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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 Introduction

This fire hazards analysis for the Center for National Security and Arms Control (CNSAC) contains

all the elements required by paragraph 9.a.(2)(c) of DOE Order 5480.7A, titled “Fire Protection.” These

requirements are as follows:

Description of Construction

Fire Protection Features

Description of Fire Hazards

Protection of Essential Safety Class Systems
Life Safety Considerations

6. Critical Process Equipment

S —

7. High Value Property

8. Damage Potential: Maximum Credible Fire Loss (MCFL) and Maximum Possible
Fire Loss (MPFL)

9. Fire Department/Brigade Response

10. Recovery Potential

11. Potential for a Toxic, Biological and/or 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 yet to be constructed facility and is based upon the
current building design as documented in Reference 1 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 technology; and 2) intelligence.
Laboratories 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
developing and fabricating mechanical, electrical, and optical devices for detection and monitoring.
Machine 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 vill provide
a nrocessing capability for certain classified photographic products. An unusual aspect of the facility
is that approximately two thirds of it will be built to DOE 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. TEMPEST is a code word for
compromising emanations; ¢.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




required for access control and blocking signals generated i a SCIE tacihity, however those groals will
not interfere with the goal of reaching tull compliance with Environment Safety & Health (ES&H)
regulations for the CNSAC facility. A threat assessment has been performed for the CNSAC facility
using DOE/HQ guidelines and it has been determined that no special shiclding of the SCIF portion of
the building will be required. TEMPEST protection will be accomplished by the appropriate level of

RED/BLACK separation of power and communication systems,
2.0 Description of Facility Construction

The Center for National Security and Arms Control (CNSAC) facility will be built in Technical Area l
at Sandia National Laboratories on Kirtland Air Force Base located in Albuquerque, New Mexico. It

will be built in the area bounded by [ street on the north, 9th street on the east, KAEB perimeter fencing,
on the south and Sandia Buildings 805 and 807 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 construction. The facility will house
approximately four hundred people and will contain approximately 153,000 gross square feet and 86,000 ‘

net square feet.

The CNSAC facility consists of two structures: a four-story light Laboratory /Office structure and a
Lobby /Conferencing structure. The entire facility was designed to the following codes: Uniform
Building Code (UBC) 1988, DOE Order 6430.7 A General Design Criteria, National Fire Protection
Association (NFPA) 101 Life Safety Code, as well as other applicable building codes as required by

DOE Order 6430.1A.

The Laboratory /Office side of the facility is rectangular in shape and consists of four stories, and a
basement. Each floor is about 28,000 sq. ft. totalling around 140,000 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 circulations and exit requirements, additional clevator requirements,
and increased requirements for seismic loads necessitated complete vertical and lateral load analysis

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

The structural framing system of the Laboratory /Office structure consists of cast-in-place concrete
beams, columns, and endwalls with precast concrete double-tee floor and roof framing systems and

precast concrete window panels. A cast-in-place concrete separation wall extending from the basement
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Figure 2.1 CNSAC Facility Area Map
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NEPA Standard #10

The combustible loading per square foot in the CNSAC facility is considered to be light. The active,
prassive, and operational features of the fire protection design combine to make a significant fire an
unlikely event. Automatic or manual fire suppression should overcome the “average” fire and even a

severe fire should be contained in the room of origin,
4.0 Description of Fire Hazards

Common hazards (electrical, chemical, ete., ) in the CNSAC facility are typical for any personnel
olfce vevupaney in most of the facility and for an industrial type machine shop for part of the

basement aren,

A vanety of chemicals are used in the operation of the machine shop and the photo laboratory. These
Chnscals are stored inaccordance with DOE and SNL procedures and all personnel using these
chemicals are properly trained. The hazardous chemicals used in these operations can be found in the

CNSAC Facility Satety Assessment, Table 5-1 [Ref. 2].

