likely not be
readily available. The effects of fire on safety-relaced equipment within the
NPP characterized by the fire protection research program would provide data to
the PRA analysis,

B. STUDY OBJECTIVES

NRC's Fire Protection Research Program (FPRP) is a multiphase, multiyear
research program requiring close coordination between the fire-modeling effort
being conducted at BNL and the continuing experimental program being undertaken
at Sandia National Laboratories. The goal of the FPKP is to develop test data
and analytical capabilities to support the evaluation of: (1) the contribution
of fires to the overall risk from nuclear power plants, (2) the effects of fires
on control room equipment and operations, and (3) the effects of actuation of
fire suppression systems on safety equipment. These three goals will be met by
(a) defining fire sources with respect to their energy and mass release rates,
(b) determining the environment resulting from the fire, and (¢) letermining the
response of certain safe shutdown equipment and components to the environmental
conditions,
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As a subset to this overall objective, this report summarizes the work con=~
ducted by Brookhaven Nationmal Laboratory (BNL) to utilize, enhance, and develop
a computational capability for determining the environments within plant enclo~
sures caused by fires and to initiate a probabilistic fire model/fire data base
to support fire-risk activities and projects within the NRC.

In this regard, this report essentially provides, in Section 11, a detailed
description of the various elements and basics of the FPRP that have been con-
ducted at BNL. This section also illustrates the coordination efforts between
the two laboratories. In Section III, the results of these fire-modeling ef~-
forts are presented. Where this program is currently directed and what further
fire protection issues remain for analysis are discussed in Section IV. More
specifically, this report provides the following:

l. A survey of actual fire loads and configurations within nuclear power
plants (NPPs) and a classification scheme into several generic enclo-
sure configurations, The purpose of this effort and the results, de-
tailed more fully in Section II-A, is to assist in the development of
a cost-effective enclosure fire-test program.

A process for selecting an existing fluid dynamic model/code which can
be utilizec to investigate the thermal environment within complex NPP

enclosures resulting frow prespecified initiatirg fires. The results

of this selection process are described in Sections I11-C, [1I-B~1, and
III"D‘Z.

A cemonstration that, by experimental comparison, the selected model/
code has the potential for addressing the fire-protection issues pre-
viously described. Results of the efforts devoted to this demonstra=
tion phase are provided in Sections II-C and 11I-B-2,

A description of BNL's involvement in the development of an enclosure
fire test program structured to conform to the generic enclosure sur-
vey delineated above. Further details summarizing this effort are
given in Sections 1I-C and I[I-B-3,

A parametric study of the thermal environment within a plant-specific
control room resulting from a series of control cabinet fires. The
results of this phase of the study are detailed in Section II1I-C.

An example of the use of the code in an existing nuclear plant. In
Section III-D, results are shown in which the selected code was used
to analyze the spatial and temporal variations in a plant-specific
containment building resulting from a fire in one of its reactor cool=
ant pump bays.

A discussion in Section IV concerning where effort in this program is
currently proceeding.
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II. FIRE PROTECTION PROJECT DESCRIPTION

Within the four sub-program arcas, outlined in the NRC Program Plan, there
is a division of effort between BNL and SNL which is essentially along the lines
of modeling and experiment. The remainder of this report addresses the BNL con-
tributions to the overall FPRP which are essentially the modeling and code
development efforts. A summary of the BNL contributions within each subprogram

is outlined below.
A. FIRE SOURCE CHARACTERIZATION (FSC)

Survey of Actual Fire Loads and Configurations in NPPs. A survey of a num~
ber of nuclear power plants has been performed and a tabulation made fire-area
wise of in situ and transient fire loads. The geometry of the fire area, clas-
sitication as to room type (vault, corridor, or bay), ventilation conditions,
and equipment type and location were also noted. The survey was restricted to
fire areas where threats to safety-related equipment may originate. Plant fire
hazard analyses, licensee submissions for exemption from Appendix R require-
ments, PSARs, and FSARs were the sole sources of this survey.

Survey of Existing Research Results. The mass and energy release rate
characteristics of probable source fuels such as flammable liquids in pools and
cable bundles were assemvled from the literature. This project has already been
detailed in previous letter reports to the NRC and is not discussed further
here.

Experiments to Augment Existing Data. Experiments have been planned to
fill gaps in the information. The fuel configurations in such experiments will
be well defined and the fire unrestricted by ventilation. The experiments will
cover a range of sizes (Btu content) for each fuel and configuration. A large
part of this effort is described below under the subject of test matrix

development.

Recommendations for Source Fires. Source fires are to be defined from the
envelopes of mass and energv rate curves and possibly species concentrations
also obtained from the above experiments and surveys. This project h2s already
been detailed in previous letter reports to the NRC from BNL and SNL and is not
discussed further here.

