NUS-3697
REVISION 2
CONTROL ROOM HABITABILITY EVALUATION
BRUNSWICK STEAM ELECTRIC PLANT
(NRC TMI ACTION PLAN ITEM 01.D.3.4)

Prepared for
CAROLINA POWER & LIGHT COMPANY
By

H. J. Eckert
S. J. Nathan
D. Powell
M. K. Prabhakara
M. A. Schoppman

February 1983

Approved by: - Y &/‘Vm
G. D. Whittier
Assistant Manager
Licensing & Technology
Consulting Division

NUS CORPORATION
910 Clopper Road
Gaithersburg, Maryland 20878

8303040605
;DR ADOCK 03888834



TABLE OF CONTENTS

Section Title Page No.
LIST OF TABLES : iii
LIST OF FIGURES v
10 PREFACE AND SUMMARY 1-1
2.0 SURVEY OF POTENTIALLY HAZARDOUS
MATERIALS 2-1
2+0 ATMOSPHERIC DISPERSION ANALYSES 3-1
4.0 SUMMARY OF HEATING, VENTILATING, AND
AIR-CONDITIONING (HVAC) DESIGN 4-1
5.0 RADIOLOGICAL ANALYSIS 5-1
6.0 TOXIC CHEMICAL ANALYSIS 6-1
APPENDICES
APPENDIX A COMPARISON OF THE BRUNSWICK CONTROL
ROOM TO THE CRITERIA OF THE STANDARD
REVIEW PLANS 6.4, 9.4.1, and 6.5.1 A-1
APPENDIX B ADDITIONAL INFORMATION REQUIRED BY THE
NRC B-1
APPENDIX C JOINT FREQUENCY DISTRIBUTIONS OF WIND

SPEED AND WIND DIRECTION BY ATMOSPHERIC
STABILITY CLASS JANUARY 1, 1976 -

DECEMBER 31, 1979 c-1
APPENDIX D BRUNSWICK ONSITE METEOROLOGICAL

MEASUREMENTS PROGRAM D-1
APPENDIX E METHODS USED IN RADIOLOGICAL ANALYSIS E-1

NUS CORPORATION



Table

3=-2

3-3

$-2

S=2

LIST OF TABLES

Title

Hazardous Chemical Information Contacts
HEazardous Chemical Sources Identified

Adjustment Factors Used to Calculate
Effective Relative Concentrations for
Selected Time Intervals, Brunswick
unit 1

Adjustment Factors Used to Calculate
Effective Relative Concentrations for
Selected Time Intervals, Brunswick
Unit 2

Calculated X/Q vValues at the Control
Room Intake for Radiological Releases
From Brunswick Units 1 and 2 Contain-
ments

Calculated X/Q Values at the Control
Room Intake for Radiological Releases
From the 100-Meter Stack

One Hour X/Q Values for the Toxic
Chemical Analysis at Brunswick

Assumptions in Radiological Analysis
of the Brunswick Control Room

Results of Radiological Analysis of
the Brunswick Control Room

Results of Radiological Analysis of
the Brunswick Control Room

Results of Radiological Analysis of
the Brunswick Control Room

Summary of Input Data
Results of Toxic Chemical Analysis
Operating Conditions

Major Components

iii

Page No.

2-9

3-10

3-11

3-12

5-5

=5



Table

LIST OF TABLES (Continued)

Title
Operational Sensor Elevations
Component Accuracy

Nuclide Decay Ccnstants and Fission
Yields

Average Beta and Gamma Energies and
Iodine Inhalation Dose Conversion
Factors

Isotopic Gamma Energies and Decay
Fractions

Absorption Coefficients for Air

iv

Page No.
D=7

D-8

E-14

E-15

E-16
E-18

NUS CORPORATION



Figure

No.

2-1

4-1

LIST OF FIGURES

Title

Southport-Cape Fear River Area, North
Carolina

Schematic Diagram of the Control Room
Ventilation System, Brunswick--Air Flow
piagram for High Radiation Isolation

Schematic Diagram of the Control Room
Ventilation System, Brunswick--Air Flow
Diagram for Chlorine Isolation

Partial Plot Plan, Brunswick Units 1
and 2

Brunswick Control Room HVAC System
Flow Diagram

Simplified Brunswick Control Room
Ventilation System

Dose Model Activity Flow Schematic

Page No.

2-10

4-15

4-16

4-17

6-9

E-19



1.0 PREFACE AND SUMMARY

In the past year, the U.S. Nuclear Regulatory Commission (NRC)
developed a comprehensive list of new requirements based on

the recommendations of the many studies of the accident at Three
Mile Island (TMI) Unit 2. This list was formally released in
May 1980 as NRC's TMI Action Plan (NUREG-0660). By letter dated
May 7, 1980, Darrell G. Eisenhut of the NRC directed all operat-
ing reactor licensees to address five items identified by the
NRC as being applicable to operating reactors. One of these

was Item III.D.3.4, "Control Room Habitability."

In requiring licensees to address Item III.D.3.4, the NRC sought
"to assure that workers (plant operators) are adequately pro-
tected from radicactivity, radiation, and other hazards, and
that the control room can be used in the event of an emergency."

The NRC required that all facilities that have not been reviewed
for conformance to current NRC regquirements be evaluated against
these requirements by January 1, 1981.

Most of these requirements have been promulgated since 1975 and
any plants licensed after the promulgation of these reguirements
have generally had to conform to them or to justify nonconform-
ance to them. Plants licensed before the promulgation of these
requirements, such as Brunswick Units 1 and 2, have generally
not had to address conformance or to justify nonconformance,

"Current requirements" identified by the NRC irn Action Plan
Item III.D.3.4 include the following:

e Standard Review Plan Sections 2.2.1 and 2.2.2, "Identi-
fication of Potential Hazards in Site Vicinity"

e Standard Review Plan Section 2.2.3, "Evaluation of Poten-
tial Accidents”
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® Standard Review Plan Section 6.4, "Habitability Systems"

The NRC also stated that the following guides could be used in
performing this evaluation:

e Regulatory Guide 1.78, "Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room Dur-
ing a Postulated Hazardous Chemical Release"

e Regulatory Guide 1.95, "Protection of Nuclear Power Plant
Control Room Operators Against an Accidental Chlorine
Release"

e K. G. Murphy and K. M. Campe, "Nuclear Power Plant Control
Room Ventilation System Design for Meeting General Design
Criterion 19," 13th Atomic Energy Commission Air Cleaning
Conference, August 1974

The NRC's position on this study has been clarified by NUREG-
0737, issued October 31, 1980. These clarifications emphasize
the NRC's interest in assuring control room habitability under
accident conditions and in identifying and correcting potential
weaknesses in the design of older control room habitability
systems,

From the description of Action Plan “tem III.D.3.4 and Eisenhut's
letter, it was determined that this study should focus on two
objectives:

1. Assessment of the present condition of the habitability
equipment installed in the plant

2. Evaluation of the control room operator exposures under
the present condition of the habitability systems

1-2
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To accomplish the first objective, the installed equipment was
inspected and the plant design features and layout were examined.
The mechanical equipment and plant design were compared with the
criteria specified by the NRC. The extent of the mechanical de-
sign review is described in Section 4.0. The point-by-point com-
parison of the current plant design with the NRC criteria is given
in Appendix A of.this report.

The second objective was accomplished by conducting radiological
and toxic chemical habitability analyses. In preparation for
these analyses, a considerable amount of plant design, systems
operation, and maintenance information was reviewed. Sources

of information useful to this study included the following:

Plant personnel

Personal observations

Plant drawings

Final Safety Analysis Report
Plant modification descriptions
Plant system descriptions
Operating procedures

Periodic test procedures
Preoperational test procedures
Technical specifications
Environmental Report

Environmental Impact Statement

In addition, an extensive survey of the plant environs was con-

ducted to identify potential sources of toxic chemical hazards

within the prescribed S5-mile radius of the plant. The scope and
sults of the survey are described in Section 2.0 of this report.

From these sources, the assumptions shown in Section 5.0 for the
radiological analysis and in Section 6.0 for the toxic chemical
analysis were developed. The site meteorological analysis for
estimation of dispersion factors is presented in Section 3.0.
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The results obtained from the radiological analysis are presented
in Section 5.0 of this report (the methods used in the radioclogi-

! cal analysis are described in Appendix E) and show that the opera-
tor doses are within NRC General Design Criterion 19 without con-
sideration of main steam isolation valve leakage. The methods
used in the toxic chemical analysis are described in Section 6.0
of this report and conform to Regulatory Guides 1.78 and 1.95.

Appendix B presents specific information requested by the NRC in
the clarification letter.
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2.0 SURVEY OF POTENTIALLY HAZARDOUS MATERIALS

In accordance with the directions in Eisenhut's letter of
May 7, 1980, a survey of the Brunswick site vicinity was
conducted to identify locations of chemicals stored or trans-
ported within 5 miles of the plant which, if accidentally
released, might present a hazard to control room operators.
The focus of the survey was the determination of locations,
quantities, transportation, storage, and use of the toxic
chemicals listed in the Appendix of NUREG-0570 (Ref. 1).
The survey was conducted for an area within approximately
a 10-mile radius of the plant, to ensure identification

of potential hazards adjacent to the 5-mile radius of the
required study area.

A large, potential source of a hazardous chemical is found
onsite at Brunswick. Liguefied compressed chlorine gas

is used in the service water system and kept at the site

near the service water intake structure approximately 450 feet
from the control room air intake. As described in the Bruns-
wick Final Safety Analysis Report (FSAR), the chlorine is
obtained, stored, and used directly from a 55-ton rail tank
car. The potential effects of the rupture Oof this tank

car are discussed in FSAR Chapter 6 and are shown to be
acceptable.

General characteristics and significant features of the
Brunswick site are described in the FSAR. The study area

is a uniform coastal plain situated along the Atlantic Ocean
and the Cépe Fear River, about 25 miles south of Wilmington,
North Carolina. As shown in Figure 2-1, the study area
includes the city of Southport, North Carolina; several
beach communities znd adjoining built-up areas; and rural
portions of Brunswick County. The principal highways serv-
ing the area are North Carolina Routes (NC) 211, 133, and
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87. The area is also served by connections to the Seaboard
Coast Line Railroad system ia the federally owned and oper-
ated rail line to the Sunny Point Terminal.

The site study began by initial telephone and reconnaissance
contacts with local business, industry, and governmental
representatives to identify potential chemical users and

key contacts. These discussions were followed by a field
survey and by personal interviews with the key contacts.
Field observations and initial contacts led to secondary
contacts and clarification of information found in maps

and other published references.

Federal and State governmental agencies were contacted to
determine whether they had jurisdiction over or information
on hazardous chemicals in the area; these agencies were
expected to be the primary sources of information on the
transportation of hazardous chemicals. The Family Lines
Railroad (Seaboard Coast Line) was contacted directly.

Table 2-1 shows the principal contacts that corroborated
other sources or provided information on nonstationary hazards
in the Brunswick area.

2.1 Key Sources Identified

The key sources surveyed and pertinent data on hazardous
chemicals identified in this study are listed in Table 2-2,
and these data are presented graphically in Figure 2-1.
Important points about these sources are amplified below:

- Standard Products. All of the chemical storage
containers at Standard Products are confined within

3- to 4-foot cinderblock berms. Eight 47,000-pound
loads of sulfuric acid are delivered to the plant




each year. Two 20,000-gallon shipments of caustic
soda and two 500-gallon shipments of chlorine

are also delivered to the plant each year. All
shipments are delivered by truck, primarily from
wilmington, North Carolina. Some shipments may
use NC 87/133, which at its closest point, 1is

1.4 miles from the plant.

pfizer Chemical Company. A 12,000-ton sulfuric

acid storage tank is located on the pfizer property.
The sulfuric acid is transported to the Pfizer

site by ship (approximately four shipments per

year, 6000-ton capacity). Due to its negligible
vapor pressure, sulfuric acid spills in transit

or at the Pfizer site do not represent a toxic
hazard to the Brunswick control room.

A rail spur from the federally owned rail line

to the Sunny Point Terminal serves the Brunswick
plant. A branch line from this spur serves the
pfizer Chemical Company and traverses the Brunswick
site to within approximately one-half mile of R
the control room. The line is used primarily

for outgoing shipments of citric acid, which is
manufactured at the Pfizer plant site. As discussed
above, sulfuric acid shipments do not represent

a toxic hazard to the Brunswick control room.

No other chemicals of concern are used in large
quantities by Pfizer Chemical Company. Small
amounts of agueous ammonia (housekeeping and citric
acid production), sodium hypochlorite (waste treat-
ment), and chlorine (150-pound cylinder for cooling
tower bacteria control) are used.

2=3
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Sunny Point Military Ocean Terminal. The Sunny

Point Military Ocean Terminal is a major U. S.
Department of Defense installation for the move-
ment of conventional ammunition and weapons over-
seas. The Military Traffic Management Command
indicated in a briefing October 2, 1980, that

no chemical or biological weapons were handled

at sunny Point. The only potentially hazardous
chemicals likely to be at the site are those used
domestically at Sunny Point and the fuel of Lance
missiles shipped through Sunny Point. Each Lance
missile contains 375 pounds of liquid hydrazine
and 1107 pounds of red fuming nitric acid. This
fuel is contained within the missile during its
shipment and temporary storage. Each missile

is individually protected against rough handling;
they have been drop-tested successfully from 40 feet.
Furthermore, the terminal is ringed by a 4600-
acre buffer zone on the west side of the Cape
Fear River. Inspection, storage, and holding
areas are designed with blast-restricting earthen
berms, and the nearest area to the Brunswick plant
is a rail holding yard 2.0 miles from the plant.
The bermed area is about 270,000 square feet with
berms ranging from 10 to 15 feet in height.

The chemicals used domestically include sulfuric
acid, trichloroethylene, and chlorine, as listed
in Table 2-2. The chlorine is used in 150-pcund
cylinders attached to seven wells scattered around
the post. The other chemicals are used in mainte-
nance operations.

Brunswick County Department of Public Works.
The Brunswick County Department of Public Works
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uges ten l-ton chlorine cylinders at its waterworks.

The waterworks, however, is over 6 miles from
the Brunswick plant.

Intracoastal Waterway (ICW). Research to date
suggests that significant quantities of chemicals
are shipped on the Cape Fear River segment of

the ICW below Wilmington. Information received
to date from governmental and industrial sources
indicates, however, that little of this traffic
consists of hazardous chemicals. One waterway
user, W. R. Grace Company of Wilmington, ships
approximately 9400 tons of anhydrous ammonia in

a four-tank barge every 3 weeks; occasionally
this shipment may reach 10,000 tons in a five-
tank barge. Approximately 20,000 tons of ammonia
nitrate are shipped once in every l0-month period.

The Chlorine Institute indicated that, to its
knowledge, no chlorine was shipped over the Cape
Fear segment of the ICW and no evidence contra-
dicting this has been found to date.

Because these shipments are infrequent (less than
about 20 per year), they have not been considered
in the analysis of control room habitability.
Furthermore, the possibility of a major spill

via collision or grounding is remote. Hull rupture
alone would not lead to a release because the
chemical tanks are physically separate from the
ship structure. Therefore, the U. S. Coast Guard
considers the probability of a toxic chemical
release associated with water transport on the
Cape Fear River near the Brunswick site to be
negligible.

R1
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* Highway network. The highway network in the vici-
nity of Southport, North Carolina, is comprised
of feeder routes servicing the military and indus-
trial activity discussed above. In general, that
portion of the highway network closest to the
Brunswick plant would be used for hazardous material
transportation only if the material was being
shipped to or from the plant. Therefore, based
on limited survey data and on the experience of
local CP&L employees, it is reasonable to assume
that hazardous material shipments within 5 miles
of the Brunswick plant are not large enough nor
frequdnt enough to warrant further analysis, or
that siipments to and from the plant itself are
amenafle to administrative control by the plant
staff.

2.2 Conclusions

-
The current information on hazardous material transp..tation
in the vicinity of the Brunswick site indicates that local
highway, railroad, and waterway routes do not present a
toxic hazard to control room persornel. Shipments not under
the control of the plant itself are either too small or
too infrequent to require a specific toxic hazard analysis.

