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DEFINITIONS

Accident - An unplanned event or sequence of events that results in undesirable consequences.

Canister - The container into which an Ingot is placed. Use of the canister facilitates handling,
transportation and storage. (DOE/SNF/REP-007, DOE Spent Nuclear Fuel Glossary of
Terminology, Draft, dated 5/31/96)

Cask - A container used to store or transport SNF or HLW. It provides confinement, shielding,
and heat removal of the stored material.

Cropping - Removal of non-fuel components from the SNF assemblies.

Common Hazard (Standard Industrial Hazard) — A hazard routinely encountered in general
industry and construction, and for which national consensus codes and/or standards exist to guide
safe design and operation without the need for special analysis to define safety design and/or
operational parameters. These hazards involve, but are not limited to, material and/or energy that
exceed “common hazard” limits, yet the nature of the event and resulting injury to the worker are
considered “common.” Examples might include injuries (or death) resulting from oxygen
depletion in confined spaces and some facility fires/explosions. Section 2.1.1.3 of this HA gives
additional information and guidelines for screening common hazards.

Consequence - The result or effect of a release of hazardous material (radiological or chemical)
usually expressed in terms of dose or exposure.

Dry Cave — A dry shielded work space within the Disassembly Basin Area of the reactor
building. This space is the intended storage and monitoring area for treated SNF ingots
processed from the LEF. '

Depleted Uranium — Uranium containing less than 0.71 Weight Percent U-235.

Element - The fundamental unit of SNF, i.e., assembly, canned elements, or consolidated rods.
The component of nuclear fuel containing the fissile material. An element may come in a wide
variety of shapes and sizes. Several elements may make up an assembly. Fuel may be in a form
(geometry) that, either alone, or in an assembly, can be or has been used in the reactor designated
to use that form (Technical Strategy for the Treatment, Packaging, and Disposal of Aluminum-
Based Spent Nuclear Fuel, dated June 1996).

Enclosure - A secondary confinement that constructed around the furnace and off-gas system.

Facility Section - A division of the facility specified to facilitate hazard identification and
evaluation. Sections may be individual unit operations, individual or grouped facility systems,
specific functions, and/or physical boundaries inside the facility.
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Hazard - A source of danger (i.e., material, energy source, or operation) with the potential to
cause illness, injury, or death to personnel, or damage to a facility or the environment (without
regard for the likelihood or credibility of accident scenarios or consequence mitigation).

Hazard Analysis - A comprehensive evaluation of potential process related, natural phenomena,
‘and external hazards that can affect the public, workers, and the environment due to single or
multiple failures. Included in the analysis are hazard identification, hazard screening for
common hazards, and unmitigated hazard evaluation.

Ingot — A furnace batch of treated SNF that has been allowed to solidify after the melting
process is complete (Temperature of <500 degrees Celsius).

Loss of Normal Power — Loss of power from the SRS 115 Kv supply system to the L-Area
Facilities, including LEF.

Material Test Reactor (MTR) - Plate and tube type spent nuclear fuel assemblies used in a
majority of the foreign research reactors. A typical plate type MTR fuel has box-like housing
ranging from approximately 24 to 37 inches in length with two outside housing plates and two
outside fuel plates. The number of fuel elements in an assembly varies between 6 and 23, and
the initial U-235 content varies between 37 gm and 780 gm per assembly. The uranium
enrichment in MTR type fuel varies from just below 20 to 93.5 percent. (Fission Product
Release From Spent Nuclear Fuel During Melting, WSRC-TR-97-0112, dated 5/97)

Melt and Dilute — The method of treating SNF where the SNF is melted and alloyed with
depleted uranium (.02 wt. % U-235) and aluminum to produce a cast alloy ingot containing <20
wt. % U-235, packaged in a cylindrical canister, suitable for co-disposal with HLW glass logs at
the national repository. The LEF is a demonstration of the Melt and Dilute concept.

Mitigate - To lessen the severity of consequences of an event.

Mitigated Consequences — A determination of consequences of an event taking credit for
barriers and/or controls, which reduce the severity of the consequences.

Onsite Population - The population within the site boundary.
Prevent - To reduce the frequency of an event.
Public/Offsite Population - The population outside the SRS boundary.

Secondary Waste - Any solid or liquid waste material generated during the LEF process
operations excluding the primary product, treated SNF ingots.

Standard Industrial Hazard — See Common Hazard.

Trailer Space — The existing truck trailer delivery bay area located in the 105-L Purification
Wing. The trailer space is the selected location for the main equipment (e.g. furnace, off-gas
system) of the proposed LEF. The trailer space also currently houses the non-operating L-Area
Reactor purification cells which are separated from the trailer space by half-height concrete
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shield walls. Existing non-operating purification ion exchange vessels are located in the two
adjacent purification cells.

Treated SNF - The resulting U-Al alloy ingot produced by the melt and dilute SNF treatment
process. It will be packaged in a canister for long term storage and monitoring in the 105-L Dry
Cave. (See Ingot)

Unmitigated - Consequences of an event that have been determined with no reduction in severity
and without taking credit for barriers or controls which could reduce the severity of those
consequences.

Xi
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EXECUTIVE SUMMARY

The Spent Nuclear Fuel (SNF) Treatment and Storage Facility (TSF) Validation Test Program was
developed for the purpose of validating the basic operation and concept of the full-scale TSF Melt
and Dilute process. The TSF is planned to receive, treat, package, and store aluminum-based spent
nuclear fuel in the 105-L Building and L-Area for later disposal in a geologic repository (Ref. 1).
The TSF Validation Test (TSFVT) will take place in the 105-L Reactor Building Purification
Wing Trailer Space where the requisite equipment will be installed to form the L-Experimental
Facility (LEF). The tests to be conducted in the LEF will serve to validate previous SRTC tests
with unirradiated fuel and surrogate materials, and will provide operational experience with
melting irradiated SNF.

A comprehensive review of hazards associated with the proposed LEF was performed to identify
potential accident scenarios, to assess the risk associated with those accidents, and identify
controls required to protect the public, the workers, and the environment. This effort is based
upon initial design information (SFS-RSE-98-0150, Ref. 2) and was performed in accordance with
the guidelines provided in DOE Standards 3009-94 (Ref. 3}.

Hazardous materials and energy sources associated with the LEF were identified and are listed in
the tables given in Appendix B. Following this hazard identification step, accident scenarios based
on these hazardous materials and energy sources were developed. Once the accident scenarios
were developed, unmitigated consequences for each of the scenarios were estimated. Scenario
descriptions and unmitigated consequences are summarized in Appendix D.

Structures, systems, components (SSCs) and administrative controls that would effectively prevent
or mitigate the postulated events were identified and selected in the Functional Classification
Report (FCR) (Ref. 49). The FCR used information developed in the unmitigated hazard analysis,
in the accident (Ref. 50) and consequence analyses (Ref. 51), and in the operational event
frequency analysis (Ref. 52). The goal of the safety analysis process is to show that
implementation of the credited controls would reduce the risk associated with those events such
that they would not exceed evaluation guidelines. The credited controls, operational event
frequencies, and the mitigated consequences of the postulated events have been incorporated into
this revision to the Hazard Analysis.

The unmitigated hazard evaluation process identified a total of 113 potential hazardous event
scenarios. Of the 113 event scenarios, 44 were determined to exceed the evaluation guidelines for
the onsite receptors requiring further evaluation by the functional classification process and the
mitigated portion of this HA. The unmitigated and mitigated consequences of these events are
given in Appendix D.

For the offsite receptor, there were 7 accident scenarios for which the dose to the maximally
exposed individual could exceed the Evaluation Guidelines if unmitigated. These events were
further evaluated in the accident and consequences analyses and were found to be below the offsite
evaluation guidelines. Therefore, per the FCR, Safety Class features and/or controls are not
required.

For the onsite receptors, the 44 event scenarios exceeding the evaluation guidelines if unmitigated
were further evaluated by a Functional Classification engineer as candidates for Safety Significant
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functions and documented in the FCR (Ref. 49). Further evaluation was also performed in the
mitigated portion of the HA. Using the credited controls for prevention, event frequencies were
developed. The mitigated consequences were developed from the accident and consequence
analysis taking credit for the controls identified in the FCR were applicable. All of the 44
prevented and mitigated event scenarios were determined to be below the evaluation guidelines for
the onsite receptors.

Screening of technical documents available during the design phase and discussions with project
personnel indicated no chemical hazards other than those listed below are introduced to the
existing facility as part of this process. The only chemical hazards include the depleted uranium
used to dilute the SNF in the furnace, battery acid in the forklift(s) and transport vehicle batteries,
and carbon dioxide gas in portable fire suppression systems.