AMany of the radioactive sources to be used will be permanently stored in the facility. A storage area
will be provided in the basement of the facility for these materials. All of the radioactive sources
will b stored 1 locked fireproof containers. Access to the materials will be limited to those trained
personnel whose job functions require the use of the radioactive materials. As these sources are required
tor laboratory use they will be moved to the appropriate laboratory in appropriate shielded containers
w0 as to limit the exposure to personnel at all times. Tables 5.2-1 thru 5.2-4 of Reference 2 list the

tpical radioactive soarces which will be used and stored in the CNSAC facility.

AMost of the radioactive materials that will be used in the facility are sealed sources provided by

commeraial vendors, such as Isotope Products Laboratory and Amersham.

5.0 Protection of Essemial Safety Class Systems

Ihe majority of the CNSAC facility does not contain any systems structures or components whose failure
would adversely affect the environment, employees, or the safety and health of the public. However,

the basement area in the CNSAC facility will contain various amounts and types of radioactive




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 in 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 information 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 extinguishment 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 ignites 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 imum Possible Fire L ri

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 ir 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 can 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 Fir odelin

As indicated in the DOE guidance on the Fire Hazard Analysis (FHA) [Ref. 3], an acceptable fire model
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may be used as a tool in the development of the FHA. Such DOE guidance identified FIRAC [Ref. 4] as
the model being considered for aceeptance 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

FIRAC are outlined below:

. Combustibles are involved near the location where the initiating event (IE) occurs,
staff or vperators 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 is 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/min. No fans or blowers will be
modeled, since no information on these are available at this time. 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 9.3, The outlet
and inlet elevations will be assumed to be at ceiling level (i.e., 13 feet) as shown in the

Title 11 architectural drawings.

) In the FIRIN Module [Ref. 4] of the FIRAC computer code, the tire will be modeled
until combustibles in the room 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 radivactive materials available in the code do
not represent in any way the form of the radicactive material assumed to be present

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

17
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The release of radicactive materials that could potentially be involved in the

maximum possible fire scenario will 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
materials at risk are assigned a burning order of two. Based upon walkdowns of other
Sandia facilities and engineering judgement, it was assumed that initially 20.0 Ibs 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 Ibs of wood,
4.0 Ibs of plastic, 250.0 Ibs of paper, and an additional &.75 Ibs of solvent material will

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

Figure 9.4 presents the fire compartment thermal hot layer temperature results for this analysis. From
this hgure, one can see that in the first 10-15 minutes the temperature is still low enough for the
possible suppression or control of the fire by the local staff, the amount of smoke generated and the
local temperature (i.e., up to about 105°F) in these first 10-15 minutes will be sufficient to set-off any
smoke and local heat detectors in the immediate area. From the time the fire department is assumed to
show up (i.e. about 10 minutes after the fire initiates) to the time the sprinkler systems are assumed to

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

It 1s important to notice that FIRAC does not model the action of the cooling; of the fire by either the
tire department or the sprinkler system mitigating actions. As such, the temperatures shown in Figure
Y 4 are the maximum temperatures attained by the MCF, given the assumed fire loading in the fire
arca In one hour, even without the mitigating action of the fire department and the sprinkler system,
the fire temperature drops rapidly to about 110°F, assuming that no further combustibles are at risk as

assumed by the event tree within the fire area.

Appendin A of this FHA, contains a copy of the FIRAC/FIRIN input file, along with a graphical
summary of some of the results of the analysis, i.e., fire compartment thermal fire history effects like

hot layer temperature, combustible mass burn rate, volumetric flow balance; and smoke source term vs.

time accumulation.

It 15 assumed that, prior to the fire occurring, the bulk of the radioactive material stored and handled

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

Gamma source Co-60 3.8E-2 (34E-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 Source 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 (1ST)
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 involved. 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 involving Plutonium, Uranium, or
corresponding surrogate materials, and the results 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 are deemed acceptable by both




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 8] 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 0.5.

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 therefore assumed that only 10% of the

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

Uranium, unlike Plutonium, is non-pyrophoric and is therefore difficult to ignite. Experiments have
shown that Uranium has an upper bound ARF of 8E-6 and RF of 1.0 [Ref. 7]. 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

Uranium will be used for conservative purposes.

