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1.0 INTRODUCTION

This Fire Hazards Analysis (FHA) is intended to assess comprehensively the risk
from fire associated with the disposal of low level radioactive mixed waste in trenches
within the new lined landfills, provided by Project W-025, designated Trench 31 and 34 of
Burial Ground 218-W-5.

Elements within the FHA make recommendations for minimizing risk to
workers, the public, and the environment from fire during the course of the operation's
activity. Transient flammables and combustibles present that support the operation's
activity are considered and included in the analysis.

The FHA analyzes and evaluates Trenches 31 and 34 with respect to existing and
proposed conditions to ascertain whether the objectives of DOE Order 5480.7A Fire
Protection are met. The graded FHA contains the following elements:

Description of construction,

Protection of essential safety class equipment,

Fire protection features,

Description of fire hazards,

Life safety considerations,

Critical process equipment,

High value property,

Damage potential: Maximum Credible Fire Loss (MCFL) and Maximum
Possible Fire Loss (MPFL),

Fire Department/Brigade response,

Recovery potential,

Potential for a toxic, biological and/or radiation incident due to a fire,
Emergency planning,

Security considerations related to fire protection,

Natural hazards (earthquake, flood, wind) impact on fire safety, and
Exposure fire potential, including the potential for fire spread between fire
areas.

Recommendations for limiting risk are made in the text of this report and printed
in bold type. All recommendations are repeated in a list in Section 18.0.

Assumptions and Limitations

Assumptions regarding combustible contents in containers, curie contents in
containers, disposal practices, etc. are intended to be representative of actual conditions
that exist during actual operations of the trenches. Changes in these conditions such as
increasing the maximum curie content, per container, increasing the height of the
disposal array, introduction of additional fuels or fuel sources, etc. may require
additional analysis to assess whether these changes impact the conclusions and
recommendations of this analysis. In accordance with Hanford Site Solid Waste
Acceptance Criteria (WHC, 1993a), this FHA assumes that all combustible mixed waste
placed within the trenches are in metal or noncombustible containers. The heat
transfer analyses referenced and performed in Section 5, Description of Fire Hazards,
was performed on drums assuming DOT 17C drum dimensions.

FHA OF THE RADIOACTIVE MIXED WASTE TRENCHES April 13, 1995
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2.0 SUMMARY AND CONCLUSIONS

This document represents the Fire Hazards Analysis for the Low-Level Mixed
Waste Trenches 31 and 34. The FHA was developed in accordance with the criteria
contained in DOE Order 5480.7A and is intended to address the major fire hazards
inherent to the operation of the trenches and to determine the extent of ground
contamination that could result from a postulated worst case fire involving burial
ground containers filled with combustible low-level mixed waste.

Low level mixed waste being disposed in Trench 31 or 34 is not considered to be a
significant fire risk, given the planned timely covering with backfill. There is no
plausible ignition source for contaminated waste within the trenches without the
introduction of people or equipment. Use of the Wheel Loader in the landfill introduces
a low probability ignition and fuel source. Postulated fires resulting from a fuel spill
have been analyzed. This analysis has determined that a credible fuel spill could result
in the failure of 33 drum containers. Of the 33, nine drums are expected to result in lid
loss and the burning of the drum contents.

The fire hazards and associated risks which exist within trenches 31 and 34 are
consistent with the loss limitations stipulated by DOE 5480.7A, Fire Protection. The
limited number of recommendations provided are in keeping with DOE 5480.7A ’s
objective and Westinghouse Hanford’s commitment to minimize the potential for the
occurrence of a fire or related perils.

3.0 DESCRIPTION OF TRENCH CONSTRUCTION AND OPERATION

Low Level Mixed Waste

Low level waste (LLW) is defined in U.S. DOE Order 5820.2A as waste that
contains radioactivity and is not classified as high-level waste (HLW), TRU waste, spent
nuclear fuel, or by-product material. Test specimens of fissionable material irradiated
for research and development only, and not for the production of power or plutonium,
may be classified as low-level waste, provided the concentration of transuranic is less
than 100 nCi/g (DOE, 1988). Radioactive waste may be classified as LLW, provided the
concentration of TRU radionuclides is less than 100 nCi/g of the waste matrix (WHC,
1994d). Low level mixed waste is defined as radioactive waste with hazardous
constituents (WHC, 1994h).

Trench Design

Trench 31 and 34 are located in the 200 West Area of the 1,450 sq km (560 sq mi)
United States Department of Energy (DOE) Hanford Site, identified in Figure 3-1, just
northwest of Dayton Avenue and 23rd Street in the northwest portion of the 200 West
Area, Figure 3-2. Trenches 31 and 34 are designed and constructed in accordance with
applicable Resource Conservation and Recovery Act (RCRA) to receive low level mixed
waste which is placed below grade and covered with backfill material. For the purposes
of this analysis, the two trenches are identical. The trench design is illustrated in

FHA OF THE RADIOACTIVE MIXED WASTE TRENCHES April 13, 1995
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Figure 3-3. The trenches are approximately 76 m x 30 m (250 ft by 100 ft) at the base and
7.6 t0 9.1 m (25 to 30 ft) in depth.

The floor of the trenches are sloped a minimum of two percent to a depressed
section at the east end that will house a leachate collection sump. A liner system
constructed of a series of compacted bentonite clay admixture layers, geomembranes,
drainage gravel, pumps, piping, tank, and controls are designed to prevent leachate
from reaching the environment. From top to bottom, the liner system incorporates the
following layers identified below and illustrated in Figure 3-4:

Operations layer - 0.9 m (3 ft) of backfill,

Primary leachate collection system,

- Geotextile

- Drainage gravel

- Geonet/geotextile geocomposite material

- Primary High Density Polyethylene (HDPE) Geomembrane

- Admix of 0.46 m (1.5 ft) of soil and bentonite clay (8 to 10 percent)
mixture, and

o Secondary leak detection system,

- Geotextile

- Drainage gravel

- Geonet/geotextile geocomposite material

- Secondary HDPE geomembrane

- Admix of 0.9 m (3 ft) of soil and bentonite clay (8 to 10 percent)
mixture (WHC, 1994g).

Tren R i

Support facilities consist of a control building, unloading pad, access ramp,
storage area, and leachate management system. The leachate management system
includes liners, collection piping, drain field, leachate level sensors, recessed sump
pump, and above ground facilities to handle collection and temporary storage of leachate
material. A separate FHA has been completed for the Leachate Tank Enclosure (WHC,
1994c).

A dual pump system in the primary leachate collection system is designed to
move leachate from the trench collection sump to the above ground leachate tank. Tank
capacity is 37,800 L (10,000 gal). The low-capacity 0.0004 m3/s (7-gal/min) primary pump
moves leachate from the sump to the tank. A high-capacity of 0.01 m3/s (150 gal/min) is
expected only to operate during or after periods of heavy precipitation. Additionally, this
high capacity pump acts as a backup to the primary pump.

A low-capacity pump in the secondary leak detection system is designed to move

any leachate infiltration to the above ground leachate tank. Leachate level sensors are
required for monitoring both the primary and secondary collection systems.

