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Abstract

This Fire Hazards Analysis is sponsored by Plant Engineering and is prepared to support the Safety
Assessment for the CNSAC Facility. This is a preliminary fire hazards analysis of a yet to be
constructed facility and is based upon the current building design and the current understanding of the
potential occupancy hazards. The governing occupancy for this building is personnel offices. The
CNSAC facility will be dedicated primarily to two activities: (1) arms control and verification
technology and (2) intelligence. This report supplements the Safety Assessment for the CNSAC
facility and follows the guidance of DOE Memorandum EH-31.3 and meets the objectives of paragraph
4 of DOE Order 5480.7A, "Fire Protection". This analysis demonstrates that under "worst case"
assumptions a fire in the CNSAC facility will result in consequences which are below DOE offsite
guidelines for accident conditions. This report is based upon preliminary design information and any

major changes to the building design may require additional analyses.
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1.0 Introdudion

This fire hazards analysis fro" tile Center for National Security and Arnls ('t,ntrol (('NSAC) ctmtains

all tilt, _'lement,._required by paragraph 9.a.(2)(c) t_f DOE Order 5481).7A, titled "Fire l'rotectiun." These

requirements are as folh_ws:

1, Description of Construction
2. Fire Protection Features

3. Description of Fire Hazards
4, Protection of Essential Safety Class Systems
S. Life Safety Considerations
6, C'ritical Process Equipment
7. High Value l'roperty
8. Damage Potential: Maximum Credible Fire Loss (MCFL) and Maximum l'ossible

Fire Loss (MPFL)

9. Fire Department/Brigade Response

lO. Recovery Potential
11. Potential for a Toxic, Biological andor Radiation Incident Due to a Fire
12. Emergency Planning
13. Security and Safeguards Considerations Related to Fire Protection

14, Natural Hazards (Earthquake, Flood, Wind) Impact On Fire Safety !
15. Exposure Fire Potential

This is a preliminary fire hazards analysis of a vet to be constructed facility and is based upon the

ctlrrent building design as documented in Reference l and the current understanding of the potential

hazards. The governing occupancy for this building is personnel offices. The CNSAC facility will be,

dedicated primarily to two activities: 1) arms control and verification teclmology; and 2) intelligence.

l_aboratories will be devoted to such activities as developing methods to monitor certain types of

radiation, creating methods to monitor the production or operation of certain military weapon systems,

establishing improved methods of interpreting and manipulating the data provided by monitors, and

dew'lopi:_.g and fabricating mechanical, electrical, and optical devices for detection and monitoring.

Machir,.' shops will turn out parts for prototype assemblies designed in the labs, machine jigs and

fixtures used in experiments, and be used in certain mechanical testing. A small photo lab .viii provide

a processing capability for certain classified photographic products. An unusual aspect of the facility

is that apprt,ximately two thirds of it will be built to I)OE Sensitive Compartmented Information

Facility (SCIF)/TEMPEST requirements. A SCIF is a facility particularly constructed for handling and

storing sensitive classified information and has special access control. TEMI_ES'I ' is a code word flu"

compromising emanations; e.g., the electromagnetic signals which are given off by operating equipment

such as computers and which might be picked up outside the facility. Special design considerations are
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required for access c_mtr_l and blocking signals _..'nerated ,tl ,I Stll: tacilitv; tu_wever liu_e _ml._ will

not interfere with ti_e g, nll of reaching full c(mlpliance with l:nvir,._mellt bafelv & lh,aith (t,',_&t I)

regulations for theCNSAC facility. A tllreat a._sess,m,nt Ilas heel1 perh,rnu,d Ior the (.?NSAL" fatilitv

using DOE/HQ guideline, and it has been determined that no special shielding of the SCIF portion ot

the building will be required. TEMi'EST pr_)tection will be accomplished by the appropriate level of

I<I_I)/BI..A(:K separation of power and communicatio_! systems,

2,0 Description of Facility Construction

The {7enter for National Security and Arms Control (CNSAC) facility will be built in l'echnic,_l Area I

at Sandia National Laboratories on Kirthmd Air Force Base located m Albuquerque, New Mexico, I1

will be built in the area bounded by I street on the norttl, _tt_ street ¢m theeast, KAFB perimeter fencing

on the south and Sandia Buildings 805 and 8(17 on the west (See Figure 2.1). The area currently contains

several temporary buildings and two older permanent buildings of substandard construction quality.

Removal of these building will constitute the first phase of c_mstruction. The facility will house

approximately four hundred people and will contain approximately 153,000 gross square feet and 86,Ut}O

ilet sqtla re feet.

The CNSAC facility consists of two structures: a four-story light l..aboratory/Office structure and a

l._bby/C_mferencing structure. The entire facility was designed to the following codes: Uniform

Building Code (UBC) 1988, DOE Order 6430.1 & General l.)esign Criteria, National Fire l'rotection

Association (NFPA) 101 Life Safety Code, as well as other applicable building codes as required by

DOE Order 643[). 1A.

The l.aboratory/Office side of the facility is rectangular ir_shape and consists of four stories, and a

basement. Each floor is aboul 28,001) sq. ft. totalling arotmd 140,0()0 sq. ft. for the entire structure.

Although indicated to be almost identical to Building 962 at SNL, special DOE SCIF requirements for

security separation walls, interior circulaticms and exit requirements, additional elevator requirements,

and increased requirements for seismic loads necessitated complete vertical and lateral l_ad analysis

and redesign of all columns, walls, beams and foundatkms.

The structural framing system ot the l_aboratory/Office st ructure c¢msisls of cast-in-place concrete,

beams, colulllns, and endwalls with precast ccmcrete double-|ee floor and roof framing systems and

precast concrete window panels. A cast-in-place concrele st,].'_ariiLiorlwall extending from the basement
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Figure 2,1 CNSAC Facility Area Map
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Nt:I'A _hmdard nlO

th,, _,mb_i_tibh, loading per _quare foot in the CNSAC facility is considered to be light, The active.

I.,1_i_ e, a.d _peration,fl te_llure_ of the fire protection design combine to make a significant fire an

,,likeh,* eve,t A_,t_,matic or manual fire suppression should ow, rcome the "aw:,rage" fire and even a

._e_vlv f|w ,_houhi lu. c(mta,wd in the room of origin.

,i+0 l)e++¢ripll.n of Ftr+ Hazard.

t,..m,m ha/anl_ (eh,ctrical, chemical, etc., ) in the CNSAC facility are typical for any personnel

,ql_ t' _ uDmcy m most of the facility and for an industrial type machine shop for part of the

_'_satwtv ,q _hemitais are used in the operation of the machine shop and the photo laboratory. These

, hefluL,11_ are st_red in accnrd,mce with I)OE and SNL procedures and all personnel using these

_lwnu, ,_i_ are tm,perly trame_t. The hazardous chemicals used in these operations can be found in the

t b_,A( _ F,u ility Satetv Assessment, Table 5-1 [Ref. 2].

M,._ _,t the radu,.wtive sources to be used will be permanently stored in the facility. A storage area

_11 iw tm,vMed in the hasenwnt of the facility for these materials. All of the radioactive sources

_ tit iw .,!_,red m locked fireproof containers. Access to the materials will be limited to those trained

lu.r_,tmel _.vlume I_b function,; require the use of the radioactive materials. As these sources are required

t,,_ lalum_t_rv use they will be moved to the appropriate laboratory in appropriate shielded containers

,._ a,, t_, !|mit the exposure to personnel at all times. Tables 5.2-1 thru 5.2-4 of Reference 2 list the

t_,t,_,,_1r,Mt¢_,wtive s_,_rces which will be used and stored in the CNSAC facility.