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

for cach of the radionuclides assumed to be exposed to the fire and these are summarized in Table 9.2,

9.4 Offsite Consequences

The offsite consequences from a release of radionuclides from the CNSAC facility due to the postulated
maximum credible fire scenario is expected to be dominated predominantly by the inhalation and
immersion pathways. That is, given the dry conditions and low amounts of food stuff grown in the local
area (i.e. within 10 miles from the site), other exposure pathways (e.g., ingestion) are expected to have
an insignificant contribution to the overall consequences from such postulated releases. The offsite

consequences from accident releases will be caleulated by hand, instead of using a standard
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Table 9.2 Building Source Term for Selected lsotopes

Radionuclide Inventory - Curies (g) IST or BST - Curies (g)
Co-60 3.8E-2 (3.4E-5) 3.0E-7 (2.7E-10)
Cf-252 75.0 (0 14) 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 listed in
Table 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 equivalent (CEDE)
from the inhalation of radionuclides released to the environment (committed dose to other organs are
calculated in similar way).

CEDEinhalatl’nn =BST*SA* X/Q *BR* D(:Fin)mla!mn

Where

CEDEjhalation 18 the committed 50-year dose equivalent received by the cohort from the
inhalation of the radionuclide at a downwind distance X from the release

(rem),

BST is the building source term or amount of airborne material released 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 Facility
Safety Assessment [Ref. 2))

BR is the breathing rate (3.3x10-4 m3/sec) [Ref. 2]
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DCFiphalation  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 plume containing the radionuclides released to the environment (dose to other organs

are calculated in a similar way).
CEDE;ymersion = BST * SA *x/Q* DCFimmersion

Where

CEDEjmersion 18 the committed effective dose equivalent received by the cohort immersed ina
radioactive plume at a downwind distance X from the release (rem),
is the committed dose conversion tactor from immersion in a plume containing a

DCFimmersion

given radionuclide (rem-m3/Ci- sec) [Ref. 11].

The overall committed effective dose equivalent (CEDE) received by the receptor (ice., onsite, or
offsite) from airborne radivactive sources is calculated by adding the doses received from the two
exposure pathways (i.c., inhalation and immersion). In other words, the total committed etfective

dose equivalent received is given by:

(N‘EI»)E'INAI‘“’ ("mmmlml.\uun + CEDEmmwruinn

Besides the above mentioned equations, the following assumptions will be used to determine the offsite

consequences from the maximum credible fire scenario:

The BST in Curies for cach of the radionuclides representing each of the radiation

types is taken from Table 9.2,




All respirable material will be assumed to have one particle size (i.e., | pm AMAD).

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

environment (i.e., BST).

All exposure or concentration caleulations will be made assuming a Pasquill

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

A breathing rate of 3.4x10-4 m3/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 credible 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 (50, 100, 400, 600, 900 and
1000 meters), since exposures beyond that distance are expected to be below the de-

minimus level,

Building wake effects will be assumed (for conservatism purposes) only at short
distances (i.e., <100 meters) since building wake effects will predominate at short
distances. For distances greater or equal to 100 meters standard Gaussian plume models
will be used (see equation 3.2-1 [Ref. 2)), and no credit will be taken tor building wake
effects (conservative approach). The following equation will be used to determine the

volume created by the wake cavity [Ref, 2

Volume wake cavity = H* W * X oy

3
5




Where
Hand W are the building height and width, respectively

Xcavity is the wake cavity length, and it is calculated from the
following equation depending on the ratio between the building length (L) and

its height (H), e, L/H:

For short buildings (L./H £ 2.0)

Xeavity/H = L/H + AW/H)/[1.0 + BW/H)]
Where
A =204 32(L/HY WY
B = -0.05 + 0.305(L/H) 1/

L al concentration within the wake cavity will be caleulated by dividing the amount
of airborne material to the environment (BST) by the wake cavity volume caleulated
with the above equations. The height of the CNSAC facility is about 20 m (657 1), its
width about 18.9m (62 1t), and its length about 37.2 m (122 ft). Using these data and the
above equations, the volume of the wake cavity is caleulated to be about 20,720 m'?

