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ACCIDENT SAFETY ANALYSIS FOR 300 AREA N REACTOR
FUEL FABRICATION AND STORAGE FACILITY

1.0 INTRODUCTION

An accident safety analysis was performed for the 300 Area N Reactor Fuel
Fabrication and Storage Facility (Facility) to establish a technical
justification for the Interim Safety Basis (ISB), (Brehm and Deobald 1994)
conclusion that the Facility does not represent an undue risk to the public,
employees, or the environment. In addition, the analysis provides a basis for
the Facility Technical Safety Requirements (TSR), (Besser 1994). This report
describes the manner in which the analysis was performed in accordance with
WHC-CM-4-46, Nonreactor Facility Safety Analyses Manual, 7.0, "Risk", and WHC-
CM-6-32, Safety Analysis and Engineering Work Procedures, WP-5.5, "Final
Safety Analysis Reports," and describes the rationale upon which it was
concluded that the cleanup activity, fuel handling and packaging, and fuel
storage Facility are within acceptable risk guidelines.

1.1 BACKGROUND

The Facility, consisting of fuel fabrication buildings, laboratories, a
concretion facility (mixing uranium fines and sludge with masonry cement),
uranium and Zircaloy-2 fines incinerator, uranium Special Nuclear Material
(SNM) storage buildings, and offices is located in the northeast corner of the
300 Area on the Hanford Site. A Facility layout is shown in Figure 1.1-1.
Fuel fabrication and incinerator operations have been completely shutdown.

The Facility is now used to store uranium billets, assembled and partially
%sg$mbleg fuel elements and scrap, and is also used for office space, see
able 1.1-1.

Figure 1.1-1. Facility Layout.
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The Facility is currently undergoing transition activities required for
permanent closure. The planning process for these activities has been
documented in the Facility shutdown plan (Gimera 1992).

Table 1.1-1. Buildings Used for Special Nuclear Material Storage.

303-A Green fuel® storage. 122

(Fuel assemblies which were loaded into N
303-E Reactor but not irradiated) 52
303-8 Uranium billet storage. 289
303-G 250
303-K/ Drums of contaminated oil
3707-G
North Room | Chips & fines drums 113 L (30 gal) stored <1
0.61 m (2 ft) apart
Pad Drums of mixed waste degreaser solvents.
313 The SNM in 313 will be removed in the near 257
future.
3712 Storage of uranium billets, clad fuel 1122
assemblies, clad fuel elements (scrap),
beryllium braze rings, miscellaneous small
parts.°®
3716 Unfinished fuel elements with plastic caps, 137
wooden boxes, rags in cardboard boxes.

a. Metric Tons Uranium (inventory at the start of the analysis).

b. Green Fuel (unirradiated, potentially surface contaminated with
activation and fission products).

c. Subsequent to this analysis, the beryllium braze rings and
miscellaneous small parts have been removed.

1.1.1 Purpose

The purpose of the accident safety analysis is to identify and analyze a
range of credible events, their cause and consequences, and to provide
technical justification for the conclusion that:

e Uranium billets, fuel assemblies, uranium scrap, and ch1p§ and fines
drums can be safely stored in the 300 Area N Reactor Fuel Fabrication
and Storage Facility,
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e The contaminated equipment, High-Efficiency Air Particulate (HEPA)
filters, ductwork, stacks, sewers and sumps can be cleaned
(decontaminated) and/or removed,

o The new concretion process in the 304 Building will be able to
operate, without undue risk to the public, employees, or the
environment, and

e Limited fuel handling and packaging associated with removal of stored
uranium is acceptable.

The Accident Safety Analysis also provides a basis for the Facility TSRs
which assure that the risk is acceptable.

1.1.2 Scope

This accident safety analysis addresses the consequences of a range of
potential accidents connected with the storage and limited handling of uranium
(billets, fuel assemblies, and scrap), the cleanup of the shutdown buildings,
and the operation of the new concretion process (in the 304 Building), for the
buildings listed in Table 1.1-1.

1.1.3 Methodology

A hazard analysis (Johnson and Brehm 1994), was initiated in 1992 by a
team effort walk-through of the Facility to identify energy, radiological,
toxicological, and other sources, and hazards. Members of the team included
representatives from Operations, Restoration and Remediation Safety Analysis,
Safety Technical Support, Risk Assessment Technology, and Facility Operations
Safety Support. For each area of the Facility the following were identified:
Hazards/Energy Sources, Potential Accident Sequences, Potential
Target/Consequences, and Mitigating Barriers. This information was
consolidated into a general hazard analysis covering natural events and
hazards common to all buildings, and a specific hazard analysis for each
building covering the hazards unique to that building. The accidents Tisted
were then assigned severity (consequences) and probability categories for
mitigated and unmitigated accidents. The hazard analysis serves as a
checklist for the analyst while analyzing accidents and preparing the ISB.

The hazard class for the Facility, which was determined to be a Nuclear
Facility with a Moderate Hazard Class rating (Huang 1993), established the
review and authorization level of the safety analysis and provides a basis for
applying a graded approach to the level of analysis and documentation. The
hazard classification was based on unmitigated consequences, with no credit
taken for administrative controls or protection systems planned or in place.
The objective of the hazard classification is to assure that the safety
analysis, review, and authorization levels applied are commensurate with the
hazards potential.

Based on the hazard analysis (Johnson and Brehm 1994), a range of
principal accident scenarios was selected for further review. Radiological
and toxicological consequences of events involving the release of fuel
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materials were based on the quantities and enrichments of uranium stored in
the Facility at the time the hazard class was prepared. Since the hazard
class, the overall Facility inventory including that of the 3712 Building has
decreased. Impending uranium transactions may realize furtggr inventory
reduction. The radiological Curie content for each of the °U enrichments in
the Facility inventory, 0.71 wt¥ (natural) , 0.95 wt%, and 1.25 wt%, were
calculated. Curie (Ci) content for each enrichment for 1 metric ton of
uranium (MTU) was approximately 1 Ci. A Radiological Consequence Code (GENII
Analysis computer code) was used to calculate the dose consequences for a unit
release of 1 MTU. The unit release of 1 MTU was then utilized for the
calculation of dose consequences for the release associated with the various
accident scenarios that were studied.

To develop the uranium isotopic composition for the Facility GENII
analysis, a sensitivity assessment was made using a GENII analysis for a low-
level radioactive solid waste burial ground, that was available at the time,
to calculate the roentgen equivalent man (rem) consequences for each of the
three enrichments (0.71, 0.95, and 1.25 wt% <°U). The rem release for 1 MTU
of each of the three enrichments had less than 1% variation; therefore,
instead of using all three enrichments_for the Facility GENII analysis, the
mixture for an enrigchment of 1.25 wt% Z°U was ghosen as the standard. This,
mixture; 0.009 wt¥ <°U = 5.8 5—1 Ci, 1.25 wt% “°U = 2.7 E-2 Ci, 0.069 wt% U
= 4.7 E-2 Ci, and 98.67 wt% 2° = 3.5 E-1 Ci was used by the Radiological
Safety Analysis group for the GENII analysis specific to the Facility,
Appendix A.