\h,,t _t thv radioactive materials that will be used in the facility are sealed sources provided by

, ,,n_uu,,, nil vend_ws, such as Isotope Products Laboratory and Amersham.

_,_; I'rotection of Essential Safety Class Systems

1t. m,q,_ritv _ffthe ('NSA(7 facility does not contain any systems structures or components whose failure

_,l_ll[l,[ ddVUI*St'[V ,!t!ect the environment, employees, or the safety and health of the public. However,

ltu' t,,_setm.nt area in the CNSAC facility will contain various amounts and types of radioactive
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materials and will require additional safety features. Although the design of the basement area has

not been specified, it is assumed that the failure of the ventilation system, the sprinkler system, or the

radiation monitors could potentially have an adverse affect on the environment, employees, or the

safety and health of the public. Therefore these systems will be designated as safety class systems.

6.0 Life Safety Considerations

Basic considerations for the construction and operation of the CNSAC facility call for operational

procedures which reduce the likelihood of a fire or a fire related catastrophe and facility designs will

help mitigate the consequences of such an event. The CNSAC facility was designed per NFPA 101 1981,

Life Safety Code classification for a new business occupancy with a hazard of contents classification of

ordinary hazard. All egress components have a two hour fire rating. The exit access corridors, stairs,

and vertical open space have fire dampers in all the supply air grills. Appropriate exit signage and

emergency lighting is within code requirements.

7.0 Critical Process Equipment

For the purpose of this fire hazard analysis all systems or components that could reasonably contribute

to a fire incident are subject to review and analysis. The systems which may be critical would be those

associated with the use of radioactive and/or combustible material. These systems include machining

tools, fume hoods and typical lab equipment. These systems will be protected by the full coverage

automatic fire protection systems provided in all areas. As a result, the fire threat to or' because of

critical process equipment is negligible.

8.0 High Value Property

The overall value of the CNSAC facility is estimated to be 30 - 40 million dollars. A review of facility

operations indicates that there is not a particular area in the facility which contains high value

property. However, there could be a significant interruption of facility operations ill the event of a

fire. Additionally, there will be information, classified and unclassified, stored at the facility that

would be costly to replace and measures should be in place to store a backup of critical blformation at

another facility and provide protected backups of information stored on computers.



9.0 Damage Potential from the Maximum Credible and Possible Fire Loss (MCFL and MPFL)

Maximum credible fire loss is defined by DOE Order 5480.7A, paraphrased, as that loss that might

occur in a fire area if all installed fire protection systems work as designed and the value of manual fire

fighting effects is omitted except for post-fire salvage and recovery. The maximum possible fire loss is,

paraphrased, that loss within a fire area that could occur if both automatic and manual fire

suppression efforts fail. A fire area is defined as an area bounded by a minimum of two hour rated

construction. This includes doors, dampers and seals. Fire loss includes restoration costs for real and

personal property less any salvage value and also includes related costs such as clean-up, production

loss/interruption costs, fire exthlguishment costs and consequent effects on related areas.

For the maximum credible fire scenario, it is assumed that the automatic fire suppression system is of

adequate design to mitigate the consequences of the fire. It is assumed that the fire begins due to an

electrical short and igTutes combustibles (flammable liquids, paper products) in the area. The

automatic fire protection system (FPS) then performs as designed and extinguishes the fire.

The following section presents the analysis of the maximum possible fire loss scenario. Included as part

of this analysis is a discussion of the possible scenarios leading to the MPFL, computer modeling of the

maximum possible fire scenario, source term determination and offsite consequence results.

9.1 Maximum Possible Fire Loss Scenario_

As stated above, it is assumed that for the MPFL scenario, both automatic and manual fire fighting

efforts fail. The event tree in Figure 9.1 presents the sequence of "system" failures required given the

occurrence of a fire in the basement area of the CNSAC facility. The specific system failures required

for the maximum possible fire loss in the basement area of the CNSAC facility are presented in a fault

tree in Figure 9.2. Although the fault tree has not been quantified it provides a picture of potential

automatic and manual fire fighting failure scenarios which cart lead to the MPFL. This fault tree

covers the failure of automatic fire suppression system(s), the failure of early manual suppression by an

employee in the area, and the failure of manual suppression of the fire by fire department personnel.

9.2 Computer Fire Modeling

As indicated in the DOE guidance on the Fire Hazard Analysis (FHA) [Ref. 31, an acceptable fire model
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Figure 9.1 CNSAC Facility Maximum Possible Fire Loss Event Tree



Fire Suppression
Not Achieved

Fire Not Automatically Successful Manual Early Manual
Suppressed by Area/Bldg Suppression Not Achieved Suppression Not

Overhead Sprinkler by Fire Department Achieved by Employee
Protection Systems

A A A

Figure 9.2 CNSAC Facility Maximum Possible Fire Loss Fault Tree



Fire Not Automatically Suppressed by Area/BldgOverhead Sprinkler Protection Systems

.___L____ _ ____L____
System Not System Design Fails to System Fails

Available Suppress Fire Prior to Critical to Operate as

(Repairs/Malnt.) Conditions Being Reached Designed

l i
System Fails to Respond Oparational Duration Delivered Water Spray

Prior to Time That Critical (Water Quantity) Not Density to Target Area

Fire Conditions Occur Sufficient Not Adequate

J _r_ t .
Detection Response Fusible Link Water Spray Hydraulic

Time Design Not Response Time Not Head Coverage Design

Adequate For Adequate (Pre- Not Adequate Parameters

Pre--Action System .... Action,Systems) ....Not Adequate

Require Deterministic Analysis

Figure 9.2 CNSAC Facility Maximum l'ossible Fire l,oss Fault Tree (cont.)

10



System Fails to Operateas Designed

I 1
Water Spray Heads Fail to Adequate Water

Operate (Corroded, Fails to Discharge
Obstructed, Plugged) Onto Fire Area

__! 1 I I
Individual System Becomes Adequate Water Change in Fire
Line/Head PluggedUpon Falls to Discharge Characteristics Exceeds

Failure Opening Through Head Sprinkler Design

I ' !,,
Sprinkler System Sprinkler Area Process
Piping is Plugged System Water Layout Equipment

or Obstructed Inadequate Change Obstruction

<> <> <>
I _ 1.

Sprinkler System Valves Inadequate
(e.g., Check, Dry Pipe Water Supply

Valves, etc.) Fail to Open Available

A

Figure 9.2 CNSAC Facility Maximum Possible Fire Loss Fault Tree (cont.)
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,Z_ Inadequate WaterSupply Available

_l_ l ....! 1_ L
Main Supply No Water In Main Closed Simultaneous Rupture in

Line is Plugged Line Due to Water Control Events Overtax Main
or Obstructed Supply Impairment Valves * System Supply Line

<> ,<_ @ (> <_
Valve Fails in Undetected

Closed Position Valve Closure

! I
Valve (If Supervised)

Inadvertently Supervisory
Closed Circuit Fails !

Valve Closed by Valve Closed by Personnel Valve Supervisory Short in
Unauthorized for Repalr/Maint. and Switch Fails Supervisory

Person Failure to Re-Open Closed Circuitry

(> <> (> (>
• Control valves are usually outside screw and yoke (OS+Y) valves.