(73),649.6 1),

As stated before, the MACCS computer code is prosently eapable of only handling up to o0 radionuchides
(i the DOSDATA tle, i, there is data on dose conversion factors for only o0 radionuclides). Future
analyses at SNL will determine if additional radionuclides will be required for new versions ol
MACCS, especially in support on non-power-plant tacilitios (e, rescarch facilities and non-reactor
facilities). As such, MACCS will be used to benchmark the results of hand caleulations for P'u-230 and
Co-60, sinee the other radionuclides are not available in the database for MACUS. The MACCS

computer code was run under the following assumptions and input:

. For benchmark purposed, MACCS was rua under tived meteorological condition, e

Pasquill F-stability, wind speed = 1 m/s and no rain,

. Consequences caleulations were careied out at siv mtervals o a distance of 11 Ky (the

consequences beyond such a distance are expected 1o be below the desminimus level)
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o No relocation or evacuation of exposed individuals was considered. This assumes
exposure to the total amount of material release for the duration of the accident. That
is, mitigating actions (i.e,, evacuation, sheltering, decontamination, interdiction,
relocation, ete.) were ignored in the public consequence calculations, since the main
objective is to determine the doses at the plant boundary, and at different locations

around the facility.

. Potential economic impacts due to contamination and mitigating actions were ignored in

this analysis.
J Both a release duration and plume duration of one hour was assumed.

. MACCS was configured to calculate the doses and health effects to the same organs
evaluated by the hand calculations, ie., effective whole body dose equivalent (EDE),

lungs, bone marrow, and bone surface.,

. 'ublic health risks were only evaluated for total cancer latent fatalities; carly
fatalitios were ignored due to the low activities released to the environment (ie,

BST).

Table 9.3 summarizes the results of the dose hand caleulations for vach of the sadiopuclides in Table 8.2
for both the inhalation and immersion pathways, and for the three different organs, using the

equations presented in this section and the appropriate dose conversion factors,

As shown in Table 9.3, the total effective dose equivalent frony all pathways and trom all the
radionuclides range from 13 10 0.028 rem at distances from 80 to 1000 meters respectively. These
enposures are well below oftsite gaidelines (Le., 25 rem) under accident conditions tor the maximuam
oftnite individual (MO1), Note that the area within 100 to 200 meters from the tacility s restricted to
personnel working for Sandia National Laboratories, and as such, no public will be expected to be

located at shorter distances,
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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 Pu-239. The total dose from the exposure to

Pu-239 (EDE in rem) ranges from 7.8 to 0.016 rem for distances from 50 to 1000 meters, respectively.

As stated before, fur 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 24 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 files).

9.5 Summary

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

+

manual fire fighting efforts would not be effective, even under these “worst case” assumptions the

consequences will be below DOE offsite guidelines for accident conditions.

Table 9.4 Centerline Dose (rem)

Pu-239 (MACCS results)
0-100 2.1E+0 B.2E+0 1.7E+0 2AE+1
100-200 2.7E-1 LOE+0 21E-1 2.6E+0
200-400 B.OE-2 J1E-] 60.3E-2 7.4E-1
400-600 A1E-2 1.2E-1 2.4E-2 30E-1
600-900 1.4E-2 R.5E-2 1.1E-2 14E-1
900-1100 8B.0OE-3 31E-2 6.4E-3 79E-2
29




Table 9.5 Centerline Dose(rem)
Co-60 (MACCS results)

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 6.1E-9 5.1E-9
600-900 8.6E-9 4.7E-8 2.8E-9 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 familiarization 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 proteciion systems as required by NFPA Standards.

Kirtland Air Force Base maintaiits 2 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 10 minutes.

The DOE Albuquerque Operations Office furnishes the Kirtland AFB fire department with
recommended fire 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 hazardous 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. Scine lost time would be
caused by the evacuation 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 the 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 radivactive contamination. Cleanup time would be 4 - 10 days due to the actuation of the

automatic sprinkler system.