The onsite distance was chosen as 100 m, the minimum distance that GENII
analysis code can examine, although there are buildings within that limit.
Two offsite locations were evaluated in the GENII analysis, the adjacent
Columbia River edge (490 m) and a farm (1104 m) immediately across the river.
This provided the dose consequences to a fisherm&p on the adjacent river bank
and at the farm directly across the river. The ™Tc in the fuel was of
concern, due to its tendency to build up in_uranium incinerator filters and
its surface dose rate. For the effects of 'Tc in the uranium, a second GENII
analysis was made adding 10 ppm = 10 g/MTU %Tc to the mixture. The rem
consequences changed only in the ingestion doses which are of interest only in
developing the hazard classification. The final effective dose equivalents
(EDE) in rem and the organ dose in rem for a unit release of 1 MTU + 10 g ’Tc
of the uranium mixture are given in Table 1.1.3-1. The X/Q values (calculated
dispersion factors) are those that apply to the 300 Area, in general, and are
also valid for the toxic releases.

A review of the literature on combustion of uranium and Zircaloy-2 is
presented in Appendix B. Other supporting work included criticality safety
studies (Schwinkendorf 1993), which addressed normal accident and upset
conditions, including fire, bringing together multiple safe masses, mis-
stacking, and accidental interspersed moderation. Also, a fire criticality
probability analysis (Kelly 1994) was prepared, which addressed the
probability of random and seismic induced fires without mitigation in
conjunction with fuel storage box mis-stacking errors. Fire loading studies
(Myott 1993) were performed to establish factors contributing to potential
fire conditions.
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Table 1.1.3-1. GENII Analysis, 1 MTU Unit Release Dose Consequences.
(Appendix A)

Onsite (100 m |[3.4 E-2 Inhalation 1.5 E+3

(Lung)
vttt Submersion | 1.9 E-5 E-5
Building. TOTAL 1.5 E+3 E+4 (Lung)
Site Boundary (2.3 E-3 Inhalation 9.6 E+1 E+2 (Lung)
é?ggeﬂmsgszz Submersion 1.3 E-6 E-6
River's Edge. TOTAL 9.6 E+1 E+2 (Lung)
Agricultural 5.5 E-4 Inhalation 2.3 E+1 E+2 (Lung)
Area East of E-2
?1{8: $A§§§?§" Submersion 3.1 E-7 E-7 N

Ingestion 5.0

E+l | (Bone suff)

Ground Shine 3.3
TOTAL (Lung) 2.8 E+l
Agricultural 5.5 E-4 Inhalation 2.3
Area East of
River (Winter).

(1104 m East) Submersion 3.1 E-7
Ingestion 2.7 E-2

E+2 (Lung)
E+2 (Lung)

(Bone surf)

¢ fJeo JFo jJe Je o fJeo Jo e Je
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Ground Shine 3.3 E-3
NOTE: Eﬁf a release o;&} MTU respiragJe mixture of Q,009 wtk ﬂ“u, 1.25 wt%

U, 0.069 wt% 24U, 98.67 wt% =% and 10 ppm “Tc where 1.17 Ci = 1
MTU +10 ppm Tc (GENII analysis). '
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1.1.4 Conclusions

The storage of uranium in the Facility, and the cleanup and transition
activities required for permanent closure are well within the risk acceptance
guidelines jdentified in WHC-CM-4-46. Radiological dose and toxicological
consequences for the maximum credible event are less than Guidelines
Consequences that would require Engineered Safety Features. There are no
Safety Class 1 or 2 systems identified as described in WHC-CM-1-3, Management
Requirements and Procedures, MRP 5.46, "Safety Classification of Systems,
Components, and Structures,” see Table 3.2-1. The accident safety analysis
and the administrative controls that are a bases for these conclusions are
described in Sections 2.0, 3.0, and 4.0.
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2.0 HAZARDS IDENTIFICATION
The Facility no longer manufactures N Reactor fuel assemblies and is in
transition to permanent closure. Current activities are centered around:
1. Storage of uranium Special Nuclear Materials (SNM),

Cleanup of facilities, and equipment,

Removal of equipment that can't be cleaned up,

HSHowN

Concretion plant operation to stabilize chips and fines now stored
or to be recovered during the cleanup process, and

5. Potential uranium handling and packaging.

The SNM consists of uranium billets, clad reactor fuel assemblies, green
fuel assemblies (loaded and removed from N Reactor without irradiation), clad
fuel element scrap, unfinished fuel elements (clad but without end caps, or
not completely assembled), and chips and fines from the cleanup process.

2.1 SUMMARY

The review of the hazard analysis (Johnson and Brehm 1994), identified
several abnormal operations or events in which localized spills and releases
could occur. These incidents include; handling fuel materials, cleaning
activities, and fires involving small quantities of pyrophoric materials.
These releases were found to be minimal and confined either within the
buildings or immediately adjacent to the building. The accidents used in this
analysis were identified on the basis of more serious injury or widespread
dispersal of radiological and toxicological substance. Fires involving
various forms of the stored fuel materials are the major events considered for
further analysis in this study.

2.2 ABNORMAL OPERATYONS/EVENTS

The hazard analysis (Johnson and Brehm 1994), 1ists the possible hazards
by building, and associated probabilities and severities (consequences) of
events. Those considered abnormal operations or events which take place in
buildings or which could have minor releases not affecting onsite or offsite
personnel are listed in Table 2.2-1 and condensed into groups in Table 2.2-3.
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Table 2.2-1. Abnormal Operations/Events. (Minor Radiological/ Toxicological
Release Could Occur Locally, Contamination Could Be Spread,
Personal Injury Could Occur)

1. Clad fuel assembly dropped while handling. No Yes
Uranium billet dropped during handling. Yes Yes

3. Contamination spread while trying to remove Yes No
or stabilize smearable contamination.

4. Spill during sampling and/or Yes No
characterization.

5. Release of uranium, fission and/or activation Yes No
products material due to accidental sprinkler
trip.

6. Spill during removal of suspected radioactive Yes Yes
or toxic residue from drains, sumps and
sewers.

7. Spill and/or fire during removal of Yes Yes
radioactive or toxic residue from equipment.

8. HEPA filter rupture and/or fire during Yes Yes
sampling or removal.

9. Airborne release and/or fire while sampling Yes Yes
or removing residual material from process
exhaust ductwork.

10. Fire during removal of residual uranium and Yes Yes

Lircaloy-2 chips and fines.