I:igur_, _}.2 CPNSAr_ I;,lcility M,l×imun_ I'{}ssibl_, I:irt, I.L}s_ I:,lLIIt 'lr_'_., (eL}lit.}
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Z_ Successful ManualSuppression Not Achieved

by Fire Department

! 1 I
Fire Department Fire Department Does Fire Department Does Not

Not Notified Within Not Extinguish Fire Reach Fire With Extinguishing

an Acceptable Before Critical Damage Equipment Prior to Time
Time Frame Llmlts Are Reached Critical Fire Conditions Occur

© A A
i 1

Employee(s) Fail to Fire Department Not Notified

Notify Fire Department by Automatic Detection/Alarm
Transmission System

c;
! i l !

Rapid Fire Human Error- Detection System Detection/Alarm

Growth Prevents Improper, Incomplete Fails to Transmit System Not
Notlflcatlon of Notification of Fire the Fire Alarm In a Available

Fire Department Department Reliable Manner (Repal rs/Matnt, )

! 1
Detection/Alarm Detection/Alarm Alarm Notification System

Transmission Response Circuitry Fails at Fire Department
Time Design Is too Slow Dispatch Station Fails

<> <> ©-.........

I;il4tlrt, I'J.2 (,'NSA(._' I.ilcilily M,lximllnl I'i_sil:_lL, I:irt, Ix_,,.,nI:,lult l"i't,L, (c'ilr_t.)
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Fire Department Does NotExtinguish Fire Before Critical

Damage Limits Are Reached

G
! t

Extinguishing Agent of Fire Department Does Not

Proper Type and Quantity Efficiently Respond to the

is Not Readily Available Particular Fire Situation

Fire Department Has Fire Deparlment Has

Inadequate Preparation Inadequate Planning

_,,, _oo_,eO_.Or0_o,..,,on! M_n_o_erI...C.o.or0,o_,,o,.
<> © <) <> _ .....

,, ,,i,,

Inadequate Inadequate Fire
Inadequate

Physical Prevention Mutual Aid
Preparation Inspection

Figure 9,2 CNSAC Facility Maximum Possible Fire Loss Fault Tree (cont,)
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. ! Fire DepartmentDoesNol ]

Reach FireWithExtinguishing I
J EquipmentPriorto TimeCritical I
. Fire ConditionsOccur . I

"-interfereExtinguishingWeather/SiteProceduresCondtlions-_!with..................Fire ' _tilD_pilPiOe: DepartmentEqulpment"'l"'FailureFire ..... -i.,_ DepartmentInformationMisreads--j--AlarmFire -

......© .........©- _-.._...............

i Equipment Inadequately EquipmentNot Suited IMaintained for Fire/Site Conditions I

., ,,<> ...._ ---

Figure 9.2 CNSAC Facility Maximum Possible Fire Loss Fault Tree (cont.)
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Early Manual

Z_ Suppression is not
Achieved by Employee

: : iJ ..... I ....

Employee Does
Not Know of Fire

Employeel Employee,_o, I I 1
Fails to I Alerted by Auto Detec- I Present,o th,, I Not Extlnguish I

, React_ I tlon/Alarm System l_Area of Fire Origin I Fire _,J

1
Detection System Detection/Alarm Manual Extinguishing Employee Does

Falls to Operate In System Not Available Agent of Proper Not Efficiently

a Rellab!e Manner (Repalrs/Maint _ _ Type/Quantity Not Respond to

Readily Available Situation

Detection Detection Audible Alarm Fire Extends Beyond

Response Time '_*3ystem Notification Capability of Manual Sup-

Deslgn Too...... Slow * Circuitry Fails System Fails pression With Extingulsh_:,r

<> <> C>
• Application of _eterministlc fire models to assess response time ranges

Figure 9,2 CNSAC Facility Maximum l'ossible Fire Loss Fault Tree (cont.)
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may be used as a tool in the development of the FHA. Such DOE guidance identified FIRAC [Ref. 41 as

tile model being considered for acceptance by DOE for this purpose. As such, the FIRAC computer code

will be used to model the maximum possible fire scenario. The assumptions utilized in the input for

F1RAC are outlined below:

• Combustibles are involved near the location where the initiating event tIE) occurs,

staff or operators fail to suppress the fire, Fire Department and the automatic sprinkler

system fail to suppress the fire such that the fire spreads to include the entire fire zone

(or large part thereof) and radioactive material is assumed to be involved.

• Since little or no information on the actual configuration of safety, support, and process

systems is known at this phase (shell design), a simple fire room model will be used to

model a generic fire area within the office/lab area of the basement. The basement is

chosen as the worst case due to the storage of radioactive materials in this area. This

fire area will be assumed to have a length of 40 feet, a width of 40 feet, and a height of

13 feet. All the walls, ceilings, and floors will be assumed to be one foot thick concrete.

• Also, since no information _s available on the ventilation rate, including exhaust rate,

it will be assumed based upon guidance from Reference 5 that 5 to 6 air exchanges per

hour will be typical of this fire area or about 2,000 ft3/mH1. No fans or blowers will be
i

modeled, since no information on these are available at this tim,_. The room pressure

will be assumed to be about -0.55 in wg.

• As part of the simple fire modeling, the fire room with two ducts (inlet and outlet), and

two boundaries (inlet and outlet) will be modeled as shown in Figure tL3. The outlet

and inlet elevations will be assumed to be at ceiling h_,vel (i.e., 13 feet) as shown in the

Title II architectural drawings.

• In the FIRIN Mt_dule [Ref. 4] of tile FIRAC computer c_de, the tire will be modeled

until combustibles in the rt_om are exhausted (approximately for one hour). No

radioactive materials will be assumed in this FIRAC/FIRIN analysis, since the

release rates and release fraction for radioactive materials available in the code do

not represent in any way the form of the radioactive material assumed 1o be present

within the CNSAC facility (i.e., sealed or metal I,natrix (non-pyrophoric sources)).

!7
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Figure 9.3 CNSAC Facility FIRAC Model
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1'he release of radioactive materials that could potentially be involved in the

ma×imum possible fire scenario _ill be addressed in the following section.

An ignition energy model will be used instead of the burning order method. This will

automatically assign initially burning materials to a burning order of one, while

mat*,_rials at risk are assigned a burning order of two. Based upon walkdowns of other

Sandia facilities and er,.gineering judgement, it was assumed that initially 20.0 lbs of

paper material, and 4.0 pounds of solvent will be involved in the fire (combustible

material near the area in which the initiating event occurs); and that 150.0 lbs of wood,

4.0 lbs of plastic, 250.0 lbs of paper, and an additional 5.75 lbs of solvent material will

be at risk in the vicinity of the area where the initiating event is postulated to occur.

t:_gurv _,I presents the fire compartment thermal hot layer temperature results for this analysis. From

tl_,, lJlaure, one can see that in the first 10-15 minutes the temperature is still low enough for the

p,,,,,H_h, suppression or control of the fire by the local staff, the amount of smoke generated and the

h_cal wmperature (i.e., up to about 105°F) in these first 10-15 minutes will be sufficient to set-off any

_,m_ke and I¢_cal heat detectors in the immediate area. From the time the fire department is assumed to

,,In,w tip (i.e. about 10 minutes after the fire initiates) to the time the sprinkler systems are assumed to

t_¢.activaWd (i.e., 30 minutes) the temperature could be as high as 230°F (assuming no cooling).

Ii _,, zmp_rtant to notice that FIRAC does not model the action of the coolin{4 of the fire by either the

tlrt, dvpartment or the sprinkler system mitigating actions. As such, the temperatures shown in Figure

'._.4are the ma×imum t,:.mperatures attained by the MCF, given the assumed fire loading in the fire

arra. in _mr hour, even without the mitigating action of the fire department and the sprinkler system,

the tire ten_perature droops rapidly to about l lO"F, assuming that no further combustibles are at risk as

assumed by the event tree within the fire area.