FHA OF THE RADIOACTIVE MIXED WASTE TRENCHES April 13, 1995
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Waste (other than bulk wastel) will be received and disposed of in containers. The
containers are required to be constructed of metal and meet container criteria
prescribed (WHC, 1993) as applicable for waste containers, containment, surface dose
rate, surface contamination, thermal power, gas generation, interior void space, and
nuclear criticality (WHC, 1994d). The containers that are most likely to be used are
55-gal drums similar to the DOT 17C container illustrated in Figure 3-5. Other
containers which may be utilized are expected to be similar to the design illustrated in
Figure 3-6. Waste may be received on pallets; however, the waste will be removed from
the pallets prior to the waste disposal placement in the trench. The pallets will not be
disposed of in the trench (WHC, 1994h).

An 8.5-m (28-ft) wide access ramp to the floor of the trench is sloped at eight
percent. A transport vehicle will move the waste into the trench to an area designated
as the unloading area. Waste will be unloaded by use of a qualified drum lift fixture,
qualified forklift, qualified crane and rigging or as otherwise directed by management
(WHC, 1994h).

Once off-loaded, waste containers will be placed on the operations layer of the
trench starting at the east end of the trench. Material that does not require placement
by riggers and crane will be placed using a Caterpillar 936F Wheel Loader or equivalent.
The maximum height of the waste will be limited to one layer of containers. Once the
horizontal depth of waste container rows approaches the reach of a frontloader with the
bucket (approximately a depth of three drum rows), backfill material will be placed on
top of and between the waste containers. Backfill material may be clean fill or loose
granular bulk waste. A nonflammable/noncombustible fixing agent may be applied to
the bulk waste to reduce the spread of waste material. Once the voids between
containers have been filled, they will be covered with 0.7 m (2 ft) of clean soil. The
maximum number of drums or equivalent drum volumes that may be exposed without
0.7 m (2 ft) soil cover is limited by procedure to 1,400 drums. Once a layer of waste has
been placed and covered, the clean soil will be compacted by running the loader over the
cover. Additional soil will be added as needed to maintain the 0.7 m (2 ft) depth. As the
trench is filled, the ramp will be covered (WHC, 1994h).

1 Bulk waste refers to noncontainerized waste products such as soils, vegetation, building rubble, and
other relatively homogeneous materials. Bulk waste will be received in containers but will not remain in the
container for disposal.

FHA OF THE RADIOACTIVE MIXED WASTE TRENCHES April 13, 1995
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3.4.7 Tolerances
Diameter over rofling NOOPS .c.eueeeeereereseserererssorerssases 23-13/32 in (595 mm) minimum

23-15/32 in (596 mm) maximum
Qverall NeigNt...cccceeeeeeeeeennneene 34-3/4 in = 1/8 in (883 mm = 3.18 mm)
All other height dimensions ............. *1/8 in (£ 3.18 mm)
Canter-to-center fittiNg ...ccceceeeermennecroncreriennnneneenneenens 17-1/2 in = 1/4 in (444 mm = 6.35 mm)
Convexity of 23CH NEAd .cccuueiirrencneencsencreereanacranesnnnsoes 9/16in = 3/16in (14.3 mm = 4.76 mm)
All other dimensions............... cereenene= 1/16 i0 (£ 1.59 mm)

i 17-1/4 in (438 mm! MIN i

r_w-:m in 451 mm} MAX

[} — S 3
l |
1
11.7/8 in
(302 mm)
< N\ v
f l
11in
22:1/2in (572 mm) = {279 mmi}
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23:7/16in (535 MM —— (883 mm
7-—-—}
11-7/8 in
{302 mm)
U8 in 19.52 mm) MIN
[JIG in 119 mm) MAX
————
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I [ Y4 in (19 mm) (SEE NOTE 2)
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(1) All metnie unts ire rounded. where reqQuired. in accordance with the proceduragiven wn 2.2.1.2,
(2} This dimenuon 15 3pplicadle (o buth the 10p and bottom haads.

FIGURE 3-5 DOT 17C CONTAINER AND DIMENSIONS
(WHC 1994h)
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Type 1

Height

Width Length

Volume

Inner Dimensions =.01lm (=.4in)

in

}.500 5 B.1 1.30 | Sl 1.72 60
1.12 | 44 2.22 | 88 2.78 99
1.52 | 60 2.74 | 108 6.33 225

Buyer Supplied in Purchase Order

800, 1200, 1600, and 2000kg/m”3 (50, 75, 100, and 125 Ib/ft"3).

Note: Ihe Seller snall provide proposals for the above containers rated for pay loads of

Figure A

FIGURE 3-6 DOT 7A TYPE A CONTAINER AND DIMENSIONS

(WHC 1994a)
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40 FIRE PROTECTION FEATURES

There are no fixed fire protection systems for trenches 31 and 34. The operations
layer of 0.9 m (3 ft) of backfill will protect the pnmary, high-density polyethylene
(HDPE) liner from fire. There is an additional layer of drainage gravel above the
primary HDPE liner providing further separation. As the landfill is filled, waste and
backfill will add to the separation between the HDPE liner and the operating surface
where the newly arrived waste is being placed.

Trench 31 and 34 have a perimeter access road at the crest of the landfill. If this
road is maintained free of vegetation and other combustibles for a minimum width of
9.1 m (30 ft), it will act as a fire break between a range fire and uncovered material and
equipment in the trench.

Waste in the trench will be covered with a minimum of two ft of backfill at specific
operating points when the waste volume reaches the equivalent of 1,400 drum volumes
as discussed in Section 3.0. This procedure will limit the amount of uncovered waste
and, thus, minimize the amount of potential fuel that may be exposed to a fire.

A trained, fully staffed fire department is maintained at the Hanford site. Fire
department response from the nearest station (200 Area) from time of receipt of alarm is
estimated to be eight min. The nearest fire hydrant is located behind one fence
approximately 640 m (2,100 ft) to the south of Trench 34, adjacent to Dayton Avenue.

The Wheel Loader will be equipped with a hand held fire extinguisher. This will
allow for the possibility of early manual suppression of small fires by operations
personnel.

50 DESCRIPTION OF FIRE HAZARDS

Fire hazards of concern that exist for Trenches 31 and 34 are defined as conditions
or practices related to fire that have the potential to contribute to or directly cause injury,
illness, on-site or off-site release of radiological and other hazardous material, property
damage, or mission impairment. Two potential fire scenarios that may represent fire
hazards have been identified. They are:

o A flammable liquids spill in the vicinity of the container disposal array and
a subsequent fire. This fire could expose the drum/container array to
significant heat.

. The accumulation of tumbleweeds within the trenches and along the edges
of the drum/container array. The tumbleweeds are considered a potential
fuel source which, if ignited, could expose the drum/container array to
significant heat.

The potential fire scenarios are considered to be significant fire hazards if they

result in container failure and a subsequent uncontrolled release of radiological or other
hazardous material.
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The objectives of the fire scenario analysis are to determine:

e Whether the scenarios result in container failure,
Whether the fire will continue to propagate and involve other containers, and
¢ Whether the container will result in a release of radiological or other
hazardous material.

Methods and calculations used in the analysis are summarized in the sections
below and detailed in the Appendix.