2.3 ACCIDENTS

The principal types of accidents identified in the hazard analysis
(Johnson and Brehm 1994), are listed in Table 2.2-2. Those with lTow
probability but serious consequences and those considered to have a fairly
high probability were considered. Occurrences with a possibility of serious
personal injury are listed even though they may have a capability for only a
very low release or none at all.

In the first group, dropping a compressed gas bottle is 1isted mainly for
its potential of serious injury and/or as an ignition source for a fire. The
three natural occurring incidents all could start a fire or potentially
increase the probability of a criticality; however, the amount of release
would be due to a release of surface contamination and therefore minimal. The
potential for criticality will be discussed in Section 4.2.4.

The collapse of the 313 Building south-end roof and the stack collapse
are listed because of the possibility of serious personnel injury, but the
radiological/toxicological release would be minimal.
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Table 2.2-2. Accidents. (Local, Onsite, and Offsite Radiological
and/or Toxicologi.al Releases Could Occur)

Bottle Gas Dropped - Regulator damaged or
knocked off; fire during hydraulic oil
removal.

2. Earthquake.® No* Yes
3. Wind Storm.® No® Yes
4. Flood.® Yes Yes

g 5. Steam line rupture introduces steam into fuel Yes Yes

j storage area. (Tow-density moderator

! incident)

6. Collapse of the 313 Building south-end roof. ~Yes Yes

7. Stack collapse during removal or because of Yes Yes
deterioration and natural forces.

8. Concreted chips and fines drum 1id comes off Yes Yes
exposing chips and fines allowing fire to
occur.

9. Concreted chips and fines drum ruptures Yes Yes
exposing chips and fines allowing fire to
occur.

Ilo. Explosion in chips and fines drum due to Yes Yes
hydrogen production.

Ill. Chips and fines drum dries out or spills Yes Yes
allowing fire to occur.

[ié. Fire in fuel storage bu1"lding.b Yes Yes

a. This accidents/events alone will not cause a release; however it may
initiate other events which will.

b. Criticality is treated as a group to simplify discussion, all items
marked ®, will be considered as possibly contributing to increasing the
potential for a criticality.

2.4 CONCLUSIONS

substances.

Table 2.2-3 identifies abnormal operations or events and accident groups
selected from Tables 2.2-1 and 2.2-2 on the basis of their potential for
local, onsite, and offsite radiological and/or toxicological releases. Fire
is the most serious mechanism for dispersal of radiological or toxicological

analyzed in Section 4.0.

These abnormal operations or events and accident groups are
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Table 2.2-3. Abnormal Operations/Events and Accidents.

Spi1l while removing toxic and/or radioactive
residue from drains, sumps and/or sewers.

2. Release during removal of residual uranium Yes Yes
fines, or radioactive or toxic residue from
equipment.

| 3. HEPA filter rupture and/or fire during Yes Yes
f sampling or removal.

ﬂ 4. Airborne release or fire while sampling or Yes Yes
removing residual material from ductwork.

5. Release of uranium, fission, and/or
activation products

. Chips and fines drum fire.
ﬂ 2. Fire in fuel storage building(s). Yes Yes
Yes Yes

3.0 DETERMINATION OF HAZARD AND SAFETY CLASSES

3.1 HAZARD CLASS

The hazard class for the Facility was determined to be a Nuclear Facility
with a Moderate Hazard Class rating (Huang 1993).

3.2 SAFETY CLASS

The Facility systems, structures, and components, were determined to
functionally be Safety Class 3 since the maximum ons;te radiological and
toxicological releases; 3.9 rem EDE, Be - 1.35 ug/m°, and U - 3.1 mg/mF,
shown in Table 3.2-1, below the Safety Class 1 and 2 limits.

Safety Class 3 designation is based on the longest fire possible with the
fire loading identified in the 3712 Building (Myott 1993). This maximum fire,
with an 8 hour release, is depicted in Figure 3.2-1. For a longer or more
intense fire to occur the fire loading would have to be increased.
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Facility Release..
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Safety Class Exposure Limits Comparison with Maximum Expected
(WHC-CM-1-3, MRP 5.46)

1 None. > 500 mrem EDE > ERPG-2
Be > 25 pg/m’
U> 0.6 mgy/m
2 > 5 rem EDE * > ERPG-3 < ERPG-2
Be > 100 ug/m* | Be < 25 pg/m’
. U>30mg/m | Ug0.6mg/m
3 |<5 rem EDE ) < ERPG-3
Be < 100 pg/m’
eas , .

a. < 500 mrem EDE implied.

‘c
1,400

1,200

1,000

3

Figure 3.2-1.

3712 Building Estimated Fire Profiles.
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4.0 ABNORMAL OPERATIONS/EVENTS AND ACCIDENT ANALYSIS

4.1 ABNORMAL OPERATIONS/EVENTS ANALYSIS

In abnormal ogerations or events (Table 2.2-1), material released will
usually remain within a building where the cleanup activity is in progress.
Those operations or events that allow a release outside the building will
result in minimal release. Most of these involve removing suspected
contamination which can consist of beryllium, uranium, or Zircaloy-2 along
with dust and other residual material from equipment.

4.1.1 Spill While Removing Suspect Residue or Cleaning Sumps, Drains and
.Process Sewers

Many pieces of equipment, sumps, drains and sewers are contaminated with
radioactive or toxic residue. The amount of radiological and/or toxicological
release during cleanup will partly depend on how well procedures are written
and followed. The hazard analysis (Johnson and Brehm 1994), lists all of the
m?chining and cutting equipment for the 313 and 333 Buildings that may require
cleanup.

Any cleaning solution that became radioactive or toxic and are released
to the ground water that occurs is a RCRA/CERCLA violation. The use of water
or other liquids while cleaning sumps, drains and process sewers can cause a
radiological and/or toxicological release to the process sewer system, which
eventually goes to groundwater and the river. The individual release would be
minimal; however, accumulative releases could be significant. Vacuuming or
other dry methods of cleaning would eliminate liquid releases; however, if
static charges are generated and discharged, there is the potential for
ignition of pyrophoric materials and associated airborne releases.

4.1.2 Release During Removal of Residual Fines, Radioactive, or Toxic
Residues from Equipment

Machining and cutting processes result in fines which can be small enough
to fall into seams or gaps that are part of the machine. Cleaning up these
machines exposes the fines to air and can result in fire. The amount of fines
in any one machine, as estimated by the Fuels Supply Facility Operations,
will be no greater than in a high efficiency particulate air (HEPA) filter.
See the following section for an analysis of the dose consequences. Fines
removed are placed in a water-filled 113 L (30 gal) drum to a maximum depth of
10 cm (4 in.) The drum is closed with a vented 1id. The fines drums are
stored in the north room of the 303-K Building. A fines drum, fire would be
localized and any resulting release would be minimal.