2.3 Reference
1, U. S. Nuclear Regulatory Commission, "Toxic Vapor Concen-

trations in the Control Room Following a Postulated
Accidental Release," NUREG-0570, 1979.
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TABLE 2-1

HAZARDOUS CHEMICAL INFORMATION CONTACTS

Contact

Location

Information Type

National Highway Traffic Safety
Administration

Federal Highway Administration
Federal Railroad Administration
U.S. Environmental Protection Agency

U.S. Army, Military Traffic
Management Command

U.S. Army, Redstone Arsenal
U.3. Maritime Administration
U.S. Coast Guard, 5th District

North Carolina Department of Human
Resources

North Carolina Department of Commerce

North Carolina Department of
Transportation

Southport Fire Department

Southport Police Department

wWashington, DC

washington, DC
washington, DC
washington, DC

Arlington, VA

Huntsville, AL
washington, DC
Wilmington, NC

Raleigh, NC

Raleigh, NC

Raleigh, NC
Southport, NC

Southport, NC

Hazardous shipments

Hazardous shipments, accident incidents

- Rail shipments

Toxic substance monitoring

Sunny Point Terminal Operations

Lance Missile Program
Intracoastal Waterway (ICW) shipments
ICW shipments

Hazardous materials monitoring

Hazardous materials information
Hazardous shipments

Incidents, emergency plans, general
background

Incidents, emergency plans, general
background
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TABLE 2-1

HAZARPOUS CHEMICAL INPORMATION CONTACTS (continued)

Contact

Location

Information Type

Brunswick County

Seaboard Coast Line Railroad
Dupont Chemical

Hercofina Chemical
Brunswick Energy Company
Paktank Chemical

W. R. Grace Company

The Chlorine Institute

Bolivia, NC
Jacksonville, FL
Wilmington, NC
Wilmington, NC
Southport, NC
Wilmington, NC
Wilmington, NC

New York, NY

Highway and rail information
Rail shipments

Hazardous chemical shipments
Hazardous chemical shipments
Hazardous chemical shipments
Hazardous chemical shipments
Hazardous chemical shipments

Hazardous chemical shipments

Icw

ICW

oW

ICw

ICW

Icw
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TABLE 2-2

HAZARDOUS CHEMICAL SOURCES IDENTIFJED

Storage Characteristics

Number of Quantity/ Inside/ Distance from

Company/Facility Chemical Type Units Unit Outside Plant (mi)
Standard Products Sulfuric acid Tank 2 20 tons Outside 2.2

Caustic soda Tank 1 20 tons Outsidc 2.2

Chlorine Cylinder 3 1 ton Outside 2.2
Pfizer Chemical Chlor ine Cylinder 1 220 fe3 - 1.4
Campany Sulfuric acid See text - 1.4
Sunny Point Trichloroethylene Drum 1 55 gal. Indoors 2.0 (min)
Military Ocean Sulfuric acid Carboy Numerous 5 gal. (200 Indoors 2.9 (min)
Terminal gal. total)

Chlorine Cylinder 7 150 1b Outdoors 2.0 (min)

Nitric acid Lance - 1,107 1b per Outdoors

missiles missile

Brunswick County Chlorine Cylinder 10 1 ton Outside 6.1
Department of
Public Works
Intracoastal Several (see text) Barges/ships - - N/A 2.3
Waterway
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Figure 2-1.

Hazardous Chemical Storage Locations Near
Brunswick Steam Electric Plant

STANDARD PRODUCTS
Symbot Units Quantity/Unit Storsge Chemical
2 20 lons tank sulturic acla
[ 1) 1 20 tons tank caustic soda
3 tion ° cylinder chiorine
PFIZER CHEMICAL COMPANY
Symbol Units Quentity Unht Storege Chemicel
o1 1 20m cytinder chiorine
see loxi -- - sulluric acid
SUNNY POINT MILITARY OCEAN TERMINAL
Symbol Units Quantity "Unit Slorage Chamical
1 55 gal drum Irichioroethylens
numerous 5 gal carboy sulfunc acvd
e (200ga! total)
7 150 i cylinder chiorine
sees lext Lance - nitric acld
Missiles
INTRACOASTAL WATERWAY
Symbol Units Quantity /Unn Storage Chamicsl
4 oes - =
sen lext
BRUNSWICK COUNTY DEPARTMENT OF PUBLIC WORKS
Symbol Units Quantity /Uni Storage Chemical
os 10 1lon cyhinder chiy rine

Southport-Cape Fear River Area, North Carolina



3.0 ATMOSPHERIC DISPERSION ANALYSES

Atmospheric dispersion estimates were calculated for both the
radiological release and toxic chemical release analyses for the
control room habitability assessment. Calculations were made of
relative concentrations (X/Q values) at the control room air intake
based on appropriate conservative models and methodology selected
for the particular release-point characteristics and dose assess-
ment methodoclogy. Values of X/Q were computed considering the fol-
lowing NRC guidelines:

e Regulatory Guide 1.145, "Atmospheric Dispersion Models
for Potential Accident Consequence Assessments at Nuclear
Power Plants"

e Regulatory Guide 1.78, "Assumptions for Evaluating the

Habitability of a Nuclear Power Plant Control Room During
a Postulated Hazardous Chemical Release"

@ Standard Review Plan 6.4, "Habitability Systems"
e NUREG/CR-1152, "Recommended Methods for Estimating Atmos-
pheric Concentrations of Hazardous Vapors After Accidental

Release near Nuclear Reactor Sites"

e NUREG-0570, "Toxic Vapor Concentrations in the Control
Room Following a Postulated Accidental Release"

e NUREG/CR-1394, "Diffusion near Buildings as Determined
from Atmospheric Tracer Experiments”

@ "Nuclear Power Plant Control Room Ventilation System Design

for Meeting General Criterion 19," Murphy and Campe, 13th
Atomic Energy Commission Air Cleaning Conference

3-1
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Two types of releases were analyzed for Brunswick for the radio-

logical assessment. The X/Q values were calculated at the intake
for (1) releases from both the Unit 1 and Unit 2 containments and
(2) releases from the 100-meter stack. Because of the location

of the release points and intake relative to surrounding buildings
and because of the different release modes, the two releases were
analyzed with different methods. Figure 4-3 shows the relative
locations of the potential release points and the intake.

The dispersion analyses for the toxic chemical assessment are
based on offsite releases transported toward the plant. The X/Q
values were calculated at various distances and equivalent wind
speeds were calculated for a determination of effluent travel
times.

The methodology and meteorological data used to calculate the X/Q
values are discussed in the following sections.

3.1 Calculations - Radiological Releases
3.1.1 Radiological Releases - Units 1 and 2 Containments

The X/Q values for radiological releases from the two containments
were calculated based on procedures outlined in References 1, 2,
and 3. These releases were assumed to be from a diffuse source
(i.e., activity leaking from many points on the surface of the
containment) with a point receptor (a single intake). Each con-
tainment was analyzed separately. The X/Q values were calculated
for time periods of 0 to 8 hours, 8 to 24 hours, 1 to 4 days, and
4 to 30 days (Ref. 3).

For the 0- to 8-hour calculation, results of recent analysis of
diffusion tests near buildings were used (Ref. 2). The results
of these tests have shown that for most meteorolcgical combinations
of atmospheric stability and wind speed, the model and methodology
provided in Reference 1 overestimate the concentration, usually by

3=-2
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one to two orders of magnitude, Because of this large overestima-
tion of the NRC model, the 0- to 8-hour X/Q value was calculated
based on the recommendations of Reference 2. The studies provided
in the reference were conducted at two dissimilar sites with con-
tainment areas differing by nearly a factor of two.

Consistency between the two data sets of measured concentrations
was obtained by scaling the plume path length by the square root
of the minimum cross-sectional area of the containment, as long

as this scaled distance was less than 1.0. Using this approach

and Figure 9 of Reference 2, a l-hour X/Q value (conservatively

assumed to apply for 0 to 8 hours) for Brunswick can also be

calculated. The assumptions for this determination are outlined
below,

Units 1 and 2

Containment cross-sectional area = 2095 m?

Minimum distance to intake = 38 m

Scaled distance 0.83

X/Q from Figure 9 1.7 x 10=3 sec/m3

The X/Q values for the remaining time periods (8 to 24 hours,

1 to 4 days, and 4 to 30 days) were calculated using the method-
ology in Reference 1. Analysis of the plant building configura-
tion indicates that five wind sectors could affect the intake for
releases from both Units 1 and 2. For releases from Unit 1, winds
from the northeast through southeast were used in the analysis.
For Unit 2 releases, winds from the southeast through southwest
were used. Data from these wind sectors were then used to obtain

the necessary wind speed and direction factors.

3=3
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These factors are

Unit 1
s/d ratio B
wind sectors =
Wind speeds (10 m)
S percent =
10 percent =
20 percent =
40 percent =

Wind direction frequency =

Unit 2
s/d ratio -
Wind sectors x =
Wind speeds (10 m)

S percent =
10 percent =
20 percent =
40 percent =

Wind direction frequency =

0.89
NE, ENE, E, ESE, SE

0.88 m/s
1.33 m/s
1.99 m/s
3.10 m/s
21.84 percent

0.89
SE, SSE, S, SSW, SW

1.20 m/s
1.77 m/s
2.61 m/s
3.98 m/s
34.73 percent

Factors used to adjust the X/Q values are provided in Tables 3-1
and 3-2; the X/Q values are provided in Table 3-3. The meteoro-
logical data used in the calculations are discussed in Section 3.3.

3.1.2 Radioclogical Releases - 100 Meter-Stack

Releases from the 100-meter stack necessitate a different type of

analysis from those of the two containment structures. Because

the stack is freestanding, a 100 percent elevated release was as-
sumed. The methodology of Regulatory Guide 1.145, then, was used
to analyze these releases using only those meteorological condi-

tions associated with wind directions that could affect the intake

3-4
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if effluents were released from the stack (Ref., 4). These wind
directions were determined to be southeast, south-southeast, and
south. The 0.5 percent X/Q (assumed to be the 0- to 2-hour value)
and the fumigation X/Q were calculated in each of the three af-

fected downwind sectors and the maximum values were chosen for the
evaluation.

Because the Brunswick plant is located greater than 3200 m inland,
the fumigation X/Q is applied to the first one-half hour of the
accident. For time periods greater than 2 hours, the values were
determined by logarithmic interpolation between the 2-hour and

the annual average values. The assumptions used in this analysis
are outlined below.

Stack
Affected downwind sectors = NW, NNW, N
Downwind distance = 190 m
Release height = 100 m
Receptor height = 25 m
Building wake = None

The X/Q values for the stack releases are provided in Table 3-4.
Meteorological data used in the analysis are discussed in Sec-
tion 3.3.

3.2 Calculations - Toxic Chemical Releases

X/Q values were calculated to support the toxic chemical analysis
discussed in Section 6.0. These X/Q calculations produced con-
tinuous release (1 hour), direction-independent X/Q values (shown
in Table 3-5) at a series of distances out to 5 miles from the
plant. The calculations used Equation 1 of Regulatory Guide 1,145
(Ref. 4), without the building wake credit or plume meander,

From these calculated values of X/Q, the corresponding wind speed
was calculated (based on a representative atmospheric stability

3=9
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class of extremely stable, G) for use in the atmospheric disper-
sion analysis discussed in Section 6.0.

3.3 Meteorological Data

Meteorological data for the atmospheric dispersion analyses were
collected at the site during the 4-year period January 1, 1976,
through December 31, 1979.

listed be'ow.

Analysis

Radiological
releases,
containment

Radiological
releases.
stack

Toxic chemical
releases

Atmospheric
Stability

N/A

T105-11 m

T105-11 m

Wind Speed/
Wind Direction

1l-m level (wind
speeds converted
to 10 m)

105-m level (wind
speeds converted
to 100m)

ll-m level (wind
speeds converted
to 10 m)

The data used for each analysis are

Combined Data
Recovery (%)

98

98

98

The joint frequency distributions of wind speed and wind direc-
tion, by atmospheric stability class for both the 1ll- and 105-

meter levels, are provided in Appendix C.

A brief description

of the onsite meteorological system is provided in Appendix D.

3.4 References

1. K. G. Murphy and K. M. Campe., 1974, "Nuclear Power Plant
Control Room Ventilation System Design for Meeting General

Criterion 19."
Conference.
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J. F. Sagendorf, N. R. Ricks, G. E. Start, and C. R. Dickson.
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TABLE 3-1

ADJUSTMENT FACTORS USED TO CALCULATE EFFECTIVE RELATIVE
CONCENTRATIONS FOR SELECTED TIME INTERVALS, BRUNSWICK UN1T 1

Adjustment Time Interval
Pactor 3-8 Hr 8-24 Hr 1-4 Days 4-30 Days
Wind speed 1.0 0.67 J.45 0.29
Wind direction 1.0 0.80 0.61 0.22
Occupancy 1.0 1.0 0.60 0.40
Overall reduction?® 1.0 0.54 0.16 0.026

AThe overall reduction factor is defined as the products of
the wind speed factor times the wind direction factor times

the occupancy factor.
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TABLE 3-2

ADJUSTMENT FACTORS USED TO CALCULATE EFFECTIVE RELATIVE

CONCENTRATIONS FOR SELECTED TIME INTERVALS, BRUNSWICK UNIT 2

Adjustment Time Interval
Factor 0-8 Hr 8-24 Hr 1-4 Days 4-30 Days
Wwind speed 1.0 0.68 0.45 0.30
Wind direction 1.0 0.84 0.67 0.3%
Occuparcy 1.0 1.0 0.60 0.40
Overall reduction?® 1.0 0.57 0.18 0.042

arhe overall reduction factor is def‘-~ed as the products of
t1e wind speed factor times the wina .irection factor times
the occupancy factor.
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TABLE 3-3

CALCULATED X/Q VALJES AT THE CONTROL ROOM INTAKE FOR
RADIOLOGICAL RELEASES FROM BRUNSWICK UNITS 1 AND 2
CONTAINMENTS (includes occupancy factor)

Unit 1 Unit 2
Time Period X/Q (sec/m3) X/Q (sec/m3)
0-8 hours 1.7 x 103 1.7 x 10°3
8-24 hours 9.2 x 1074 9.7 x 1074
1-4 days , 2.7 x 1074 3.1 x 10°¢
4-30 days 4.4 x 1075 7.1 x 10°5
3-10
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TABLE 3-4

CALCULATED X/Q VALUES AT THE BRUNSWICK CONTROL
ROOM INTAKE FOR RADIOILGICAL RELEASES
FROM THE 100-METER STACK?

(includes occupancy factor)

Time Period X/Q (loc/n3)
0-1/2 hour (fumigation) 3.3 x 1074
1/2-8 hours 1.8 x 1076
8-24 hours 1.1 x 10~6
1-4 days 2.0 x 107
4-30 days 2.7 x 10°8

These X/Q values were calculated for use in
the control room habitability analysis and are
not intended for other applications.
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TABLE 3-5

ONE HOUR X/Q VALUES FOR THE
TOXIC CHEMICAL ANALYSIS AT BRUNSWICK?2
(1976~1979 onsite data, 11 m winds,
AT)04-11 m+ NO meander, no building
wake, no initial plume volume,

5% direction-independent)

XQ (sec/m3)
Distance (m) Brunswick

100 5.2 x 1072
500 3.4 x 1073
1000 1.0 x 1073
1500 5.4 x 1074
2000 3.5 x 1074
2500 2.6 x 104
3000 2.0 x 1074
4000 1.4 x 104
5000 1.0 x 10~94
6000 8.1 x 10~
7000 6.7 x 10~
8045 (5 miles) bs.6 x 10~5

AThese X/Q values were calculated for
use in the contrcl room habitability
analysis and are not intended for
other applications.

imum sector-dependent X/Q value
greater (Regulatory Guide 1.145 0.5%)
than indicated.
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4.0 SUMMARY OF HEATING, VENTILATING, AND AIR CONDITIONING
(HVAC) DESIGN REVIEW

4,1 System Description

The control building heatinb, ventilating, and air condi-
tioning system consists of individual once-through ventila~-
tion systems, a recirculating ventilation system, and an
emergency air filtering system. All system equipment, con-
trols, and ductwork supports are designed to Seismic Cate-
gory I re-uirements and are protected by iornado-ptoof con-
structions Redundant ventilating, air conditioning, and
emergency fi ering equipment is provided to ensure proper
environmental conditions within the control room, computer
rooms, electronic equiopment rooms, and electronics workrooms.
The control room HVAC equipment is located in a penthouse

on the roof of the control building at an elevation of 70 feet,
0 inches.