5.1 CONTAINER FAILURE CRITERIA

Similar scenarios have been previously analyzed in the FHA for the TRU
Trenches (WHC, 1994f). In the referenced FHA, 50-gal drum containers are considered
to fail if the drum internal pressure exceeds 20 psig (138 kPa). This criteria for failure is
considered reasonable since DOT requirements for 17C drums stipulate that drums
must contain a 20 psi overpressure. There are no overpressure requirements for the
metal box container 7A Type A being proposed. In the absence of specific failure
criteria, 20 psi overpressure is used.

As reported in the referenced FHA, there are two common modes of drum failure
that have been observed. Violent lid failure which results in the loss of the drum lid and
may also result in the expulsion of the drum contents. This mode of failure exposes
and/or may violently expel the contents of the drum. Burning of the combustible
contents is expected. The other is lid seal failure. Lid seal failure describes a rupture of
the seal without the loss of the lid. In this event gases produced as a result of the heat
exposure are vented from the container. However, due to container overpressure, air is
not able to enter the drum. Consequently, there is no flaming combustion within the
container. Ignition of pyrolysis gases has been observed in full scale fire tests of drum
containers conducted by Sandia Laboratories (Sandia, 1979) and Lawrence Livermore
Laboratories using a flammable liquids exposure fire (Hasegawa, 1993). Based on
Lawrence Livermore National Laboratory fire tests of 55-gal metal waste drums for
drum waste storage, drums which experienced lid seal failure resulted in a mass loss of
approximately 1 kg/drum (Hasegawa, 1993).

It is assumed that metal box failure is subject to the same modes of failure as the
drums.

52 ACCIDENT ANALYSIS
5.2.1 Fuel Spill

Based on the Trench 31 and 34 operational procedures, placement of containers
for disposal may be accomplished by use of a Caterpillar 936F Wheel Loader or
equivalent. Backfill operations will most likely be accomplished by a frontloader with a
bucket. This analysis assumes that an accidental fire resulting from a fuel spill
involving a wheel loader is a credible event. The worst case wheel loader fire is analyzed
as a fuel spill and subsequent fire.
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The classification of flammable liquid spills and resulting fires fall into one of the
following three categories:

o Instantaneous spills in which all of the spill occurs in a very "short time,"

. Continuous spills in which the spill continues at a specified finite rate for a
"long time," and

o Quasicontinuous spills where a given volume of liquid is spilled over a
given duration of time. This rate of release is finite, but can vary with time.

Although most spills may fall into the third category of quasicontinuous spills,
analytical expressions describing such a scenario are not available (SFPE Handbook,
1988). For this analysis, instantaneous spills, continuous spills, and postulated "worst
case" spills are considered.

5.2.1.1 Instantaneous Fuel Spill and Fire

For purposes of conservative accident analysis, a volume of 50 gal (189 L) of fuel
originating from a vehicle within the trench and occurring at the edge of the container
row is postulated to be spilled instantaneously and would serve as the fuel source for an
accidental fire. The maximum pool diameter is calculated in the Appendix and is
determined to be 12.2 m and cover a maximum theoretical area of 105.68 m2 assuming
no absorption into the soil. The trench floor soil surface is considered to be sufficiently
level to assume that the spill spreads the same distance in all directions from the point
of spill origin but allows fuel to flow under drums and containers that have not been
backfilled. Since backfill operations occur after the drum/containers reach three rows
in depth, it is assumed that three rows of drums are exposed at the time of the spill.
Drums which may be covered with soil/backfill material at the time of the spill are
assumed not to have sufficient void area to allow for fuel spread within covered areas.

Determine Number of Container Failures

The containers are assumed to be stored one high, i.e. no stacking. As assumed
in the referenced FHA and illustrated in Figure 5-1, each drum container and void
space is assumed to encompass an area of 0.37 m2 (0.61 m by 0.61 m). Since the spill
occurs at the edge of the container row, only half of the theoretical fuel spill area will
potentially involve containers. Since the container rows are only three deep, the spill
would be limited to a depth of three containers or 1.83 m. Ifitis assumed that the spill
will not extend beyond its maximum theoretical diameter, the maximum number of
drum containers that could be involved would be 60.

Container failure is assumed if a 20 psi container overpressure is reached. The
referenced analysis has determined that the calculated energy input for failure is
19.4 MJ. For the drum configuration described, this equates to a fire which burns 0.95
kg of kerosene per drum and burns for at least three min (WHC, 1994f). Based on the
theoretical pool diameter of 12.2 m, the mass of fuel available to each drum is
determined below:
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FIGURE 5-1 DRUM CONTAINER AND VOID AREAS

(WHC 1994f)
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Theoretical pool diameter: 12.2 m (40 ft)

Theoretical pool area: 116.9 m2 (1258.3 ft2)

Area of drums involved: 1/2(116.9) = 58.45 m2

Volume of fuel spilled: 189.27 L (50 gal) = 155 kg (for diesel/’kerosene)
Density of fuel per area: 155 kg/116.9 m2 = 1.33 kg/m?

For a drum and void area of dimensions 0.61 m by 0.61 m (0.37 m2), this equates to
a fuel/drum ratio of 0.49 kg/drum. This is below the ratio of 0.95 kg/drum needed for
container failure. Therefore, under conditions of an instantaneous fuel spill and
subsequent fire, it is concluded that the containers are not expected to fail.

5.2.12 Continuous Spill and Fire

A more credible exposure scenario is a localized fuel spill and fire initiated from a
fuel tank leak or a ruptured fuel line which results in a release of 50 gal (189.27 L) of fuel
at a specified rate for a fixed time. In the case of a continuous burning spill, the liquid
will spread and increase the burning area until the total burning rate is equal to the
spill rate. It is assumed that the burning rate is constant and that the mass balance is
maintained within the pool; therefore, the loss of liquid due to percolation through the
soil is not included. For most hydrocarbons these terms tend to be small compared to
the burning rate (SFPE Handbook, 1988).

A fuel spill rate of 10 gal/min (37.85 L/min) has been arbitrarily selected to
represent a spill resulting from a fuel tank or fuel line rupture. It should be noted that
spill rates less than 10 gal/min result in pool fires of smaller areas. The condition is
given by the following equation:

Deq = 2[V'L /Tty'] "
Where: D, = steady state equilibrium diameter of the pool, m
V'L = liquid spill rate, m3/s (assume 6.175 E-04 m3/s)
y' = liquid burning rate, m/s (0.000067 m3/s) (SFPE Handbook, 1988)
Solving,
Dy = 3.4 m(11.15 ft).

As in the instantaneous fuel spill, the continuous burning fuel spill is assumed to
occur at the edge of the container row, and, thus, only half of the theoretical fuel spill
area is postulated to potentially involve containers. The trench floor soil surface is
considered to be sufficiently level to assume that the spill spreads the same distance in
all directions from the point of spill origin but allows fuel to flow under drums and
containers that have not been backfilled. Since backfill operations occur after the
drum/containers reach three rows in depth, it is assumed that three rows of drums are
exposed at the time of the spill. Drums which may be covered with soil/backfill material
at the time of the spill are assumed to not have sufficient void area to allow for fuel
spread within covered areas. The maximum drums to be involved is determined below
and illustrated in Figure 5-2.
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Equilibriun dameter of the
postulated fusl splll/fire

FIGURE 5-2
DRUM CONTAINER EXPOSURE T0 POSTULATED CONTINUOUS BURNING FUEL SPILL
(NOT TO SCALE)
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Steady-state pool diameter: 3.4 m(11.15 ft)
Theoretical pool area: 9.2 m2(99.1 ft2)
Maximum Area of drums that could be involved: 4.6 m2
Number of drums involved: 16
Volume of fuel spilled: 118.27 L (50 gal) = 155 kg (for diesel/kerosene)
Density of fuel per area: 155 kg/9.2 m2 = 16.8 kg/m?