1.0 INTRODUCTION

The purpose of this Hazard Analysis (HA) is to identify and assess potential hazards associated
with the operations of the Spent Nuclear Fuels (SNF) Treatment and Storage Facility LEF.
Additionally, this HA is used to identify and assess potential hazards and specify functional
attributes of SSCs for the LEF project. This HA evaluates the LEF operations that differ from
those existing 105-L facility operations presently addressed by L-Reactor Facility Authorization
Basis documentation.

Open Items

The design of the LEF process proposed for the 105-L Purification Wing is complete (Ref. 60).
The vendor drawings (Ref. 61) and the design change packages (DCP) (Ref. 62 through 65) were
reviewed against this HA and revisions were made as required. Therefore, there are no open
items remaining.

1.1 SPENT NUCLEAR FUEL L-EXPERIMENTAL FACILITY DESCRIPTION

General

A validation test of the melt-dilute process using irradiated SNF is planned within the Building
105-L Purification Wing Trailer Space in L-Area. The space will be modified and outfitted
accordingly to provide capability to receive, treat, and package aluminum-based Material Test
Reactor (MTR) SNF assemblies. New process equipment will be installed in both the existing
105-L Purification Wing Trailer Space and in a new building immediately outside of the Trailer
Space. Six (6) MTR SNF assemblies are planned for processing through the LEF, however
analysis within this HA assumes up to 20 assemblies per year will be processed.

The intent of this melt and dilute validation is to validate SRTC tests with unirradiated fuels and
surrogate materials and to provide operational experience with irradiated SNF. Lessons learned

and experimental data acquired from the demonstration will be incorporated into the final design
of the full scale TSF facility in the 105-L Building.
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Process

The Melt/Dilute process seeks to convert and consolidate individual MTR SNF assemblies into a
solid, treated-SNF ingot with <20% U235 enrichment. The reduction in enrichment will be
achieved by adding depleted uranium. The SNF and depleted uranium will be melted in an
induction furnace with aluminum added to achieve a near eutectic mixture. The molten mixture
will be inductively stirred to ensure a homogenous composition. The furnace is expected to
operate at ~850 degrees Celsius. The furnace used for the validation test was commercially
procured and will produce a treated-SNF ingot approximately 6.75 inches in diameter by 8 inches
high weighing about 20 pounds.

The batching process for delivering DU to the LEF consists of preparing individual aluminum
baskets at the Savannah River Technology Center (SRTC) with approximately 1.25 kilograms (kg)
of depleted uranium metal encased in aluminum (Al) per basket. A total of twenty baskets are
assumed to be prepared with the DU/Al ingots. The baskets and the DU will be transported to the
LEF. When scheduled for treatment, a selected stored fuel assembly from the existing L-
Disassembly Basin will be placed in an aluminum basket with the DU/Al ingot in the Disassembly
Basin. The basket will be transferred from the Disassembly Basin through the Transfer Canal into
the Transfer Bay and placed into a transportation cask. The SNF assembly and cask will be
decontaminated and loaded onto a truck to be transported from the Receiving Area Transfer Bay to
the Purification Wing. The truck will not leave L-Area while enroute.

The transportation cask will be unloaded in the trailer space using the 30-ton overhead bridge
crane controlled from an adjacent shielded crane aisle control room. The truck will then be
removed from the trailer space and the space door will be shut. The SNF will be removed from
the cask remotely by crane and charged into an induction furnace with a pre-calculated quantity of
depleted uranium and aluminum. The SNF assembly and feedstock will be heated, dried, melted,
and inductively stirred within the furnace. The molten alloy will be sampled through remote
manipulations controlled from the Crane Aisle Control Room or Furnace Control Station, then the
melt will be allowed to solidify. The solidified ingot will be removed remotely from the crucible
and placed in a shielded Instrumented Storage Test Canister (ISTC) or cask located within the
furnace area of the trailer space.

The ISTC/cask will remain in the trailer space until filled with 3-4 ingots, and will then be loaded
onto and transported by truck to the Disassembly Basin Area. The solidified ingots stored within
the ISTC will be unloaded from the truck and placed in the Disassembly Basin Dry Cave where the
ISTC will be connected to monitoring equipment. The ingots created during the test will serve as
initial TSF specimens and will be monitored as part of a long term monitoring program within the
Dry Cave. Two ISTC casks are expected to meet LEF requirements for ingot transport to and
storage within the Dry Cave. Two existing but unrelated Instrumented Test Containers (ITC}) |
casks are presently in use monitoring existing SNF assemblies within the Dry Cave, but are not
part of the LEF process.

Solidified melt samples, a portion of the offgas filtering media, and ingot(s) may be placed in a
transportation cask and transported to the SRTC High Level Caves for analysis. Transportation
and analysis activity outside of L-Area is not included within the scope of this HA.




WSRC-TR-99-00010
Rev. 2

Process Secondary Wastes

The LEF will generate solid secondary waste materials. Additionally, gaseous wastes in the form
of noble gases and halogens from the melt process are expected to be within regulatory limits and
are planned to be exhausted from the L-Reactor stack. The solid waste will typically consist of
such material as HEPA filters, absorber bed type filters and used crucibles. LEF operations are not
expected to generate hazardous chemical wastes or mixed wastes.

Generated secondary wastes including filtering media are expected to be transported to a disposal
site; however, this transportation activity is not included within the scope of this HA. These new
waste streams will be addressed by the existing facility Waste Management Program.

Offgas System

The furnace will incorporate an offgas system and enclosure ventilation system to act as a primary
and secondary confinement system, respectively. The furnace offgas system will act to capture
radioactive gas and particulates evolved from the furnace cavity above the melt during the melting
and cool down process. The furnace enclosure provides a physical barrier around the furnace and
is serviced by an enclosure ventilation system that operates as a branch of the offgas ventilation
system. The furnace enclosure acts as a secondary confinement for the furnace upon accidental
leakage within the primary offgas confinement system. Air within the furnace cavity and offgas
system (primary confinement) will be maintained at a negative pressure relative to the air within
the furnace enclosure (secondary confinement). Air within the furnace enclosure will be
maintained at a negative pressure relative to the purification trailer space area. Purge air will be
drawn from the furnace enclosure into the furnace cavity above the melt and into the offgas
system. The offgas system consists of primary and secondary zeolite sorption beds, HEPA filters,
and exhaust fans. The primary and secondary zeolite sorption beds are located within the furnace
secondary confinement. The offgas system will discharge to a new duct that will join with the
existing 105-L Purification Area ventilation exhaust duct. The furnace enclosure ventilation

- system and the primary offgas system have HEPA filters and fans that discharge through the LEF
exhaust system. This branch of the system will also discharge to the existing purification
ventilation exhaust duct. At least one existing EP903 fan will be operating to maintain negative
pressure in the Purification Area relative to ambient external pressure and will discharge to the
105-L ventilation stack.

The secondary confinement design includes an Uninterruptible Power Supply (UPS). The UPS is
design to provide six hours of ventilation in event of a loss of normal power. The UPS also
provides backup power to those components required to maintain furnace secondary confinement
(secondary confinement instrumentation is powered by the UPS). The UPS is a stand-alone unit
containing batteries and rectifier/charging circuits and other solid state equipment to supply
backup AC power to the secondary confinement system. The UPS is located in the Purification
Area corridor next to the Gas Drying Equipment Area (Ref. 58).

Vendor report data states that the batteries are sealed and normally recombine all gases internally if
they are charged and remain on float within the recommended charge conditions (2.37 VPC at
temperatures up to 92°F). If charge conditions are exceeded, the maximum diffusion limited
equilibrium concentration of hydrogen in the cabinet is 0.23%. This is well below the Lower
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4.0%. With charging under normal conditions, the hydrogen concentration within the cabinet will
not exceed 0.02%.

Validation Test SNF Assemblies

The SNF candidate assemblies to be melted within the LEF include both unirradiated and
irradiated fuel with both high and low enrichment. To demonstrate proper operation of the furnace
and support equipment, initial melts will use trial aluminum and/or depleted uranium MTR type
assemblies. To validate dilution techniques, an unirradiated highly enriched Colombian IAN-R1
MTR assembly will be melted with depleted uranium. Subsequent melts will progress from low
fission product inventory MTR assemblies to high fission product assemblies. The proposed order
of candidate SNF assemblies is as follows (Ref. 2): '

Candidate SNF Enrichment Burnup Decay Time
(years)

Trial DU assembly(s) 0% 0% N/A

IAN-R1 (Colombian) 93% 0% N/A
RU-1 (Uruguay) 19.8% 0.08% 11
RINSC (Rhode Island) 93.2% 3.2% 7
ZPRL (Taiwan) 19.8% 5-9% 12
THOR (Taiwan) 93.2% 19-26% 10
ASTRA (Austria) 93.1% 65.7% 17
MURR (Univ. of Missouri) 93.5% 22% 04

Candidate MTR assemblies will be stored in the L-Basin pending individual transfer to the
Purification Trailer Space for melting.