Recovery potential will depend of the exact processes taking place in the CNSAC facility. The 1st thru
4th floors will consist of mostly office space and probably at least one computer room. The largest
potential for long term loss would be from the destruction of important information stored on the
computers, Therefore, it is recommended that all important information stored on the computers be

backed up at regular intervals and stored in another facility.

The basement of the CNSAC facility has a much larger potential for loss and recovery. This is due to
the specialized equipment 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 Potential for Toxic, Biological, and/or Radioactive Releases from a Fire

A fire in the CNSAC facility is likely to produce toxic by-products. Common 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 vatiety of relatively low level radioactive sources are mamntained in the building for testing and
calibration of detectors. All of these sources have very small amounts of radioactive material  As
such, they are exempted from special packaging and labeling requirements for shipment . When not in
use, these radioactive sources are kept in locked, fireproof containers. The sources are used and disposed
of with DOE and SNL approved procedures, training, signage, and equipment that insure regulaton

compliance.

In addition to the sealed sources, pieces of Thorium, Uranium, Neptunium, and Plutoniam will
occasionally be brought into the facility temporarily for special experiments. Most of these pleces
would be expected to have a mass of less than 10 grams with the exception of two pivces of Uranium and
one of Plutonium which are in the 100s of grams range. While in the CNSAC facibily according o
SOPs), and not in use, these sources will be stored in locked, fireproof containers. Upon completion o
the experiments, the sources should be removed from the facility to other storage locations. Packaging

and transportation will be in accordance with Federal, State and local regulations.

A radloactive material release is possible and is considered in the maximum possible fire loss (Section
9). However, since most of the sources utilized in the CNSAC factlity are sealed sources the potential

for radloactive material release from a fire is greatly reduced.

13.0  Emergency Planning

Emergency Operating Procedures have not been developed for CONSAC tacility, but will be completed
before occupancy. Other emergency planning will require: Safe Operating Proceduee’s (8SOPs) to
handling and storing flammable and/or combustible chemicals, and combustibles iy general Permanent
occupants of the basement will be required to take tire extinguisher traaming due to the presence of
flammables, combustibles and machinery. All fire detection monitors will be required to send signals 1o
the SNL Headquarters Communication Center and the Kirtland A Foree Base Alarm Room Al
Operational Safety Requirements (OSRs) will be developed based upon the resalts of the Satety
Analysis. The OSRs will define the conditions, sate boundaries and the bases thereot, and the

management or administrative controls required to assure the sate operation ol the Lwaliny




14.0  Security and Safeguards Considerations Related to Fire Protection

From a security standpoint, the Department of Energy Albuquerque Office (DOE/AL) and/or DOE/AL
contractor guard forces shall be in charge of entry into secured areas. Kirtland AFB guard forcas shall be
in charge of entry into Kirtland AFB areas under such emergencies. DOE/AL shall handle press

releases for fires occurring within DOE/ AL areas.

Fire safety measures will not affect the security of the facility. However, in the event of a fire or the
actuetion of fire alarms, the CNSAC facility would need to be evacuated and access provided to

qualified fire protection and emergency response personnel.

I'he SCIF portion of each floor will have one opening into the non-SCIF portion and one ¢xit leading
directly to a building exit. These doors will be equipped with emergency opening devices to allow
egress to persons 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
UCRL 15910 Natural Phenomena 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
emergency 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

There are several buildings in the vicinity of the CNSAC facility which could pose an exposure fire
potential. However, it 1s expected that with automatic fire suppression available in these buildings

i combination with the response of the fire brigade the exposure fire potential is minimal.