4.1.3 HEPA Filter Rupture During Removal
The HEPA filters for the Facility are inside buildings, except for the

303-K north room HEPA filter and this filter should only contain uranium
oxides. The 303-M Building exhaust and the 333 Building beryllium exhaust
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stacks to the outside have been blanked off. The fans for all exhausts to the
outside are inoperable. A HEPA filter release has some potential for an
onsite or offsite release. One method available that could reduce the hazard
to all personnel while bagging out the HEPA filters is a temporary full
enclosure with remote handling gloves (a greenhouse). If the HEPA filter is
removed and bagged in a greenhouse the probability of a release or personnel
contamination will be greatly reduced. Special Work Permits (SWPs) including
respiratory equipment would be required.

The uranium billets and fuel assemblies contain 10 ppm of #Tc which has
been a problem in the past during uranium incinerator operations in the 303-M
Building (shutdown), due to the oxides accumulating in filters. Where there
is any indication that a HEPA filter;gight contain uranium it should be
assumed that “Tc is present. Since "Tc oxides are volatile and highly
soluble, with water, forming pertechnic acid, and other solvents, any
procedures for removal of filters that might be contaminated with "Tc should
contain special precautions for personnel safety. e contamination rate to
Facility workers due to the chemical properties of Tc has been of concern in
the past; however, its contribution tgo onsite and offsite dose rates is
negligible, the GENII analysis using "1c changed only in the ingestion dosage
which are of interest only in developing the hazard classification.

During removal of a HEPA filter, a rupture may occur, especially if the
filter has been in service for a long time or is overloaded. The primary
hazard from a ruptured HEPA filter is the possibility of a respirable release,
either directly or as a result of a fire. The possibility of pyrophoric
materials in the filter increases the fire hazard since spontaneous ignition
of any uranium/Zircaloy-2 chips and fines can occur when the material is
exposed to air. :

The amount of material in a HEPA filter is estimated by Fuel Supply
Facility Operations based on the filter size, as being less than 4.5 kg (10
1bs). Using a fractional release for moderately dispersible airborne material
of 0.01 (WHC-CM-4-46, Section 4) and one of 8.9 E-8/s for pyrophoric materials
(NRC 1988), two events have been reviewed; an airborne release, and a fire.
With an onsite effective dose equivalent of 1.5 E+3 rem/MTU and 9.6 E+l
rem/MTU for a 490 m offsite location (from the GENII analysis, Table 1.1.3-1),
gnd disregarding the confinement due to the building, airborne releases

ecome:

4.5 kg x 1 MTU/1000 kg x 0.01 x 1.5 E+3 rem/1 MTU = 6.75 E-2 rem
onsite, and

4.5 kg x 1 MTU/1000 kg x 0.01 x 9.6 E+1 rem/1 MTU = 4.3 E-4 rem
offsite.

For an airborne release and assuming a 30 minute fire (estimated by Fuel
Supply Facility Operations personnel), the airborne releases become:

4.5 kg x 1 MTU/1000 kg x 8.9 E-8/s x 60 s/min x 30 min x 1.5 E+3
rem/1 MTU = 1.1 E-3 rem onsite, and

4.5 kg x 1 MTU/1000 kg x 8.9 E-8/s x 60 s/min x 30 min x 9.6 E+l
rem/1 MTU = 6.9 E-5 rem offsite.

12
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Calculations assume all the material is uranium, even though the material
contains some Zircaloy-2.

4.1.4 Process Exhaust Ductwork Airborne Release

The process exhaust ductwork in the 313, 333, 304, and 303-M Buildings
contains residue from manufacturing fuel assemblies, process laboratories,
concretion, and uranium/Zircaloy-2 incineration. This residue could be
released during sampling procedures and/or cleanup of the ductwork and
baghouses. Use of a greenhouse or drapes would reduce the possible release to
a minimum. Also, SWPs may be required.

The primary hazard of a release from the ducts is the respirable fraction
released. The size of the release is dependent on the amount of material in
the duct, which is unknown. It is unlikely the ducts would be able to sugport
large amounts of uranium, due to the weight of the metal and oxide. For "'Tc
oxides, see above discussion on HEPA filters.

Cleaning procedures can increase the possibility of a release. Vacuuming
the ducts with HEPA filtered vacuum cleaners would remove most of the loose
material that could be released; however, if static electricity is generated
and discharges during vacuuming the pyrophoric material could catch fire.
Plated material is not apt to catch fire unless removed by scraping. For long
ductsiw%thout access, sections may have to be removed to reach all loose
material. .

Ductwork releases could also result from fires external to the ductwork.
The fabrication facilities and equipment are primarily constructed of non-
combustible materials. However, there are combustible materials associated
with the offices, stored materials, and hydraulic equipment and there is the
potential for fires associated with electrical equipment and other maintenance
activities. Fires could result in the removal of ductwork residues. Process
equipment ductwork has been blanked-off to the outside.

4.1.5 Release of Uranium, Fission, and/or Activation Products

Buildings 303-A and 303-E are used for storage of green fuel, that is
fuel assemblics that have been loaded and removed from N Reactor without
irradiation. The outer assemble surface was scrubbed, rinsed well with water,
and wiped dry during removal from N Reactor. The fuel was then covered with 2
plastic wrap that would provide some protection from release of contamination.
These assemblies potentially have fission and activation product surface
contamination which could be released by a sprinkler system trip, or flooding.
This will spread a minimal amount of contamination on the surrounding
surfaces. Other buildings having surface uranium contamination, if flooded,
could release minimal levels of contamination to the ground or sewers.

4.2 ACCIDENT ANALYSIS

The accidents analyzed are listed in Table 2.2-3. Table 1.1-1 1lists the
buildings used for uranium SNM storage and the amount of SNM storage at the
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time the hazard classification was performed. The SNM is stored in the form
of uranium billets, clad fuel assemblies, clad fuel elements (scrap),
unfinished fuel elements with plastic capped ends, chips and fines stored
under water, and chips and fines imbedded in concrete. The chips and fines
are pyrophoric and because they are designated as mixed-waste, the chips and
fines drums are isolated from other SNM storage. The 303-K Building has 24
drums of chips and fines separated by a space of about 61 cm (2 ft) between
drums. The 303-K Building is an active mixed-waste storage facility and
subject to regulatory requirements for the storage of dangerous waste. The
mixed waste is stored in U.S. Department of Transportation-specification
drums. The drums containing chips and fines are regulated under a Part A
Dangerous Waste Permit Application and a Resource Conservation and Recovery
Act (RCRA) Closure Plan (DOE-RL 1991).