For a drum and void area of dimensions 0.61 m x 0.61 m (0.3721 m2), this equates
to fuel/drum ratio of 6.3 kg/drum. This is well above the ratio of 0.95 kg/drum needed for
container failure. Therefore, under conditions of a continuous fuel spill and subsequent
fire, it is concluded that all exposed containers are expected to fail.

mine T ntainer

As stated earlier, there are two common modes of drum failure that have been
observed. Violent lid failure which results in the loss of the drum lid and may also
result in the expulsion of the drum contents. The other is lid seal failure. Lid seal
failure describes a rupture of the seal without the loss of the lid. The referenced FHA
(WHC 1994f) cites fire test results of Hasegawa and Hunter that show only 15 percent of
the drum lids were actually removed from the drum due to lid venting and defines the
probability (p) that the drums will fail with lid loss as 0.26. Thus, for the 16 drums
involved in the continuous spill and subsequent pool fire, four are expected to experience
lid loss and burn.

5.2.1.3. Postulated Worst Case Fuel Spill and Fire

The previous scenario assumes a constant burn rate over the entire spill area.
Since most of this area is actually covered by drums, the number of exposed drums
subject to a fuel/drum ratio resulting in container failure in the above scenario may not
be conservative. Therefore, a worst case exposure scenario may involve a localized fuel
spill and fire which results in a release of 50 gal of fuel such that the fuel/drum ratio is
equal to greater to the ratio determined for container failure, i.e. 0.95 kg/drum, and
results in a fire which burns for at least three min.

From calculations detailed in the Appendix, a fuel/drum density of exactly
0.95kg/drum equates to a pool fire area of 60.78 m2 and a pool fire dia. of 8.79 m. Asin
the previous scenarios, only half of the pool area is assumed to expose the drum
inventory. The scenario results in an exposure of 82 drums. The burn time for this fire
is calculated to be just over one min, much less than the three-min-burn time necessary
to assume container failure. Thus, failure of the 82 drums during this fire is not
considered a credible event.

A possible worst case credible fire can be determined by estimating the maximum
burn area associated with a pool fire that burns for exactly three min (180 s) and then
determining the theoretical number of drums that could be exposed. As in the previous
scenarios, the calculations (detailed in the Appendix) assume that only half of the pool
area exposes the drum inventory, resulting in a fire with a sufficient fuel drum density
(2.32 kg/drum) to result in failure of 33 drums. Using the probability for lid loss of 0.26,
nine drums are expected to experience lid loss and have the combustible contents burn.
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The remaining 24 drums are expected to experience a mass loss of 1 kg due to the
evolution of pyrolysis gases (and subsequent burning outside the container).

Determine Extent of Fire Propagation
Backfi ntainer

Containers which have already been backfilled are assumed to be invulnerable to
fire propagation. This is due to the backfill limiting the air available for combustion as
well as the insulating value that would limit or prevent the containers from being
exposed to the heat from the fire and thus prevent or greatly limit the amount of energy
transferred from the fire to the containers.

Contai 5 he pool i

In order for the fire to propagate beyond the area of the pool fire, sufficient radiant
heat must be transferred from fires involving drum contents to adjoining drums to
result in violent lid seal failure. The referenced analysis cites a drum survey by Joyce
that documented the average combustible load in a drum of 26 kg (WHC, 1994f). The
combustible load of the 95th percentile drum was determined to be 46 kg. The referenced
analysis also cites an average heat of combustion of 30 MJ/kg for combustible contents of
mixed cellulosic and plastics (15 MdJ/kg for cellulosics and 40 MdJ/kg for common
plastics). Assuming the 95th percentile combustible loading in each drum and a heat
release rate of 50 kW, the contents of a burning drum could burn as long as seven hr.

The referenced analysis has fully analyzed the potential for fire to propagate due
to radiant heat transfer from burning drums to adjoining drums. The radiant heat
transfer from burning drums to adjoining drums can generate overpressures in the
range of 5.4 to 7 psig. These overpressures are significantly below the 20 psig criteria for
failure. Therefore, fire propagation beyond the area of the pool fire is not expected.

5.2.2 Tumbleweeds Fire

The accumulation of tumbleweeds within the trenches and along the edges of the
drum/container array is a known phenomenon. Tumbleweeds, if allowed to
accumulate into a drift, are fuel for a fast developing hot fire. They contain a very large
surface area and the volume of the fuel package has plenty of entrained combustion air.
Tumbleweeds represent a potential fuel source and, if ignited, could expose the
uncovered drum/containers. Such a fire could result from a wildland fire or other
ignition source. This event has been previously analyzed in the referenced analysis
(WHC, 1994f) and determined not to cause failure of exposed drums. Nevertheless,
tumbleweeds represent a likely fuel source for a fire within a trench.

5.2.3 Bulk Waste Fire

Bulk waste is noncontainerized waste products such as soils, vegetation, building
rubble, and other relatively homogeneous materials. The potential for a bulk waste fire
is difficult to assess given the limited waste characterization. Solid Waste Acceptance
Criteria indicates that most organic chemicals are excluded from disposal due to liner
compatibility requirements (WHC, 1994b). For purposes of this analysis, it is assumed

FHA OF THE RADIOACTIVE MIXED WASTE TRENCHES April 13, 1995



WHC-SD-WM-FHA-010 Rev. 0
Page 25 of 44

that the combustible components of bulk waste are the vegetative debris. This type of
combustible may be easily ignitible, but in a fire condition is expected to burn in a
manner similar to the tumbleweeds fire. It is expected that a bulk waste fire will lack
sufficient energy to cause drum/container failure.

5.2.4 Radiological Release Potential

The available literature reviewed regarding estimating release of radiological
material in a fire suggest substantial variation. The Solid Waste Burial Grounds
Interim Safety Analysis cites NUREG 1320, Nuclear Fuel Cycle Facility Accident
Analysis Handbook, and assigns a release fraction of 5.3E-04 to the burning of
contaminated combustible solids where the contaminant is powder. The methodology
developed-by-Himes (WHC, 1994b) for estimatingground contamination by a postulated
fire in a facility containing radioactive material expresses the release fraction as a
function of gravitational drift velocity and is presented below:

Release Fractions
Gravitational drift velocity

F = 5.0E-02, where F
\"

8

The author indicates that release fractions between 1.0E-04 and 5.0E-02, where the
upward forced convection is 0.01 m/s and 1.0 m/s, respectively, fit the data reasonably
well. The data refer to actual fractional release experiments performed by Mishima and
Schwendiman and documented in DOE-HDBK-3010-YR (DOE, 1994). The DOE
Handbook, Airborne Release Fractions/ Rates and Respirable Fractions For Nonreactor
Nuclear Facilities, suggests a bounding airborne release fraction (ARF) of 5E-4 for
packaged waste (DOE, 1994). The handbook also cites two sets of experimental data for
uncontained, cellulosic waste or largely cellulosic mixed waste which resulted in ARF's
ranging from 7E-5 to 1E-2. It states that the radionuclides were freshly applied and
emphasized the goal of maximizing release. It also states the values may be “very
conservative for most, if not all applications”. Container failures which result in lid loss
are likely to expel some of their combustible contents which are expected to burn. Thus,
for purposes of assigning an ARF, the resulting mixed waste is categorized as
uncontained cellulosic waste and assigned an ARF of 1E-2.