Outside air is taken into the control bujlding through two
tornado pressure check valves which are designed to prevent k
flow reverse due to a sudden drop in outside air pressure. .
The air is then filtered by the intake plenum roll filter
and distributed to the various ventilation systems.

Each cable spreading room, each battery room, and the mechani-
cal equipment room is provided with a once-through ventila-

tion system equipped with an individual supply fan and exhaust A
fan. The supply fan for each system takes suction from

the intake plenum air filter through a supply damper, and
discharges to its associated room. The exhaust fan takes

suction from the ventilated room and discharges through

a damper and a tornado pressure check valve to the atmos-

phere outside the control building. Temperature regulation
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for each of the rooms is accomplished by temperature-controlled
vortex dampers located in the supply ducting of each supply
fan.

The battery room must be maintained at a negative static
pressure with respect to the rest of the building to prevent
the exfiltration of battery-generated gases. This negative
static pressure is maintained by pressure-controlled vortex
dampers located in the supply ducting to the battery exhaust
fans.

The recirculating ventilation system provides conditioned
air (75°F at 50 percent relative humidity) to the main con-
trol room and its associated areas (i.e., computer room,
electronic equipment room). This multi-room area is main-
tained at a positive static pressure to prevent the inad-
vertent inflow of toxic gases, radioactive airborne contami-
nation, and smoke. Each computer room has an individual

air handling unit and condensing unit located within the
electronic eguipment room.

The recirculating ventilation system make-up air and recircu-
lated air are constantly filtered by the recirculation roll
filter to remove dust, smoke, and other particles that may

be present in the air. The roll filter is located in the
return air plenum. This roll filter and the outside air
filter have an Air Institute weight method efficiency of

80 to 85 percent. The volume of normal make-up air (2000 cfm)
sufficiently compensates for the normal exhaust (1000 cfm)

of the system's single exhaust fan and the building exfiltra-
tion (1000 cfm).

From the recirculation air filter, the air is routed to
the air conditioning cooling coils. The recirculating venti-
lation system is eqgu.pped with three air conditioning units

4-2
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(two normally operating with one serving as a spare) capable
of handling the large concentrated heat gains from the com-
puters and electronic equipment, as well as the variable
heat gains from personnel and lighting. These units also
provide the necessary humidity controls to maintain proper
environmental conditions. Individual heating coils (15 Kw
heating elements) are located in the discharge ducting of
each air conditioning unit cooling coil to aid in tempera-
ture control.

After conditioning, the air is directed to the suctions

of the three recirculating ventilation supply fans (one
serves as a spare). The air discharged by the fans is routed
to the main control room area where it is dispersed to the
various rooms. The air is then recirculated and conditioned
for reuse.

The emergency air filtering system provides the additional
filtering necessary to maintain habitable conditions within R1
the control room area during emergency situations. The
emergency air filtering system consists of two filtering
trains, each consisting of an emergency air filter and re-
circulation fan. One filtering train is required for system
operation with the other serving as the standby train.
System operation is initiated upon either of the following
conditions:

a. Abnormally high radiation levels detected by the
control building area radiation monitors.

b. Smoke detected by the control room area fire detec-
tion systems.

Two redundant radiation monitors located in the control
building air inlet plenum are provided to protect against
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the intake of contaminated outside air. Figure 4-1 illu~-
strates the state of the control room HVAC system following
isolation on a high radiation signal.

Should either monitor detect high radiation, the control
room annunciator will be actuated and the following controel
actions will occur automatically:

a. The normal fresh air intake and exhaust dampers
of the ventilation systems in the control and
electronic eguipment rooms are closed.

b. The emergency bypass ventilation system is placed
in service to filter 1000 cfm of recirculated
air and 1000 cfm of outside air to cleanup and
pressuriZe the control room air and provide fresh
breathing air.

- 38 Carbon filters are automatically placed in service
with the filters in the recirculation duct.

d. The cable spreading room ventilation systems are
shut down to protect these areas from the intake
of potentially contaminated outside air.

e. The mechanical equipment room ventilator fan is
shut down to reduce the intake of potentially
contaminated outside air into the mechanical equip-
ment room.

£. The control building exhaust fan is shut down
and the 1000 cfm return air from the washroom
is shunted through the emergency filters to aid
in recirculating air cleanup. R
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Should smoke-filled air be arawn into the control room,

smoke detectors within the control room and mechanical equip-
ment room will alarm. Controls are available to reduce

the volume of normal makeup air, and/or to place the bypass
ventilation system filter trains in service.

Chlorine protection is provided by six chlorine detectors:
two detectors are mounted at the control room air intakes;
two detectors are attached to the wall of the service water
intake structure immediately adjacent to the rail siding
where the chlorine tank car is located; two detectors are
located inside the chlorination building. The first two
locations are inside or on the outer wall of Category I
structures and are seismically protected. The detectors
have a sensitivity of 1 part per million or better and a
response time of less than 3 seconds.

Detection of high chlorine concentration in the chlorination
building alarms in the control room and at the sensor loca-
tion. Detection of high chlorine concentration at the tank
car siding or in the control room air intake will alarm

in and automatically isolate the control room. Figure 4-2
illustrates the state of the control room HVAC system follow-
ing isolation on a high chlorine signal. Isolation consists
of closing the outside air makeup damper, termination of
ventilation air to both the mechanical equipment room and
cable spreading rooms, and stopping the control building
exhaust fan. To prevent degradation of the charcoal filters
by chlorine contamination, the emergency recirculation system
fans do not operate during chlorine isolation.

Each cable spreading room and battery room and the mechanical
equipment room have an individual supply and exhaust fan.

The battery rooms are held at a negative pressure with respect
to the control building to ensure that hydrogen fumes do

Rl
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not enter other areas of the building. The ventilation
systems for the mechanical equipment room and the cable
spreading rooms are automatically shut down on eiti2r the
high radiation or the chlorine signal. The ventilz :ion
systems for the battery rooms continue to operate curing
an emergency.

The control building HVAC control air system is provided
with two redundant emergency instrument air compressors
for improved reliability. These air compressors provide Pl
control air for the HVAC pneumatic controllers during a
control air system low pressure condition.

Figure 4-3 shows the location of the control room air intake,
the plant stack, the reactor buildings, and the service
water intake structure.

4.2 Functional and Operational Control

4.2.1 Control Room Area Air Conditioning

The air conditioning equipment for each unit is controlled
from its respective unit's RTGB XU-2 using control switches
1-VA-CS-1026 and 2-VA-CS-1028 (Units 1 and 2 respectively).
The spare air conditioning equipment may be controlled from
either unit's RTGB XU-2 using control switches VA-CS-1027-1
and VA-CS-1027-2 (Units 1 and 2 respectively). Operation
of each air conditioning unit is identical. The following
is an operational description for the Unit 2 air condition-
ing unit. R1

The air conditioning unit and its associated supply fan

are started simultaneously by the same control switch.
Selecting the START position of control switch 2-VA-CS-1028
energizes solenoid valve 2-VA-SV-1028 which supplies air

to the operating mechanism of the supply fan discharge damper.
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The damper fully opens actuating a limit switch to initiate
the start of the supply fan and air conditioning unit,

The "FAN ON" indication is actuated by an air flow switch
located in the fan discharge ducting.

The spare air conditioning unit may be placed in service

as a replacement for eitner unit's air conditioning unit,
provided one of the air conditioning units is operating.
Start of the spare unit can only be initiated from the

RTGB associated with the shutdown air conditioning unit.

The spare air conditioning unit is then started in the manner
previously described.

The air conditioning units operate in conjunction with

the electric heating coils to regulate ventilation air tempera-
ture. If ventilation air temperature is below the ventila-
tion thermostatic controller setpoint, the controller will
cycle the heating coils as necessary to increase temperature,
provided the associated ventilation fan is operating.

4.2.2 Emergency Air Filtering Trains

The emergency air filtering trains may be operated in the
automatic or manual mode. Each filter train is provided

with a three position, ON-PREF-STBY, control switch (2-VA-
CS-915A and 2-VA-CS-915B). Both control switches are loc.ted
on the Unit 2 RTGB XU-3. Status indicating lights are also
located on each Unit's RTGB XU-3.

An automatic start signal is initiated by the contrecl build-
ing area radiation monitors or the control room area fire
detection system. During normal operation, one filtering
train control switch is selected to the PREF (preferred)
position and the second train is selected to the STBY (standby)
position. The initiation of an automatic start signal places
the preferred filtering train in operation.
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Wwhen a start signal is received, the inlet and outlet dampers
of the preferred filtering train open. In the fully open
position, each damper actuates a limit switch to initiate

the start of the filtering train recirculation fan. 1If

for any reason the fan fails to start or trips, a start
signal for the standby filtering train is initiated within

10 seconds. The starting sequence is identical to that

of the preferred train. With an automatic start signal
present, the filtering train will continue to operate.

Selecting a filtering train control switch to the ON position
initiates a starting sequence identical to that initiated

by an automatic start signal. The filter'ng train can then
be shut down by selecting the PREF or STBY positions, pro-
vided an autcmatic start signal is not present.

If, during filtering train operation, a high chlorine level
is detected in the control building air intake plenum, the
operating emergency recirculation fan trips and its associ-
ated dampers close. Shutdown of the filtering train prevents
the introduction of chlorine gas into the control room area.
A heat detection system (fire detection system) is also
incorporated into the carbon filter of each emergency air R1
filter. If a high temperature is detected, the filtering
train automatically shuts down.

4.2.3 Makeup Air Dampers

During normal operation, the normal makeup air damper (2L-
D-CB) is open and diverting 2000 cfm of air from the air

intake plenum to the recirculation air plenum, and the emer-
gency makeup air damper (2J-D-CB) is closed. During the
operation of the emergency air filtering system, the normal
makeup air damper closes and the emergency makeup air damper
opens to divert 1000 cfm of recirculating air to the emer-
gency air filtering trains. The operation of these dampers

is automatic and cannot be directly controlled by the operator.
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The makeup air dampers move to their emergency positions
under any of the following conditions:

a. Abnormally high radiation levels detected by the
control building area radiation monitors.

b. Smoke detected by the control room area fire detec-
tion system.

Ce Either emergency air filtering train control switch
selected to the ON position.

The makeup air dampers reset to their normal positions when
all of the following conditions are satisfied:

a. Control building area radiation monitors reset.

b. Control room area fire detection system reset.

S Emergency and filtering train control switches
selected to either the PREF or STBY positions.

During all modes of operation, both dampers close if a
high chlorine level is detected in the control building
intake plenum.

4.2.4 Cable Spreading Room Ventilation

The cable spreading room supply and exhaust fans are con-
trolled from their respective RTGB XU-2 using two-position,
OFF-AUTO, control switches (1-VA-CS-928-1 and 2-VA-CS-929-1).
In addition, individual two-position, OFF-ON, key-locked
control switches (1-VA-CS-1586-1 and 2-VA-CS-1586-2) are
provided to allow the bypassing of protective interlocks
during periods of extreme emergency.

4-9
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The OFF-AUTO control switch initiates the start of both

the supply and exhaust fans for the associated cable spread-
ing room. Selecting the AUTO position initiates the opening
of the supply and exhaust dampers. When the dampers are

in the fully open position both fans start. 1f a fan should
fail to start or trip for any reason, its associated damper
will close. The fan running indications are provided by

a signal generated from an air flow switch located in the

discharge ducting of each fan.

The supply and exhaust fans are automatically tripped

the following emergency conditions:

Abnormally high radiation levels detected by the

control building area radiation monitors.

smoke detected by the control building fire detec-

tion system.

High chlorine level detected in the control build-

ing intake plenum.

If any of these conditions occur, the fans may be operated

by selecting the key-locked bypass switch to the ON position
and selecting the associated fan control switch to the AUTO

position.

4.2.5 Control Building Emergency Instrument Air Compressors

The control building emergency instrument air COmpressors
are controlled by individual three-position, AUTO-OFF-MAN
control switches located on RTGB .U-3. Selection of the
MAN position initiates a manual start of the associated

air compressor. In the AUTO position, the air compressor




starts when the associated air receiver pressure decreases
to 78 psig. The air compressor continues to operate to
raise receiver pressure to 92 psig, at whichk time the air
compressor will shut down.

4.2.6 Intake Plenum and Recirculation Air Filters

Control of the intake plenum and recirculation air filters

is completely automatic. An adjustable timer is provided

to enable a fixed amount of clean filter media to be advanced.
The timer motor operates until the set time interval is
completed, at which time clean filter media is introduced.

The range of adjustment is between 1 to 24 inches of media
movement per 24 hours. R1

A pressure differential switch is provided to override the
timer and advance the filter media if a filter differential
pressure of 0.5 inches of water is reached. The filters

are also provided with a local advance puchbutton to manually
override the automatic controls.

4.3 Design Review

The control room ventilation system and areas adjacent to

the control room were reviewed to assess the level of protec-
tion provided for the control room occupants during a postu-
lated design basis radiological release or a toxic chemical
release. This assessment was performed by comparing the
plant design with the guidance provided in the NRC Standard
Review Plan 6.4. The results are summarized below.

a. The zone serviced by the control room ventilation

system includes all critical areas, such as the
control room, kitchen, sanitary facility, the
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computer rooms, and the electronics rooms. Areas
not requiring access are excluded from the zone
by administratively controlled closed doors. R1

The capacity of the control room in terms of the
number of people it can accommodate for any ex-
tended period of time was reviewed. Makeup air
(1000 cfm) is provided to ensure that carbon dioxide
levels do not become excessive. The emergency

food stockpile is currently stored in a locked R1
cabinet in the northwest corner of the control
room. Breathing apparatus are also stored in
the control room.

The control room ventilation system layout and
functional design were reviewed to determine

flow rates and filter efficiencies. The control
room system design air flow is 20,000 cfm recircula-
tion by each of two supply fans and 2000 cfm makeup
and pressurization flow. Preoperational testing
confirmed that this flow was sufficient to maintain
a positive pressure in the control room during
normal operation.

The design of the emergency filter system was

reviewed. The system design differs from some
of the criteria of Standard Review Plan 6.5.1,
as indicated in Appendix A of this report.

|R1
The layout of the control room and adjacent areas
was reviewed. There are several rou‘es by which
potentially contaminated outsidc air could enter
the control room, including the following:

-

- Leakage through the normal outside air makeup
damper (closed on radiation and chlorine
isolation signals).

4-12
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. Leakage into the control room air ducts in
the mechanical equipment room.

. Leakage into the control building elevator
shaft, into the control building stairwells,
and through the control roem doors.

® Leakabe into the Unit 2 cable access way
via openings in the cable penetration cutout
to the rattlespace between the control and
reactor buildings.

A summary of key leakage calculations (based on
ASHRAE Equipment Specifications and Fundamentals)
is given below.

The normal control room system airflow rate is
40,000 cfm with 2000 cfm of fresh air. During

high radiation isolation, the calculated infiltra-
tion rate to the control room is 1780 cfm. 1In
addition, 106 cfm of air from the mechanical equip-
ment room is calculated to leak into the suction
side of the control room ventilation system.

This duct inleakage comes from the mechanical
equipment room, which is calculated to exchange

air with the outside at the rate of 2640 cfm.

During chlorine detection, the infiltration rate

to the control room is calculated to be 1250 cfm.
The duct inleakage during chlorine detection remains
the same as during high radiation detection.

The relatively low infiltration rate during high
radiation is attributable to the filtered makeup
air system that provides 1000 cfm for pressurization.
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As indicated above, the mechanical equipment room
has an inleakage rate of 2640 cfm. A large portion
of the infiltration will come through the elevator
machine room which has an opening of approximately
1 square foot between both the mechanical equipment
room and the outside air. Infiltration through
these openings will be assisted by the "pumping
action" resulting from elevator travel.