1.2 HAZARDOUS MATERIAL INVENTORY

1.2.1 POTENTIAL MAXIMUM RADIONUCLIDE INVENTORY

The material processed in the LEF is planned to consist of six (6) unirradiated and irradiated
assemblies received from domestic and foreign research reactors. Of the six assemblies to be
processed, the MURR MTR assembly is radiologically bounding. For purposes of a conservative
analysis, each SNF assembly to be processed during the validation test is assumed to be
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radiologically equivalent to one MURR assembly as characterized in Table C-1 (extracted from
CalcNote, S-CLC-L-00016, Ref. 50) of Appendix C. The maximum quantity of this material that
is expected to be in each of the defined facility sections under reasonably worst case conditions is
assumed to be that given in Table C-2 of Appendix C.

1.2.2 CHEMICAL INVENTORY

Depleted Uranium encased in aluminum is treated as a toxic chemical. The total amount of DU
(U-238) is 25 kg. This quantity of depleted uranium is a chemical concern due to the toxicity of
uranium should it become airborne and respirable in the event of a large fire within the building.

A review of 40 CFR 302 Table 302.4, 29 CFR 1910.119, 40 CFR 68, and 40 CFR 333 was
performed. The review indicated that no chemical RQs, TQs or TPQs exists for uranium metal.
However, 40 CFR 302 Appendix B to Table 302.4 (the appendix radionuclide table to the 302.4
chemical table) does indicate a value of 0.1 Ci as the final RQ for uranium isotopes 234, 235, and
238. Footnotes in Appendix B to Table 302.4 direct that any conflict in RQ values between the
radionuclide table (Appendix B to Table 302.4) and the chemical table (Table 302.4) should be
resolved by selecting the RQ value from either table which is the lowest value. Since there is no
chemical RQ listed in Table 302.4 for uranium metal, the radionuclide RQ value from Appendix
B to Table 302.4 was selected as the chemical RQ by default. Therefore, the final chemical RQ
value from 40 CFR 302 for the uranium isotope 238 is 0.1 Ci.

Using the specific activity of U-238 (3.36E-7 Ci/g) as a good approximation of the specific
activity of depleted uranium, allows conversion of the 0.1 Ci RQ to kilograms. This yields an
equivalent RQ for depleted uranium of approximately 298 kg. The LEF depleted uranium
inventory (25 kg) is well below this value. Therefore, per the methodology outlined in
Reference 8 for toxic materials, this quantity of DU is considered to be a common industrial
hazard and further analysts is not required.

No other chemicals have been identified for use in the LEF operations. It is assumed that there
will be no hazardous chemical inventory within the facility other than small quantities of battery
acid in the UPS batteries and the forklift and transport truck batteries. Carbon dioxide gas is also
contained within portable fire extinguishers. A 78% zinc-bromide solution is also presently being
used within the two shielded viewing windows between the crane aisle control room and the trailer
space in the 105-L Purification Wing. Additionally, although not a part of the LEF operations,
contaminated ion exchange resin contained within the eight (8) purification deionizer vessels is
presently stored in the purification cells adjacent to the trailer space.

1.3 ASSUMPTIONS

The intent of these assumptions is to establish a baseline upon which this HA can be performed.
The assumptions will not restrict design modifications but simply identify those features used in
the analysis. However, any departure from these assumptions subsequent to completion of this
HA must be re-evaluated. The following assumptions were used:
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Due to the variety of SNF to be received and processed, the radionuclide inventory for any
fuel assembly processed by the LEF will be modeled by the inventory quantity represented
by the University of Missouri Research Reactor (MURR) SNF Assembly (150 MWD with
150 day cooling). This assembly is used as a conservative bounding assembly for all
postulated release scenarios, The radionuclide inventory of this SNF assembly is listed in
Appendix C, Table C-1.

The melt and dilute process operates as a batch process with each batch having a
radionuclide inventory of one MURR assembly as listed in Assumption A above.

The cask used to transport the SNF to the Purification Trailer Space will contain an
aluminum basket with an aluminum encased depleted uranium ingot and one fuel assembly
in the Purification Trailer Space prior to unloading. The cask will also contain
contaminated disassembly basin water.

Solidified melt samples, a portion of the offgas filtering media, and ingots may be placed in
a transportation cask and transported to the SRTC High Level Caves for analysis.
Transportation and analysis activity outside of L-Area is not included within the scope of
this HA.

For safety analysis purposes, responsibility for SNF assemblies and ingots will be retained
by the LEF during transport between the Transfer Bay, Purification Wing Trailer Space and
the Dry Cave (all within L-Area). For transportation of LEF radioactive materials out of L-
area (Assumption C above), LEF responsibility is transferred to the carrier when the cask lid
is bolted and the cask is mounted on the transport trailer and is ready for transport.
Transportation and analysis activity of LEF materials outside of L-Area is not included
within the scope of this HA.

Deleted.

Existing Purification Cell deionizer vessels (8) are assumed to contain Amberlite 120 or
400 resin or equivalent, with a radioactive inventory after de-deuterization as follows
(WSRC-TR-94-0590, Ref. 20):

Tritium 120 Ci / deionizer
C-14 20 Ci / deionizer
Cs-137 2 Ci / deionizer
Sr-90 3.2 Ci /deionizer

Alpha Emitter 0.1 Ci /deionizer

The dose which results from a fire consuming all 8 deionizer vessels is assumed to be
equivalent to the dose resulting from 1 MURR consumed by fire (derived from Ref. 20 and
RADScreen, Ref. 28). See Table E-2 in Appendix E.

The furnace is considered “in operation” when the metal temperature in the crucible is
above 500°C and fission products are off-gassing from the SNF.
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There will be no more than 5 MURR worth of treated or untreated SNF in the Furnace Area
(and Trailer Space) at any given time. This Assumption is based on 4 treated MURR ingots
awailing transportation with 1 MURR assembly arriving by truck or in the furnace.

The furnace crucible is constructed of graphite. The crucible uses a new steel crucible liner |
for each melt. Clamshell heaters are placed above the crucible and are primarily used for
insulation. When they are operated, the clamshell heaters will heat the crucible and

minimize cesium plate-out on the crucible walls. Crucibles will' not be packaged with the |
ingots in the ISTC, and will be disposed of as secondary waste.

For the purposes of conservatively analyzing events associated with the off-gas filters in the
unmitigated analysis, all of the cesium contained in each furnace batch is released during a
normal melting cycle. For the mitigated analysis, only 80% is released (Ref. 50).

For the purposes of conservatively analyzing events associated with the ingots in the
unmitigated analysis, none of the cesium contained in the melt is given off and therefore
remains in the ingot when the molten material solidifies. For the mitigated analysis, 20% of
the cesium is retained (Ref. 50).

For the purposes of conservatively analyzing events associated with the off-gas filters in the
Unmitigated Hazard Analysis, the furnace off-gas Cesium absorber bed becomes fully
loaded.

For the purposes of conservatively analyzing events associated with the off-gas system, the
radioactive material release to the off-gas system is equivalent to 10% of each MURR
batch. Maximum expected inventory in the offgas system pnor to filter change-out =10%
x 5 MURR batches = 0.5 MURR

Sample volume and activity is equivalent to 1.5 % (0.015) of a MURR.

Deleted.

Deleted.

Hazardous chemicals in excess of TQs, TPQs, or RQs will not be used in the LEF process.

All noble gases and halogens given off during the melting process are released from the
stack to the environment.

The existing SNF assemblies located in the Dry Cave which are not associated with the LEF
process are equivalent to 0.5 MURR each in radiological inventory for MAR calculations.

In an unmitigated hazard analyses where no shielding or remote operation is credited, the
dose due to direct radiological exposure of facility workers to SNF assemblies, ingots and
loaded filters would tend to bound the Onsite 1 receptor category with a consequence of
“High” for the majority of events. This would overshadow the event dose component due
to respirable uptake. As such, in this analysis, the direct radiation exposure dose component
is disregarded in most events to allow the dose component due to respirable release uptake
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to be emphasized for the Onsite 1 receptor. To address the hazard associated with direct
radiation exposure, at least one loss/lack of shielding event (event category E-4)is included
in each facility section Hazard Evaluation table (Appendix D).