B. FIRE ENVIRONMENT DETERMINATION (FED)

Fire Eavironment Model and Computer Code Selection. This task involved a
survey of existing fire models anc selection of one for development in order to
address the problem of determination of fire environments in nuclear power plant
enclosures with typical layouts of safety-related equipment, The model {s to be
translated into a user-oriented computer code, capable of describing the envi-
ronmental parameters (temperature, velocity, fire-induced species concentra-
tions) in three dimensions as functions of time elapsed from fire inception.
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Computer Code Selection/Development. The computer code, which is the
numerical counterpart of the fire environment model, was selected based upon the
following requirements:

1) The analysis/numerical code in its basic form has already been uti-
lized in enclosure/fire plume studies.

2) The code has the capability to predict the spatial and temporal varia=
tion of those fire-induced physical parameters deemed necessary to ap~
praise the vulnerability of safe shutdown equipment, e.g., tempera-
ture, smoke, toxic gases and unburned pyrolysis products.

3) The code has the capability to assess the affects of enclosure geo-
metry complexity such as obstacles and openings to the movement of the
thermal energy flux, mass flux, and momentum flux fields.

4) The effects of forced ventilation and its attendant impact on the dis-
tribution of the thermal energy generated by the fire within the en-
closure can be addressed by the code.

5) The code is able to treat several types of enclosure fires resulting
from the burning of liquid and solid combustibles.

6) The code has the flexibility to analyze fires resulting from the burn-
ing of couplex solid fuel configurations.

7) Exposure fires at various locations within the enclosure (e.g., cen=
trally located, against a wall or corner) are also within the realm of
the code's capability. The code is capable of mapping the three-
dimensional, fire induced thermal energy field.

8) The code is structured in a modular fashion so that other fire related
aspects such as detection, suppression, and barrier effectiveness can
be readily analyzed once the requisite additional analysis is
supplied. ;

9) Fluid flow is treated as three dimensional and elliptic, f.e., flow in
one part of the building can be affected by changes in conditions in
other parts as well as outside the building.

10) Transient analysis 1is to be performed for the entire duration of the
exposure fire burn (i.e., typically 30 minutes).

11) The flow rate, temperature, and composition of the plume gases, pre-
scribed as boundary conditions, can change with time.

12) The afterburn of plume gases may be accounted for by using an equi-
librium chemistry model. The practice of simple chemically reacting
systems will be adopted. In this manner, scrupulous details of local,
multiple step reactions will be avoided, and the calculated gas tem
peratures will be expected to err slightly on the conservative side,
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13) Buoyancy effects are accounted for by having an appropriate gravity
force term in the momentum conservation equation.

14) Fluid is allowed to enter or exit through the openings (vents, etc.)
in the building, the magnitude and direction of the flow depending on
the local difference between the ambient and inside pressure, which
can and does change with time.

15) Internal solid objects such as interbay walls, c¢olums, horizontal
working platforms, etc., are simulated by specifying infiuitely large
flow resistances in the appropriate momentum equations., As a result,
the normal velocity components at solid surfaces will be zero.

After demonstrating that the code has the capability of complying with the
above requirements/criteria, the FPRP is structured for furth  r code develop~
ment. In conjunction, it will subsequently be used to compare with the "bench-
mark” tests (see following) so that reasonable confidence is gained in its pre-
dictions in new applications. The postulated fire conditions for the computer
simulation will be the source fires developed in the FSC Project. Prior to
direct comparison with results from the test program the code will be developed
independently of the FSC Project in the interim period, using characteristics of
known test fires as input. Two sets ™" of previously conducted cable fire tests
have been utilized in a series of preliminary benchmarking calculations, The
results of these preliminary comparisons are described below.

Benchmark Testing. The generic enclosure survey has produced information
or typical enclosure geometries and equipment layouts so as to define a number
of generic enclosure geometries and generic equipment configurations. These en-
closures, and to some extent the equipment, are to be replicated in a series of
fire tests where the energy and the mass inputs will be controlled to reproduce
the postulated fire sources. The instrumentation {s designed to monitor the
various thermodynamic variables throughout the enclosures. The tests have been
planned to cover a range of geometrical variables (length, width, and height
ratios) and a range of fire severities (Btu outputs), so that the totality of
the test results by itself permits a degree of confidence in extrapclation to
other realistic situations.

Code Validation and User Package Preparation. The fire environment compu-
ter code will be continuously refined by comparison with the benchmark tests un-
til reasonable confidence is gained concerning the accuracy of its predictions.
A complete package will then be developed for the NRC comprising the necessary
software, including a full l‘cting of the program statements, flow charts, and
user instructions.