£. Radiation shielding of the control room has been
analyzed in the FSAR and in Carolina Power & Light
(CP&L) Company's December 1979 submittal in response
to NUREG-0578 Item 2.1.6.b. Additional analyses
described in Section 5.0 of this report confirmed
the adequacy of previous calculations.

4.4 Results

Differences between the design of Brunswick's control room R1
ventilation system and current NRC criteria set forth in
Standard Review Plan 6.4 Rev 1 are detailed in Appendix A
of this report.
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5.0 RADIOLOGICAL ANALYSIS

This section summarizes the methods and results of the analysis of
control room habitability during postulated radiological accidents
at the Brunswick plant.

5.1 Metheods

The methods used to calculate the beta and gamma whole body doses
and the thyroid dose to the control room operators are standard
calculational techniques for modeling the generaticn, release,
transport, buildup, and removal of radionuclides. The egquations
used to model these phenomena are well known, and the specific
equations incorporated into the computer program used in this
study to calculate the control room operator doses are presented
in Appendix E of this report. The methods used to compute the
whole body dose contributed by sources of direct radiation out-
side the control room are based on the work of Jaeger, Chapter 6
(Ref. 1). The shine dose from liquid source terms was presentec
in CPsL's response to NUREG-0578 Item 2.1.6.Db.

5.2 Assumptions

The assumptions used in this analysis of control room radiation
exposures are described below and in Table 5-1:

e Radionuclides released from the reactor core are uniformly
distributed throughout the primary containment. Radionu-
clides released to the secondary containment are assumed
to be uniformly distributed throughout the secondary
containment.

e The primary containment leaks at a constant rate of 0.5
percent per day for the duration of the accident.

NUS CORPTRATION



® The primary containment is assumed to consist of a single
volume with no washout of radionuclides by containment
spray.

® The secondary containment exhaust rate is assumed to be
one secondary containment volume per day.

® There is no direct leakage from the primary containment
to the environment, All exhaust from the secondary con-
tainment is filtered by the standby gas treatment system.
The dose calculation does not include consideration of
MSIV leakage.

@ The accident duration is assumed to be 30 days.

@ Radionuclides in the control room are assumed to be uni-
formly distributed throughout that volume.

@ The breathing rate of the control room operators is as-
sumed to be 3.47 x 10~4 cubic meters per second for the
duration of the accident.

® The control room X/Q values are adjusted for the occu-
pancy factors given in NRC Standard Review Plan 6.4.

5.3 Results

The radiation dose to individuals within the control room during
a postulated design basis accident at the Brunswick station is
computed using the assumptions above and those presented in Table
5-1 and Appendix E. The meteorological data and HVAC design
parameters are based on the information presented in Sections

3.0 and 4.0, respectively.

As described in the Brunswick FSAR, the maximum calculated dose
to individuals within the control room occurs during a postulated

S=2
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loss of coolant accident (LOCA). This is because the magnitude
and duration of the radionuclide release during a LOCA is much
greater than that for any other accident. This is discussed
further in References 2 and 3.

The dose to control room personnel from radiocactivity buildup
within the control room is calculated using the HVAC system model
and the data shown in Figure 5-1. This figure shows the possible
inleakage paths into the ductwork and into the control room it-
self. The 30-day integrated dose due to airborne radiocactivity
within the control room is summarized in Table 5-2. The dose

due to various sources of radiocactivity outside the control room
is also listed in Table 5-2. These results are based on data
given in the Brunswick FSAR (R:f. 2, Ref. 3) and the Brunswick
shield design review (Ref. 4) and on the work of Egap (Ref. 5).

The dose due to reactor building shine was calculated using the
QAD computer code (described in Appendix E). The features of

the reactor and control building essential tc the control room
shielding analysis were input in the QAD code. The sources used
in the QAD code were based on the method described in Appendix E.
These results are based on a reactor building concrete wall
thickness of 2.0 feet and control building wall and roof con-
crete thicknesses of 2.0 feet each.

As shown in Table 5-2, the calculated control room doses are
well within the current NRC criteria of 5 rem whole body and
30 rem thyroid given in Standard Review Plan 6.4 (Ref. 6).

5.4 References

1. R. G. Jaeger et al. 1968. Engineering Compendium on Radi-

ation Shielding., Volume 1, Springer-Verlag New York, Inc.,
1968.

5=3

NUS CORPORATIC



B!

Carolina Power & Light Company. 1972. BSEP-1 & 2 FSAR.
Amendment 13, p. M14.1-1.

Carolina Power & Light Company. 1972. BSEP-1 & 2 FSAR.
Amendment 15, p. Ml4.4-1,

Brunswick Shield Design Review. Submitted December 31, 1979
to U.S. Nuclear Regulatory Commission in response to NUREG-
0578 Item 2.1.6.b.

M. A. Egap. 1980. Dose Rates and Integrated Dose at the
Main Control Room from Various Sources Resulting from a TID-
14844 Source Term Accident.

U.S. Nuclear Regulatory Commission. NUREG-75/001, Section
6.4.
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TABLE 5-1 ¢

ASSUMPTIONS IN RADIOLOGICAL ANALYSIS OF
THE BRUNSWICK CONTROL ROOM

Power level = 2,550 Mwt
Operating time = 1,000 days
Fraction of core radionuclide inventory released to drywell

Noble gases = 100 percent
Balogens = 25 percent

Drywell free volume = 164,000 £t
Maximum/minimum wetwell free volume = 134,600/124,000 cfm
Reactor building free volume = 2,000,000 fe3
Standby gas treatment system flow rate = 3,000 cfm
Standby gas treatment system filter efficiencies for iodine
Elemental = 95 percent
Organic = 95 percent
Particulate = 99 percent
Primary containment leak rate = 0.5 percent/day
Secondary containment air exchange rate = 100 percent/day
Control room volume = 298,650 £t
Control room ventilation system filter efficiencies for iodine
Elemental = 95 percent
Organic = 90 percent
Particulate = 95 percent

Stack height = 100 meters

Atmospheric diffusion factors for stack release

Time X/Q value (scc/n3)
0-1/2 hr 3.3 x 104
1/2-8 hr 1.8 x 10~6
8-24 hr 1.1 x 1076
1-4 days 2.0 x 10~7
4-30 days 2.7 x 108

5-5
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TABLE 5-2

RESULTS OF RADIOLOGICAL ANALYSIS Of THE BRUNSWICK CONTROL ROCM

Dose (rem)
Source of Radiatiom wWhole Body Thyroid Beta Skin

Airborne radicactivity released from
the SGTS? through the plant stack 0.002 0.4 0.039
Reactor building--shielded portion 0.004 - -
Reactor building--refueling area <0.109 - --
SGTS charcoal filters <0.001 - -
Control room charcoal filter 0.054 - -~
Cloud outside the control room <0.160 - -
Core spray line within the reactor
building 0.085 - -
Stack structure shine Negligible - s

Total 0.415 C.41 0.039

3gtandby Gas Treatment System.
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=276 cfm
Total inieakage that goes through charcoal filrers = 100 cf

Figure 5-1. Brunswick Control Room HVAC System Flow Ciagrarn



6.0 TOXIC CHEMICAL ANALYSIS

6.1 Introduction

rhis section presents an evaluation of offsite toxic chemi-
cals and determines the effect on control room habitability
of postulated tcxic cnemical releases. The buildup of toxic
chemical concentrations at the control room air intake and
within the control room volume are evaluated. The results
are compared tc Regulatory Guide 1.78 requirements (Ref. 1)
to identify the acceptability or unacceptability of corntrol
room habitability with respect to postulated toxic chemical
releases.

Table 6-1 summarizes *he general input data used in the
analysis. Table 6-2 presents the identified offsite chemi-
cals which were the subject of this analysis.

The only significant onsite toxic chemical is a 55-ton tank
car of ligquefied chlorine gas, located approximately 450 feet
from the control room air intake. Other onsite toxic chemi-
cals are limited to guantities that are sufficiently small

to be ex-luded from this analysis. The rupture of the chlo-
rine tenk car was shown in the FSAR not to impair control
room habitability.

In addition, scoping calculations were performed for postu-
lated spills irvolving shipments of 1200 tons of anhydrous

ammonia and chlorine on the Intracocastal Waterway near the

plant.

6.2 Methods of Analysis

The procedures used first apply the toxic chemical screening
methcds described in Regulatory Guide 1.78. Table C-2 of




this guide determines maximum gquantities of toxic chemicals

at distances from control room air intake with adjustments

for control room ventilation system design. Toxic chemicals
that satisfied the criteria of Regqulatory Guide 1.78 Table C-2
were not further analyzed.

The remaining chemicals were mext analyzed hy evaluating

the concentration of each toxic chemical at the control

room air intake. The concentration was calculated using

the X/Q values shown in Table 3-5 of this report. Considera-
tion was given to the continuous release or a puff release

as appropriate for the storage method and chemical being
analyzed. Overall assumptions are as follows:

L] The wind direction is always from the postulated
spill toward the plant air intake,

- Atmospheric stability and wind speed selected
are representative of the worst 5 percentile dis-
persion conditions based on onsite data.

. For chemicals that are liquids at normal conditions,
the spill spreads out over an area such that the
average depth is 1 centimeter, unless there is
a berm around the tank. 1In this case :he spill
fills the entire berm,

L] The temperature of the spilled chemical is assumed
to be 100°F.

- Toxic chemical vapors and toxic gases are assumed
to have the same density as air.

B No credit for diffusion is taken for topographical
features along the drift path.




. I1f multiple-sized containers are employed, the
largest is assumed to fail.

- The tank is assumed filled to nominal capacity
at the time of the spill and the total contents
are released.

- Puff release includes the isenthalpic flash frac-
tion of stored material.

Evaporation rates of spilled chemicals with vapor pressures
less than atmospheric were evaluated using the general method-
ology for mass transfer between liquid and vapor phases

given by Bird, Stewart, and Lightfoot (Ref. 2). This evap-
oration model is dependent on the spill area, the wind speed,
the mass transfer coefficient, and the effect of Sherwood,
Reynolds, and Schmidt numbers using the analogy between

heat and mass transfer.

Concentrations of liquefied compressed gases at the control
room air intake were analyzed using procedures in Appendix B
of Regulatory Guide 1.78. The quantity of the puff release
(flash fraction) is evaluated assuming an isenthalpic expan-
sion. Based on this analysis, chemicals with concentrations
at the control room air intake less than the toxic limit
were eliminated from further study.

Hypothetical large releases were evaluated using a flash
fraction release, a drifting cloud dispersion model, and

a simple differential equation for control room concentration
as a function of time. A Gaussian dispersion model is used
to calculate the concentration dilution as the vapors drift
from the spill site to the air intake. For purposes of

this analysis, normal and isolated operational modes of

the Brunswick plar: ventilation system are represented by

the simplified schematic shown in Figure 6-1.
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The control
represented

room ccncentration as a function of time is
by the following differential equation:

dx

b .

where

CR

QA

0
w
"

3¢ " 10 * Oyl Boy v Qg¥ent 110 8

volume of space served by control room ventilation
system

toxic chemical concentration of control room

air, mg/m3

toxic chemical concentration of control room
air intake, mg/m3 (based on Gaussian dispersion
model)

total system infiltration

fresh air input during normal or isolated mode

total system outleakage

6.3 Analysis of Hypothetical Barge and Truck Accidents

The Intracoastal Waterway (ICW) passes the Brunswick plant

at a distance of closest approach of 2.3 miles. 1In order

to determine the importance of toxic chemicals that may
be aboard barges on the ICW, two hypothetical accidents

have been postulated for this study of control room habita-

bility. The accidents assume worst-case conditions based

on the following extremely conservative assumptions for

accidents releasing chlorine and ammonia:

. Complete release of the largest tank normally

carried aboard barges.
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® Wind direction is towards the plant.

- Wind stability is Pasquill Class G.

L Release occurs at the closest point of waterway
approach.
. Average wind speed is 1.5 meters per second.

State Highways 87/133 pass 1.4 miles from the plant. Acci-
dents involving hypothetical shipments of ammonia and chlo-
rine were also evaluated for this transportation route.

The concentration in the control room was evaluated using

the control room model and the toxic chemical concentration
differential equation described in Section 6.2. For both
chlorine and ammonia, the calculated concentrations resulting
from these very conservative analyses of hypothetical acci-
dents are greater than the toxic limits.

Based on further evaluation of the local highway network

and on further conversations with representatives of organiza-
tions familiar with the use of the Intracoastal Waterway,

it has been concluded that actual shipments of the magnitudes
assumed in the calculations either not occur or do not occur
frequently enough to be of concern. Section 2.1 provides
information in support of this conclusion.

6.4 Summary of Results

Table 6-2 summarizes the numerical results of this toxic
chemical habitability analysis for the Brunswick plant and
shows compliance with the appropriate limits. The Regulatory
Guide 1.78 screening procedures eliminated all toxic chemi-
cals stored in the vicinity except sulfuric acid. Sulfuric

R1




acid was eliminated because of its low vapor pressure result-
ing in a concentration at the air intake much less than
the toxic limit.

6.5 References

1. U. S. Nuclear Regulatory Commission, "Assumptions for
Evaluating the Habitability of a Nuclear Power Plant
Contrcl Room During a Postulated Hazardous Chemical
Release," Regulatory Guide 1.78.

2. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Trans-
port Phenomena, New York: John Wiley and Sons, 1942.
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TABLE 6-1

SUMMARY OF INPUT DATA

Parameter Data Units
Meteorological:
Pasquill stability G None
Average wind speed 1.0 m/sec
Atmospheric dispersion, X/Q See Table 3-3 sec/m>
HVAC System
Normal operation:
Fresh air makeup 2,000 £t3/min
Inleakage 272 £t3/min
Outleakage and exhaust 2,272 £t3/min
Filter removal, toxic chemical None None
Loop flow 40,000 £t3/min
Air exchange rate, outside air 0.46 Per hour
Emergency operation (chlorine isolation):
Presh air flow (damper leakage) 1,100 £t3/min
Inleakage (duct and adjacent areas) 272 £t3/min
Qutleakage and exhaust 1,372 ££3/min
Filter removal, toxic chemical None None
Loop flow 40,000 ££3/min
Air exchange rate, outside air 0.28 Per hour
Volume of control room 298,650 £e3
6~-7
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TABLE 6-2
RESULTS OF TOXIC CHEMICAL ANALYSIS
p = - v Concentration
Quantity Allowed in Control Rooms
per Regulatory Toxic Concentration at 2 Minutes
Distance Storage Quantity Stored Guide 1.78 Limit at Intake After Human
Locat ion (mi) Chemical Condition (1b) (1b) (mg/mY) (mg/m?) Detection (mg/md)
Standard Products 4.0 Sulfuric acid Tank ambient 40,000 2,500 2.0 0.01 N/C2
temperature
and pressure
Standard Products 4.0 Chlot ine Liquefied gas 2,000 30,000 45 N/C N/C
undet pressure (464)°
Ffizer Chemical 2.7 Chlot ine Liquefied gas 45 2,300 45 N/C N/C
under pressure
Pfizer Chemical 1.7 Sulfuric acid (c) (c) {d) 2.0 -- -
Sunny Point 4.2 Trichloroethylene 55 gal. drum 668 670,090 535 N/C N/C
Sunny Point 4.2 Red fuming nitric Lance missile 1.107 6,260 S N/C N/C
acid fuel tank
Sunny Point 4.2 Hydrazine Lance missile 375 8,100 6.5 N/C N/C
fuel tank
Sunny Point 4.2 Chlor ine wWellhead tanks 150 30,000 45 N/C N/C

30t required to be calculated.

bDysenthalpic flash fraction.

Clanformation on Pfizer not available due to pfizer proprietary restrictions,
dConsuvanvely assuming a storage temgeratuce of 145°F, a release greater than 2,000,000 Ib woul
equal to the toxic limit at the air intake, if analyzed according to Regilatory Guide 1.78.