V. Inregard to conservative frequency analysis for the unmitigated analysis, up to 20
assemblies may be processed per year. Each melt batch requires 8 hours with the furnace
energized. A furnace failure rate was assumed at 2E-6 failures/hr (Ref. 16). Crane
equipment failure frequency is based on 8 hours per day operation with 4 days of activity
per melt process, and a component failure rate of approximately 1.0E-5 failures/hr (Ref.
16). In general, worker error operating cranes or other equipment is assumed to be >1.0E-2
occurrences/demand (Ref. 14).

W. For the mitigated analysis, the processing of 20 SNF assemblies is assumed. Event
frequencies are based on the calculated event frequencies in Reference 52.

X. Loss of normal power in the LEF involves losing ventilation flow resulting in the loss of
differential pressure between primary and secondary containment, which is a required
safety function (Ref. 56). Cooling water to the furnace will be lost during a loss of normal
power event resulting in a longer cool down period (5 vs. 3 hours) to reach the melt
solidification temperature (Ref. 57).

Y. With the UPS operating ventilation and differential pressure between primary and
secondary containment would be maintained.

Z. The LEF control building outside of Building 105-L is assumed to be designed to PC-2
requirements for NPH events to protect the UPS powered circuitry from detrimental II/I
interactions.

AA. No hazardous chemicals will be used in the LEF process except for depleted uranium,
which is considered to be chemically toxic.

BB. The batching process for delivering DU to the LEF consists of preparing individual
aluminum baskets at the Savannah River Technology Center (SRTC) with approximately
1.25 kilograms (kg) of depleted uranium metal encased in aluminum (Al) per basket. A
total of twenty baskets are assumed to be prepared with the DU/AI ingots.

2.0 HAZARDS ANALYSIS

This section describes the Hazard Analysis (HA) performed for the LEF at the design phase. The
HA is the initial step in analytical evaluation of accident conditions for this project. It provides a
systematic analysis of potential process-related, natural phenomena, and external hazards that can
affect the public, the workers, and the environment due to single or multiple failures. This analysis
considers the potential for both equipment failure and human error.

The Hazards Analysis Team is typically represented by such functions as safety documentation
development, hazard and accident analyses, risk and consequence analyses, facility
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operations/engineering, safety system/functional classification, Technical Safety Requirements
development, material technology research, and design engineering.

In performing the HA, the Team provides a thorough, predominantly qualitative evaluation of the
spectrum of risks to the public and facility workers due to accidents involving the identified
hazards. The analysis consists of two basic activities: Hazard Identification and Hazard
Evaluation (HE). DOE-STD-3009-94 (Ref. 3) requires that the hazard analysis comprehensively
identify potential events, event initiators, and dominant scenarios; estimate their frequencies and
consequences; and present the results in a risk matrix. Gross estimates of consequences and
frequencies are performed in the hazard analysis such that attention is focused on those scenarios
that are of greatest concern or pose the highest risk.

2.1 HAZARDS ANALYSIS METHODOLOGY

Hazard Analysis comprises the initial series of steps conducted within the guidelines of the Safety
Documentation Integrated Work Process (Ref. 21). This section presents the hazards analysis
methodology used in identifying and characterizing hazards associated with the LEF and in
performing a systematic evaluation of the postulated hazardous event scenarios involved. Results
of this HA are presented in Section 2.2. :

2.1.1 HAZARD IDENTIFICATION

Hazard Identification is a comprehensive and systematic process by which all known hazards
(hazardous materials and energy) associated with the facility are identified, recorded, and screened
by a team of individuals representing the stakeholder organizations. In the HA, screening is
performed to eliminate material/energy types and quantities that are considered “common
hazards”.

Hazard Identification is divided into three steps: (1) division of the facility into “sections”, (2)
Facility walkdowns, and (3) screening for common hazards.

2.1.1.1 Division of the Facility

Partitioning of the facility into “sections” facilitates hazard identification and evaluation. These
sections may be individual unit operations, individual or grouped facility systems, specific
function(s), and/or physical boundaries inside the facility. When deemed appropriate, a single
general hazard facility-section may cover common cause events that could involve more than one
facility-section (e.g. facility fire and earthquake).

2.1.1.2 Facility Information Gathering and Walkdowns

Facility information gathering is a key element in the process of identifying hazardous materials
and energy sources that are currently known or which may be associated with each facility HA
section, particularly at the conceptual design stage of a project. This information gathering

10
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process includes reviews of current design documentation, system drawings, functional
performance requirements, procedures, etc. in the context of Hazard Identification, and direct
interactions with the designers responsible for the specific sections of the facility. In addition, if
the design involves a modification to an existing facility, it is generally helpful to perform a
physical walkdown of the facility as well to aid in the identification of potential hazards. The
HA team uses a hazards checklist or legend (an example is given in Table A-1) that lists generic
facility hazards as a useful aid in conducting hazard identification. This checklist is based on the
DOE Management Oversight Risk Tree (MORT) methodology (Ref. 5).

Using the results of the information gathering and physical walkdowns, the HA team creates a
listing of all expected radiological and chemical hazards. Hazard Identification Tables (see
Appendix B) are typically used to document the results of the Hazard Identification process and
are developed for each facility section,

2.1.1.3 Screening of Common Hazards

The third step in the Hazard Identification process is the screening of common hazards. These are
defined as hazards that are routinely encountered and accepted in general industry and
construction, and for which national consensus codes and/or standards (e.g., OSHA and
transportation safety) exist to guide safe design and operation. In accordance with
DOE-STD-3009-94 (Ref. 3), hazard evaluations of industrial hazards and routinely accepted
hazards are not included. Standard industrial hazards and routinely accepted hazards are evaluated
only to the degree that they could act as initiators and contributors to events that result in
radiological and chemical release events. The following characteristics are used to determine
hazards that are considered standard industrial hazards and routinely accepted hazards:

« The hazard is controlled by OSHA regulations or national consensus standards (e.g.,
ASME, ANSI, NFPA, IEEE, NEC), where these standards are adequate to define special
safety requirements, unless in quantities or situations that initiate events with serious
impact to the public or workers.

« Hazards such as noise, electricity, flammable materials, welding operations, small
quantities of chemicals that would likely be found in homes or general retail outlets, and
hazardous materials transported on the open road in DOT specified containers are
considered to be common hazards encountered in everyday life.

Examples of common hazards include:
= gpecific materials (e.g., lead and asbestos) that have their own control program,
¢ thermal energy sources (potential for burns),
s electrical shock hazards,
» gas cylinders transported and stored in DOT configuration and within design limits,

» personnel pinches, trips, falls, slips, etc.,

11
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* confined space hazards,
* hazards typically found in office areas.

Chemical Screening

Chemicals that require hazard evaluation are those that are present in amounts exceeding the
threshold planning quantity (TPQ) listed in The List of Extremely Hazardous Substances and
Reportable Quantities (TPQ), 40 CFR 355 (Ref. 23); the threshold quantity (TQ) listed in Risk
Management Programs for Chemical Accidental Release Prevention, 40 CFR 68 (Ref. 24); the
reportable quantity (RQ) listed in the List of Hazardous Substances and Reportable Quantities,
40 CFR 302.4 (Ref. 25) or the TQ listed in Process Safety Management (PSM) of Highly
Hazardous Chemicals, 29 CFR 1910 (Ref. 26).

The screening of the chemical inventory will be conducted as follows:
a)  Eliminate a chemical if it is not present in quantities greater than a RQ, TPQ or TQ

established for that material. |

b) Eliminate a chemical if it has been previously analyzed to be insignificant hazards and there ‘
is nothing to indicate that a more detailed evaluation is required (e.g., the material is ‘
present in greater than end-user quantities).

¢) Eliminate the chemical if one or more of the following is valid:
¢  The material is tdentified as a sample.
e  The material is identified as part of the radionuclide inventory.

e  The material is used in a laboratory setting and in laboratory scale quantities.
Materials whose maximum amount at a given location or segment was under ten :
pounds were designated as being a laboratory quantity. !

d)  Propose elimination of the chemical if it satisfies one or more of the following criteria:

e  The material is commonly used in industry and/or by the general public: |

- Materials such as vehicle fuel and common industrial solvents are normally
screened. These materials can be event initiators for hazardous materials in
close proximity, and they were considered in the hazard evaluation.

e  The material is a true solid (e.g., not a finely divided powder) under normal
circumstances and does not present an airborne concem (e.g., lead shielding is not an
airborne concern)

e  The material does not and cannot cause harm via the inhalation pathway from an
acute exposure.