Appt'ndix A ¢_f this FHA, contains a copy of the FIIG¢C/FIRIN input file, along with a graphical

-,umn_arv ¢_fsome ¢_fthe results ¢_fthe analysis, i.e., fire compartment thermal fire history effects like

lu,t laver temperature, combustible mass burn rate, volumetric flow balance; and smoke source term vs.

t_im, at ct_mulation.

it _ asstmled tllat, prior to the fire occurring, the bulk of the radioactive material stored and handled

in tlw _dtice/lab (basement) area is securely isolated from the fire by proper storage in their respective

19
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Figure 9.4 Fire Compartment Thermal History
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fire rated vaults or cabinets. However, it is very likely that a few sources that may be out of their

storage location(s) may be at risk or involved in the fire. In order to bound all the consequences from all

credible fire scenarios, it will be conservatively assumed that one source representing each of the

radiation types (gamma, neutrons, miscellaneous sources, and alpha/fissile material) will be involved

in the fire. Table 9.1 presents the radionuclide sources and inventories (in Curies) selected to represent

each of the source types. For consistency, the same sources modeled in the CNSAC Facility Safety

Assessment [Ref. 2] were used for this analysis.

Table 9.1 Radionuclide Inventory
w

Source Type Radioisotove Inventory. - Curies (g)

Ganlma source Co-60 3.8E-2 (3.4E-5)

Neutron source Cf-252 75.0 (0.14)

Alpha / fissile source Pu-239 24.5 (400)

Miscellaneous source U-238 0.0033 (10,000)

9.3 _ource Term Determination

This section identifies the radioactive inventories that are at risk or material-at-risk (MAR), and the

initial and building source terms that are expected to be released from the maximum possible fire (MPF)

accident scenario. It is expected that the consequences to the public will be dominated by the airborne

radioactive material released as a result of the fire.

The bounding consequences to the public can be calculated based on the initial source term (IST) and the

building source term (BST). The amount of airborne radioactive material released to the area (IST)

where the accident is postulated to occur is dependent on the airborne release fraction (ARF) of the

material involved, which itself depends on the energy source produced by the accident (i.e., fire) and

the radionuclide inwHved. In order to determine the IST, the ARF and respirable fraction (RF) must be

determined for each source and then multiplied by the quantity of material. Several experiments have

been conducted on release fractions from fires, specifically irwolving Plutonium, Uraniunl, or

correspoi_ding surrogate materials, and the restllts of such experiments are well documented throughout

the literature. Most of these release fractions have been summarized for the NRC and for DOE [Ref. 6

and 7, respectively]. These reports summarize the methodologies that art, deemed acceptable by both
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NRC and DOE in evaluating various accident scenarios in fuel cycle or similar facilities. However,

this data is limited primarily to the burning release rates from metals consisting of Plutonium and

Uranium.

NUREG-1320 [Ref. 6] gives a conservative airborne release rate for Plutonium of 8.9E-6% per second. For

the maximum possible fire loss, this would result in a total ARF of 3.2E-4. It was also shown [Refs. 7

and 81 that in 60 minutes, complete oxidation of 455.5 g (close to the limit for the CNSAC facility) of Pu

led to a total ARF of 3.9E-6 (which is substantially less than the assumed ARF), with a RF of (}.5.

Therefore, for conservative purposes, the ARF of 3.2E-04 will be used for Plutonium metal along with a

RF of 0.5.

However, because this source is a sealed source encapsulated in Aluminum or stainless steel, complete

oxidation during a one hour fire is not expected to occur. It is there.fore assumed that only 10% of the

sealed source will oxidize, thereby reducing the ARF by one order of magnitude.

Uranium, unlike Plutoniuna, is non-pyrophoric and is therefore difficult to ignite. Experiments have

shown that Uraniuna has an upper bound ARF of 8E-6 and RF of 1.0 {Ref. 71. Also, since the Uranium

stored in the CNSAC is not limited to sealed sources, there will be no further reduction of the ARF.

Since little data is available on the ARFs of Californium or Cobalt sealed sources, the ARF and RF for

I.Jraniuna will be used for conservative purposes.

Building source terms (BSTs) and 1STs are assumed to be the same because presently there are no plans tt_

put HEPA filters in the CNSAC facility, and no decay or deposition of these airborne materials is

assumed to occur within the building. Based on these assumptions the (ISTs) or (BSTs) can be computed

h_r each of the radionuclides assumed to be exposed to the fire and these are sumnaarized in Tabh, q.2.

9.4 Offsite Consequences

The t)ffsite consequences from a reh, ase of radionuclides from the CNSAC facility due to the postulated

maxinmm credible fiw scenario is expected to be dominated predominantly by the inhalation and

immersion pathways. That is, given the dry conditions and low an're|rots of food stuff grown in thehwal

area (i,e. within 10 miles from the site), other expo,;ure pathways (e.g., ingestion) are expected t_ have

an insignificanl contribution to the overall consequetaces from such postulated releases. The offsite

consequences from accident releases will be calculated by hand, insh,ad of using a standard
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Table 9.2 Buildin2 Source Term for Selected Isotopesv J

Radionuclide Inventory.- Curies (_) ISTor BST. Curies (_}

Co-60 3,8E-2 (3,4E-5) 3,0E-7 (2,7E-10)

Cf-252 75,0 (014) 6.0E-4 (1.1E-6)

Pu-239 24.5 (400) 3,9E-4 (6,4E-3)

U-238 0,0033 (10,000) 2.6E-8 (8.0E-2)

code like MACCS [Ref, 9] since presently, MACCS is unable to model half of the radionuclides li,,.,tedin

'Fable 6,3-2 of the CNSAC Facility Safety Assessment [Ref, 2]. However, MACCS will be used to

benchmark the consequence hand calculations for the Plutonium and Cobalt releases, since these are the

only radioisotopes modeled included in the MACCS database and the dose or exposure from Plutonium

is expected to dominate,

The following equation is used to calculate the 50-year committed effective dose equiv_flent (CEDE)

from the inhalation of radionuclides released to the environment (committed dose to other organs are

calculated in similar way).

CEDEh_h,llation = BST * SA * _c/Q * BR * IXZFinh,llat,,n

W he re

CEDE,lh,_,I,1tio. is the committed 50-year dose equivalent received by the cohort from the

inhalation of the radionuclide at a downwind distance X from the release

(rein),

BST is the building source term or amount of airborne material relt,ased to the

environment in curies or grams (Table 9,2)

X/Q is the dispersion factor in sec/m :_ (See Equation 3,2-1 of the CNSAC I:acility

Safety Assessment [Ref, 2])

ltR is the breathing rate (3,3x10-4 m;_/sec)IRef, 21
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DC-Ftnhalalton is the committed effective - dose conversion factor from inhalation for a given

radionuclide (rem/Ci) [Ref. 10]

SA is the Specific activity, converts grams to curies (Ci). Notice that, if Q is given

in Ci already, SA is equal to 1.

The following equation is used to calculate the committed effective dose equivalent (CEDE) from.

immersion in the plunle containing the radionuclides released to the environment (dose to other organs

are calculated in a similar way).

CEDEm'.m,rsion = BST * SA *x/Q '*DCFimmersion

Where

CEDEimmvrmon is the committed effective dose equivalent received by the cohort immersed in a

radioactive plume at a downwind distance X from the release (rein),

IX'l::mmu,r,,ion is the conlmitted dose conversiorz factor from immersion in a plume contailling a

given radionuclide (rem-m3/Ci - sec)[Ref, l l ].