4 be necessary to cause a concentration
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Q2
Qq Control Room -—
‘nd -h‘

Interconnecting Space

Volume = 298650 ft3

Filter

f

Qy During Normal Operation
Qg During Isciated Operation

Operating Mode
Ventilation Flow,

Q Normal Isolated
(chlorine)
Flow f13/mm Flow ft‘?/mm
Qy 2,000 2,000
Q2 40,000 40,000
Q3 40,000 40,000
Qq 37,728 37,728
Qg 2,272 1,372
Qg ] 1,100
Qg 272 272

Figure 6-1. Simplified Riunswick Control Room Ventilation System
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APPENDIX A

Comparison of the Brunswick Control Room to the
Criteria of the Standard Review Plans 6.4, 9.4.1 and 6.5.1

A.l Comparison with Standard Review Plan 6.4.
A.l.1 Control Room Emergency Zone
Criterion:
The emergency zone should include the following:

1. instrumentation and controls necessary for a
safe shutdown. kl

2. the computer room.

3. the shift supervisor's office.

4. the operator's wash room and the kitchen.

The emergency zone should be limited to those spaces
requiring occupancy. The spaces should be located
on one floor and contiguous.

Response:

The zone serviced by the control room ventilation
system contains all critical areas requiring access.
The areas are located on one floor and are contiguous.
The areas include the control room, kitchen, sanitary
facility, computer rooms and electronics rooms. The
cable and battery rooms are not directly accessible
from the control room and have their own ventilation
systems. Areas not requiring access are excluded
from the zone by administratively controlled closed

or locked doors.

A-1
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The electronic equipment rooms for Units 1 and 2 are
open to the control room and therefore increase the
surface area of the control room ventilation zone

and the potential for interchange from adjacent poten-
tially contaminated areas. This area and the control
room were designed to permit continuous occupancy

by operating personnel under all normal operating
conditions and postulated design-basis accidents;
however, the electronics rooms are only periodically
occupied.

Although the shift supervisor maintains an administra-
tive office outside the emergency zone, all procedures
and other operational material are located inside

the zone. The emergency zone has protected office
space and an adequate number of tables, chairs, and

desks for use during emergencies by personnel inside
the zone. P

A.l.2 Control Room Personnel Capacity

Criterion:

Food, water and medical supplies should be sufficient

to maintain the emergency team (at least five people)
for five days.

Response:

The Brunswick control room is common to both Units 1
and 2; therefore, two operating crews will normally
occupy the control room. The control room manning
requirements are as given in the Technical Specifi-
cations. 1In an emergency, the number of people allowed
in the control room would be limited.
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Because of the makeup air (1000 cfm) and the large
volume of the emergency zone, CO, buildup is not a
problem under the postulated design-basis accident
conditions at the Brunswick facilities.

There is an ample supply of food and water to last
emergency personnel located in the control room (at
least five people) for at least 5 days. The food
stockpile is currently stored in the northwest corner
of the control room. The food is edible for a period
of 10 years and at present will require cycling in
1987. The water is supplied from a large storage

tank. The tank is normally supplied from city water
but can be isolated from this source in <mergencies.
The water supply is sufficient to last at least 5 days.
A periodic test PT-47.0, "Inventory of Emergency Food- R1
stuffs," is performed once per calendar year to ensure
the adequacy of the emergency food supplies.

A.l1.3 Ventilation System Criteria

Criterion:

a. Isolation dampers must be leaktight

Response:

The emergency filter isolation valves are heavy-duty,
low-leakage, single-blade dampers. T.ey are designed
for open/closed operation and fail as-is upon the
unlikely event of air or electric failure (such fail-
ures are not expected, as further discussed in Sec-
tion A.2.1 of this appendix). They have provisions
for hand operation. The valve seals are designed

for no leakage and are compatible with the gas stream
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properties. The frames, blades, Form "C" switches

and axles are designed to perform at a maximum differ-
ential of 10 inches 820 at 2000 fpm maximum face velo-
city and at a maximum temperature of 150°F. The

valve frame is 7-gauce steel with mounting flanges

on both sides. The blades are 1/4-inch steel with rein-
forcing channel bolted to the axle.

The intake and exhaust isolation dampers are of stan-
dard HVAC system and quality designed for a maximum
leak rate of 1% of 2000 scfm, which is full valve
flow in the open position, per ASHRAE standards for
dampers. This amounts to 20 scfm and is the value
used for the infiltration calculations. The potential
for radiological inleakage, however, is enveloped

by the conservative radiological analysis discussed
in Section A.2.1 of this appendix. The potential

for chlorine inleakage is mitigated by the presence
of adequate emergency air capability, as discussed
in Section A.l.4 of this appendix. Also, Section 6
of this report indicates that there is no significant
toxic threat to the control room,

Criterion:
b. A single failure of an active component should
not result in loss of the system's functional
per formance.

Response:

See Section A.2.1 of this appendix for a discussion
of this topic.




Criterion:

-

c. Pressurization systems: Those systems having
pressurization rates of less than 0.25 volume
change are required to verify that a positive
1/8-inch water gauge differential pressure is
maintained with the design makeup air flow rate.
This test will be conducted every 18 months.

In addition, they will be required to verify
that air makeup is +10% of design value every
18 months.

Response:

A.l.‘

The Brunswick facility has a volume change rate
less than 0.25. Periodic Test PT-46.4 is conducted
every 18 months. This includes a verification of
positive pressure, but a provision for quantifying
the 1/8-inch water gauge differential pressure is
not included. The test will be revised to include
this quantification. The other area of guestion
relative to verification of + 10% design makeup

air flow is included in PT 21.1.

Toxic Gas Protection

Criterion:

At least five self-contained breathing apparatus for
control room emergency personnel should be available
with a six-hour onsite bottled air supply with the

R1

R2
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capability for unlimited offsite replenishment capa-
bility from nearby locations.

Response:

The Brunswick control room maintains 12 Scott Air

Pak self-contained breathing apparatus for use by
control room personnel during emergencies. An addi-
tional 19 Air Paks are located in the document control
room. Additional Air Paks are available from the

fire brigade, if necessary. The onsite fire house

air compressor is used as the normal source for filling
the Air Pak bottles.

A bank of six 2000 £t3 capacity air bottles are located
on the ground floor of the service building. An addi-

tional 18 bottles are held in reserve and are used

as necessary. The 2000 ft3 air bottles are normally

refilled by an outside supplier.
A.l.5 Emergency Standby Filters
Criterion:
See Standard Review Plan 6.5.1.
Response:

See Section A.3.2 of this appendix for a discussion
of the control room emergency filter system.

A.l.6 Relative Location of Source and Control Room
Criterion a:

Radiation sources - the control room ventilation inlet
should be separated from the major potential release
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points by at least 100 feet laterally and by 50 feet

vertically.

Response a:

The control

room air intake is approximately 25 meters

above grade, located on the roof of the control build-
ing. The plant stack, the major potential release
point, is located approximately 180 meters away from

the control
grade. The
are located
tion 5.0 of

Criterion b:

Toxic Gases
the control

room air inlet and is 100 meters above
Unit 1 and the Unit 2 reactor buildings
approximately 40 meters away. See Sec-
this report for further information.

- the minimum separation distance between
air inlet and the gas in gquestion is depend-

ent upon the gas in question, the container size and

the available control room protection provisions.

The following provisions or their equivalent are required
in the emergency zone ventilation system:

1. quick-acting toxic gas detectors.
r 9 automatic emergency zone isolation.

3. emergency zone leaktightness.

4. limited fresh air makeup rates.

S. breathing apparatus and associated bottled air
supply.

Response b:

The chlorine tank car is the only toxic substance

stored in the vicinity of the control room air inlet
that could pose a threat to the reactor operators.
The tank car is a 55-ton railroad tank car and normally
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contains approximately 33,000 gal of chlorine. The
tank car is located apprcoximately 140 meters away
from the control room air inlet inside a fenced area.
The tank car can be relocated, if necessary, by a

"truck" capable of operating on rails. FSAR Section 6.4.4.2

shows that the rupture of the chlorine tank car does
not impair control room habitability.

The five subsections listed above under Criterion A.l.6.b

are discussed as follows:

Subsection A.1.6.b.1:

Quick=-acting toxic gas detectors.
Response:

See Section 4.1 and Appendix B.2.j.

Subsection A.1.6.b.2:

Automatic emergency zone isolation.
Response:

See Sections 4.1 and 4.2.

Subsection A.1.6.b.3:

Emergency zone leaktightness.
Response:

See Section 4.3.

Subsection A.l1.6.b.4:
Limited fresh air makeup rates.
Response:

The control room ventilation system is isolated

upon chlorine detection so that no fresh air
makeup is maintained. Air infiltration rates
are given in Section 4.1.
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Subsection A.l1.6.b.5:

Breatiing apparatus and associated bottled air
supply.
Response:

See Section A.l.4 of this Appendix. The potential
for contamination of the control room air from

release of toxic gases from adjacent areas is
discussed in Secticns 2, 4, and 6.

A.l1.7 Radiation Shielding

Criterion:

General Design Criterion 19 is invoked with respect

to evaluations of radiation shielding effectiveness
associated with

R1
control room structure boundary.
2. radiation streaming.

s radiation shielding from internal sources.

Response:

Control room shielding is discussed in the Brunswick
FSAR and in CP&L's submittal to the NRC in December
1979 in response to NUREG-0578 Item 2.1.6.b.

A.l1l.8 Radioactive and Toxic Gas Hazards

Criterion:

a. GDC-19 of Appendix A to 10 CFR Part 50 for Radia-
tion Hazard.
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Response:

See Section 5.0 of this report and Section A.2.1 of
this arpendix.

Criterion:

b. There should be no chronic effects from exposure
to toxic gases, and acute effects, if any, should
be reversible within a short period of time (sev-
eral minutes) without benefit of medication other
than the use of self-contained breathing apparatus.

Response:

As stated in Section 6.0 of this report and Section A.l.6.b
of this appendix, there is no significant toxic threat

to the control room. Automatic control room isolation
procedures and detection equipment are used to help

prevent toxic concentrations in the control room.

Also, self-contained breathing apparatus are provided

in the event they are needed (see Appendix Sections A.l.4
and B.2.8).
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A.2 Comparison with Standard Review Plan 9.4.1

The acceptability of the control room area ventilation system
(CRAVS) design, as described in the safety analysis report,
is based on specific general design criteria and regulatory
guides, These include General Design Criteria 2, 4, 5 and

19 and Regulatory Guides 1.26, 1.29, and 1.117. In addition,
Branch Technical Positions ASB 9.5-1, ASB 3-1 and MEB 30-1
are included in the Acceptance Criteria. :

The specific areas of review performed by the Auxiliary
Systems Branch as described in Section 1 of Standard Review
Plan 9.4.1 Revision 1, are addressed below.

A.2.1 Single Failure Analysis
Rgview criterion:

A single active failure cannot result in loss of the R1
system functional performance capability.

Response:

Redundancy criteria are satisfied, except that the
fresh air makeup damper (2L-D-CB), emergency recircu-
lation damper (2J-D-CB), bathroom exhaust damper (2H-
D-CB), and solenoid valve SV-916 are not redundant.
However, on loss of power or damper controller failure
dampers 2J-D-CB and 2H-D-CB are spring loaded to fail
shut. Damper 2L-D-CB, the fresh-air makeup damper,
also fails closed on loss of power due to the system
control logic.

A-11
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Failure of the various dampers to operate due to a
mechanical failure of some internal component of the
valve is remote because of the design of these dampers
(see Section A.1.3 of Appendix A). In addition,
Periodic Test PT-23.1 requires a functional test of

the system once every 31 days to ensure proper system
function and to detect any system abnormalities.

I1f by some remote occurrence a valve (damper) actuator
does fail to function, the linkage to the automatic
actuator can be easily disengaged and the damper position
manually shifted and locked in place until the actuator
can be fixed.

Failure of solenoid valve SV-916 to properly function
after radiation or smoke detection would cause damper

' 2L-D-CB to remain open and damper 2J-D-CB(emergency

recirculation damper) to remain shut. This is believed

to be the worst case degradation of the CRAVS follow-

ing a single failure of an active component during

a casualty. The failure of SV-916 was assumed and

a bounding radiation analysis was performed. The

analysis used design-basis accident (DBA) conditions.

This type of failure of the CRAVS system would cause

the maximum amount of outside air (3000 cfm) to enter

the system while allowing only partial filtration

of the air via the emergency recirculation system

(no filtration of the recirculated air would occur

although filtration of the incoming air would take

place). The results of the analvsis indicate that

the whole body and thyroid radiation limits of 10 CFR 1(0

are not exceeded; therefore, failure of SV-916 in

this instance does not result in a threat to control

room personnel.

A-12




Failure of the solenoid valve SV-916 during smoke
detection would allow smoke to enter the control room,
if the origin of the smoke was from outside the control
building. Filtration of recirculated air would not
occur. 1In this case the operators would have access

to emergency air breathing apparatus, if needed, until
personnel were able to manually close the inlet air
damper and open the recirculation damper. As men-
tioned above, this can be easily and quickly performed.

Failure of solenoicd valve SV-916 during a chlorine
casualty will not affect either damper 2J-D-CB or
2L-D-CB. This is because damper 2J-D-CB is already
closed and becaus: SV-916 does not control 2L-D-CB
during this casualty. Solenoid valve SV-916-1 func-
tions during this casualty to ensure that the fresh
air makeup damper 2L-D-CB goes to a shut position.
Failure of solenoid valve SV-916-1 will cause damper
2L-D-CB to close.

Failure of the bathroom exhaust damper (2H-D-CB) is
not a concern for smoke or radiation emergencies because
the exhaust fan is stopped during these casualties

and the control room remains pressurized. This would
ensure that air flow is always out the exhaust system.
In addition, even in an assumed worst case failure

of ‘'he CRAV system (see above) radiation limits are
not exceeded. Failure of this valve during a chlorine
casualty would allow some infiltration of outside

air into the control room at some point after the
control room has been isolated (i.e., depressurized).
However, this valve can be shut manually, as described
above for the other two dampers. As noted below,
failure of the damper is remote and failure of either
the solenoid controlling the air damper or the loss
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of instrument air would cause the damper to fail-safe
in a shut position.

Loss of cperating air at Brunswick is not a concern
because of the redundant safety-grade air supplies

to the CRAVS system, and the redundant backup instru-
ment air compressors. Any one of these safety-grade
sources is sufficient to properly operate the valves.

As mentioned in Appendix A, Section A.3.9, the dampers
are low leakage dampers designed for less than 1%

of full-rated flow. Analysis of air inleakage using
this assumed value 1% of full-rated flow did not cause
levels of toxic gases, radiation, etc., from exceeding
toxic limits. 1In addition, the above dampers are

made to fail safe to a shut position on loss of power.
Because of this and the results of the analysis con-
ducted, we believe that the present design will ensure R1
operator safety under accident situations.

Although the outside air intake is not an active com-
ponent of the system, it is an important part of the
overall design. The intake is approximately 4 ft

by 12 ft long located on the roof of the control build-
ing. Because of its shape, the chance of obstructing
the intake with a single object is remote; however,

if obstructed, personnel have access to the control
building roof and could clear away the obstruction.

A.2.2 Separation Analysis
Review criterion:

Components and piping have sufficient physical separa-
tion or barriers to protect essential portions of
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the system from external missiles, pipe whip and
fires (GDC-4).

Response:

The control room area ventilation system is enclcsed
in a tornado proof Seismic Category I structure and
would therefore not be subjected to externally gener-
ated missiles.

With respect to internally generated missiles, the
three control room supply fans and the two emergency
recirculation fans are the only components of the
CRAVS considered to be potential sources of such mis-
siles. Based on the arrangement of the supply fans,

a single fan-generated missile could damage only

one other fan, leaving at least one fan operable. The
emergency recirculation fans are partially protected
by a concrete support structure and have a sheet metal R1
covering over both fans. A missile-hazard analysis
of the emergency recirculation fans indicates that
no missiles of sufficient force would be generated
by these fans to cause damage to equipment close by.
The remainder of the system is either sufficiently
protected by physical barriers or is sufficiently
separated to prevent damage.