. The material has a vapor pressure of < 0.5 mm Hg at 25 degrees C and an ERPG-2 or
equivalent of > 1 ppm.

12
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Practicing basic safety in the workplace provides protection against industrial hazards and
routinely accepted hazards. Such hazards are formally and systematically treated by the following
programmatic elements:

* WSRC Procedure Manual 8Q (Ref. 6) defines basic site-wide safety policies and minimum
requirements. This procedure manual is augmented by detailed rules and procedures
developed by departments and facilities for activities within their areas of responsibility.
The manual requires compliance with DOE Orders and OSHA regulations, at a minimum,
for industrial safety.

» The operating philosophy at the Savannah River Site is that the safety and health of
employees is the first and utmost priority. Policies are implemented at the facility level
through facility-specific procedures.

» During the design phase of SRS facilities or modifications to existing facilities, various
design reviews contribute to industrial hazard identification. Application of the
Management Oversight Risk Tree (MORT) process and information from past operating
reports also contribute to the hazard identification process.

» During facility operation, several programs ensure timely identification of industrial _
hazards. These programs include OSHA compliance reviews, routine safety audits and
periodic safety inspections, incident investigations (formal reviews and assessments of any
unsafe situation or incident), annual safety program reviews, monthly safety meetings,
safety suggestion programs, and the SRS Quality Assurance program.

The HA team examines each identified hazard for each section based on material/energy types and
quantities using the general guidance given above and considers its potential contribution as an
initiator for events involving release of radiological material, hazardous energy, or hazardous
chemicals.

If the identified hazard does not meet the appropriate screening criteria for identification as a
common hazard, the hazard is not considered common and is carried forward to the Hazard
Evaluation.

2.1.2 HAZARD EVALUATION

The Hazard Evaluation (HE) constitutes the primary focal point of the HA. Hazards are
characterized in the context of actual or anticipated facility operations and processes by
considering feasible release mechanisms (or events), estimating initiating event frequency, and
estimating consequences of the release. The purpose of Hazard Evaluation is to ensure a
comprehensive assessment of facility hazards and to focus attention on those events that pose the
greatest risk to the public, onsite workers, and the environment.

The Hazard Evaluation (HE) is performed in accordance with the requirements of
DOE-STD-3009-94 (Ref. 3), WSRC Procedure Manual 11Q (Ref. 7), and the Hazard Analysis
Methodology Manual (Ref. 8).

13
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Authorization Basis Guidance Document 007-06, Analytic Methods (Ref. 9), requires that “All
hazardous events, with the exception of sabotage, will be identified in the Hazards Analysis
(unmitigated). These events are the bases for subsequent analyses such as mitigated Hazard
Analyses, Accident Analyses, Emergency Preparedness Hazard Analyses, and Fire Hazard
Analysis.

In this regard, the scope of Hazard Evaluation includes:
»  All aspects of facility process and operation.

 Natural phenomena (e.g. earthquakes, tornadoes, straight-line winds), external events (e.g.
aircraft and vehicular impact), and nuclear criticality (where applicable).

= Consideration of the entire spectrum of possible events for a given hazard in terms of both
frequency and consequence levels.

« Hazards addressed by other programs and regulations {e.g. PSM, OSHA, RCRA, DOT,
EPA) if loss of control of the hazard will result in a release.

The scope of Hazard Evaluation does not include:
»  Willful acts, such as sabotage.
« Hazardous events that meet the screening criteria given in Section 2.1.1.3.

Detailed information regarding hazardous material and energy sources in the context of facility
section and/or whole facility operations is the basis for specific release events. Event
categorization, identification of event cause(s), assignment of initiating event/event frequency and
unmitigated/mitigated consequence level, and final consequence determination are tasks
performed during Hazard Evaluation.

Information related to Hazard Evaluation is collected and organized in “Hazard Evaluation
Tables.” These tables are useful as a guide for performing Hazard Evaluation, and they provide an
effective format for documenting Hazard Evaluation results. A separate Hazard Evaluation Table
is constructed for each facility section. Information in these tables includes:

Event Number

Event Category (E-1 through E-7)

Postulated Event Description (including location and hazard source)

Causes

Preventive Features (Design and Administrative)

Initiating Event Frequency Level (unmitigated and mitigated)

Mitigative Features (Design and Administrative)

Consequence Level estimates for On-Site and Off-Site individuals (unmitigated and
mitigated)

e Risk Level (unmitigated and mitigated)

14
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For an unmitigated analysis, estimated values are provided in the columns pertaining to Initiator
Frequency Level, Unmitigated Consequence Level and Unmitigated Risk Level within the HE
Table. Additionally, any preventive and mitigative controls which may be available within the
facility are listed in their respective HE Table columns; however, no credit is applied to the
available controls during the unmitigated hazard analysis. Unmitigated HE Tables will typically
list “TBD” (To Be Determined) in columns pertaining to Mitigated Initiator Frequency Level,
Mitigated Consequence Level and Mitigated Risk Level until such time as the mitigated analysis is
complete.

For the mitigated analysis, in addition to the unmitigated data, credited Preventive and Mitigative
Features are indicated by underlining within their respective HE Table columns and the calculated
Mitigated Frequency Level, Mitigated Consequence Level and Mitigated Risk Level values
resulting from the credited controls are also provided. Using this format, the HE Table facilitates
ease of comparison between unmitigated and mitigated risk for each event.

Additional detail and pertinent methodology information regarding each of the Hazard Evaluation
Table columns are provided in the following sections.

2.1.2.1 Event Number

Events are numbered to provide each with a sequential reference. The numbering system is chosen
such that facility section is identified mnemonically. For example, facility section identified as
“Furnace Area” would be abbreviated as “FA” in the Hazard Evaluation table. Events associated
with the pump house would then be numbered FA-1, FA-2, etc.

2.1.2.2 Event Category

Events are categorized according to the nature of the postulated release mechanism. A standard
list of event categories, based on those given in Appendix C of DOE/TIC-11603 (Ref. 10), is used.
This categorization scheme is used simply to label the various types of postulated events and plays
no part in the subsequent identification of preventive or mitigative controls. The event categories
are as follows:

« E-1 Fire

» E-2 Explosion

*« E-3 Loss of Containment/Confinement

. E—4 Direct Radiological/Chemical Exposure
*+ E-5 Nuclear Criticality

+« E-6 External Events

¢ E-7 Natural Phenomena

15
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Events are categorized according to the event description rather than the event cause. For
example, a facility fire might be a postulated event that is caused by an earthquake or some other
natural phenomena. This event would fall under category E-1 (Fire) rather than E-7 (Natural
Phenomena). Table A-2 gives additional information regarding event categories and associated
hazardous material and energy sources.

2.1.2.3 Postulated Event Description

A brief description of a postulated event is given in this column of the Hazard Evaluation Tables.
The event description clearly defines the nature of the event. It includes the type of event, its
location, hazard source, affected system(s) or equipment, and any pertinent operating
characteristics.

Using the results of the Hazard Identification process as a basis, the HA team develops event
scenarios for each facility section wherever a potential exists for a release of hazardous energy
and/or material. The scenarios cover the entire spectrum of possible events for a given hazard;
from small consequence events, for which procedures or equipment may be credited in providing
adequate protection, to reasonable worst-case conditions. Unlike “worst-case,” “reasonable worst-
case” does not necessarily consider every parameter in its most unfavorable state. For example, if
a toxic material is normally handled as a liquid at room temperature during processing, a
reasonable worst-case release does not have to consider a spill with the liquid at 130°F.

2.1.2.4 Causes

A cause specifically states the failure, error, operational, and/or environmental condition that could
initiate the postulated event. Causes need to be clearly identified to support frequency evaluation.
This list typically identifies the major contributors and is not necessarily an exhaustive list of every
possible cause. The Hazard Identification Tables are used as a guide in developing specific causes
for release events.

2.1.2.5 Initiating Event Frequency Level

Event frequency evaluation is a qualitative or quantitative process that involves assigning a
frequency level to the initiators of each event in the Hazard Evaluation Tables. Frequency levels
and descriptions are summarized in the Frequency Evaluation Levels (Table A-3) which are based
on DOE-STD-3009-94 (Ref. 3).

The frequency level determination is based on the event’s cause(s) and may be either qualitative or
quantitative. Sources of frequency information include generic initiator database information,
engineering calculations, analyses for other facilities, and judgement by experts. The frequency
level is recorded in the Hazard Evaluation Tables according to the lettering scheme given in Table
A-3.