Additionally, the threat 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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APPENDIX A

FIRAC INPUT & OUTPUT
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PAGE 1  FIRAC DOCUMENTATION FILE: CNSAC.doc

FP VERSION 1.10
FILE: CNSAC.doc
/% thatnesens RUN CONTROL DATA #entetadnd #/

Run Control Option: 8T
Initial Output Time (®): 0.0
Time between Outputs (s): 0.5
Last Output Time (s): 3600.0
No. Special output Times (s): ©

Firet:

secondt

Third:

Fourtht

riteh
Max. Iterations:
Convergence Criterion:
Particle Deposition:
Particle Entrainment:
Initial Pressure Input:
Initial Temperature Input:
Buoyancy Termi

/% Weaneseaes AMBIENT CONDITIONS ¢asnasanesn #/

Pressure (psia): 14.696
Temperature (F): 60.0

/% teatasaeas BOUNDARY NODES #tenttntdn &/
Number of Boundary Nodes: (4

Desoription: INLET BOUNDARY
Node Number: 1
Node Type: O
Initial Pressure (in w.g.): 0.0
Pressure Function I.D.:
Initial Temperature (F): 60.0
Temperature Punction I1.D.!
Elevation (ft): 0.0

Descoription:t FIRE INLET
Node Number: 2
Node Type: 1
Initial Pressure (in w.g.): 0.0
Pressure runction I.D.: O
Initial Temperature (F): 60.0
Temperature Function I.D.t 0
Elevation (ft): 0.0
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PAGE 2 FIRAC DOCUMENTATION FILE: CNSAC.doc

Description: FIRE OUTLET
Node Number: 3
Node Type: 1
Initial Pressure (in w.g.): 0.0
Pressure Function I1.D.: 0
Initial Temperature (F): 60.0
Temperature Function I1.D.: 0
Elevation (ft): 0.0

Description: EXHAUST BOUNDARY
Node Number: 4
Node Type: 0
Initial Pressure (in w.g.): =1.0
Pressure Function I.D.:
Injtial Temperature (F): 60.0
Temperature Function I.D.:
Elevation (ft): 0.0

/% RARARAANAN ROOMS Wahhadnnsd &/

Number of Rooms: 0
/% ®ukteasens BRANCHES AND DAMPERS ###daawdwd 4/

Number of Branches: 2
Number of Control Dampers: O

Description: INLET DUCT
Branch Number: 1
Upstream Node Number: 1
Downstream Node Number: 3
Initial Flow (cfm): 2000.0
Flow Area (ft2): 3.14
Duct Length (ft): 10.0
Component Type: D
Pressure Differential (in w.g.): 0.0
Blower Curve I.D.:!
Forward Resistance Coefficlent: 1.60534
Reverse Resistance 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:

Description: EXHAUST DUCT
Branch Number: 2
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PAGE 3 FIRAC DOCUMENTATION FILE: CNSAC.doc

Upstream Node Number: 2

Downstream Node Number: 4

Initial Flow (cfm): 2000.0

Flow Area (ft2): 3.14

Duct Length (ft): 10.0

Component Type: D

Pressure Differential (in w.g.): 0.0
Blower Curve I.D.:!

Forward Resistance Coefficient: 1.60534
Reverse Resistance Coefficient: 1.60534
Filter Typs:

Duct Height (ft):

Floor Area (ft):

Heat Transfer Option: 0

Roughness Height (m):

Bend Angle (rad):

Bend Radius (m):

Drag Coefficient Factor:!

Shape Indicator:

/% WRRNAARAak PILTERS #hwhdanhns w/

Number of Filter Types: O

/% whkdadduad PARTICULATE SPECIES #awaddwahs &/
Number of Particulate Species: 0

/W WRRNARRAaR GAS SPECIES wanhaadund &/

Number of Gas sSpecies: 0

/% whkkednii® BLOWER CURVES *unsdhatn &/
Number of Blower Curves: 0

/% *hkaiakisk DPRESSURE FUNCTIONS wahwahuuah W/
Number of Pressure Functions: 0

/% wdnawhwwek PEMPERATURE FUNCTIONS Wwhkawahand &/
Number of Temperature Functions: 0

/% whddwkuand ENERGY FUNCTIONS #huaknnhhn &/
Number of Energy Functions: 0

/% whhakknans MASS FUNCTIONS #akwawhiin w/
Number of Mass Functions: 0
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PAGE 4 FIRAC DOCUMENTATION FILE: CNSAC.doc

/* whkhdrands PARTICULATE SPECIES FUNCTIONS #wttwntttn #/
Number of Particulate Species Functions: 0