The overall committed effectiw, dose equivalent (CI;DE) receiw, d by the receptor (i.e., _.18ite. (,r
i

offsite) from airborne radioactive sources is calculated by adding the doses receiw,d from the tw_

exposurepathways (i.e.,inhalationand imnwrsion).Inotherwords,thelotalcommitted etfvctive

dose equivalent received is given by:

CEl)E-lotal -_CEDEml,_al,.i.n + CEDEmm.,rs,,n,
f

Besides the ablwe mentioned equations, the hfllowinl4 assumptions will be used to deh,rmhw the olfsite

coilsequencesfrom the 111axilnunlcwdibh,firescenario:

"]'he liST in L'uries for each of the radionuclides representing each of the radiation

types is lakell from Table_).2.
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* All respirable material will be assumed to have one particle size (i.e., 1 _m AMAD),

* No ingrowth and decay will be assumed for all the radionuclides released to the

environment (i.e,, BST).

• All exposure or concentration calculations will be made assuming a I'asquill

stability class F, with no rain coriditions and one meter per second wind speed.

• A breathing rate of 3,4x I0-4m3/sec (heavy activity) will be assumed for conservative

purposes,

• Release occurs at ground level. Under realistic conditions, during a fire scenario the

release will tend to be elevated due to the buoyancy of the plume due to the heat

generated, also due to the fact that the area in which the maximum credibh, fire

scenario is postulated to occur (i.e,, office/lab area of the basement) is exhausted

through a dedicated exhaust system which will vent to the top of the CNSAC facility,

about 20 meters in height).

• A release duration of one hour is assumed.

• Exposure calculations will be carried out to a distance of 1 Km (5{1, l(l(), 4()(), 0IX),ttiX)and

IIX)Ometers), since exposures beyond that distance are expected to be below the de-

minimus level.

* Building wake effects will be assumed (for coil,,iervalism purpose_) only at shitrl

distances (i.e., ,=liii) meters) since btlilding wake effects will t_redonliniite at _hort

distances. For disiaiwes t4realer or eqi.ial iti IIXI meit, rs ,_lal_dard!;laus_iiln t_kin'le lllodt, l_

will be tl_ed (see equdlhlll 3.2-I IRef. 2l), and ilo credii will hi, idkl,n hit buildinl4 wake

effect_ (consorv,llivt, approach). The following equation will be used to determine the

vollinle created by ihe wake cavity liter. 2l:

Volunle wake cavity = tt ' W ' X taVil_
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Where

H +rod W ,ire tile building height and width, respt_.'tivt, ly

Xr,tvit_, is thv wake cavity length, and it is ¢idcuhlted from the

folluwin R equation depending un tilt, rati_ |_t,tween tht, buildin_ length (1.) and

it_ height (H), i.e., l./|t:

Pt+r_horl huildingm (I+III _ 2,0)

X,,_v+i+./ll = I.II+I + A(W/ii)II i.0 + I+(WlII)I

W 11t' rt,

+ A + +2.ti + 3.7(I+III)+I] ;

II + 41,I_ + li._i}_(l,/l+l) -I/!

L :al el+ncenlr,lliun wilhin the wakt, c+ivily will be t+alt+uh|tPd l+y dividing llw +imuunl

of ilirbl;irllt, n1,lleriitl lit |lip environm|,!;l (II_1') l,y the wake eavily x'lllUllle c,ll!:ul,lh,d

with the al+uvt, eqtl,ttittl1++ Thv ht, ii+,hlol the ('N_A(' f,+tilitv i+_+lhiltll _(l 111 (hB+? ill il_

widlh abtml IP,l++m(1+2fl), and its i|,nglh ,lhlml .17.2 m (122 It)+ U_ing lhesl, dala ,rod lh_,

,lhlWq, equations, lht, v_dumv _+ilhe wake l,+|vily i+ c_llcul,11ed h+l+t,ai+L_ul211.72{1m +

(7111,+4+.t'+it:J)+

A,',+mtah,d heh,re, th,. MA(,'r+'_ uim+l+uh'r ri+dv imi',rv_'nlly uat+,ddt,t_t_mlv h,mdling ut+ tl_ +_ttr,+tli+murlldt,+,

(in lhi, IX+I_,I)A+IA l;h,, i,e,, thl,r_, i+_dat,_ tm tttt_, r_m,+,er+i_mfiwh_r_ hlr ul;ly +,_tlr,_dirmudidv,.), t+idur_`

an+llvm,+_,1t _NI. will d,_.lt,rminv it additi_,m+_lradkmut'lid_,_ will bt, re,.lulr+_,dtt_r nt,w _,,t,r+_ll_ll+,,,t_t

MA('{'5, t,_peuially in _ui+l'_urtun nim+|'_tlwt, r+l+l,mt I,t¢iliiit,+_ (l,V+, rr,,,_,,iruh h_:ihlit,,+,,,and |||_l++l+V,|uli_r

h|cililiv_), A,,+_ut+h, MA(+_+_ will l_v u.,,tt h_I+vl+_,h|'|mrk lh_, re.ull_ i_l h,md ,:,+lri|h|l_m_ h_r I'u+2++++and

t+'_+Ot),mm'_, Ih_, uther r,ldiunudide_ ar_.m+t ,ivilihthh. in lh_' d,t_l,ll+a_' tor MAl+l'_, l+h_+, MA(+t+_

¢{+nlpuh,r _'_+h, w+l_,rtlll tlll++i_,rthe htlhtwlili_ a++11n11.+lJ||11+,in_l ll+l+iil:

• t:_r I_em'hm,_rk t+urt+,_+,+,,,d.MAr+'t'_ w,_+r|t++m+dvr tixvd im,tvt_ruh,gi¢++drunthl=_m, =v+

I',lt,+qmli t;+_t,lbililv, wimt _l+vt,d I m/+_,rod nu r,lin,

• (,t_nmeque.m+t,._u+llcuiali_r1_ wrr_, _+drl+l¢'+,i_lll ,ii '+.i_,,inh,r_.+alsh+ ,+dislanri. _i I I Kn+ !lilt,

Ct_l+St,_ltlellt'_,_l_vy_,nd _,uth ,_++liml,li1_+,' art' VXl+,'_+It+dh, l+t,l+t.h,w th,, d_'+nlillltliLl _,h';+_,!+

2t_
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• No relocation or evacuation of exposed Individuals was considered lllis assumes

exposuretothetotalamount ofmaterialreleaseforthedurationof theaccident.That

is, mitigating actions (i.e., evacuation, sheltering, decontamination, interdi_'tion,

relocation, etc.) were ignored in the public consequence ¢alculali(ms, since lhe main

objective is to determine the doses at the plant boundary, and al different locations

around the facility,

* Potentialeconomic impactsdue tocontaminationand mitigatingactionswere ignoredin

thisanalysis.

• Both a release duration and plume duration of one hour w,ls assumed,

• MACCS was configured to calculate the doses and health effecls tt_ the same organs

evaluated by the hand caleulatlons, i.,,., effective wh_de blldy ¢l_,_t,eqlJivaleJ_t ill E),

lungs, bone marrow, and bone,surface.

o l'ubllc l_eallh risks were only evaluated for total cam:er latent fatalities; early

f,ltallth,,4 we-'e ignored du¢, to tht, low ,1¢'iivities relL,a'_L,dto the enviroltlllenI (i.¢,,,

I{ST )

T,tble e .t summarizes the r,,sults t_f It_¢,dose hand t:alcul,ttion_ for e,wl't ,i! the r,tdioJ_udlde_ in Table 8.2

for both the inhalation and immt, rsion p_tthways, ,tnd for the three difh, r¢,nt ,_rgans. using the

equal.ms prt,si, n!ed in Ibis .eetlotl itlld lhe appropri,tte dose _,onversiol_ laetors

As shown in Tabh., _,3, thL, tot,l! effL,cttve dose equiv,denl from all pathways ,Ind trem_all the

r,ldlL,nut'iidt, s r,lnge from 1.1Io 1).1)28rein al disl,,mc!,_ fr,m__I) to IIXXI nt,,h.rs respe_ilveh/ l'h_,s¢.