Erring in the conservative direction from best-estimate values accommodates uncertainties in
frequency levels. This practice is particularly important when an event frequency is just below the
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next highest frequency level. For example, the HA team considers the sources of frequency-
related information, the methods used to evaluate that information, and the uncertainty associated’
with the evaluation process. With this information, the team might collectively decide to call an
event “Anticipated” if the event has been estimated to have an initiator frequency at the high end
of the “Unlikely” level.

2.1.2.6 Event Frequencies for the Mitigated HA

For the mitigated HA, credit is taken for preventive features identified in the Functional
Classification Report (Ref. 49), frequency calculations performed for the LEF Project (Ref. 52),
and the Fire Risk Analysis (FHA) (Ref. 53) to determine overall event frequencies. The frequency
level is recorded in the Hazard Evaluation Tables according to the lettering scheme given in Table
A-3.

2.1.2.7 Unmitigated Consequence Level

Event consequences are documented by specifying the impact on the receptors (described below).
Any potential impact of consequences on other systems is also documented in this column of the
Hazard Evaluation Tables.

For unmitigated HA purposes, consequences are defined as the dose or exposure at specified
receptor locations based upon unmitigated release of hazardous material. Consequences are a
function of the type and characteristics of the hazard, the quantity of hazardous material released,
the release mechanism, relative location of the release, and any relevant transport characteristics.
Consequences are determined from (1) simple source term calculations, (2) existing safety
documentation, and/or (3) qualitative assessment. The HA team utilizes its discretion, expertise,
and knowledge of facility hazards to select one or more of the above methods appropriate for
consequence determination. Unlike frequency levels that cover two orders of magnitude,
consequence levels sometimes span less than one order of magnitude. Thus, a more refined effort
may be required to determine the appropriate consequence level for a given event and receptor. As
in frequency evaluation, the consequence should err in the conservative direction, especially for
those events with consequences at the high end of a given level.

Consequences are evaluated at various receptor locations to assess health and environmental
effects associated with the postulated event. Table A-4 gives the consequence levels for
radiological releases and their relationship to specified receptor locations, using maximally
exposed individual at each receptor location. Receptors are:

Offsite  Offsite receptors are the public or everyone outside the site boundary. The
nearest Site boundary point is 9.16 miles from Building 105-L.

Onsite-1 Onsite-1 receptors are workers inside the facility. This category of
receptors includes those workers in the immediate area of the hazard
(“proximate workers”™) and those workers in the same room or building
associated with the hazard (“facility workers™) who may not be aware of
the hazardous condition.
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Onsite-2 Onsite-2 receptors are workers outside the facility but within the site
boundary. For evaluation purposes, these workers are located outside the
last possible barrier from the hazard and at the worst possible location.
Doses are calculated for the Onsite 2 receptor at a distance of 100 meters.

These receptors are consistent with those used in the SRS Functional Classification Methodology
(Ref. 11).

The Hazard Evaluation Tables should provide, for each of the postulated release events, the impact
of the event on the three receptors. This information is documented in the column labeled
“Consequence Level” of the Hazard Evaluation Tables.

2.1.2.8 Miitigated Consequence Level

For mitigated HA purposes, consequences are defined as the dose or exposure at specified receptor
locations based upon mitigated release of hazardous material. Consequences are a function of the
type and characteristics of the hazard, the quantity of hazardous material released, the release
mechanism, relative location of the release, and any relevant transport characteristics. The
mitigated consequence levels were derived from the LEF accident analysis (Ref. 50) and the LEF
consequence analysis (Ref. 51). The accident and consequence analysis was performed for a set of
bounding accidents, which included:

s Crucible Failure Explosion

® Rapid Steam Generation

o Fumace Extreme Overheating Transient
¢ Fire During Transport

» Fumace area Fire

e Storage Area Fire

¢ Full Facility Fire

All of the operational events (excluding criticality and radiation exposure) are assumed bounded
by these events. Consequences from exposure to radiation events were derived from the LEF
shielding analysis (Ref. 54). Criticality events were determined 1o have a frequency of Beyond
Extremely Unlikely (Ref. 55) as well as certain external events (aircraft and helicopter crashes).
Therefore, consequences from these events were determined to negligible.

For natural phenomena events such as earthquake, tornado, or high wind the Purification Trailer
Space and the Control building are qualified as a PC-2 structures. In addition, there are no
unsatisfactory seismic I/I conditions existing in the Purification Trailer Space and the Control
building. Therefore, natural phenomena events were treated as Beyond the Design Basis events
for the Mitigated HA. The existing Authorization Basis (Ref. 45) concluded that lightning
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strikes on the 105-L Building would not result in a release of material stored within the structure.
Lightning strikes on transport vehicles were considered to be credible.

2.1.2.9 Risk Ranking

Using event frequency and consequence levels, the HA team “bins” events in frequency-
consequence space to assess relative risk in accordance with DOE STD-3009-94 (Ref. 3) and the
WSRC Hazard Analysis Methodology Manual (Ref. 8). The objective of risk binning is to focus
attention on those events that pose the greatest risk to the public, onsite receptors, and the
environment, Higher risk events might be candidates for additional analysis and/or functional
classification evaluation.

Tables A-5, A-6, and A-7 are risk binning matrices for the three receptor locations considered in
the HA (i.e., offsite, onsite-1, and onsite-2). In each of these tables, a rectangular matrix defines
bins in frequency-consequence space. Each bin is uniquely numbered, but numbering is for
identification purposes only (i.e., risk severity is not proportional to the magnitude of the bin
label). '

Table A-5 is the risk-binning matrix for offsite receptors. The crosshatched bins, (i.e., 1, 2,3, 4,5,
and 7), represent risk that exceeds the offsite radiological and/or chemical evaluation guidelines
for Functional Classification. Events falling into these bins typically require further evaluation by
a Functional Classification engineer as candidates for Safety Class functions. In DOE-STD-3009-
94 (Ref. 3) terminology, these events are considered “unique,” or “situations of major concern,”
with sufficiently high risk that individual examination is needed by accident analysis.

The three lightly shaded bins in Table A-5, (i.e., 6, 8, and 9), fall below the Functional
Classification evaluation guidelines, yet per Reference 3, these events are considered “situations of
concern” that yield a subset of “representative” events needing further examination.
Representative events bound a number of similar events of lesser risk (i.e., the worst fire for a
number of similar fires). At least one event from each of the event types (i.¢., fires, explosions,
etc.) is considered representative, however representative events are examined only to the extent
that they are not bounded by unique events.

Table A-6 is the risk binning matrix for the onsite-1 receptor(s) located anywhere inside the
facility with the hazardous release or hazardous condition. The crosshatched bins, (i.e., 1, 2,4, 5,
and 7), represent risk that exceeds the onsite radiological and/or chemical evaluation guidelines for
Functional Classification. Events falling into these bins typically require further evaluation by a
Functional Classification engineer as candidates for Safety Significant functions.

Table A-7 is the risk binning matrix for the onsite-2 receptor(s) located somewhere outside the
facility. The crosshatched bins, (i.e., 1, 2, 4, 5, and 7), represent risk that exceeds the onsite
radiological and/or chemical evaluation guidelines for Functional Classification. Events falling
into these bins typically require further evaluation by a Functional Classification engineer as
candidates for Safety Significant functions.

The Hazard Evaluation Tables provides, for each of the postulated release events, a bin number
representing risk at each receptor location.
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2.1.2.10 Identification of Potential Controls

Preliminary identification of potential preventive and mitigative features begins during the
Hazard Identification process. Potential preventive and mitigative controls are listed in
Appendix D in the Hazard Evaluation Tables for each postulated event. It is from this list that
the controls needed to prevent or mitigate hazardous events are selected.

Accident and consequence analysts and functional classification engineers have utilized this
Hazards Analysis to select and subsequently credit preventive and mitigative controls to lessen
the probability and/or severity of the postulated accidents listed herein. The credited controls
have been incorporated into this document providing mitigated analysis results.

A preventive feature is any feature that is relied upon to act to reduce the frequency of an initiating
cause that could result in the release of hazardous material or energy to an unwanted location.
Preventive features might include engineered features (e.g. structures, systems, components, etc.)
and administrative controls (e.g. procedures, policies, programs, etc.), operating individually or in
combination. The Hazard Evaluation Tables are formatted such that a distinction is made between
administrative and engineered (design) features. Preventive features are assumed to be operable
prior to an event and are not required to be operable during the event or post event.