The referenced analysis assumes that for a heat release rate of 50 kW, the
contents of a burning drum could burn as long as seven hr (WHC, 1994f). For purposes
of estimating radionuclide release, it is assumed that the fire involves 100 percent of the
curie content of all of the containers which experience lid loss and 10 percent of the
curie content of the containers which experience lid seal failure.

The postulated release is based on the maximum permissible radionuclide
concentration limit for Cobalt 60 (60Co) of 7.7E+01 Ci/m3 (WHC, 1994d). For a 55-gal
drum with a volume of 0.208 m3 (7.35 ft3), this results in a maximum radionuclide
content of 16.02 Ci. The estimated radiological release (ERR) is given by the following:
ERR = Radionuclide concentration (Ci/m3) x Container Volume (m3) x No. of Containers x RF

Solving for the worst case fuel spill and fire:
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ERR = (7.7E+01 Ci/m3) x (0.208 m3) x (9) x (0.01) +
(7.7E+01 Ci/m3) x (0.208 m3x 0.1) x (24) x (0.01)
ERR = 1.82Ci

The extent of ground contamination resulting from this release is discussed in
Section 10, Damage Potential.

53 RECOMMENDATIONS

The following recommendations are consistent with WHC-CM-4-41 requirements
regarding control of combustibles in nuclear facilities and in limiting the potential for
any type of fire within the trenches (WHC, 1992). They are presented below:

Written procedures shall require the Wheel Loader operator to have current
training in the following areas:

Use of this type of heavy off-road equipment,
Use of hand-held fire extinguishers, and
¢ Response in the event of a fire (Rec. 5-1).

Written procedures shall require the Wheel Loader to be normally parked,
when not in use, at least 9.1 m (30 ft) from any exposed waste. This will
minimize the potential for a fuel spill and/or fire involving the Wheel
Boader becoming an exposure fire hazard to uncovered waste (Rec. 5-2).

Written procedures shall require all attachment changing done to the
Wheel Loader to be performed at least 9.1 m (30 ft) from any uncovered
waste. This will minimize the potential for a fuel spill and/or fire involving
the Wheel Loaderbecoming an exposure fire hazard to uncovered waste
(Rec. 5-3).

A written procedure for refueling the Wheel Loader should be drafted. The
procedure shall follow the Wheel Loader manufacturer instructions for refueling.
The procedure shall also stipulate that refueling of the Wheel Loader be
performed at least 18.3 m (60 ft) from any uncovered waste and any refuelling
tank greater than 416.4 1 (110 gal.) shall not enter the trench dunng refueling
operations. This will minimize the potential for a fuel spill and/or fire involving
the Wheel Loader becoming am exposure fire hazard to uncovered waste (Rec. 5-4).

Operational procedures shall ensure that tumbleweeds or any other
unplanned transient combustible that enters the trenches shall be removed
or covered if there is uncovered waste present. If all waste in the landfill is
covered, there is no need to remove or cover the tumbleweeds or other
unplanned transient combustibles. This recommendation is in keeping
with the Westinghouse Hanford goal (WHC 1992) of keeping transient
combustibles as low as reasonably achievable (ALARA) (Rec. 5-5).
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6.0 PROTECTION OF ESSENTIAL SAFETY CLASS SYSTEMS ‘

Trench 31 and Trench 34 do not contain any essential safety class systems.

7.0 LIFE SAFETY CONSIDERATIONS
Trench 31 and Trench 34 are open air facility configurations and are not subject to
classification by NFPA 101, Code of Safety to Life from Fire in Buildings and Structures,
does not apply. Egress out of the trenches is normally via the access ramp, but the side
slope ratio of 3 to 1 of the sides of the landfills could enable evacuation from the trench in
event of a pool or tumbleweeds fire.
8.0 CRITICAL PROCESS EQUIPMENT

Trench 31 and Trench 34 do not contain any critical process equipment.

9.0 HIGH VALUE PROPERTY
High value property is defined as property with worth of $500,000 or more. Trench
31 and Trench 34 do not contain any high value property.
10.0 DAMAGE POTENTIAL
10.1 MAXIMUM CREDIBLE FIRE LOSS (MCFL)

DOE Order 5480.7A defines MCFL as the property damage that would be expected
from a fire, assuming that:

o All installed fire protection systems function as designed, and

° The effect of emergency response is omitted except for post-fire actions such
as salvage work, shutting down water systems, and restoring operation.

Since Trench 31 and 34 do not have any active fire protection systems, nor is it
expected that the Wheel Loader will have automatic fire suppression, the MCFL equals
the Maximum Possible Fire Loss (MPFL) determined in Section 10.2.

10.2 MAXIMUM POSSIBLE FIRE LOSS (MPFL)

DOE Order 5480.7A defines MPFL as the value of property, excluding land, within
a fire area, unless a Fire Hazards Analysis (FHA) demonstrates a lesser (or greater)
loss potential. This assumes the failure of both automatic fire suppression systems and
manual fire fighting efforts.

In determining the MPFL, it is necessary to also define what is meant by "fire
loss." Per DOE Order 5480.7A, fire loss refers to the dollar cost of restoring damaged
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property to its pre-fire condition. In determining loss, the estimated damage to the
facility and contents shall include replacement cost, less salvage value. Losses exclude
property that is scheduled for demolition and property decommissioned and not carried
on books as a value. The loss determination includes the cost of decontamination and
cleanup, and the loss of production or program continuity.

For Trenches 31 and 34 all low level mixed waste is assumed to have zero property
value. Consequently, the wheel loader is the only property of value that could be
damaged as a result of a trench fire. This analysis assumes that the fire loss associated
with a trench fire will be comprised of damage incurred to the wheel loader and the
decontamination and cleanup costs associated with an uncontrolled release of
radiological material.

A method for estimating ground areas contaminated by a postulated fire in a
facility containing radioactive material has been developed (WHC, 1994e). It is used to
estimate the ground contamination potential from a fire involving the combustible and
radiological contents of the containers. The results are highly approximate and can
vary by more than an order of magnitude under a given set of conditions (WHC, 1994e).
It is important to note that the methodology does not purport to model the worst case
contamination area that could occur. Rather, it predicts results based on realistic
meteorological conditions. As such, they provide a reasonable means for estimating
contaminated ground areas.

The methodology is explained in the previously cited reference. Key method
assumptions are identified below:

* Estimation of releases are a function of particle fall velocity and is based on
available data from experiments where simulated contaminated waste
packages were burned under controlled conditions.

* Estimation of the equilibrium plume height is by calculating total fire heat
generation rate and using an established buoyant plume model. This estimated
plume height is used as the release height for the large particle dispersion
model.