The SNM is stored in Tocked, unoccupied buildings except when the
buildings are opened for the annual inventory, fire system surveillance,
criticality inspections, the SNM is being moved to a different location, or
the SNM is being packaged for shipment. Access to the SNM storage buildings
is restricted. A1l fuel storage buildings have fire detection, alarm, and
suppression systems (dry pipe sprinklers, except for the 303-K Building which
does not have a suppression system, see Section 4.2.1). The buildings are
unheated, although there are heaters for the dry pipe sprinkler standpipes.
Buildings 3712 and 3716 have steam 1ines which are shut off. Building 3712
has an HVAC unit and process exhaust system which are inoperable. A1l the
buiidings have electric wiring and lights in the ceilings. Combustibles in
the buildings consist of the wooden storage boxes and plastic wrappings for
the uranium billets, fuel elements, and fuel assemblies. Smoking is
prohibited in all buildings.

4.2.1 Chips and Fines Drum Fire

Uranium and Zircaloy-2 chips and fines are pyrophoric; therefore, anytime
they are allowed to dry out, exposing them to the air, they can catch fire.
Fires in chips and fines drums are much more 1ikely than a fire in a fuel
storage building. Past fires have been caused by allowing the chips and fines
drums to dry out, and incorporation of excess chips and fines in the concrete
mixture in conjunction with improper curing causing the concreted drums to
split. During cleanup activities, any chips and fines located are designated
as mixed waste, which is regulated by RCRA and must be stored accordingly.

The chips and fines drums are stored in the 303-K Building which is an active
mixed-waste storage facility. There are no billets or fuel assemblies stored
in the 303-K Building; likewise, there are no chips and fines drums located in
the billet or fuel-containing storage buildings. To do otherwise, in either
case, would violate the regulatory storage requirements for those buildings.
Due to the physical separation of these materials, it is incredible that a
chips and fines drum fire will be a source of ignition for a billet or fuel
assembly fire.

Hydrogen build-up in the water filled chips and fines drums has caused
explosions at other sites. The water-filled chips and fines drums are covered
by 1ids with HEPA filter vents which retard evaporation while reducing
hydrogen buildup. Because the filters do not release all of the hydrogen, the
drums are vented by removing the HEPA filter vent, on a monthly basis. The
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basis for the monthly venting is, after years of storage the drums were
checked and two of the drums had hydrogen buildup in the explosive range.
Therefore, the monthly venting was initiated through a documented surveillance
procedure; checking of the water level is a part of this same surveillance.

The ships and fines stored in the 303-K Building came from cleanup of
residual material. Only 113 L (30 gal) drums were used for the cleanup
materials. These drums average 104.5 kg (230 1b) of chips and fines.
Assuming a one hour fire and using a fractional release (NRC 1988) of 8.9 E-
8/s for pyrophoric material, and with an onsite effective dose equivalent of
1.5 E+3 rem/MTU and 9.6 E+1 rem/MTU for an offsite location (from the GENII
analysis, Tabiz 1.1.3-1), disregarding the confinement due to the building,
the airborne dose consequences become:

104.5 kg x 1 MTU/1000 kg x 8.9 E-8/s x 60 s/min x 60 min x 1.5 E+3
rem/1 MTU = 0.05 rem onsite, and

104.5 kg x 1 MTU/1000 kg x 8.9 E-8/s x 60 s/min x 60 min x 9.6 E+l
réem/1 MTU = 3.2 E-3 rem offsite.

Although the chips and fines drums contain some Zircaloy-2, cleanup waste
dirt and other non-nuclear materials, the airborne dose consequences was
calzulated as if the weight was entirely from uranium. The frequency of chips
and fines drums fires is estimated to be 1E-03 and is based on Facility
experience and precautionary measures that have been taken (protected storage,
covered drums, and monthly surveillance of drum water levels).

The new concretion procedure will use masonry cement which contracts on
curing and gives off about one-half the heat of Portland Type II cement during
curing. This makes it less 1ikely for continued chips and fines oxidation and
associated drum rupture which may cause a fire to start. The amount of chips
and fines placed in the drum being concreted, 14 kg (31 1b), makes the
consequences very low if fire should start, due to the lower fractional
release and weight. Assuming a one hour burn and a fractional release (FR) of
1.45 E-4 (Huang 1993) see Table 4.2-2, the airborne releases become:

14 kg x 1 MTU/1000 kg x 1.45 E-4 x 1.5 E+3 rem/1 MTU = 3 E-3 rem
onsite, and

14 kg x 1 MTU/1000 kg x 1.45 E-4 x 9.6 E+1 rem/1 MTU = 0.2 E-3 rem
offsite.

Spills may occur during the concretion procedure when drums are rotated
or when fines are being emptied into the drum to be concreted but these would
be contained within the building by the operators present.

The frequency of concreted drums fires is estimated to be 1E-04 and is
based on Facility experience and precautionary measures that have been taken
(re?uction of chips and fines content, use of masonry cement, and controlled
curing).
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4.2.2 Fire in Fuel Storage Building 3712

The 3712 Finished Fuel and Billet Storage Building was analyzed because
it contains the largest amount of combustible material (wooden fuel storage
boxes) and the most uranium fuel and therefore, the potential for the highest
onsite and offsite dose consequences.” Building 3712 is a one story steel
frame structure, 27.4 m by 32.9 m (90 ft by 108 ft), with metal panel siding
and roof and a concrete floor and foundation. It is equipped with an
automatic fire alarm and sprinkler (dry) system with freeze protection for the
stand pipe and valve of the dry type sprinkler system. Figure 3.2-1 compares
three possible scenarios for a fire in the 3712 Building. The standard time-
temperature curve for a structure fire {s identified in the fire loading
(Myott 1993). The estimated maximum temperature a fire in 3712 Building could
reach is analyzed to be 1093.3 °C (2000 °F) and after approximately 4 hours
the free combustibles would be consumed.

In Appendix B, a comparison was made between a test fire involving
depleted uranium penetrators and the burning of the billets and fuel elements
in the 3712 Building. Uranium will oxidize while there is fuel present but
does not support combustion when the free combustibles are removed. From the
report (Hooker, et al., 1983), "The penetrators would not be expected to
ignite until the temperature greatly exceeded 700 °C (1292 °F), if they can
ignite at all." The fire loading for the penetrators was calculated to be 6
E+4 Cal wood/g penetrator (1.1 E+5 BTU wood/1b penetrator), while the fire
loading for 3712 Building is 4.6 E+2 Cal wood/g uranium (830 BTU wood/1b
uranium). Therefore, the uranium billets and fuel elements storage boxes
consume only 0.77% of the free combustible supply per unit weight as compared
to the penetrator test fire indicating much lower oxidation temperatures and a
shorter cool down time for the 3712 Building.