Mitigative features are any features that are relied upon to reduce the consequences associated with
the release of hazardous material or energy. Mitigative features are those which are assumed to be
operable during an event or after the event, and are not required to be operating prior to the event
initiation. Therefore, mitigative features must be capable of withstanding the environment of the
event. As with preventive features, mitigative features might include engineered features or
administrative controls operating individually or in combination. The Hazard Evaluation Tables
are be formatted to make the distinction between administrative and engineered (design) features.

Control selection was performed according the methodology given in the Functional Ciassification
Manual (Ref. 11) and is documented in Reference 49.

2.2 LEF HAZARD ANALYSIS RESULTS

As discussed in Section 2.1, the HA consists of two basic analytical activities: hazard
identification and hazard evaluation. This section provides an in-depth dlscussmn of the results
from the performance of these activities for the LEF.

The LEF HA team included, on an as-required basis, representatives from the following
disciplines:

Hazard Analysis

Risk Management/Analysis

Projects Engineering

Facilities Operations/Engineering
SRTC/Strategic Materials Technology
Bechtel/Design Engineering
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e Fire Protection
¢ Criticality Analysis

2.2.1 HAZARD IDENTIFICATION

In accordance with the methodology given in Section 2.1.1, and to ensure completeness, hazards
associated with the LEF were systematically identified by listing hazardous materials, energy
sources, and their locations in tables. Screening was performed to eliminate material/energy types
and quantities that are considered “‘common hazards.” Hazard Identification was divided into
three steps; 1) division of the facility into “sections,” 2) facility/information walkdowns, and 3)
identification of common hazards.

Division of the L-Experimental Facility

To facilitate hazard identification and evaluation, the LEF was divided into six (0) sections,
These sections were based upon the physical locations of the various rooms or areas, their
contents and functions, and flow of material in the building. The sections for the LEF are as
follows (with acronym used in the Hazard Evaluation Table):

1.  Furnace Area (FA) (Purification Wing Trailer Space)

2. Crane Aisle Control Room (upper level Purification Wing) and UPS Conidor (corridor at
Elevation 0 in Purification Wing) (CC)

3.  Furnace Control Station (FC) (external bldg.)

4.  Receiving Area Transfer Bay (TB)

5. Dry Cave Area (DC) |

6. Transportation (TR) (between Receiving Area Transfer Bay and Furnace Area)

Note: Activities that are normally performed within the Disassembly Basin and addressed by
existing L-Area Authorization Basis documentation are not duplicated in this Hazards Analysis.
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Facility Walkdowns

Although the LEF was in the design stage, and modifications to Building 105-L Purification Wing
Trailer Space had not begun, the HA Team performed a physical walkdown of the area as an aid in
identifying potential hazards. SRTC Strategic Materials Technology experts also provided a
walkthrough of its bench model induction coil furnace located in SRTC. Documents associated
with the proposed functions of the LEF were reviewed with the HA Team. This “paper
walkdown” included review of facility-related documents included in Section 4.0 References of
this document.

Screening of Common Hazards

Using the guidance provided in Section 2.1.1, members of the HA team examined each identified
hazard for each section to determine its potential contribution to events resulting in release of
radiological material or hazardous energy.

If the identified hazard did not meet the appropriate screening criteria for identification as a
common hazard, it was not considered common and was carried forward through the complete
Hazard Evaluation step.

Results of Hazard Identification

Tables B-1 through B-6 of Appendix B, Hazard Identification Tables, list all identified hazards
(those not screened as standard industrial or routinely accepted according to criteria in Section
2.1.1) and corresponding locations for each section in the LEF. Since no chemicals were
identified by facility personnel for use in the LEF, (except truck battery acid, the crane control
room shielded window zinc-bromide solution, and CO,) it was assumed that there would be no
hazardous chemical inventory in the facility. A chemical mixing study was not performed as part
of the Hazard Identification process.

Several of the hazards listed in the Hazard Identification Tables may not exist in the 105-L
Building Purification Trailer Space at this time and were assumed to be those that would exist
after installation of the LEF process. These assumptions were based on information gathered from
conceptual design documents, interviews with facility representatives, and analyst experience.

2.2.2 HAZARD EVALUATION

One of the purposes of the Hazard Evaluation at the design phase is to identify the potential events
that could impact the offsite and two onsite receptors. The results from the Hazard Evaluation are
then used for preliminary functional classification of the Structure, Systems, and Components in

the LEF.

Determination of the event frequency and the level of consequence for each of the postulated
events were petformed using unmitigated initiating events and unmiti gated material release.
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For each of the postulated events, frequencies were estimated using such information sources as
the generic frequency database (Ref. 12), natural phenomena frequency data (Ref. 13), human
error database development (Ref. 14), engineering judgement, or existing safety documentation.

For the unmitigated hazards analysis, it is useful to envision a hypothetical “working” facility in
the open, such as in a green field or a parking lot, with no protective aspects which might
normally be expected to prevent or mitigate potential radioactive releases. This hypothetical
facility may be expected to have conservatively high accident frequencies, consequences and
risk, which serve as bounding reference points from which to establish the necessary controls to
mitigate or prevent the accidents.

In the unmitigated analysis, to determine the consequence level of each event, a semi-quantitative
assessment is performed. In this assessment, estimates of the potential radiological dose were
based on the amount of hazardous material released that subsequently becomes airborne. The
airborne source term (ST) were estimated by the following five component linear equation
involving: Material-at-Risk (MAR), Damage Ratio (DR), Airborne Release Fraction (ARF),
Respirable Fraction (RF) and Leak Path Factor (LPF).

ST =MAR x DR x ARF x RF x LPF

The MAR is the material inventory within the facility section and was taken from Table C-2 in
Appendix C. The material assumed to be affected is represented by the product MAR x DR for
each event, where MAR is the inventory available to be acted upon, and the DR is the fraction of
the MAR actually impacted. The product of ARF x RF represents the fraction of the material
impacted that becomes airborne and is respirable. The LPF is assumed to be 1.0 for unfiltered
releases. Details and assumptions used in the derivation of source terms and unmitigated
consequences for the LEF postulated events are included in Appendix E.

Using these event frequencies and consequences, the HA Team “binned” the postulated events
according to the matrices given in Tables A-5, A-6, and A-7. The goal was to identify those
events that pose the greatest risk to the public, onsite workers, and the environment. The results
of the Hazard Evaluation process for the LEF are given in the tables provided in Appendix D
(Tables D-1 through D-0) of this report.

Following the development of the LEF accident and consequence analyses and the Functional
Classification Report, event frequencies and mitigated consequences were determined. The
results of the mitigated hazard analysis are documented in Appendix D.

Hazardous Chemical Release Consequence

No chemicals have been identified for use in the process operation of the LEF. Chemicals
identified to be associated with the LEF exist in small quantities. They include depleted uranium
for SNF dilution, battery acid (sulfuric acid) in the lead-acid batteries of the transport truck, a 78%
zinc-bromide solution within the crane control room shielded windows, and CO; contained within
portable fire suppression equipment. Of these chemicals, no quantities were found to exceed RQ,
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TQ or TPQs. These small chemical quantities do not exceed Site guidelines and may represent
only a very localized hazard if released.

3.0 CONCLUSIONS

A comprehensive review of hazards associated with the Spent Nuclear Fuel LEF was performed to
identify potential accident scenarios. To determine the unmitigated and mitigated risk of
accidents, a Hazards Analysis was performed. The hazard evaluation process identified a total of
113 potential hazardous event scenarios. The unmitigated and mitigated consequences of these
events are given in Appendix D.

For the offsite receptor, there were 7 accident scenarios for which the dose to the maximally
exposed individual exceeded the Evaluation Guidelines if unmitigated. Detailed accident and
consequence analysis has demonstrated that the consequences from the 7 accidents are below the
SRS Evaluation Guidelines. For the onsite worker, there are 44 event scenarios for which the dose
to the maximally exposed individual exceeded the Evaluation Guidelines if unmitigated. The
mitigated hazard analysis demonstrated that taking credit for preventors and mitigators drives the
consequences below the Evaluation Guidelines.