¢,_,p,_suresare well b,,low oli.,,ih, Ruidelim's (i.e, 2_ rein) under att'idelH r_mlIll_m_ i_r lh_, m,_ilnUll_

,_ilsil_. md=v_du,d (MOI) Noh. lh,ll lh,, dr,,,l wllhlll lllll I¢_21)[im,.h.r., Irt_ilt ih¢. I,|_iliI_ ' I_ r,,,,Irit'l_.tl h_

pt,r,,onnel w,_rking for S,_ndh_N,tl,_nal l.,d_¢_r,_l¢_rl¢,s,,rod ,_s._u¢'h.n_ l_ubli_' w_!l b,, ,._p,,t'h,d h_b,,

htc,lh,d ,it _h¢_rter dl.,,hln¢¢,_
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Also, as predicted, the exposure to Pu-239 exceeds those of other radionuclides. Cf-252 gives a dose

which is over 30% lower than that from Pu-239, Exposure from the rest of the radionuclides (i.e,, Co-60

and U-238) are orders of magnitude smaller than those from I'u-239. 1'he total dose from tile exposure to

Pu-239 (EDE in rein) ranges from 7.8 to 0,0i6 rein for distances from 50 to I(X)0meters, respectively.

As stated before, for benchmark purposes, the MACCS computer code was run to determine the exposure

from the release of Pu-239 under constant meteorological conditions. The results from MACCS are close

to those calculated by hand. Table 9.4 summarizes the results from MACCS for a release of 2,1 5 Curies

of Pu-239 and Table 9.5 summarizes the results from the exposure to 3,8E-2 Curies of Co-6'.;.

As one can see from Table 9.4 and Table 9,5, the doses from MACCS are within the range of those

calculated by hand, Notice that MACCS results are given for a given range and not a single location.

Appendix B contains the complete results of the MACCS runs (i.e, CNSAC.OUT fih,s).

Although it is very unlikely to expect that the automatic FPSs will not function as designed or that

manual fire fighting efforts would not be effective, even under these "wt,rst case" assumptions the

consequences will be below IXI)E offsite guidelines for accident conditu_ns,

Table 9.4 Centerllne Dose (rein)

Pu-239 (MACCS results}

0.1{)(} 2,1 E+0 8,2E+0 1,7E+0 2. IE+ 1

100-200 2.7E-1 1,0E_-0 2. IE-1 2,0E +0

200-4(}0 8.0E-2 3,1 E- 1 0,3E-2 7.,E- 1

4t}O-_l)[} 3,IE-2 1,2E-I 2,4E-2 3,lIE-I

0(}()-_()0 1,4E-2 5,5E-2 1.1E-2 1,4E- I

(_00-I I(1(} 8,0E.3 3.1E-2 t_.4E-3 7,_)E-2
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Table 9.5 Centerline Dose(rein)

Co-60 (MACCS results)

Di_std__n_ _ _ _

0-100 1.3E-6 6.9E-6 4.2E-7 3.5E-7

100-200 1,6E-7 8.7E-7 5,3E-8 4.4E-8

200-400 4,8E-8 2,6E-7 1.6E-8 1,3E-8

400-600 1,9E-8 1,0E-7 6, lE-9 5.1E-9

600-900 8,6E-9 4.7E-8 2,8E-t) 2.4E-9

900-1100 4,8E-9 2,6E-8 1,6E-9 1,3E-9

10,0 Fire Department/Brigade Response

The DOE has a formal Interdepartmental Support Agreement with Kirtland Air Force Base (KAFB) to

furnish fire protection service to all of SNL's facilities. Such services are required to include:

responding to all fire alarm calls, performing periodic famiiiariz,-flion tours of all buildings and

preparing and keeping current fire plans and run cards for appropriate buildings and making inspections

and flow tests of fire protecLion systems as required by NFPA Standards.

1

Kirtland Air Force Base maintala: _ a well trained, professionally staffed fire department. All fire

detection monitors in the CNSAC facility will be connected directly to the fire department facility.

Upon fire detection, it is estimated that the fire department will arrive at the scene within 1{1mil_utt,s.

The DOE Albuquerque Operations Office furnishes the Kirtland AFB fire department with

recommended tire fighting procedures on KAFB facilities which are considered hazardous or warrant

special fire fighting techniques. In the event the CNSAC facility is involved in a fire, the DOE

Albuquerque Operations Office shall furnish technical consultants when certain haz,_rdous materials

are present.
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11.0 Recovery Potential

Recovery from the most likely fire (such as an electronic appliance fire, a waste paper fire in a trash

container or an office machine fire) is likely within approximately one week. Seine lost time would be

caused by the evacuatiort of employees, investigation of area/cause and some level of

concern/excitement by the employees. However, restoration of any affected fire safety system (e.g.,

alarms, detectors, sprinkler heads) would be prompt and any cosmetic cleanup would be facilitated

because most of the walls are masonry with enamel paint, Sprinkler operation would be unlikely since

a reasonable projection of trained employee reaction would be tile use of available fire extinguishers.

The occurrence of the maximum credible fire loss would result in damage to the basement area, but no

potential for radioactive contamination. Cleanup time would be 4 - i0 days due to the actuation of the

at_tomatic sprinkler system.

Recovery potential will depend of the exact processes taking place in the CNSAC facility. 'lhe 1st thru

,tti_/loor_ will consist of mostly office space and probably at least one computer room. The largest

potential for h)ng term loss would be from the destruction of important information stored on the

computers. Therefore, it is recomrrtended that all important information stored on the computers be

backed up ,It regular intervals and stored in another facility.

l'he basen_ent of the CNSAC tacilitv has a much larger potential for loss and recovery. This is due to

the specialized equil:,lnent and experiments taking place in this area. If a fire were to destroy part or

all of the basement, the recovery time would depend on the exact nature of the experiments, whether

they could be moved to another location, and on the amount of time it takes to replace damaged

equipment.

12,0 PotentialforToxic,Biological,and/orRadioactiveReleasesfroma Fire

A fire in the CNSAC facility is likely to produce toxic by-products. Comnlon office machines such as

photocopiers have produced toxic pyrolysis products. The combustion or partial combustion of plastic

materials used in electrical wiring and in packing materials can produce toxic smoke.