The cooldown rate depicted in Figure 3.2-1 shows the penetrators cooling
down slower than the billets and fuel elements. The fire loading for the two
cases would account for part of the difference; however, the configuration of
the burn would also be a factor. The green railroad ties, approximately 15 cm
X 20 cm x 244 cm (6 in. x 8 in. x 8 ft), used in the penetrator fires were
piled under, on top of, and around the 12 missiles and their iron framework
sitting in a 9mx 9 m (30 ft x 30 ft) rimmed steel tray. When the railroad
tie fire collapsed after about 4 hours, the embers continued to emit heat and
about 24 hours after the ignition of the pile the temperature was still about
?gof'g (Hooker, et al., 1983), the material covered about 3 m x 3 m (10 ft x

t).

With the amount of scattering of the billets, fuel g]ements, and boxes,
as the boxes disinte?rate in the fire, most of the 903 m® (9720 ft?) floor
area of the 3712 Building could be covered. The windows of the 3712 Building
would blowout soon after the fire started, allowing free movement of air into
the building and the escape of heat. The heat retention of the uranium and
the boxes, even if the 3712 Building roof collapsed over the top of them,
could not be maintain as high as the temperatures associated with the railroad
ties in the penetrator fire (based on the relative fire loading, see first
paragraph Section 4.2.2).

During the cooldown period there can be oxidation while the uranium metal
remains above approximately 300 °C (572 °F). The amount of release during the
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period the uranium is above approximately 300 °C (572 °F) will vary with
temperature, however this variation was not considered in the release
calculations. The release time of eight hours covers the time the billets and
fuel elements are above 300 °C (572 °F).

To obtain a source term for a billet and fuel element fire, the emission
duration was used to determine the amount of the total material consumed.
Using empirical equations derived for uranium test specimens (Hilliard 1958)
as shown in Appendix B, and the 48 hour duration of the free burn test of
depleted uranium penetrators (Mishma, et al., 1985), a time period of 100
hours (Appendix B) was estimated for full combustion of uranium billets and
fuel elements. For example, assuming a 2 hour fire and 1122 Metric Tons
gran;gm;(:qg) exposed to the fire, the oxidized uranium is 1122 MTU x 2 h/100

Thi fractional release, 1.45 E-4 (Huang 1993), of the oxidized uranium
used is a conservative choice based on studies of plutonium. A respirable
fraction of 0.2 was used (Mishima, et al., 1985) which gives a combined
fractional release of 2.9 E-5.

The frequency of a random fire burning unabated in the 3712 Building, the
8 hour fire, is 1.6 E-7 (Table 4.2.2-1) which puts it into the incredible
class (WHC-CM-4-46). If a random fire does occur and the sprinkler system or
Hanford Fire Department Station No. 93, 0.4 km (0.25 mi) away, or Hanford Fire
Department Station 94, 9.6 km (6 mi) away responds (event probability of
between 1.6 E-3 and 1.6 E-5) fire suppression should start relatively early.
Assuming a 2 hour fire and based on a 2.9 E-5 fractional release, the onsite
:?d offsite dose airborne dose consequences (Tabie 4.2.2-2), for the random

re is:

1122 MTU x 2 h/100 h x 2.9 E-5 x 1.5 E+3 rem/1 MTU = 0.98 rem onsite, and
1122 MTU x 2 h/100 h x 2.9 E-5 x 9.6 E+1 rem/1 MTU = 0.062 rem offsite

The amount of uranium involved, when the sprinkler system operates as
planned or the fire departments respond, will depend on the location of the
initial fire, however, the actual release should be minimal.

The seismic event with the fire department not responding has a frequency
of 5.55 E-8. This is also in the incredible class (WHC-CM-4-46). For this
Beyond Design Basis Event (BDBE), assuming a four hour fire [the Fire Loading
Analysis (Myott 1993) shows there is only sufficient free combustibles for a 4
hour fire] and a 8 hour uranium oxidation time, and based on a 2.9 E-5
fractional release (Table 4.2.2-2), the onsite and offsite dose airborne dose
consequences for the BDBE seismic fire is:

1122 MTU x 8 h/100 h x 2.9 E-5 x 1.5 E+3 rem/MTU = 3.9 rem onsite, and
1122 MTU x 8 h/100 h x 2.9 E-5 x 9.6 E+]1 rem/MTU = 0.25 rem offsite
While the actual release will occur only while the uranium metal

temperature is above approximately 300 °C (572 °F) and will vary with
temperature, for these calculations the release time has been taken as the
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time from ignition to the time when the uranium temperature has dropped below
300° C (572 °F).

The uncontrolled fire, Figure 3.2-1, shows the temperature dropping to
about 300 °C (572 °F) after eight hours, at which time the release would stop.
This gives an onsite release of 3.9 rem (see Tabie 3.2-1). With the
combustibles consumed after four hours and the scattering of uranium and
ashes, the temperature drop will be fairly rapid. For oxidation to last
longer than eight hours, additional combustibles or flammable material must be
introduced. The lower limits for Safety Class 1 and Safety Class 2 have not
been violated (see Tables 3.2-1, 4.2.2-2, and 4.2.2-3), therefore, there is no
requirement for either Safety Class 1 or 2 equipment. The analysis does not
take credit for the uranium oxidation protection that would be provided by the
Zircaloy-2 cladding on the finished fuel assemblies.

Table 4.2.2-1. Fuel Supply Facilities Fire Analysis Event Frequency.
(Kelly 1994)

[Fire in the 3712 |  0.16  |Seismic event

Building Seismic event causes fire 1.0 E-2
in 3712

Sprinkler System 1.00 E-2 |Reaches fuel 0.5

Fails

Fire Department 1.00 E-4 |Seismic event fails the 1.0

fails to respond. non Safety Class 1 fire

system and/or associated
supply system.

Fire Department fails to 1.0 E-2
respond

JA1l events | 1.6 E-7 |AllEvents | 5.55E-8

The radiological releases for the fires discussed are shown in Table
4.2.2-2. The toxic release concentrations are shown in Table 4.2.2-3. Plots
of these results in terms of radiological, uranium, and beryllium risk, and
the frequency of the fires are shown in the set of curves in Figures 4.2.2-1,
4.2.2-2, and 4.2.2-3, which give rem releases, and toxic concentrations for
uranium and beryllium respectively. In all cases, the release used is based
on the fire length given, although the release will not start until the
temperature exceeds 300 °C (572 °F) and will stop when the temperature drops
below 300 °C
(572 °F).

18




61

Table 4.2.2-2 Facility Accident Radiological Dose Consequences for a Range of Credibie and
Incredible Fires.

1nh® sub® 1nh® Total

a.
b.

c.
d.