There is no high energy piping close to any CRAVS equip-
ment that would cause damage due to pipe whip. In
addition, the entire CRAVS is seismically supported.
Fire dampers are provided for all penetrations through
firewalls to prevent the spread of any fire and smoke.
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See Section A.2.6 of this appendix for further informa-
tion on this subject.

A.2.3 Analysis of Failure of Non-seismic Equipment

Review criterion:

Failures of non-seismic Category I equipment or com-
ponents will not affect the CRAVS.

Response:

As stated in Section A.2.5 of this appendix, the entire
control building HVAC system, including the CRAVS,
system was built to Seismic Category I criteria inside
a tornado-proof Category I structure. Although por-
tions of the system are considered nonessential for
control room habitability, they are necessary for
normal system operation. The fact that the entire
system meets the same design criteria indicates that
this issue is not a concern at the Brunswick plant.
Further information on component separation, missile
hazards, etc., can be found in Sections A.2.1, A.2.2,
and A.2.9 of this appendix.

A.2.4 Adequacy to Maintain a Suitable Environment
Review criterion:
Review the ability of the control room heating and
cooling subsystems to maintain a suitable ambient
temperature for control room personnel and equipment.

Response:

The recirculating ventilation system is equipped with
three air conditioning units (one serving as a common
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spare) capable of handling the large concentrated

heat gains from the computers and electronic equipment
as well as the variable heat gains from personnel

and lighting. These units also provide the necessary
humidity controls to maintain proper envircnmental
conditions. 1Individual heating coils are located

in the discharge ducting of each air conditioning

unit cooling coil to aid in temperature control.

The air conditioning units each consist of an air-
cooled condensing unit and a direct expansion cooling
coil assembly. Each air-cooled condensing unit is

rated at 457,000 Btu/hr. Each cooling coil assembly

is rated at 425,600 Btu/hr with 20,000 cfm of air

flow. The individual heating coils are finned, tubular,
resistance heating elements rated at 51,180 Btu/hr,

and are operated during low temperature ccnditions.

They are controlled by their respective temperature R1
controllers.

The temperature of the control room is maintained

at 75°F at 50% relative humidity with only two units
in operation. 1If one unit should fail, the identical
spare unit would be placed into service. These units
are powered from emergency buses and will function

on loss of offsite power when the emergency diesel
generators are supplying power to the emergency buses.

A.2.5 Ability to Detect, Filter and Discharge Airborne
Contaminants in the Control Room

Review criterion:
Review the ability of the ventilation system to detect,

filter or expedite safe discharge of airborne contami-
nants inside the control room.
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Response:

Contaminant monitoring and alarm equipment is discussed
in Sections 5 and 6 of this report and in Appendix B.

The recirculating ventilation system makeup air and
recircuiated air are constantly filtered by the recircu-
lation air filter to remove dust, smoke and other
particulates that may be present in the air. The

volume of normal makeup air (2000 cfm) sufficiently
compensates for the normal exhaust (1000 cfm) of the
systems single exhaust fan and the building exfiltra-
tion (approximately 1000 cfm).

The emergency air filtering system provides the addi-
tional filtering necessary to maintain habitable coﬁdi-
tions within the control room area during emergency
situations. This system is discussed further in Sec-
tions 4.1 and 4.2 of this report.

A.2.6 Provisions to Detect and Isolate Portions of System
in the Event of Fires, Failures and Malfunctions

Review criterion:

Review the provisions available to detect and isolate
portions of systems in the event of fires, failures
or malfunctions.

Response:

The cable spreading room, mechanical equipment rooms,
control room, and battery rooms are independently
ventilated. This serves to minimize the potential

for the spreading of smoke throughout the building.
Fire dampers are provided for all penetrations through
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firewalls. BSmoke detectors are provided in the control
room area and the mechanical equipment room, and a

heat detection system is located in the carbon type
filter of each emergency air filter train,

A review was conducted by CP&L to evaluate and doca-
ment the adequacy of the present location of the smoke
detectors. The review concluded that installation

of an additional smoke detector was not warranted
(Ref. 1).

The optimum location for a smoke detector would be

in the 2000 cfm normal makeup air duct. This location
would sense any smoke in the fresh air makeup supply.

The remainder of the air for the control room is recircu-
lated and the detection system in the control room

area would sense the smoke and align the emergency
recirculation mode of the HVAC system before a signifi-
cant amount of makeup air has entered the system,

Smoke and particulates would be removed by the emergency
filter system and thus provide a habitable environment.

In addition, fire detection eguipment is also installed

in the mechanical (HVAC) equipment room and receives

the same air as that of the makeup air duct. This

also provides sufficient indication of smoke intrusion.

This detection system also aligns the emergency recircu-
lation mode of the control room HVAC system upon receipt
of an alarm condition.

The alarms used to detect any system malfunction are
discussed in Section A.3.2.3 of this appendix. System
failures or malfunctions are discussed in Sections A.2.1
and A.2.7 of this appendix.
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A.2.7 Ability of Equipment to Function under Degraded CRAVS
Performance

Review criterion:

Determine the ability of essential equipment being
serviced by the ventilation system to function under
the worst anticipated degraded CRAVS performance.

Response:

|
The worst anticipated situation for control room person-
nel was discussed in Section A.2.1 of this appendix.
The analysis performed for this situation indicated
that control room personnel would be exposed tc radia- i
tion well within the limits of 10 CFR 100. The redun-

dancy of the system, alarms, and emergency equipment
(i.e., emergency air breathing apparatus) ensure that R1
control room personnel would be adequately protected

in cases of toxic gas or smoke intrusion.

The primary concern with equipment is the heat generated
by the electronic equipment and cable ways. The redun-
dancy of the recirculation air conditioning units
ensures that two units are functional (see Sections 4.1
and 4.2 of this report). However, should the spare

unit fail to start after failure of one of the normally
running units, only a single air-conditioning unit

would be available to cool the equipment and control
room. In this case, the temperature of the control

room would rise, but not to a level to preclude habita-
bility or to cause equipment malfunction. This is
ensured by the mixing of the recirculation air in

the return header prior to flowing through the two

sets of cooling coils and also by the introduction




of 2000 scfm of outside air and exhaust of 1900 scfm
of control room air. The returning air flow is in
two separate ducts providing conditioned air to both
sides of the control room and adjacent rooms. For |
this event, the administratively controlled doors ‘
for the effected area could be opened to help keep
those rooms cooler. No equipment failures are expected
on failure of two of the three air-conditioning units.

A.2.8 Seismic Design Requirements
Review critcrion:'

Determine that the quality group and seismic design
requirements are met for the system,.

The HVAC equipment, controls and ductwork supports

are designed to Seismic Category I criteria and are
protected by tornado-proof constructions. The design
criteria for ductwork supports and the method of analy-
sis were reviewed in response to NRC IE Bulletin 79-07
(Ref. 2) and the results of the reanalysis have been
documented (Ref. 3). The reanalysis concluded that
the duct supports were seismically analyzed in accor-
dance with the prevailing criteria at that time and
that the analysis conformed with the requirements

of Bulletin 79-07. In addition, it was verified that
the duct support design was adequate to withstand
hypothetical loads generated by the computer analysis.

A.2.9 Supplemental Information

The CRAVS system is located inside a tornado-proof Seismic
Category I structure. Tornado pressure check valves are
installed in the inlet and outlet lines to prevent surge
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evacuation of air from the system ductwork, thereby prevent-
ing its collapse in the event of a tornado. The CRAVS is
protected from missiles generated from breaks in high-and
moderate-energy piping (pipe whipe, jet impingement, etc.),
turbine missiles, or tornado-generated missiles. Adequate
protection against internally generated missiles is obtained
either by missile barriers or separation, or has been shown
by analysis not to be of concern (see Section A.2.2 of this
appendix).

Design information concerning control room General Design
Criteria 5 and 19 is provided in the Brunswick 1 and 2 FSAR.
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A.3 Comparison with Standard Review Plan 6.5.1

A.3.1 Operation After a Design-Basis Accident

Criterion:

Atmosphere cleanup systems should be designed so that
they can operate after a design-basis accident (DBA)
and retain radiocactive material after the DBA.

Response:

The control building HVAC systems are designed to
permit continuous occupancy of the control room, com-
puter rooms and the electronic workrooms under normal
operating conditions and under the postulated design- R1
basis accident throughout the life of the plant (see
FSAR Section 9.4.1). Redundant cooling equipment,
filter trains, recirculation trains and fans are pro-
vided to ensure continued operation. The FSAR states
that single failure criteria as described in IEEE 279-
1971 and Section 6.5 of IEEE 379-1972 have been met.

Iodine removal efficiencies of the activated coconut
charcoal are given in Table 5-1. Additional informa-
tion regarding radioactive material retention is given
in response to Criterion A.3.4.1.

A.3.2 Design Features of the Emergency Filter System

Criteria:

a. Each atmosphere cleanup system should be able
to prefilter the air, remove moisture ahead of

| : A-23




charcoal absorbers and remove particulate matter
by HEPA filters before and after the charcoal
absorbers.

Response:

Each emergency filter train contains a charcoal filter
bank and a HEPA filter upstream of the charcoal.

The filter trains do not require a moisture separator
because the mixing of 50 percent outdoor ait.and recircu-
lation air ensures that the relative humidity will

be maintained below the critical conditions.

There is no downstream HEPA filter; however, prior

to entering the control room area the recirculated

air is first drawn through an 80 to 85% efficient

roll filter. Analysis has shown that even without
the use of the roll filter, radiological limits inside
the control room area will not be exceeded due to
charcoal dust from the emergency filter system. If
use of the roll filter is considered, levels reached
in the control room would be significantly reduced.

Criterion:

b. Redundancy of filter trains should be provided,
with the trains physically separated so that
damage to one system will not cause damage to
the other.

Response:

The redundant emergency filter trains are constructed
to Seismic Category I requirements and separated by
a barrier so that damage to one system will not cause
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damage to the other system. The emergency filter

fans are separated but have only a partial protective
barrier between them; however, analysis has shown

that these fans pose no mirsile hazard to each other
(see Section A.2.2 of this appendix). Also, these
fans are seismically mounted and located in a tornado-
proof Seismic Category I structure.

Criterion:

C. All components should be designated as Seismic
Category I.

Response:

All components are Seismic Category I (see Section A.2.8

of this appendix). R1
Criterion:
d. Individual systems should be limited to a volu-

metric air flow rate of 30,000 cfm.
Response:
The emergency system flow rate is less than 30,000 cfm.
Criterion:
e. Each system should be instrumented to signal,

alarm, and record pressure drop and flow rate
at the control room.
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Response:

Differential pressure gauges are furnished across
the following elements:

1. HEPA filters.
2. Calibrated flow elements.
3. Charcoal adsorbers.

Stainless steel thermowells with 4-inch dial thermo-
meters are installed before and after every filter
bank. A local relative humidity indicator (direct
reading type) is installed between the HEPA filter
tank and the charcoal filters.

Each emergency filter unit contains a calibrated flow
measuring device fitted with a pressure drop gauge.
The auxiliary operator outside the control rcom can R1l
easily observe locally if the system flow is above

or below the design rating due to system malfunction.
The instrument sensitivity is +2% of the optimum

air flow.

Control room alarms are associated with failed emergency
recirculation fans, vent fans, supply and booster

fans, and the exhaust fan. 1In addition, control room
alarms are actuated for control room intake air high
chlorine, low instrument air pressure, low mechanical
room temperature and various fire alarms including

the charcoal filter high temperature alarm.

Additional monitoring instrumentation includes the
battery room temperatures and differential pressure,
outside air temperature, air cor itioning temperatures
for Unit 1 and Unit 2, instrument air compressor pres-
sure (upstream and downstream of reducer) and the
normal and emergency makeup air damper position.
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Although control room annunciators are not associated
with the differential pressure gauges or flow rate
indicators, indication is available. The monthly
functional test on this system requires the logging

of this information so that significant degradation

of the system would be determined during these tests.
Also, when the system is placed into operation, either
in the emergency mode or the normal mode, system mal-
function would be indicated in the control room either
by air flow switches to show that a fan is not running
and limit switches to indicate the associated damper
position, or, as in the case of the emergency recircula-
tion system, by the starting of the standby filter

train and associated damper positions. The normal

and emergency damper positions are also indicated

in the control room.

In addition to system indicators and alarms, Operating i
Procedure OP-37, "Control Building Ventilation System,"

is used to verify the proper operation of the CRAVS

in the normal mode and following emergency auto-initiation
of the emergency recirculation system.

Criterion:

£. The applicable engineered safety feature atmos-
phere cleanup systems should be automatically
activated after a design-basis accident (DBA)
unless (1) the atmosphere cleanup system is opera-
ting during the time the DBA occurs, or (2) the
activation is the result of another engineered
safety feature signal (e.g., temperature, pressure).

Response:

The emergency filter recirculation system is automati-
cally activated on high radiation or smoke detection.
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The control building HVAC automatic initiation system
is tested at least once every 18 months, in accordance
with Periodic Test PT-46.4 (see Sections 4.1 and 4.2
of this report).

A.3.3 Equipment Environment
Criterion:

a. Expected conditions for the filter system, includ-
ing maximum pressure and pressure differential,
radiation dose rate received by the components,
relative humidity, and maximum and minimum tempera-
ture should be based on the conditions in a postu-
lated design-basis accident.

Response:

The maximum differential pressure on the system would
be expected during a tornado; however, tornado check
valves are installed to ensure HVAC system integrity
during this event. During normal operation, system
differential pressures are ensured by periodic tests
PT-23.1, "Control Building HVAC SYSYSTEMS," and PT-
21.2, "Control Building Emergency Filters." The com-
bined pressure drop across the HEPA filters and adsorber
banks is less than 8.5 inches water gauge. Any sudden
change in differential pressure across these filters
would be indicated on the cdifferential pressure gauges.
Differential pressure across the roll filters is kept
below 0.5 inches water gauge by automatic advancing

of the filter media.

The largest expected dose rate to equipment
would occur from a release of fission products

A-28

R1

NUS CORPORATION



during a design-basis accident. The release would
produce a mild radiation environment and no equipment
functional degradation is expected.

The rest of the system would experience only ambient
environmental conditions. Extremes of hot or cold
temperatures from outside are not a problem due to
the internal air conditioning system (see Section 4
of this report and Section A.2.7 of this appendix).

Criterion:

b. The radiation source terms should be consistent
with the guidelines in Regulatory Guides 1.3,
1.4 and 1.25.

Response: 21

See Section 5 and Appendix E.
Criterion:

c. Shielding should be provided for essential serv-
ices such as power and electrical control cables
associated with the atmosphere cleanup system.

Response:

Special shielding is not required for any of the control
building HVAC system because it is and would not be
exposed to a radiologically high or hazardous environ-
ment. The equipment is subjected only to a mild radio-
logical environment and therefore does not need special
qualifications in accordance with IE Bulletin 79-01B.
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A.3.4 Component Design and Qualification
Criterion:

a. The demisters should be designed, constructed
and tested in accordance with the recommendation
of Section 5.4 of ANSI N509-1976 and meet the
Underwriters Laboratory (UL) Class 1 requirements.

Response:

The control room HVAC and emergency filter systems
do not utilize demister filters.

Criterion:

b. Moisture removal equipment should be capable
of reducing the relative humidity of the incoming
atmosphere from 100% to 70%.

Response:

Humidity of the control room area is maintained by
the air conditioning equipment and use of cooling
coils. Incoming air is mixed with recirculated air
to ensure the incoming atmosphere is maintained at
a nominal 50% relative humidity.

Criterion:
c. Prefilters should be designed, constructed and

listed in accordance with the recommendations
of section 5.3 of ANSI N509-1976.
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Response:

Although the emergency filter trains do not have inte-
gral prefilters, the emergency filter system equipment
present in the Brunswick design does meet the recom-
mendations of ANSI N509-197€.

Criterion:
d. HEPA filters should be designed, constructed
and tested in accordance with Section 5.1 of
ANSI-N509-1976.

Response:

HEPA filters meet the recommendations= of ANSI N509-
1976.