There will not be any storage or use of materials which may pose a biological threat. Therefore, there

is no potential for a biological release.
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A varietyof relativelylow levelr,ldio,ictive.ourct,s,sremare|dinedil_flu,buildii_l_:rt_,_ilJ_g,tied

calibration of detector_. All of these s(_urcesh,tve very sin,ill ,muulnls _i r_ldii_,i_tiv_, iIt,H_,II,II &_

such,theyareexempted from speci,llp,ick,i_inl_,lildl,fl_pliJ_rpqulremetll_t_r_hipt_u,_tVCh_,t_t_t ii_

use, these radioactive sources ,Ire kept ill h_'ked, firL.pro_! col_t_lillq.rs lhe .._/lrct,_ ,sIr. i_ed ,_|_ddi_l,_ed

of with I_E and SNL approw,d pr_ed_res, Irdiliilt_, siglht_', ,|lid t_,tlLlipTll_'llltt'_,_ttl!_|trl, l_.Kltl_th_r_,

compliance,

Inadditiontothesealedsources,pieces of ['horium,L!r_u_ium,Neptu,uum. ,u_d i'lut_,m,m u,.itl

occasionally be brought trlto the fi_cility t_.mpor_ril s' for sPeci,_le_,perinmltls M_! _1 lhl._, pt_._e,_

would be expected to have a m_ss of less than 10 gr,in!s with tht, e_ceplk_n l,t i_,v_,pit,ct'_ _! [ ir_|_|tt111,u_d

one of Plutonium which are in the l(}0s of gr,mts r,ml_,,. While i_ lh_. (..NhA_ h_cill[_ (,_c_,,rdml_ h_

_Ps), and not in use, the_e sources will be _t_red in h_ck,,d, firepr_,of c_mt._ll_pr_ t_pott, =_nl!,h.li_l'_,,l

the experiments, the sources should be remov_,d from the t,_cilitv t,_tqht.r st_r,tge h,,tticqt_ I'_k,_Rltt R

and transportation will be in acc¢_rd,mcewith Feder,fl, _tat¢ _llld hw,tl _.Rt|l_tttons.

A radioactive material release is possible and is c¢-,nsideredin the m,tximun_ posmbh, fire hiss (_,ct=,u_

9). However, since most of the s¢_urce._utilized in the ('NSA(.' l,_ilitv ,tre _t,,th,d _**t=rce_the f_,h,lflhii

for radioactive material release from _t fire i_ Kre,_tly redtlct, d_

13.0 EmergencyPlanning

Emergency OperatingProceduresh,we notbeen devei¢_ppdforCN_A_."I,__lfl_,,bu!williw _,mph,l,,d

beforeoccupancy,Otheremergenc_,phmninR willrequire:S,_!eOp_,r,flm_,l'r_edure'.._)I"_) h,=

handlingand storingflamm,_ble,md/_rcombustibh,chemic,_Is,,rod__ml,untfl_h.,m _,nehsl l'er=n,uu,=tl

occupantsofthebasement willbe reguiredt_taketire_'xtlnRu=,,hertr,t==_==_due,it,th,'pr_,,,,,=_',_I

flammables, combustibles and m,_chinerv. All tire detectlOl! mCuut_r.,,w=ll b,. r_,gt=_r_,dt_ .,e=td,,il_=t,fl.,1_,

the SNL Headquarters Communic,_tion _'_.=_terand the k_rtl,md Air t:_,rce lt,t.,e :\l.|rltt I_,_ql| :_,!_._

Operational Safety Requiremeilts (OSIL.,) w=ll be devel¢_ped b,_sed tlptql |lie rt',,tlll., ,_I the' %,1t1'|_,

Analysis. The OSRs will define the collditi¢_lls, s,lle b_u=_d,_ries ,utd the b,p,e,, Ih¢.le_t..lltd th=.

management or administr,_tive c¢_ntr_ls required to ,i,,.,,ure lhe s,_lu ,,t_,.r,_lit_ =_t the t,ll ibis,



14.0 Security and Safeguards Considerations Related to Fire Protection

Fron'_ a security standpoint, the Department of Energy Albuquerque Office (DOE/AL) and/or DOE/AL

contractor glJard forces shall be in charge of entry into secured areas. Kirtland AFE guard forces shall be

m charge of entry into Kirtland AFB areas under such emergencies. DOE/AL shall handle press

releases for fires occurring within DOE/AL areas.

Fir,, safety measures will not affect the security of the facility. However, in the event of a fire or the

actueti_n of fire alarms, the CNSAC facility would need to be evacuated and access provided to

qtaalified fire protection and emergency response personnel.

'l'he SCIF portion of each floor will have one opening into the non-SCIF portion and one exit leading

directly to a building exit. These doors will be equipped with emergency opening devices to allow

egress t,_ per,:,ons inside the, SCIF during an emergency. In addition, the main entrance door to the SCIF

will be open during normal operating hours and will not be closed and locked while anyone is in the

SCIF area.

15.0 Natural Hazards (earthquake, flood, wind) Impact on Fire Safety

The CNSAC facility is designed to the facility use category of important or low hazard facility per

UCI,_L 15_1{) Natural Phenom__na Guidelines. The design basis natural phenomena events are based on

the Sandia site specific information and the usage category of the facility. Natural hazards are not

anticipated to affect the operability of the fire protection systems, but could impair the ability of the

emer_4enc_' response personnel to respond to a fire alarm and/or a fire. Therefore this facility would

withstand the design basis earthquake and the design basis wind. External flooding is considered

highly unlikely, due to the arid climate and the long distance to the nearest river or arroyo. However,

the facility is being designed to the maximum credible flood as required by UCRL-15910 [Ref. 12].

16.0 Exposure Fire Potential

l'here are several buildings in the vicinity of the CNSAC facility which could pose an exposure fire

p¢_t(,ntlal, lt(_wever, it is expected that with automatic fire suppression available in these buildings

_tl _¢_mbination with the response of the fire brigade the exposure fire potential is minimal.

,,\_diti¢,nallv, lhe tt_rc,at from transportation fires was considered minimal due to the response of the
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fire brigade and the magnitude and proximity of the fire required to present an exposure fire potential.

The environment does not support severe growth of trees and bushes in the vicinity of the CNSAC

facility. Additionally, there will be an overlay of concrete, stones and gravel to prevent the growth of

underbrush.
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APPENDIXA

HRAC INP_ & O_PI._
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Fire Compartment Thermal ET+'ects
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Fire Compartment Thermal Effects
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rp _UXON 1.10

rZ_t CNSAC.do©

/* ********** mUN CON_OL DATA ********** */

/tUn Control Opt Los ! IT
Zn/tLeZ Output TLne (e) s 0.0
?ins betveen Outputs (n) t O.S
Met C_dtput TLne (|) ! 3S00.0
No. 8peeLe1 Output TAmes (8)t 0

rarer,
|eeonds
_Lrd!
rough,
Fifth!

)lax. XterstLonss
Convergenoe Cr L_er Los t
PartLole Depoe/t/ons
PtrtLole |hEra/amens t
ZnLtLal Pressure Inputs
Zn/tLsl Taperature Znputs
|uoyanay ?e_s

/* ********** AHliXENT CONDXTIONS********** */

Pressure (pals) s 14.69i
?empereture (F), 60.0

/* ********** BOUNDARYNODES********** */

Nund)er of Boundary Nodees 4

OesorLptLons ZNZ_? BOUNDMIY
Node Numbers I
Hods Typel 0
XnLtLel pressure (An w.g.)z 0,o
Pressure l"dnotlon X.D. s
ZnLtlal Temperature (P) s 60.0
Temperature runotion X,D, s
|leveE/on (ft) t 0.0

DesorLptLons rIP_ XN_?
Nods Nuaber s a
Node Types 1
ZnLtlel Pressure (In v.g.) s 0,0
Pressure P_notLon X.D,s 0
Zn/tlal Temperature (r) s 6o.0
Temperature FunotLon X.D.! 0
|levatLon (ft) s 0.0

^,N
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PAGE 2 FIRAC DOCUMENTATION FILEs CNSAC.doc

Description: FIRE OUTLET
Node Number t 3
Node Type t 1
Initial Pressure (in w.g.): 0.0
Pressure Function l.D.t 0
Initial Temperature (F) : 60.0
Temperature Function I.D. t 0
Elevation (ft) t 0.0