Combustion Product Migration. With the addition of existing submodels, the
computer code will be extended further to compute room=to-room migration of
toxic combustion products, which may affect the operability of equipment not
within the enclosure containing the source fire. This capability will be useful
in evaluating designs/layouts for which fire dampers and l- or 3-hour fire bar-
riers have been employed for fire protection but for which migration paths may
exist between fire areas.
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Iil., BNL PROJECT SUMMARIES
A, FIRE SOURCE CHARACTERIZATION PROGRAM

Survey of Actual Fire Loads and “onfigurations in Nuclear Power Plants. A
survey of enclosures (fire areas) in thirteen nuclear power plants was per-
formed. The plants surveyed were either PWRs or BWRs. The overall purpose of
the survey was to identify the generic enclosure parameters present in NPPs
along with equipment types present in each enclosure. Combustible loadings were
alao specified as part of the task. A total of 134 enclosures were tabulated
and are presented in Table l. A key is also provided as an aid in understanding
the enclosure specifications,

Enclosures are classified according to three generic types: (1) vault
(R:wth = 2:2:1), (2) corridor (R:w:h = 4:1:1) and (3) bay (R:w:h = 1:1:3), In
the fire area survey 89 vaults and 34 corridors were found. The typical vault

enclosure had a L:w:h ratio of 3.5:2.2:1.0 with an average height of 20 ft. The

corridors had a L:w:h ratio of 9.2:1.3:1.0 with an average height of 15 ft.
Also encountered in the geometry survey were 19 rooms with odd configurations,
i.e., L-shaped, C-shaped, T-shaped, etc.

Fuel loads in the range of 1-19 1b (combustible)/ft? and 1-50 kBtu/ft’ wer
found., The cable insulation loads were predominately in the ranges 14-18 1b/ft
and 35-50 kBtu/ft“. O0il, grease, cellulose and charcoal were the other signifi=-
cant combustibles located within the fire zsreas.

Ventilation was also surveyed as a part of the project. Natural ventila-
tion was found throughout in the form of doors, hatches and access openings at
the fire area boundaries. Stairwells, elevators and pipe chases are also indi-
cated in Table 1, Forced ventilation strengths and locations are also delin-
eated where available. Typical ventilation rates in vault-type enclosures range
from 1-12 voom changes/hr. Switchgear rooms are typically at the high end of
this range with from 10 to 12 room changes/hr.

Equipment types present in each fire area have been surveyed. Equipment
type has been categorized generically as (1) cables, (2) panels and cabinets,
and (3) motors, generators and pumps. Designations of safety related equipment
have also been recorded in order to determine the relative positions of redun-
dant safety systems within a given fire area. Due to space limitations these
data are not depicted in Table 1.

The sources of this survey were fire hazard analyses, licensee submissions
for exemption from Appendix R requirements, and to a lesser extent, PSAR's and
FSAR 's.
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TABLE 1 KEY

ENCLOSURE CLASS Vault (L:W:H=22:2:1)
Corridor (L:W:H=4:1:1)
Bay (L:W:H=1:1:3)

EQUIPMENT Panels, Cabinets
Generators, Pumps
Cables

FUEL LOAD ' (combustible)/sq. ft.
gallons
thousand BTU
thousand BTU/sq. ft.
pounds of grease
cellulose (1b/sq. ft.)
charcoal
treated with flamemastic and not
considered flammable

x-single/y=-double North Wall
z-single East Wall
Elevator West Wall

ACCESS north wall/y ft wide
pipe chase

STAIRWELLS down
up

HATCHES n hatches/y ft. x z ft,
floor
pipe chase
ceiling

VENTILATION thousand cubic feet/mirute
RATE AC - alir conditioning
EX. = exhaust
SP. - supply

GEOMETRY L length/height

W width/height

H height in feet
C-shaped room
L-shaped room
I-shaped room
intersecting hallways
T-shaped room

triangular room

B X ONY X
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TARLE 1 KEY (Cont'd)

PLANT L = Limerick
Z - Zion
PI - Pralirie Island
Pt.B - Point Beach
I? + Indian Point 2
P - Palisades
PB - Peach Bottom
G - GESSAR
Ml - Millstone 1
M2 - Millstone 2
StuLol b st- Lucie l
TP - Turkey Point
B = Brunswick

- PWR
BWR

TYPE

= v
1

- Control Building

= Reactor Building

Auxiliary Building

= Turbine Building

=~ Diesel Generator Bufliding

RW = Rad Waste Building

= Fan House

Intake Building

~ Service Witer Intake Structure

ROOM LOCATION
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