/% wnkakidaed GAS SPECIES FUNCTIONS wewuawuana a/

Number of Gas Species Functions: 0

/% hhmarkidsh TIME DOMAINS *unnadaddn »/

Time Domain: 1
Dtmax (s): 0.5
Tend (8): 100.0
Edint (s): 1.0

Time Domain: 2
Dtmax (8): 1.0
Tend (s8): 3600.0
Edint (s): 10.0

SR RRRARRRRR AR RN RN AR NRR AR R R RNy &)/
/% wkhnanawsn FIRIN MODULE #wanhtnaun )
S RRRRRR N AR N AR AR NN RARR RN AR RN AR R NI R *)

IFIRIN flag: O

Inlet Node Number: 2

Outlet Node Number: 3

Third Node Number 0

Inlet Branch Number: 1

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

Ooutlet Branch Diameter (ft): 2.0
Third Branch Number:

Third Branch Diameter (ft):
Third Branch Elevation (ft):
Third Branch Flow Direction:

/% *hhuwkakdk RUN CONTROL DATA whwuduadus &/
Fire Duration (s): 3600.0

Fire Start Time (8): 0.0

Print Interval (time steps): 50

/% whkkwkkikr HEAT SINKS wahhwwhhun »/

Number of Heat Sinks: 0

/% wkkukkwkkd POWDER CONTAINERS #whhwahuh %/
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PAGE 5 FIRAC DOCUMENTATION FILE: CNSAC.doc

Number of Powder Containers: O©

/% Whkkwkddkd CLOSED LIQUID CONTAINERS khhkkkkkkn %/

Number of Closed Liquid Containers: ©

/% #hAsndaedks OPEN LIQUID CONTAINERS *kkkkkkkkk */

Number of Open Liquid Containers: 0
/% whkkdkkuwkd BURNING LIQUIDS #hhukhkdhk &/

Number of Burning Liquids: 0

/% wkhkakkhd® BURNING SOLIDS *kkkkkkkkk */

Number of Burning Solids: ©0

/% whnhrankis HEATED SURFACES kakkkhkkks &/
Number of Heated Surfaces: 0

/% whkkdshnks BURNING METALS #whkkhkkik &/

Number of Burning Metals: O

/% whkkknndik FIRE SOURCE DATA **hhkkkkdk &/

Ignition Energy Flag: 1
O=Burning Order
i=Ignition Energy
2=Burning Rate

Maximum Burning Order: 2

Burning Order: 1

Combustible 1 Fu2l Mass (lbm):
Surface Area (ft2):

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

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

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

Combustible 5 Fuel Mass (lbm):
Surface Area (ft2):
Combustible 6 Fuel Mass (lbm): 20.0

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

Surface Area (ft2): 1.5
Combustible 8 Fuel Mass (1lbm):
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PAGE 6 FIRAC DOCUMENTATION FILE: CNSAC.doc

Surface Area (ft2):
Combustible 9 Fuel Mass (lbm):
Surface Area (ft2):

Burning Order: 2
Combustible 1 Fuel Mass (lbm):

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

Surface Area (ft2):
Combustible 3 Fuel Mass (lbm): 4.0

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

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

Surface Area (ft2): 48.0
Combustible 6 Fuel Mass (lbm): 250.0

Surface Area (ft2): 35.0
Combustible 7 Fuel Mass (lbm): 5.75

Surface Area (ft2): 4.0
Combustible 8 Fuel Mass (1lbm):

Surface Area (ft2):
Combustible 9 Fuel Mass (lbm):

Surface Area (ft2):

/% kkkkkkkkk*x USER DEFINED FUELS *kkkkkkkkk */
/% kkkkkkkkk* USER DEFINED MATERIALS **kkhkkkkk */
/% *kkkkkkkk* FIRE COMPARTMENT DATA *kkkkkdkkk %/

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
/% *%kkkk*kxk*® ADDITIONAL FLOW PATHS **kkkkkkkk */

Number of Flow Paths: O
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MACCS INPUT & OUTPUT
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