Criterion:

e. Filter and adsorber mounting frames should be
designed, arranged and constructed in accordance
with the recommendations of Section 5.6.3 of
ANSI N509-1976.

Response:

Filter and adsorber mounting frames meet the recommenda-
tions of ANSI N509-1976.

Criterion:

L. Filter housings, including floors and doors,
should be designed and constructed in accordance
with the recommendations of Section 5.6 of ANSI
N509-1976.
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Response:

Filter housings meet the recommendations of ANSI N509-
1976.

Criterion:

g. Water drains should be designed in accordance
with the recommendations of Section 4.5.8 of
ERDA 76-21.

Response:

There are no water drains used in the emergency recircu-
lation filtration system. Water traps are used by
the instrument air compressor systems.

Criterion:

h. The adsorbent to be used for adsorbing gaseous
iodine (elemental iodine and organic icdides)
should be an adsorbent that has been demonstrated
to remove the gaseous iodines from air at the
required efficiencies referenced in ANSI N509-
1976.

Response:
The filter efficiencies for iodine are given in Table 5-1

and meet ANSI N509-1976 guidelines for iodine removal
efficiency.

A-32

rl




Criterion:

i. The adsorption unit should be designed for a
maximum loading of 2.5 mg of total iodine (radio-
active plus stable) per gram of activated charcoal.

Response:

The bulk density of the bone dry charcoal is 25 to

30 1b per cubic foot. Potassium Iodide (KI) impregna-
tion ranges between 4 to 6%. The specific heat of

the charcoal at 15°C is 0.24 and the description temp-
erature is greater than 150°c. The filter system

is designed to withstand the anticipated fission product
heat loading from a TID-14844 release without reaching
the desorption temperature of the charcoal filters.

The ignition temperature of the charcoal is greater

than 340°F. R1

Criterion:

. Provisions should be included to inhibit off-
design temperatures in the adsorber section.

Response:

The charcoal filter units each have a heat detection
system (fire detection system). If a high temperature
condition is detected, the filtering train automatically
shuts down to limit desorption of the charcoal. The
desorption temperature of the charcoal is greater

than 302°F. 1In addition, the filter system is con-
structed of heat resistant and flame-retarding materials,
designed to operate efficiently at temperatures up

to 250°F.
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Criterion:

K. The system fan, its mounting and ductwork connec-
tions should be designed, constructed and tested
in accordance with the recommendations of Sec-
tion 5.7 and 5.8 of ANSI N509-1976.

Response:

The system fan, mounting, and ductwork connections
meet the recommendations of ANSI N509-1976.

Criterion:

1. Ductwor k should be designed, constructed and
tested in accordance with the recommendations
of Section 5.10 of ANSI N509-1976.

Response:

The ductwork meets the recommendations of ANSI N509-
1976.

Criterion:

m. Dampers should be designed, constructed and tested
in accordance with the recommendations of Sec-
tion 5.9 of ANSI N509-1976.

Response:

The dampers meet the recommendations of ANSI N509-
1976.
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A.3.5 Accessibility of Engineered Safety Feature Filter
System Components

Criterion:

a. Components should be provided with a minimum
of 3 linear feet from mounting frame to mount-
ing frame between banks of components.

Response:

The emergency recirculation filter system units are
each constructed with two 30 x 56-inch doors for access
to either the HEPA filter or the charcoal trays.

There is a minimum of 30 inches to perform maintenance
on the HEPA filter. Sufficient space exists above

the filter for access to the filter isolation valves
for either maintenance or repair. Equipment located

in the mechanical equipment room is positioned to allow
access . each individual component for maintenarnce.

Criterion:
b. Provisions should be made for permanent test
probes with external connections in accordance
with the recommendations of Section 4.11 of ANSI

N509-1976.

Response:

Dioctylphthalate (DOP) injection and detection probes
are provided for testing the efficiency of the charcoal
filters. The recommendations of ANSI N509-1976 are
satisfied.




A'3.6

In-Place Testing

Criterion:

a. Provisions should be made for visual inspection
of the system and all associated components in
accordance with the recommendations of Section 5
of ANSI N510-1976.

Response:

Visual inspection of the control room emergency filter
system are conducted in accordance with Periodic Test
PT-21.1, Section VII.1l.C. 1In addition, the system

is functionally tested for 15 minutes at least once
every 31 days in accordance with Technical Specifica-
tion 4.7.2.a and Periodic Test PT-23.1. The recommenda-
tions of ANSI N509-1976 are satisfied.

Criterion:

b. Provisions should be made for testing the air
flow distribution upstream of HEPA filters and
charcoal absorbers and demonstrating uniformity
+20% of averaged flow per unit.

Response:

Only one flow train is operational at a time. System
flow rate is tested in accordance with Sections VII.1l.A
and III.1l.F of Periodic Test PT-21.1 and Technical
Specification 4.7.2.b.3.
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Criterion:

Provisions should be made for dioctylphthalate
(DOP) testing of the HEPA filter section in accord-

ance with the recommendations of ANSI N510-1976.

Response:

Dioctylphthalate (DOP) testing of the HEPA filter
is conducted in accordance with Technical Specifica-
tions 4.7.2.e and 4.7.2.f and Periodic Test PT-21.1,

Section VII.l.D. The recommendations of ANSI N509-
1976 are satisfied.

Criterion:

Provisions should be made for leak-testing the
activated carbon adsorber section with a gaseous
halogenated hydrocarbon refrigerant in accord-

ance with the recommendations of ANSI N510-1976.

Response:

The activated carbon adsorber is tested in accordance

with Technical Specifications 4.7.2.b.2 and 4.7.2.c

using Periodic Test PT-21.1, Sections VII.1.B and

VIIiI.l.E. The recommendations of ANSI N506-1976 are
satisfied.

Criterion:

Provisions should be made for in-place testing

initially and routinely thereafter. Frequency

and testing requirements will be established
in the Technical Specifications.




Response:

Technical Specification 4.7.2 delineates the testing
requirements and frequency for the control room emer-
gency filtration system. periodic Test 21.1, "Control
Building Emergency Filters," provides the procedure
and criteria for performing the required tests on

the HEPA filter banks and adsorber banks. The tests
involve flow verification, visual inspection, dioctyl-
phthalate (DOP) and halogenated hydrocarbon tests,
laboratory tests of adsorber samples, and differential
pressure tests.

A.3.7 Laboratory Testing of Activated Carbon Adsorbent

Criterion: ' #
1

a. Qualification and batch tests on new unused ad-
sorbent should be performed in accordance with
the guidelines of ANSI N509-1976.

Response:

Qualification of new adsorbent is performed at the
supplier's facilities prior to shipment to Brurswick.
The purchasing requirements include that the testing
and qualification be performed in accordance with

the guidelines of ANSI N509-1976.

Criterion:

b. Provisions should be made for obtaining represen-
tative adsorbent samples in order to estimate
the amount of penetration of the system.

NUS CORPORATION



Response:

Adsorbent samples are obtained every 720 hours of
system operation in accordance with Technical Specifica-
tion 4.7.2.c.

Criterion:

C. Provisions should be made for laboratory testing
initially and routinely thereafter. Frequency Fl
and testing requirements will be established
in the Technical Specifications.

Response:
Laboratory testing of the carbon adsorber is conducted

prior to use and then routinely thereafter, in accord-
ance with Technical Specifications 4.7.2.b.2 and 4.7.2.c.

A-39
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APPENDIX B

ADDITIONAL INFORMATION REQUIRED BY THE NRC

Control Room Mode of Operation:

Response: Radiological accident: pressurization and filter

recirculation
Chlorine release: isolation

Control Room Characteristics:

control room air volume:

Response: 298,650 cubic feet

control rocm emergency zone:

Response: The emergency zone includes the control rcom,
electronics rooms, kitchen, washroom, computer
rooms.

control room ventilation system schematic with normal
and emergency air flow rates:

Response: See Figures 4-1 and 4-2 in this report,.

infiltration leakage rate:

Response: The calculated infiltration leakage rate in
the radiation isolation mode is 276 cfm.

HEPA filter and charcoal adsorber efficiencies:

Response: HEPA filter efficiency: 99 percent for partic-
ulate iodine.

B-1
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charcoal adsorber efficiency: 95 percent for

elemental iodine, 90 percent for organic iodine.

closest distance between containment and air intake:

Response: The principal radiological release point is
the plant stack, located approximately 180
meters from the control room air intake.

layout of control room, air intakes, containment building,
and chlorine or other chemical storage facility with
dimensions:

Response: See Figure 4-3 in this report.

control room shielding including radiation streaming from
penetrations, doors, ducts, stairways, etc.:

Response: For analysis of the Brunswick plant shielding,
refer to Section 12.4 of the Brunswick FSAR
and the December 31, 1979, submittal by CP&L
in response to NUREG-0578 Item 2.1.6.b.

automatic isolation capability--damper closing time,
damper leakage, and area:

Response: The closing time of the outside air isolation
damper (2L-D-CB) is 7 seconds,

The damper is assumed to leak at the rate of

1 percent of flow in the open pnsition, per
ASHRAE for dampers with seals. Assumed damper
leakage is 20 cfm.

The area of butterfly damper (2L-D-CB) is 1.4
square feet,

B-2
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o. potassium iodide drug supply:

Response: CP&L maintains pharmaceutical grade potas-
sium iodide which is stored at the site
for administration by a physician in

a radiological accident,
3. Onsite Storage of Chlorine and Other Hazardous Chemicals:
a. total amount and size of container:

Response: See CP&L response to comment 14.5 in
the Brunswick FSAR for identification
and analysis of chlorine and other hazard-
ous chemicals stored at the site. This
analysis indicates that the 55-ton chlorine
tank car at the service water intake
structure is the only hazardous material
stored at the site in a significant gquan-
tity.

b. closest distance from control room air intake:

Response: See the response to comment 14.5 in the
Brunswick FSAR. The tank car is located
approximately 450 feet from the contrel
room air intake and the control room
air intake is approxima :ly 25 meters
above the grade on which the tank car
is stored.

4. Offsite Manufacturing, Storage, Or Transportation Facili-
ties of Hazardous Chemicals:

a. identify facilities within a 5-mile radius
b. distance from control room

B-4
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¢. Qquantity of hazardous chemicals in one container

d. frequency of hazardous chemical transportation traffic
(truck, rail, and barge):

Response: See Section 2,0 of this report

Technical Specifications:

a., chlorine detection system:

Response: See Brunswick Units 1 and 2, technical specifi-
cation 3,3.5.5 for the LCO and surveillance
requirements on the chlorine detection system.

b. control room emergency filtration system, includng the
capability to maintain the control room pressurization
at 1/8-inch water gauge, verification of isolation by
test signals, damper closure time, and filter testing
requirements.

Response: Refer to Brunswick Units 1 and 2, technical
specification 3.4.7.2 for the limiting con-
ditions for operation and the surveillance
requirements on the contrcl room emergency
filtration system.

Technical specification 4.7.2.4.4 requires veri-
fication at least once per 18 months that the
system maintains the control room at & positive
pressure relative to the outside atmosphere
during system operation.

Specifications 4.7.2.d4.2 and 4.7.2.4.3 address
verification of isolation by test signals.

NUS CORPORATION



Specifications 4.7.2.b, 4.7.2.c, 4.7.2.4.1,
4.7.2.e, and 4.7.2.f address filter testing
requirements.



APPENDIX C
JOINT FREQUENCY DISTRIBUTIONS OF
WIND SPEED AND WIND DIRECTION BY
ATMOSPHERIC STABILITY CLASS

January 1, 1976 -~ December 31, 1979
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. APPENDIX D

BRUNSWICK ONSITE METEOROLOGICAL MEASUREMENTS PROGRAM

D.1 ONSITE OPERATIONAL PROGRAM

1= A 360-foot, guyed, open-latticed tower supports the lower and
i 4 upper levels of meteorological instrumentation., Wind direction,
¢ - wind speed, wind variance (sigma theta), and dew point tempera-

tures are recorded at both levels. Ambient temperature is meas-
ured at the lower level, The differential temperature between
the upper and lower levels is measured by twin, redundant delta
temperature systems operating simultaneously. Solar radiation
and precipitation are collected near ground level. The wind
sensors are mounted on l2-foot booms oriented perpendicular to
the general northeast-southwest prevailing wind flow to mini=-
mize tower shadow effects., The temperature probes and lithium
chloride dew point sensor are housed in Climet aspirated shields
mounted on 8-foot booms. A complete specification of major sys-
tem component operating conditions is presented in Table D-1;
component manufacturer and manufacturer model numbers may be
found in Table D-2. Operational sensor elevations are displayed
in Table D-3 and component accuracies are shown in Table D-4.

-
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The meteorological tower is located 0.3 mile north-northeast

Ij of the reactor complex, with the base of the tower at 21 feet
above mean sea level. An environmentally controlled shelter,

1] which houses recording instruments, signal conditioning devices,

. and remote data access equipment, is located adjacent to the

L 8 tower.

.

_—— The Westinghouse Environmental Monitoring System is the primary

;{. data collection system. This system converts sensor outputs to
a proportional number of discrete pulses that are electronically

& integrated and recorded on magnetic tape in 15-minute averaging

- periods. Also, a direct reaaout of any parameter is possible

- D-1
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with this system. A test jack for each parameter is provided

so that a pulse test counter may be plugged into it. The counter
sums the pulses produced in a specific time interval, and the
subsequent pulse total can then be converted to engineering units
by use of a formula of the form y = mx + b.

Esterline Angus Twin Strip Chart Recorders are used for providing
an analog record of both the upper and lower level wind directions
and speeds to back up the Westinghouse system. 1In addition, 15-
minute averaged upper and lower level wind speeds and directions,
both differential temperatures, and ambient temperature parameters
are telemetered to the CP&L general offices on an hourly basis via
voice grade telephone lines to the site, giving CP&L the capabil-
ity of detecting malfunctions of these parameters within 24 hours.

D.2 DATA REDUCTION

The Westinghouse system magnetic tape cassettes are changed and
brought back to the general office approximately once per month
for translating. Computer programs convert all parameter pulse
totals into engineering units. The data is then reviewed and
checked for consistency with the onsite strip charts and the Wil-
mington, North Carolina, Weather Service data. The edited 15-
minute averaged data is then compiled into hourly averages and
stored on magnetic-history tapes.

Routine computer outputs from the Westinghouse pulse data collec-
tion system include the following:

a. Monthly Data Summaries listing maximum temperature,
minimum temperature, average temperature, barometric
pressure, precipitation, solar radiation, and upper
level ard lower level dew point temperatures as a daily
average and monthly average
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b. Hourly averages of precipitation, barometric pressure,
ambient temperature, differential temperature, upper and
lower level dew points, upper and lower level wind direc-
tions and wind speeds, upper and lower level wind direc-
tion variance (sigma theta), Pasquill stability classes
(as outlined in Regulatory Guide 1.23) computed from the
average of the two delta temperature systems, and accu-
mulated solar radiation (langleys/minute)

¢. The l5-minute averages of both upper and lower level wind
directions, speeds, and sigma theta; barometric pressure;
and accumulated solar radiation

d. Joint wind frequency distributions by direction (as out-
lined in Regulatory Guide 1.23) for both upper and lower
levels, showing average wind speeds and number of unre-
covered data hours

The analog strip charts are changed twice per month, They are
used as backup data to provide checks on the other systems and to
provide consistency of data.