Note:

(Total) (Total)
S 1.5 €43 1.9 E-5 9.6 E+1 2.3 £+t 3.1 E-7 2.8 E+
i Chips and Fines Drums _ FR = 8.9 E-08/s x 60 min x 60 sec = 3.2 E-4 (from NUREG 1320 Tabte 4.2 Pyrophoric metals)
1 _hour 0.105 0.105 3.4 E-5 0.051 6.4 E-10 3.22 €-3 4.4 E-11 7.7 E-4 1.1 E-11 | 1.7 E-4 [ 9.4 E-4
| Concreted drum FR = 1.45 E-4  (Huang 1993)(no credit taken for respirable portion.) !
‘ 1 _hour 1.4 E-2 | 1.4 E-2 2.1 E-6 3.1 E-3 3.9 E-11 2.0 E-4 2.7 E-12 4.8 E-5 6.6 E-13 | 1.0 E-5 | 5.80 E-5
3712 8Bl Fractional Release FR = 1.45 E-4 x 0.2 = 2.9 E-5 (Huang 1993)(0.2 is the respirable portion see Table 9-2) ‘
2 hour 1122 22.4 6.5 E-4 0.989 1.24 E-8 0.062 8.46 E-10 1.5 E-2 2.2 E-10 | 3.2 E-3 1.8 €-2
8 hour 1122 89.8 2.6 Eiﬁ 3.9 4.95 E-8 2.5 E-1 3.4 E-9 w 8.1 E-10 ) 1.3 E-2

MTU - Metric Ton Uranium

GENI! analyses uerezk:ed on a miisgelme of 1 Cji, where 1 NTU =,1.Ci for all casgs. The isotopic composition of the uranium was as
follows: 0.009 wtX . 1.25 wtX U, 0.069 utX , 98.67 wtX , and 10 ppm " Tc.

Inh - Inhalation, Sub - Submersion, Ing - Ingestion, EDE - Effective Dose Equivaient

Example calculation: 1122 exposed MTU x 2 hr fire/100 hr fire for total oxidation x 2.9 E-5 respirable MTU released/WTU oxidized x
1.5 E+3 REM/reapirable MTU released = 0.98 REM

Accident analyses are Limited to one building at a time based on the fire hazard snalysis (Myott 1993) that shows that the separation
between buildings is adequate to prevent the propagation of fires between buildings.
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Table 4.2.2-3. Toxic Risk Comparison with Emergency Response
Planning Guidelines. (ERPG)

a. A1l release concentrations based on 100 hours for total oxidation of the
uranium.

b. These are listed as "not appropriate" below the moderate criteria level.
The OSHA PEL 8 hr. limit is shown for comparison.

c. MTBe - Metric tons beryllium, MTU - Metric tons uranium.

4.2.3 Fire Propagation Between Adjacent Fuel Storage Buildings

To the north of the 306 West Building (a Pacific Northwest Laboratories
facility) and 9 m (30 ft) directly to the east of the 3716 Building is a 500
gal above-ground propane storage tank, see Figure 1.1-1. The tank has been
inspected and appears to be within the standard Department of Transportation
requirements for flammable gases. The tank has four inch steel jiegs and
stands on a concrete pad. It is located on the side of the facility where
traffic is infrequent; the only identification need for vehicle traffic would
be for the purpose of filling the tank. It is anticipated that if the line
from the tank was to break, the propane flow would be adequately restricted so
that large amounts of gas would not collect to propagate a major fire or
explosion. If the gas stream was ignited the flame would be more like a torch
out of the tubing and there would be no potential for propagation to the 3716
Building due to distance separation.

In the extremely unlikely event that the random fire was a fire not
associated with the propane tank, it is conceivable that the tank could over
heat to the extent that the propane tank would rupture and a fire ball would
occur. This in turn conceivably could result in a fire in the 3716 Building.
This building has a fuel capacity of 250 MTU; therefore, the dose consequences
for this event would be approximately one fourth that of the fire event for
the 3712 Building analyzed in the previous section. The Fire Hazards Analysis
(Myott 1994) does not show that there is a capability for propagation of fires
between buildings.
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Figure 4.2.2-1. Radiological Risk Acceptance Guidelines with Accident Dose Consequences in REM.
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There is also the extremely unlikely potential that the propane tank
could t~ mechanically damaged, over filled, or overheated by means other than
a fire with failure of the two pressure relief valves, such that the tank
ruptures and a Boiling-Liquid Expanding-Vapor Explosion (BLEVE) occurs. The
tank is located in an area where there is relatively little traffic, there are
no overhead structures or cranes nearby, and there have been no known reports
of BLEVEs associated with tanks of this relatively small size. In addition,
because of the tank position with respect to the 3716 Building and the 3712
Building ii is felt that the 3716 Building would shield the 3712 Building from
the BLEVE. Considering the approximate 61 m (200 ft) separation between the
tank and the 3712 Building, it is considered extremely unlikely for
simultaneous fires to occur in the 3716 and 3712 Buildings.

None the less, if simultaneous unabated fires were to occur in the 3716
Building at its storage capacity of 250 MTU and the 3712 Building at its
analyzed capacity of 1122 MTU, then the resulting onsite and offsite dose
consequences could potentially be:

3.9 rem + 3.9 rem/1122 MTU X 250 MTU = 4.8 rem onsite, and
0.25 rem + 0.25 rem/1122 MTU X 250 MTU = 0.31 rem offsite

Safety Class 1 or 2 protective features are not required as dose
consequences are less than the WHC-CM-4-46 guideline criteria of 5 rem onsite
and 0.5 rem offsite.

4.2.4 Criticality

Criticality safety calculations (Schwinkendorf 1993) have been performed
to confirm and update the safety limit values currently found in WHC-NR-4-4,
Nuclear Safety Specifications. These new values were produced using more
modern computer codes that comply with Software Quality Assurance (SQA)
requirements. In addition, certain accident, or upset conditions were
analyzed. These scenarios included fire, the bringing together of multiple
safe masses into one neutronically coupled system, mis-stacking, and
accidental inter-dispersed moderation.

In the event of a fire and partial oxidation of uranium metal, uranium
oxide addition to the surrounding water only serves to reduce reactivity
compared to the case with pure water moderator. New limits as contained in
the analysis are all based on the most conservative assumptions of optimum
moderation by water and infinite reflection. In the event of total combustion
and removal of the wooden boxes, the remaining uranium fuel would collapse
into a slab substantially below the height required for k.. = 0.98 [The
Criticality safety calculations (Schwinkendorf 1993) prov1Jés a bases for
using kg = 0.98 instead of the typical k. = 0.95]. Even if this collapsed
array was formed from an incorrectly stacked array (three high) the slab would
still be at the criterion k,, = 0.98 (as lTong as one were to use bare slab
heights). If the array boxes were only partially mis-stacked (e.g., one out
of two, or four out of five columns), the collapsed array would be within the
kess = 0.98 criterion (a full third layer is just at this limit: k., = 0.982

for a collapsed optimally-spaced bare slab). ¢
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Storage box arrays of MKIA assemblies have been analyzed. The MKIA fuel
assemblies are the most reactive fuel because they contain 1.25 wt% enriched
outer elements, and are therefore a bounding case. Under normal conditions,
calculated k,,, is substantially subcritical. Even under water flooding
conditions (e{ther full density or interspersed moderation of optimum
density), storage array k., is less than 0.90, even for arrays that are
infinite in length and w1ath and stacked three boxes high. The corresponding
kets fOr two boxes high (the maximum allowed by criticality safety
specifications) never exceeds 0.80. Boxes stacked to five high, with out
interspersed moderation, reached a k., of 0.955 and a k. of 0.963 with 2.
Introduction of interspersed moderat’on would reduce the k to less that
0.95 because of the thermal versus absorption effects of water introduction in
small versus large arrays.
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Table 4.2.4-1. WHC-SD-NR-CSER-010 Table 1 -~ Safe Masses and Associated Dimensions.