* Meteorological conditions are pasquill F stability2 with a reference elevation of
10 m and wind speed of 1 m/s.

* The fire's rate of heat release per unit area is assumed to be:

Q/A = 397 kW/m2 or 9.48 E+04 cal/m2s (35 BTU/ft2s)

2 Pasquill stability classes are used to define meteorological atmospheric conditions and typically are
categorized from A to F. For materials with a deposition velocity of zero and release point at or very near GROUND
LEVEL, the maximum concentration is always associated with "F" stability (LLNL, 1994). For his forrnulation,
Himes has ‘arbitrarily’ selected "F" stability, and suggests that other combinations of meteorology conditions could
produce somewhat larger contaminated areas, but also indicates that the results are highly approximate estimates and
that the source term contributes the greatest uncertainty.
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This analysis makes use of calculations developed for a fixed set of meteorology
which are approximated by simple functions of fire area (heat release rate).
Assumptions and variables utilized in this analysis are:

* The fire area is assumed to be the size of the postulated worst case pool fire:
24.7 m2,

¢ The minimum contamination level C is determined from accessible soil
concentration limitsidentifred for cobalt 60 (60Co) for the 200W Area,

* The radiological at risk inventory (I) was identified in Section 5.0 as the
Estimated Radiological Release and was determined to be 1.82 Ci.

The equation for determining the downwind extent of the contour corresponding
to a minimum contamination level C is:

1/m

x, =(64.9x 1/C) x Ag*)

where:
XL = maximum downwind extent
I = at risk inventory curies
= minimum contamination level
Ar = fire area
m = -(0.02940 In(Ar) + 3.248)

The equation for determining the area of the contour corresponding to the
minimum contamination level C is:

A, = 00713 (-m)'’* x°”
Substituting and solving: A, = 84,570 m2.

Westinghouse Hanford estimates soil cleanup costs at $5.49/m2 (WHC, 1993Db).
Therefore, cleanup costs for the estimated contaminated area total $464,263.00. Damage
to the loader is postulated to equal the value of the Wheel Loader estimated to be $150,000.
Therefore, the fire loss is estimated to be $614,263.

It should be noted that a radiological release involving the maximum inventory of
strontium 90 was also considered (see Appendix) but was found tobebounded by the
release of cobalt 60.

These estimated losses are within the acceptable loss criteria prescribed by DOE
5480.7A for the MPFL. It should be noted that rapid fire suppression by the fire
department could further limit the release of radiological material and thereby limit the
fire loss attributed to ground area contamination.
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11.0 FIRE DEPARTMENT/BRIGADE RESPONSE

The HFD consists of four fire stations covering the 1450 km2 (560 mi2) Hanford
Site. These stations are strategically located across the site to ensure minimum
response time to all facilities. Front-line engines in all stations are aerial device/
pumpers, with additional pumpers for backup. HFD maintains 39 vehicles
representing a diversified range of capabilities. Of these, 29 are specifically equipped
fire/emergency response apparatus, 24 are first-line apparatus, and five are listed as
backup (reserve) apparatus.

The 200 Area Fire Station is the closest to Trench 31 and 34. This station is located
midway between 200 West Area and 200 East Area. Estimated response time, from the
time the alarm is received at the central dispatch/communications center until the time
the first piece of fire apparatus arrives on the scene of an incident northwest of the
intersection of Dayton Avenue and 23rd Street, is eight min. This response time
assumes the fire fighters are in the 200 Area Fire Station and normal road and traveling
conditions exist.

The present scenario for a Hanford Site Fire Emergency Response is to dispatch a
single aerial device/pumper from the fire station closest to the incident with a backup
aerial device/pumper from the next closest fire station to the incident. This provides a
two-engine response. The first engine due constitutes what is termed "Initial Attack
Response Capability."

From discussions with HFD representatives, a fire in the trench would most
likely be fought with hand held extinguishers or hose streams. Due to potential trench
layer instability, lay-in of fire department hand held hose lines (if deemed necessary)
would most likly occur from outside the trench.

First response will be for fire unless the initial alarm or call to HFD indicates
another emergency. Other responses are for a medical emergency or for a hazardous
material emergency.

HFD has an established mutual/automatic aid agreement with the surrounding
jurisdictions. The agreement enables (and obligates) the HFD to augment its own fire
and emergency medical resources in case of large fires, conflagrations, or other
disasters. This agreement, known as the "Tri-Cities Mutual Aid Agreement," has been
in existence at least since 1985 and includes the cities of Richland, Kennewick and Pasco
and the Fire Protection Districts of Benton County No. 1, Benton County No. 2, Benton
County No. 3, Benton County No. 4, Benton County No. 5, Benton County No. 6, Franklin
County No. 3 and Walla Walla County No. 5. Participation in the agreement is delivered
using existing labor and equipment.

12.0 RECOVERY POTENTIAL

If a fire were to occur in Trench 31 or 34, any debris from the fire may be buried
along with other waste in the trenches. Residual hydrocarbons from the Wheel Loader
may have to be analyzed for compatibility with the landfill liner.
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13.0 POTENTIAL FOR A TOXICOLOGICAL, BIOLOGICAL, AND/OR
RADIOLOGICAL INCIDENT DUE TO A FIRE

Low level mixed waste is buried in Trenches 31 and 34 so a hazardous or
radiological incident due to a fire is possible. A fire involving waste only is not
postulated. An exposure fire would have to be present to cause a hazardous or
radiological incident. Precautions in the form of procedures or recommendations in
this report are advised to minimize the exposure fire hazard risk to waste. Safeguards
to eliminate or minimize an incident due to a fire include:

o Only a limited amount of waste is left uncovered,

. A fire break is maintained between the landfill and the range,

° Tumbleweeds are controlled in the landfill,

o Operations personnel have training to minimize the risk of fire, and

o The Wheel Loader, which is the sole ignition source in the landfill, is only
near the waste during operations. For refueling, changing attachments, or
when not in use it is a safe distance away from uncovered waste. '

Dose impact to the public and onsite workers is addressed in Solid Waste Burial
Grounds Interim Safety Analysis, WHC-SD-SAR-028, Rev. 0, Section 6.3.1.5.1,
“Bulldozer Accident with Ensuing Fire.”

14.0 EMERGENCY PLANNING

The Building Emergency Plan for Burial Acceptance and Receiving Trenches
(WHC 1994e) was reviewed for this report and no discrepancies were noted. However,
from discussions with the Hanford Fire Department (HFD), a reliable means for
workers to readily notify the HFD in an emergency should be provided. The Radio Fire
Alarm Reporter (RFAR) alarm box enables direct reporting to the HFD and is the
preferred means of notification. The following recommendation is offered:

Written procedure shall prescribe that a reliable means for notifying
emergency services be available to workers at Trench 31 and 34 (Rec. 14-1)

15.0 SECURITY AND SAFEGUARDS CONSIDERATIONS RELATED TO FIRE
‘ PROTECTION

No security or safeguard barriers or procedures were noted that might
compromise fire safety for these landfills; therefore, there are no security or safeguard
issues related to fire protection for Trench 31 or 34. Classified waste is covered by the
end of each shift. This action enhances fire safety.
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16.0 NATURAL HAZARDS IMPACT ON FIRE SAFETY

16.1 FLOODS

The 200 West Area is located on a plateau 53 to 69 m (175 to 225 ft) above the highest
elevation of the probable maximum flood postulated by the U. S. Army Corp of
Engineers. The probable maximum flood in this situation requires severe climatic
conditions in combination with a breach of Grand Coulee Dam. This breach scenario
for the Grand Coulee Dam is from a hypothetical nuclear attack and is not projected to
occur from any known natural event. It would result in a brief duration maximum flow
of 227,000 m3/s (8,000,000 ft3/s) and flood elevations of 143 to 148 m (469 to 486 ft) in the 100
Areas. The 100 and 300 Areas as well as downstream cities along the Columbia River
would be flooded. However, the 200 Area plateau would not be affected. With the 200
Area Fire Station on the 200 Area plateau, there is no postulated flood that would
compromise fire safety.