D.3 MAINTENANCE AND CALIBRATION

An onsite maintenance and calibration program was initiated in
1976. Regulatory Guide 1.23 data recovery requirements are met

by performing scheduled calibrations carried out on a semiannual
basis such that

a. All wind systems are changed and replaced with National
Bureau of Standards (NBS) traceable calibrated wind
sensors, per Regulatory Guide 1.23

b. All ambient and differential temperature systems are
changed and replaced with NBS traceable calibrated Sys-
tems, per Regulatory Guide 1.23

D=3
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€. The lithium chloride dew point sensor bobbin is changed
d. The Cambridge dew point systems are changed

e. Calibrations of the barometric pressure, solar radia-
tion, and precipitation systems are verified (sensors
are changed on an annual basis)

£. All other onsite equipment is calibrated or its cali-
bration is verified

In addition to the scheduled calibrations, interim calibrations
are perfomed at 6-week intervals. A further enhancement of data
recovery is achieved by operating twin, redundant, delta tempera-
ture systems simultaneously. Comparison of the two systems on a
real-time basis through the hourly data (received at the CPs&L

general offices) gives CP&L the capability to detect diserepancies
in either system, usually within 24 hours (except on weekends).
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TABLE D-1

OPERATING CONDITIONS

Component Conditions
Wind sensor -40 F to +120 F, up to 100 percent
relative humidity, up to 125 mph
wind speed
Temperature sensors -50 F to +130 F
Aspirated temperature shields -60 F to +150 F
Honeywell dew point sensor -40 F to +160 F, 11 percent relative

humidity and above

Cambridge dew point system

Transmitter unit -80 P to +160 F
Control unit -80 F to +120 F
Total precipitation sensor No limitations
Solar radiation sensor No limitations
Barometric pressure sensor =30 F t~ +170 P, 0 percent to 90 percent

relative humidity

Magnetic tape recording packages =20 P to +140 F
Strip chart recorder +20 F to +120 F
Signal converter (transmuter) =40 F to +120 F, 5 percent to 95 percent

relative humidity

Telecoder® (encoder) 0 F to +120 F, 0 percent to 100 percent
relative humidity at +77 F to +104 F
without condensation

NUS CORPORATION
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TABLE D-2

MAJCOR COMPONENTS

Component Manufacturer Model Number
Sensors

Wind sensor Meteorology Research, Inc. 1074~-22

Single-element Rosemount 104ABG-1
temperature sensor

Dual-element temperature Rosemount 104ABG-2
sensor

Dew point sensor Honeywell SSP029D021

Total precipitation Weathermeasure Corp. P-511E
sensor

Solar radiation sensor Eppley Laboratory, Inc. 8-48

Barometric pressure Rosemount 1105A%A1
sensor

Cambridge dew point EG&G International, Inc. 110
sensor (transmitter unit)

Sensor support equipment

Cambr idge dew point EG&G International, Inc. 110-Cl
control unit

Strip chart recorders for Esterline Angus E1102R
wind speed and direction

Aspirated temperature Climet 0l6-1
shield for single-
element temperature
sensor

Aspirated temperature Climet 016-2
shield for dual-
element temperature
sensor and Honeywell
dew point sensor

D=6
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TABLE D-3

OPERATIONAL SENSOR ELEVATIONS

Sensor

Operational Elevations
Above Tower Base (m)

Wind

Honeywell dew point
Cambridge dew point
Solar radiation
Differential temperature
Precipitation

Barometric pressure

11.5 and 104.5

10.2

11.5 and 104.6

1.5

10.2 to 103.2

l.s

1.5
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TABLE D-4

COMPONENT ACCURACY

Component

Accuracy

Wind sensor

Wind speed

Wind direction, 0 to 540

Honeywell dew point sensor

Cambridge dew point system

Solar radiation sensor (pyranometer)

Differential temperature system

Ambient temperature system
Magnetic tape recorder

Strip chart recorder

Total precipitation sensor

Barometric pressure sensor

+0.4 mph or 1 percent, whichever is
greater = 1.0 mph

+5.4 degrees

+2 F at or above ll percent relative
humidity

+0.5 F (error extreme) above a dew
point of -20 F (excluding readout
instrumentation). Error extreme
increases in approximately linear
fashion to +2 degrees at -80 F.

+0.04 calories/square centimeter/minute
(langleys)

+0.186 F cver ambient temperature range
from -50 F to +130 F

+0.498 F
+1 pulse per interval

+1 percent of full scale, direction =
+ 5.4 degrees, speed = + 1.0 mph

+0.5 percent (calibrated at 0.5 inch
per hour)

+0.006 inch of mercury (temperature
effect: +0.1 inch of mercury per 100
degrees of Fahrenheit operating tem-
perature span)
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APPENDIX E
METHODS USED IN RADIOLOGICAL ANALYSIS

The control room dose calculation computer program (AXIDENT) con-
sists of a release pathway model and a dose evaluation model. The
release model computes activity inventories and releases in the
containment and control room based on TID-14844 (Ref. 1) releases
and prespecified flow rates, filter efficiencies, halogen non-
removal factors, and meteorological data. The program computes
individual doses within the control room.

E.1 RELEASE MODEL

The activity release pathway model is shown in Figure E-1. Four
activity nodes are represented: two primary containment volumes

(sprayed and unsprayed), the secondary containment volume, and the
control room. The equations for nodal activities, containment re-

lease and integrated control room activity are derived from first
order activity balances in the following paragraphs. The defini-
tions of all variables used are presented in Section E.3.

E.l.1 Primary Activity

The primary containment activity is the sum of the activity in
the sprayed and unsprayed regions.

Ap = A1 + A2 (1)
dA
b § & - (o} Q

g Asp A1 TA A A A - A - v, A ¢ v, A, )
dA
T ] _ 3 . Q

at AL Ay AL A A A, wht v, M (3)
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Ap Cz_e -Cle
3 ) Am(>.1 -ml)*Azo(lz-ml)
2 znz- ml
g e Aw().1 mz)"AZ&O(XZ m, )
o Mg
- ' ' Q Q
m, ,m, (A, +A, ¢+ )
1 a
+%[<x'+x + 2.2
- 1 v \'4
1 2
" Q 1] Q 1] L} '
4(v A, + v 12+A1A2
2 1
Al = 11+Lr+lp+ksp
12 = Al'+kr+ Kp
E -Mmat -myt
A C4 e 2 -C,e 1
E=2

The simultaneous solution of Equations 2 and 3 when combined
with Equation 1 gives the primary containment activity as

(4)

(S)

(68)

(7)

(8)

(10)
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m, = m,
M.t -, 2
(Cz C4)e e = (C1 C3) e 1

(11)

(12)

(13)

Note that the above solution for Ap degenerates to a one-volume
problem if Agp = 0.

E.1l.2

Secondary Activity

The rate of change of secondary containment activity is the frac-
tion of the primary activity that goes to the secondary contain-

ment less the removal by decay, cleanup, and leakage

to the environment.

dA
.

dt

fsxlAp » XaAs - xrAs - sts

f$ Xl Ap - 14 As
A3 +Ar*>.s
fs A} CZ m,t fs )‘L C] -m. t -A
5 v ¥ d = S oem, * ¢-Cs e 4
4 2 4 1
- fs A1 2 3 fs 11 Cl
so X4-m2 14-m1

(or exhaust)

(14)

(15)

(16)

(17)

(18)
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E.1.3 Containment Activity Release Rate

The containment activity release rate has two components: the
secondary containment release after filtration, and the fraction
of the primary containment leakage that bypasses the secondary

containment.

R - FkaA'+(1-£’)llAp

(o C
R = FA,.f X 2 = m2t - — - "
r 3s 1]A,-m A, -m
4 2 4
'&t
+}'A3Cs 4 -

(19)

t
1] (20)

(23)

(24)
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E.1.4 1Integrated Release from Contain.aent

The integrated release from the containment is obtained by inte-

grating the release rate, Equation 21, over the time period of
interest,

R -erdt (25)

c c c
R o b (13724 2l (16" & =F (7MY (26)
o " Y4

E.1.5 Control Room Activity

The rate of change of activity in the control room is the dif-
ference between the rate at which activity is drawn in from
the outside air and the rate at which it is removed by decay,
cleanup, and leakage (or exhaust).

o

X _ . —S€ r |
?:Ac - E.2 c'c:c: ( /Q)c Rr A Ac v Ac A':J“: (27)
t ce
31:; = C9 Rr-)\?Ac (28)
X.’ = xr+ qCC *ao (29)
ce
- [ f
C9 = rzqcc VQ)C (30)
dh. = C C.oe™t.c c.e™lbc .o
Et- a / 3
'A., AC (31)
3 ] CSCG mat C C7 e__m*'C CB - agt
= Ay = m2 Ay = m1 A7 = Ay
- A7t (¢2)
+ C10 =
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A - =i
10 €0y, =m, Ag= My Ay =ay

(33)

'+1.6 Integrated Activity in Control Room

The integrated activity in the control room is obtained by inte-
grating Equation 32 over the time period of interest.

R -fAcdt (34)
CEC CC7
RC = (l f"h ™ (1 -...mzt)-mg(x - m .(1 -O‘m];) (35)
7 = My/m, p Ay =my3
C. C c
e e I R ket R e
Ag Ry = Ay 7

Implicit in the above derivations is the assumption of constant
coefficic~*3, 1In the actual transient simulation, solutions are
broken irn-- a sequence of discrete time intervals over which the
inpu*t parameters that make up the coefficients are prespecified
constants., The input parameters consist of flow rates, X/Qs, de-
cay and iodine removal constants, provided as stepwise constant
functions of time.

Initial secondary containment and control room activity inventor-
ies are assumed to be zero. 1Initial primary activity may be based
on the analysis of TID-14844 (Ref. 1) using the fractional iodine
release assumptions of Regulatory Guide 1.3 (Ref. 2) or 1.4

(Ref, 3). The source term equation is

3 -AT

t'o
= - f - (C' 6)
A 3.6 x 10 Py, tf (1l-e ) (curies) (3

Po

NUS CORPCTRATION




-

- o-

ﬁi ' r... H. -—" ﬁ

P

&~ -

e —

E.2 DOSE MODEL

At the end of each time interval, control room individual thy-
roid and whole body doses are determined using the containment
release rate, integrated control room activity, and input values

of X/Q at the control room intake.

Thyroid inhalation dose in the control room is given by the
following equation:

i (37)
D, ;DT’ (rem)

R R . DCF
-—\;L—ch '
ce i
where
BR = Dreathing rate
= 3,47 x 10°4 m3/sec (Ref. 4)

Beta dose in the control room is given by:

Dy =2, D, (rem) (38)
il
. 0.23 R, 'E’
v Z g Ty (39)
ccC

where

E; = average beta energy (MeV/dis)
(See Table E-2.)
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Gamma dose in the control room is given by

D-y - ; Dy‘ (rem) (40) 1

- 2; " Ex | b, {1-0'“1' [1 ‘(“;"aj )r]} (41)

cc J i,

tion coefficients divided by the density of air are listed in
lelQ 5-2.

E.3 NOMENCLATURE

Ap = Primary containment activ.ty
Ay} = Activity in sprayed volume

Gamma energies and fractions are presented in Table E-l1. Absorp-
Az = Activity in unsprayed volume
A1 = Primary containment leak rate
\r = Radiological decay constant (Sec~l) (See Table E-1)
Ap = Cleanup rate in primary containment
f1 = Fraction of activity released to sprayed volume
£, = Fraction of activity released to unsprayed volume
V1 = Sprayed volume
Vs = Unsprayed volume
Ay = Secondary leak rate
Agn = Spray removal rate
?; = Fraction of primary leakage which enters secondary
F = Filter non-removal factor for secondary building
exhaust system
F2 = Filter non-removal factor for control room (center)
intake system
(X/Q)es = Atmospheric dispersion to control center
decc = Control center intake flow
Vee = Control center volume
E,l = Average gamma energy (MeV/dis) (See Table E-2)
E3{ = Average beta energy (MeV/dis) (See Table E-2)
Ri = Integrated release from containment (Ci)
Ver = Control room free volume (m3)
E,i,j = Energy of jth gamma of ith isotope (MeV/\A) (See
Table E-3)
£i,+ = Fraction of jth gamma of ith isotope (v/d

is)
a: ® Energy absorption coefficient for air (m'i) (See
J rable E-4)

uy = Total absorption coefficient for air (m~l) (See

Table E-4) |
r = Radius of hemisphere with same volume as control

room (m)
g * Cleanup rate in secondary containment

£-8
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A¢ ®* Cleanup rate in control rcom
Vee = Control center free volume (m3)
RS Integrated control room activity (Ci-sec)
DC i Dose conversion factor (rem/curie) (See Table E-2)
Po = Base loaded core power (Mwt)
Y Fission yield (percent) (See Table E-1l)

1000 days (assumed)

Fraction of core inventory available for release
0.25 (for iodines) (Ref. 2)

1.0 (for noble gases)

0.91 (for elemental iodine) (Ref. 2)

0.05 (for particulate iodine)

0.04 (for organic iodine)

1.0 (for noble gases)

Mixing flow rate betweer sprayed and unsprayved
volumes

Lo ]
~
BOWoW S NN NN

E.4 CALCULATION OF DOSE DUE TO DIRECT RADIATION FROM THE
BRUNSWICK REACTOR BUILDING

The QAD code (3) (Ref. 5) is used to compute the integrated dose
to different points within the control building from direct
radiation from the reactor building after a postulated loss-of-
coolant accident. QAD is the generic designation for a series
of point-kernal computer programs designed for estimating the
effects of gamma rays and neutrons that originate in a volume-
distributed source, Gamma ray dose rates, energy depositiens,
uncollided fluxes, and associated quantities; as well as inter-
polated moments-method neutron fluxes, energy depositions, and
dose rates, may be calculated, Surfaces, defined by quadratic
equations, are used for a three-dimensional description of the
physical situation, Speed, flexibility, and ease of use, as
well as the ability to mock-up any direct-beam radiation problem,
contribute to the utility of the program.
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The source used is based on the following equations:

dal
dA
" (% A = gk il
1
where

. = radionuclide decay constant (lu"'1

)

Gy = primary containment leakage rate (hr-l)
1

0.5 percent/day = 2.1 x 104 nhr-l

removal rate due to Standby Gas Treatment System
“  (8GTS) operation (hr-l)

—
40
—

D
"

9.0 x 10~2 hr-l (based on an SGTS flowrate of 3000 cfm
and a secondary containment volume of 2 x 106 ft3),

The solution to the above equations is:

. -
e 1" (

(&)

Al(t)1 = A )

~10

9]

=10

NUS CORPORATICN



Lo |

- -

=9

-

Slm_ 9, a,

A(t) = —-;- -(-é-—-.- (4)
- r A« )

where
A1g is the initial activity in the primary containment
A2(t) is the total secondary containment activity (Ci)

A (t) is the total primary containment activity (Ci)

E-11
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TABLE E-1

NUCLIDE DECAY CONSTANTS AND FISSION YIELDS (Ref. 6)

Decay Constant Fission Yield

Nuclide (sec™1) (percent)
i3l 9.97 (=7)2 2.91
i3z 8.37 (=5) 4.33
1133 9.17 (=6) 6.69
1134 2.22 (=4) 7.8
1135 2.87 (=5) 6.2

K 83m 1.03 (=4) 0.52

Kr 85m 4.38 (=5) 1.3
ke85 2.04 (=9) 0.27
k87 1.52 (~-4) 2.5
Kr88 6.88 (=5) 3.56
Xel3lm 6.79 (=7) 0.022
Xel33m 3.55 (=6) 0.17
Xell33 1.52 (=6) 6.69
Xel3Sm 7.40 (-4) 1.8
Xel33 2.11 (=5) 6.3
Xell8 6.60 (=4) 5.9
3Read as 9.97 x 10~7

E-14
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TABLE E-2

AVERAGE BETA AND GAMMA ENERGIES AND IODINE
INHALATION DOSE CONVERSION FACTORS

Nuclide  Y(MeV/dis) (Ref. 7) g(MeV/dis) (Ref. 7) DCF (rem/curie) (Ref. 8)
il 0.371 0.197 1.48 (+6)
R 1332 2.40 0.448 5.35 (+4)
’ ?’ 1133 0.477 0.423 4.00 (+5)
: 7134 1.939 0.455 2.50 (+4)
113s 1.779 0.308 1.24 (+5)
. .4
gr83m 0.005 0.034
Kr85m 0.156 0.233
ke85 0.0021 0.223
‘ ke 87 1.375 1.050
s Kr88 1.743 0.341
: Xel3lm 0.022 0.135
I Xeld3m 0.033 0.155
Xel33 0.030 0.146
Xel35m 0.422 0.097
I Xells 0.246 0.322
Xel38 2.870 0.800
1
.
1
". 3
!
i
-
.
E-15
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