Sphere Hemisphere Infinite Cylinder Infinite Slab
Mass(1b) Dia. (in) Mass (1b) Dia (in) Mass (1b/ft) Dia (in) Mass{1b/ft2) Thick (in)
MKIV Fuel Assemblies (0.95 wtX uranium inner and outer elements)

Billets -—-Unlimited-——-——-

Assemblies 5228 34.5 8575 51.3 1170 22.6 322 9.8
Outer 3605 33.2 5923 49.2 839 21.7 241 8.5
elements

Inner 3084 30.6 5122 45.7 771 19.9 239 8.9
elements

Scrap 2150 26.6 3603 42.8 567 19.4 180 9.1
Solution - —— - Unlimited -----

MKIA Fuel Assemblies (0.95 wtX% uranium inner element, 1.25 wtX uranium outer element)

Billets 9859 35.9 15967 53.2 2134 23.6 584 10
Assemblies 1597 24.1 2716 36.4 486 15.9 187 6.8
Outer 932 22.1 1619 33.5 308 14.5 127 6.1
elements

Inner 3176 30.7 5284 45.7 775 20.8 237 8.7
elements

Scrap 586 20.1 1037 30.7 208 13.4 88 5.9

Solution 1503 28.1 2539 42.2 809 18.2 130 8.9
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Table 4.2.4-1. (con't) WHC-SD-NR-CSER-010 Table 1 - Safe Masses and Associated Dimensions.

Hemisphere

Dia. (cm) Mass (k) Dia (cm)

Mass (k/m)

Infinite Cylinder

MKIV Fuel Assemblies(0.95 wtX uranium inner and outer elements)

Infinite Slab

Dia (cm) Mass(k/m2) Thick (cm)

Sphere
Mass(k)

Billets

Assemblies 2371 87.6
Outer 1635 84.3
elements

Inner 1399 11.7
elements

Scrap 975 67.6
Solution

Unlimited

3890 130.3
2687 125.0
2323 116.1
1634 108.7
----- Unlimited

1741 57.4
1249 55.1
1147 50.5
844 49.3

1572 24.9
1177 24.1
1167 22.6
879 23.1

MKIA Fuel Assemblies(0.95 wt% uranium inner element, 1.25 wt% uranium outer element)

Billets 4472
Assemblies 724
Outer 423
elements

Inner 1441
elements

Scrap 266
Solution 682

91.2
61.2
56.1

78.0

51.1
71.4

7243 53.2
1232 36.4
734 33.5
2397 45.7
470 30.7
1152 42.2

3176 59.9
123 40.4
458 36.8
1183 52.8
310 34.0
1204 46.2

2851 25.4
913 17.3
620 15.5
1157 22.1
430 15.0
635 22.6

Note that MKIA billets, scrap, and solution results are based on 1.25 wtX enrichment
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4.3 TOOLS USED IN THE ANALYSIS

Hazard Analysis

GENII The Hanford Environmental Radiation Dosimetry Software
Criticality Study

Study of Combustion of Uranium

Fire Loading Study

Safety Class Guidelines

Fire Safety (Source of Standard Time-Temp Curve)
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APPENDIX A

GENII ANALYSIS FOR FACILITY
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RADIOLOGICAL CONSEQUENCES OF A RELEASE OF
ONE METRIC TON OF URANIUM FROM THE N-FUELS PROCESSING AREA

D.A. Himes
4/2/93

The radiological consequences of a unit release of 1 MT (approximately 1 Ci)
of uranium of specified composition along with associated Tc-99 from the N-
Fuels Processing Area are required [1]. The N-Fuels Processing Area is
located in Buildings 333 and 3712 in the 300 Area. A previous analysis [2]
determined radiological consequences for essentially the same release of
uranium, but without the Tc-99 contribution.

Source Term Development:

The isotopic composition specified [1] for the 1.25% enriched uranium metal in
the facility is shown in Table 1.

Table 1: Specified composition of 1 MT of uranium
in the N-Fuels Processing Area [1]

Isotope % of U metal grams per MT U Ci per MT U

U 234 0.009 9.27E+1 5.8E-1
U 235 1.25 1.30E+4 2.7E-2
U 236 0.069 7.2E42 4.7E-2
U 238 98.7 1.0E+6 3.5E-1
Tc 99 1.0E+1 1.7€-1

Transport Assumptions:

The N-Fuels Processing Area is located near the eastern edge of the Hanford
Reservation where the nearest site boundary is the adjacent river. Where the
site is bounded by the Columbia River, the site boundary is taken to be at the
nearer bank of the river for purposes of estimating inhalation and submersion
doses. The corresponding agricultural area (residence of the Ingestion
Pathway Receptor) is assumed to be on the east bank of the river.

The 95 percentile worst-case dispersion factor (X/Q) was calculated by the
GENII code based on 300 Area meteorology data over the period 1983 to 1987.
Depending on scenario, the source could have a considerable size (up to about
80 m across). Due to the uncertainty in source size, no credit was taken for
the effect of source size or plume meander.
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Receptor Descriptions:

Onsite:
Normally, for ground level releases, the receptor at a distance of 100 m
in the worst direction [3]. Doses calculated for this receptor include
inhalation and submersion. The maximum onsite receptor in thig case is
100 m east with an acute 95 percentile sector X/Q = 3.4E-2 s/m” [4].

Site Boundary:
Receptor at the site boundary in the worst direction. This receptor is
assumed to stay at this location for the duration of the accident.
Doses calculated include inhalation and submersion. In this case, the
maximum site boundary r?ceptor is 490 m east with an acute 95 percentile
sector X/Q = 2.3E-3 s/m".

Agricultural Area:
Residence of the ingestion pathway receptor (IPR). This receptor is
assumed to grow his own food, including a variety of crops, meat and
dairy products and to continue to do so at this location for 50 years
following the accident. No credit is taken for uncontaminated
foodstuffs brought in from outside the area. Note that IPR ingestion
doses are reported only as a measure of economic <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>