16.2 TORNADOES

Hanford Meteorological Station and the National Severe Storm Forecast Center
database list 21 tornadoes within a 161-km (100-mi) radius of the Hanford Site between
1916 and 1982. The recurrence interval cited is one per 146,000 yr. However, at least two
tornadoes have been sited within a 161-km (100-mi) radius since 1982. Maximum wind
speeds for a design basis tornado used at the site are 145 km/h (90 mi/h). The
differential pressure is equivalent to a 0.75 1bf/in2 ambient pressure drop in three
seconds, held for one second and returned to ambient at the same rate.

With the low frequency of tornadoes on the Hanford Site and the robust design and
construction of Trench 31 and 34, no additional fire safety precautions are warranted to
protect against tornados.

16.3 EARTHQUAKES

The Design Basis Earthquake (DBE) is taken to have a return period of 1,000 yr,
which means the annual occurrence is 1.0 E-03. The repository siting group selected an
application that gave 0.25 and 0.40 G as suggested preliminary maximum horizontal
peak accelerations with 50 percent and 16 percent exceedance levels for use in
preliminary design estimates. The Hanford Plant Standards specify a 0.13-G horizontal
acceleration for the design basis earthquake for non-reactor structures having a
moderate- or low-hazard safety classification.

Near-surface liquefaction is not expected as a result of a lack of saturated surface
materials and the grading and compaction techniques that have been used. Landslides
have and may continue to occur in the neighboring anticlines, but there is no evidence of
this type of activity in the vicinity of Trench 31 and 34.

No additional fire protection measures are needed to mitigate the threat of
earthquakes (WHC, 1994g).
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17.0 EXPOSURE FIRE POTENTIAL

Range fire is the only postulated exposure fire potential to Trench 31 and 34.

Exposure fire potential risk is minimized by:

] Maintenance of the perimeter road effectively making a 9.1 m (30 ft)
minimum fire break at the crest of the trenches (Rec. 17-1),

. Controlling tumbleweeds and other unwanted transient combustibles in the
trench, and
. Limiting the amount of uncovered waste.

18.0 RECOMMENDATIONS

The fire hazards and associated risks which exist within Trenches 31 and 34 are

consistent with the loss limitations stipulated by DOE 5480.7A, Fire Protection. The
following recommendations are provided in keeping with DOE 5480.7A's objective and
Westinghouse Hanford's commitment to minimize the potential for the occurrence of a
fire or related perils.

1.

Written procedures shall require the Wheel Loader operator to have current
training in the following areas:

Use of this type of heavy off-road equipment,
. Use of hand-held fire extinguishers, and
. Response in the event of a fire. (Rec. 5-1).

Written procedures shall require the Wheel Loader to be normally parked, when
not in use, at least 9.1 m (30 ft) from any exposed waste. This will minimize the
potential for a fuel spill and/or fire involving the Wheel Loader becoming an
exposure fire hazard to uncovered waste. (Rec. 5-2).

Written procedures shall require all attachment changing to the Wheel Loader to

be performed at least 9.1 m (30 ft) from any uncovered waste. This will minimize

the potential for the Wheel Loader becoming an exposure fire hazard to uncovered
waste (Rec. 5-3).

A written procedure for refueling the Wheel Loader should be drafted. The
procedure shall follow the Wheel Loader manufacturer instructions for refueling.
The procedure shall also stipulate that refueling of the Wheel Loader be
performed at least 18.3 m (60 ft) from any uncovered waste and any refuelling
tank greater than 416.4 1 (110 gal.) shall not enter the trench during refueling
operations. This will minimize the potential for a fuel spill and/or fire involving
the Wheel Loader becoming an exposure fire hazard to uncovered waste (Rec. 5-4).

Tumbleweeds or any other unplanned transient combustible that enters the
trenches shall be removed or covered if there is uncovered waste present. If all
waste in the landfill is covered, there is no need to remove or cover the
tumbleweeds or other unplanned transient combustibles. There shall be a written
procedure to remove or cover tumbleweeds or other unwanted transient
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combustibles. This recommendation is in keeping with the Westinghouse
Hanford goal of keeping transient combustibles as low as reasonably achievable
(ALARA) ( Rec. 5-5).

6. Written procedure shall prescribe that a reliable means for notifying emergency

services be available to workers at Trench 31 and 34 (Rec. 14-1).

7. Maintain the perimeter to effectively make a 9.1 m (30 ft) minimum fire break at

the crest of the trenches (Rec. 17-1).
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APPENDIX
A

Postulated Fires and Radiological
Release Calculations
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A. Instantaneous Fuel Spill and Fire - Determine Number of Container Failures
Assumptions
Postulated fuel spill volume: 50 gal (189 L),
. Spill occurs “instantaneously” at edge of the container row, and
J Spill spreads same distance in all directions.

From SFPE Handbook, the expression for determining the maximum pool
diameter is as follows:

Step (1) Determine Area of Pool Spill
Da=2[Vi gly2)ue

Where: V¢ = Volume spilled (m3) = 50 gal (0.1893 m®
g' = effective acceleration = 1.25 m/s2
y' = Burning rate = 0.000067 m/s

Substituting and solving: D, =12.2 m

Step (2) Determine number of containers involved:
Assumptions

Area per drum with void space: 0.61 m x 0.61 m = 0.3721 m2, and
. Only half of the theoretical fuel spill area will involve containers.

from Step 1: Dy, =12.2m
pool area = n(DiM) = 1169 m®
Area of drums involved = 1/2(116.9) = 5§8.45 m?
Volume of fuel spilled = 50 gal (189.27 L) = 155 kg (diesel/kerosene)
Density of fuel/area = 155 kg/116.9 m2 = 1.33 kg/m?2
Density of fuel/drums = 1.33 kg/m2 x 0.37 m2/drum = 0.49 kg/drum
Fuel/drum density > 0.95 kg kerosene/drum is criteria for failure (WHC, 1994f).

Since postulated density of 0.49 kg/drum < 0.95 kg/drum, it is concluded that

drums do not fail
B. 1 1 Spi ire - Determine number of container
failures.
Assumptions

Available volume of fuel is 50 gal (189.27 L),
Postulate a credible fuel spill/fire scenario,
° Spill rate is 10 gal/min, and
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. Spill spreads same distance in all directions.