Description z EXHAUST BOUNDARY
Node Nu_er: 4
Node Type: 0
Initial Pressure (in w.g.): -1.0
Preisure Function I.D. :
Initial Temperature (F) s 60.0
Temperature Function I.D. :
Elevation (ft) : 0.0

/* ********** ROOMS ********** */

Number of Rooms: 0

/* ********** BRANCHES AND DAMPERS ********** */

Number of Branches: 3
Nu_er of Control Dampers: 0

Description: INLET DUCT
Branch Number: 1
Upstream Node Number: 1
Downstream Node Number: 3
Initial Flow (cfm) t 2000.0
Flow Area (ft2)t 3.14
Duct Length (ft) : 10.0
Component Type: D
Pressure Differential (in w,g.)z 0.0
Blower Curve I.D. :
Forward Resistance Coefficient: 1.60534
Reverie Reels:enos Coefficient: 1.60534
Filter Type:
Duct Height (ft):
Floor Area (ft),
Heat Transfer Option: 0
Roughness Height (m):
Bend Angle (rad) :
Bend Radius (m) :
Drag Coefficient Factor:
Shape Indicator:

Descrlptlon: EXHAUST DUCT
Branch Number: 2
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PAGE 3 FIRAC DOCUMENTATION FILEt CNSAC.doc

Upstream Node Number z 2
Downstream Node Number z 4
Initial Flow (afro) z 2000.0
Flow Area (£t2) s 3.14
Duet Length (ft) z 10.0
Component TYpe s D
Pressure Difterentlsl (in w.g.) z O.0
Blower Curve I.D. s

f Forward Reslstanoe Coeftlaients 1.60534
Reverse Resietanoe Coefficientl 1. 60534
FAlter Type z
Duot Height (ft) s
Floor Area (_t)
Heat Transfer Options 0
Roughness Height (m) z
Bend Angle (rod) z
Bend Radius (m) z
Drag CoeffiQient Factors
Shape indicator z

/* ********** FILTERS ********** */

Number of Filter Typesz 0

/* ********** PARTICULATE SPECIES ********** */

Number of Partlouiate Species: 0

/* ********** GAS SPECIES ********** ,/
l

Number of Gas Species: 0

/* ********** BLOWER CURVES ********** */

Number of Blower Curves: 0

/* ********** PRESSURE FUNCTIONS ********** ,/

Number o5 Pressure Functional 0

/* ********** TEMPERATURE FUNCTIONS ********** ,/

Number o5 Temperature Funotions s 0

/* ********** ENERGY FUNCTIONS ********** */

Number o5 Energy Functions: 0

/* ********** MASS FUNCTIONS ********** */

Number of Mass Functions z 0

^.I0



PAGE 4 FIRAC DOCUMENTATION FILEs CNSAC.doc

/* ********** PARTICULATE SPECIES FUNCTIONS ********** */

Number of Particulate Species Functionsz 0

/* ********** GAS SPECIES FUNCTIONS ********** */

Number of Gas Species Functlonez 0

/* ********** TIME DOMAINS ********** */

Time Domainz 1

Dtmax (8): 0.5
Tend (e)z 100.0
Edint (s): 1.0

Time Domainl 2

Dtmax (8) z 1.0
Tend (s)_ 3600.0
Edint (s): I0.0

/, ********************************** ,/
/* ********** FIRIN MODULE ********** */
/, ********************************** ,/

IFIRIN flagz 0

Inlet Node Numberz 2
Outlet Node Numberz 3
Third Node Number 0
Inlet Branch Numberz 1

Inlet Branch Diameter (ft): 2.0
Outlet Branch Number| 2

Outlet Branch Diameter (ft)_ 2.0
Third Branch Numberz
Third Branch Diameter (ft) z
Third Branch Elevation (ft) z
Third Branch Flow Directions

/* ********** RUN CONTROL DATA ********** */

Fire Duration (8)| 3600.0
Fire Start Time (s) z 0.0
Print Interval (time steps) z 50

/* ********** HEAT SINKS ********** */

Number of Heat Sinksz 0

/* ********** POWDER CONTAINERS ********** */

^II
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PAGE 5 FI_C DOCUMENTATION FILE: CNSAC.doc

Number of Powder Containers: 0

/* ********** CLOSED LIQUID CONTAINERS ********** */

Number of Closed Liquid Containers: 0

/* ********** OPEN LIQUID CONTAINERS ********** */

Number of Open Liquid Containers: 0

/* ********** BURNING LIQUIDS ********** */
I

Number of Burning Liquids: 0

/* ********** BURNING SOLIDS ********** */

Number of Burning Solids: 0

/, ********** HEATED SURFACES ********** */

Number of Heated Surfaces: 0

/* ********** BURNING METALS ********** */

Number of Burning Metals: 0

/* ********** FIRE SOURCE DATA ********** */

Ignition Energy Flag: 1
O-Burnlng Order
l-Ignition Snergy
2-Burning Rate

Maximum Burning Order: 2

Burning Order: 1
Combustible ! Fuel Mass (ibm):

Surface Area (ft2):
Combustible 2 Fuel Mass (ibm):

Surface Area (ft2):
Combustible 3 Fuel Mass (ibm):

Surface Area (ft2):
Combustible 4 Fuel Mass (ibm):

Surface Area (ft2):
Combustible 5 Fuel Mass (ibm):

Surface Area (ft2):
Combustible 6 Fuel Mass (ibm): 20.0

Surface Area (ft2): 6.0
Combustible 7 Fuel Mass (ibm): 4.0

Surface Area (ft2): 1.5
Combustible 8 Fuel Mass (ibm):
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PAGE 6 FIRAC DOCUMENTATION FILE : CNSAC. doc

Surface Area (ft2) :

Combustible 9 Fuel Mass (ibm):

Surface Area (ft2) :

Burning Order: 2

Combustible I Fuel Mass (ibm) :

Surface Area (ft2) :

Combustible 2 Fuel Mass (ibm):
Surface Area (ft2) :

Combustible 3 Fuel Mass (ibm): 4.0

Surface Area (ft2) : 2.0
Combustible 4 Fuel Mass (ibm):

Surface Area (ft2) :
Combustible 5 Fuel Mass (ibm): 150.0

Surface Area (ft2) : 48.0

Combustible 6 Fuel Mass (ibm): 250.0

Surface Area (ft2) : 35.0

Combustible 7 Fuel Mass (ibm) : 5.75

Surface Area (ft2) : 4.0

Combustible 8 Fuel Mass (ibm):

Surface Area (ft2) :

Combustible 9 Fuel Mass (ibm):

Surface Area (ft2) :

/* ********** USER DEFINED FUELS ********** */

/* ********** USER DEFINED MATERIALS ********** */

/* ********** FIRE COMPARTMENT DATA ********** */

Length (ft) : 40.0

Width (ft) : 40.0

Height (ft) :13.0

Ceiling Thickness (ft) : 1.0

Wall Thickness (ft) : 1.0

Floor Thickness (ft) : 1.0

Ceiling Material: 1
Wall Material: 1

Floor Material: 1

Number of Additional Flow Paths:

Compartment Temperature (F) : 60
Compartment Pressure (in w.g.) : -0.55001

Inlet Vent Elevation (ft) : 13.0

Outlet Vent Elevation (ft): 13.0
Flame Base Elevation: 0.00

Floor Temperature (F) : 60.0

Ceiling Temperature (F) : 60.0

Wall Temperature (F) : 60.0

/* ********** ADDITIONAL FLOW PATHS ********** */

Number of Flow Paths: 0
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APPENDIX B

MACCS INPUT & OUTP_
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