From SFPE Handbook, expression for determining the steady equilibrium
diameter of the pool is as follows:

Step (1) Determine area of pool spill:
Deg =2 [V /T yTo05
Where: steady-state equilibrium diameter of the pool,
liquid spill rate, m3/s : 10 gal/min = 6.175 E-04 m3/s
liquid burn rate, m/s = .000067 m/s (SFPE Handbook)

Deq
V'L
yl

Substituting and solving:

Deq =3.42 m

Step (2) Determine number of containers involved
mption

Area/drum w/void space: 0.37 m2, and

. Only half of spill area will involve containers.

From Step 1:
Dy =342m

Pool area = 7 (D2, /4) = 9.21 m’
Max Area of drums involved: 4.6 m2
Number of drums involved: 16 (13 by calculation)
Volume spilled: 155 kg
Density of Fuel/Area 16.8 kg/m2

Density of Fuel/drums 16.8 kg/m2 x 0.37 m%drum = 6.2 kg/drum

Step (3) Determine type of container failure
Since density is > 0.95 kg/drum, all drums assumed to fail.
Probability of lid loss = 0.26 (WHC, 1994c).
16 drums x 0.26 = 4.16 = 4 drums

therefore,

for the 16 drums involved in the fire, four are expected to experience lid loss
and burn.
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C. Postulated Worst Case Fuel Spill and Subsequent Fire:
Conditions for Failure:

1. Fuel/drum density 20.95 kg/drum (fuel density which results in
drum failure)

And
2. Burn time 2 3 minutes
Step (1) Determine area of pool fire which results in 0.95 kg/drum
Failure density: fuel/area=(0.95 kg/drum) x (1 drum/0.3721 m2 ) = 2.55 kg/m?
Given:
Volume of fuel: 155 kg
Failure density = 2.55 kg/m2
(Vgel) / (Agre) = failure density
(155 kg) / (nD%/4) = 2.55 kg/m?
solving:

D= diameter of pool fire = 8.79 m

and
Agre = 60.78 m2
Step (2) Determine number of containers expected to fail:

Since half of the area of the spill occurs outside the drum inventory, the number of
drums that could possibly be exposed is determined by:

(Y2 Agre ) (1 drum/0.3721 m2)

81.67
82 drums

No. of drums

Step (3) Estimate burn time:
Burn time (t) can be estimated by:

t = Vge/(burn area)(burn rate)
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t = 0.1893 m3/ [(82 x 0.1m2) + V2(Agre)] x (0.000067 m/s)
t = 73 s = 1.2 minutes < 3 minutes;

Therefore, burn time is not sufficient to cause container failure.
Step (4) Determine the number of drums that could fail based on burn time,
As indicated above, burn time and burn area can be estimated by :
t = Vae/(burn area)(burn rate)
For a burn time of 180 seconds, burn area (X) can be expressed as:
X = 0.1893 m3/(180s) (0.000067m/s)
Solving:
X =15.7 m2

For purposes of determining burning area, (X) corresponds to the sum of V:
the fuel spill area and (no. of containers (b) x 0.1 m2) or

X=15Tm2=V; Age+(bx0.1m2) [Eqnl]

The area of the fire, A, can be expressed in terms of the maximum
number of containers expected to fail by:

YV Agre =0.37Db (Eqn 2]
Substituting and Solving Eqn 1 and Eqn 2 simultaneously, below:
Age= 0.74b

15.7 =(1/2)x(0.74b)+0.1b

b = 334=33,

and Agre = 24.7 m2
For Agr=24.7 m2, the fuel/drum density is calculated by:
(Viwel)/(Afgire) x (0.37 m2/drum)
(155 kg/24.7 m?2) x (0.37 m?/drum) = 2.3 kg/drum 2 0.95 kg/drum
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Therefore, all 33 drums are expected to fail.

Given a probability, p, of 0.26 for lid loss, 9 drums are expected to experience
lid loss and subsequent burning of the combustible contents.

D.  Radiological Release Potential and Ground Area Contamination
Step (1) Determine Estimated Release Potential (ERR) =

¢ Radionuclide Concentration

¢ Container Volume

¢ Number of Containers

ERR = Radionuclide Concentration - Container Volume

e Number of Containers
* Release Fraction

Step (2) Determine Area of Contamination

Utilize methodology developed by Himes.

Method Assumptions
o Estimation of releases, a function of particle fall velocity,
. Estimation of equilibrium plume height, by calculating fire heat generation

rate and using an established buoyant plume model,

o Meteorological conditions are pasquill F stability with a reference (10 m)
wind speed of 1 m/s, and

o Fire’s rate of heat release = Q/A = 397 kw/m2 or 9.48 E +04 cal/m2s

(35 BTU/ft2s).
B ion
o Fire area = worst case fuel pool spill and subsequent fire,
o Minimum level of Contamination, C, is determined from assessable soil

concentration limits identified for the 200 West Area (WHC-CM-7-5), and
o ERR is the radiological at risk inventory, 1.

From Himes, equation for determining downwind extent of the contour
corresponding to a minimum contamination level, C, is:

X, =[ 64.9 x (I/C)xA::""O"]—“ul

where: X, = maximum downwind extent (m)
I = atrisk inventory curies
C = minimum contamination level
Ar = fire area =—areaof poolfire
m = -(0.0294 [In(Ap)] + 3.248)
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From Himes, equation for determining area of the contour corresponding to a
minimum contamination level C is:

Ac = 0.0724[(-m)05 (x!9%)]

For cobalt 60;
AF = 24.7m?2
m = -[0.0294 x1n(24.7) + 3.248] = -3.34

I

1.82 Ci (from Section 5.2.4)

The accessible soil concentration limits for cobalt 60 = 7.1 E+00 pCi/g
(WHC-CM-7-5, Table 6-2)

C = T71E+00pCi/g x 1.6 g/cc x 10-2 Ci/pCi x 104 c2/m2
For depth of 1 cm: C = 1.13 E-07 Ci/m2

1/m

xy = [649x (€ x AT

1,124 m

XL

Ac

0.0724[(-m)05 (x} )]
Ac = 84,570 m2
@ 5.49/m?2, clean-up costs are $464,293.
For strontium 90:
Ar = 24.7Tm?
From previous calculation: m = -3.34
I = 356 (from below)

The accessable soil concentration limit for strontium 90 = 2.8 E+03 pCi/g (WHC-
CM-7-5, Table 6-2).

C = 2.8 E+03 pCi/g x 1.6 g/cc x 10-12 Ci/pCi x 104 c2/m?
For depth of 1 cm: C = 4.48 x 10-6 Ci/m?2
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Strontium 90 Category 3 concentration limit = 1.5 E+04 Ci/m3 (WHC, 1994d, Table
6-3).

ERR = 15E+04 Ci/m3x0.208 m3x(9x.01) + (1.5 E+04 Ci/m3) x (0.208 m3 x 1) x (24 x 0.01)
=280.8 + 74.88
= 355.7 = 356 Ci (value of I)

x, = [649xICx Aﬁ'“m]-”m

X, = 910.56
Ac = 0.0724 [(-m)os5 (x]**)]
Ac = 56,646.52

@ $5.49/m2, clean-up costs are = $310,990.

. Clean-up costs bounded by cobalt 60 contamination estimate.
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