For the onsite receptors, the 44 event scenarios exceeding the evaluation guidelines if unmitigated
were further evaluated as candidates for Safety Significant functions and documented in the FCR
(Ref. 49). Further evaluation was also performed in the mitigated portion of the HA. Using the
credited controls for prevention from the FCR, the LEF frequency calculations, and the FRA,
event frequencies were developed. The mitigated consequences were developed from the accident
and consequence analysis taking credit for the controls identified in the FCR were applicable. All
of the 44 prevented and mitigated event scenarios were determined to be below the evaluation
guidelines for the onsite receptors. A summary of the results of the mitigated HA is presented in
Table E-6 of Appendix E.
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Table A-1 Hazardous Material/Energy Checklist

WSRC-TR-99-00010

Hazard Group Specific Hazardous Material/Energy Source
Electrical Battery banks Pumps
Cable runs Power tools
Diesel units Switchgear
Electrical equipment Service outlets, fittings
Hot plates Transformers
Heaters Transmission lines
High voltage Underground wiring
Locomotive, electrical Wiring
Motors
Thermal Bunsen burner/ Hot plates Steam lines
Electrical equipment Welding torch
Furnaces Exothermic reactions
Heaters
Friction Belts Gears
Bearings Motors
Fans Power tools
Pyrophoric Material Pu and U metal
Spontaneous Combustion | Nitric acid and organics
Combustibles Combustible materials
Chemical Reactions Uncontrolled chemical reactions
Open Flame Bunsen burners ’ Pilot lights
Torches Gas Welding
Flammables Flammable gases Flammable mixtures
Flammable liquids
Explosives Explosive gases Propane
Hydrogen/Tritium Explosive chemicals
Potential Gas bottles Pressure vessels
Gas receivers Steam headers and lines
Kinetic Fans Motors
Pumps Rotating machinery
Non-facility Events Explosion Fire

Radiological Material

Radiological material

Fissile Material

Fissile material

Non-Ionizing Radiation

Non-ionizing radiation

Ionizing Radiation

Fissile material

Radioactive material

Radiography equipment Radioactive sources
Hazardous Material Alkali metals Oxidizers
Asphyxiants Corrosives
Biologicals Toxics
Carcinogens
Natural Phenomena Earthquake Snow, ice
Flood Freezing weather
Lightning Straight wind
Rain Tornado
Vehicles in Motion Airplane Truck/Car
Helicopter Forklift
Train
Crane Crane
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Table A-2 Event Categories & Relationship to Hazardous Material and Energy Sources

Event Category

Event Category Description

Hazard Energy and Material
Groups

E-1

Fire _

Electrical

Thermal

Friction

Pyrophoric material
Spontaneous combustion
Open flame

Flammables
Combustibles

Chemical Reactions

E-2

Explosion

Potential (pressure)
Explosive materials
Chemical Reactions

E-3

Loss of Containment or Confinement

Radiological Material
Hazardous Material

E-4

Direct Radiological/Chemical Exposure

Ionizing radiation sources
Non-ionizing radiation sources
Chemicals

E-5

Nuclear Criticality

Fissile Material

E-6

External Hazards

Non-facility Events
Vehicles in Motion
Crane

Kinetic

Natural Phenomena

Natural Phenomena
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Table A-3 Initiating Event Frequency Evaluation Levels
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Event Frequency Code

Description

Estimated Annual Frequency

of
Occurrence (year'l)

Anticipated (A)

Accidents that may occur
several times during the life
cycle of the facility
(accidents that commonly
occur).

£>1072

Unlikely (U)

Accidents that are not
anticipated to occur during
the life cycle of the facility.
Natural phenomena of this
probability class include the
following: Uniform
Building Code-level
earthquake, 100-year flood,
maximum wind gust, etc.

102>f>10"

Extremely Unlikely (EU)

Accidents that will probably
not occur during the life
cycle of the facility. This
class includes the design
basis accidents.

1074 > £>10°

Beyond Extremely Unlikely
(BEU)

All other accidents.

f<10®
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Table A-4 Radiological Consequence Evaluation Levels for Hazard Receptors.

Receptor (considered location)

Consequence Level Offsite Onsite 1 (Inside Facility) Onsite 2 (Outside Facility)
{Abreviation)
(PROXIMATE WORKER}
prompt worker fatality, acute injury > 100.0 rem
that is immediately life threatening or
permanently disabling or
High >25.0 rem
(H) (FACILITY WORKER) prompt worker fatality, acute injury
radiological consequences>100 rem or | that is immediately life threatening
radiological material quantity exceeds or permanently disabling
Hazard Category 3 threshold (per
DOE-STD-1027)
(PROXIMATE WORKER) 250 < C < 100.0 rem
serious injury, no immediate loss of
life, no permanent disabilities, or
Meoderate 50<C<25.0rem hospitalization required
M) serious injury, no immediate loss of
(FACILITY WORKER) life, no permanent disabilities,
radiological consequences hospitalization required
25<C=100rem
, (PROXIMATE WORKER) 5.0<C<250rem
minot injuries, no hospitalization
Low 0.5<C<50rem or
L (FACILITY WORKER) L
radiological consequences minor 1njurics,
$ < C<25rrem no hospitalization
. (PROXIMATE WORKER) £5.0rem
Negligible <{0.5rem <Low
M) or
(FACILITY WORKER) <Low

<50rem
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Table B-1 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Furnace Area

Page 1 of 3

Friction

210

{(1d} s1007, 3amod

(LA SS01014]

X

(4D) sieap

(N-A) sued

(aq) s8uleag

(18) SN2H

Thermal
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(Y3) suonoeay SMuLUIHPOXH

{LAA) Yo1o ], SUIPIoM)

('15) saur] weag

(LH) s1e9H

(¥d) sademny

(ad) mamdimby 1210

(M) 21| 10 “I9Wng usuNg

Hazard Energy Sources and Materials

Electrical

FE
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{J.L) sJowcjsuel])

{0S) sTumy ‘saPNQ a9IAIIS

(DS) 1eadyonmg

(L) S[00L 130

() sdwing

(LIN) SIO10N]|

(377) [0S “AANOWIODOT]

[A 009 <] (AH) ?3etjoA US1H|

{(LH) s1aeeH]

(dH) sa1eid 10H

(ad) wswdimbyg [earnoang)

(Nq) s 19891

(gD) suny 91qe)y

XXX

(gg) syueg L21eg)

Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Fumace Area (Trailer Space)

Refers to the hazards considered applicable

X =
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Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Furnace Area

Table B-1

{(Page 2 of 3
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X

(xd) (uorso[dxg) Waag ANe-uoN

RO
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Kinetic

(LD sio10p|
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(N:A) sued]
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(LS) SeurT]/SIapEal weals
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Potential

(MD) s3341309Y 5O
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(dd) suedoay]
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Hazard Energy Sources and Materials
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('1d) swiBr11011d

Open Flame
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(¥ g) sreumyg uasung|
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(NH) (so1uedI0 pue piay JWIN) DS

(1) ouoydoily

(Nd) (1= 1 % ngd) suoydoadg|

Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Furnace Area (Trailer Space)

Spontaneous Combustion

*SC=

X = Refers to the hazards considered applicable

FOOTNOTES:

1 Qutside Purification Wing, CO, bottle in Control Station

2 Pneumatic Line
3 Truck fuel

4 Truck battery hydrogen
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Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Furnace Area

Table B-1

Page 30f 3
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Refers to the hazards considered applicable

X=

FOOTNOTES:

1 Deionizer pressure vessels,resins, filters, and evaporator

2 Truck battery acid

3 Depleted Uranium
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Table B-2 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Crane Aisle Control Room

(Page 1 of 3)

Friction

RO

(1d) si00, 1m0d

(LN} 2010

(3D} s1e3n

(NLD) sue|

(d4) s8uwreag

1) s

Thermal
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Hazard Energy Sources and Materials
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() Suupy
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(INd) sdwing
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(gD} suny 2jqe))
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Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Crane Aisle Control Room

Refers to the hazards considered applicable

X=

FOOTNOTES:

1 Rectifiers

2 Heater Steam Line

3 Batteries in UPS Corridor
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Table B-2 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Crane Aisle Control Room

Page 2 of 3
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X
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Potential
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Hazard Energy Sources and Materials
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{nd) (9N N ¥ vd) ouoydordy

Location {identifier for system, sub-system, or
operational feature in this facility section)

Area

Crane Aisle Control Room

Spontaneous Combustion
Refers to the hazards considered applicable

FOOTNOTES:
1 CO; bottle

*5C
X

2 Hydraulic Lines

3 Breathing Air Manifolds
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Table B-2 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Crane Aisle Contrel Room

(dD) 1s10f/RURID

Page 3 of 3
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(L) [eUaRR 1SS

() 1enaiEpy [esidoorpey

Location {identifier for system, sub-system, or
operational feature in this facility section)

Area

Crane Aisle Control Room

Refers to the hazards considered applicable

X =
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Page 1 of 3

Friction
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{1Ld) s[oo] 1am0g

(LIN) $10101Y

(30) s;man

(N:D) sueg]

(34) suwreag

{19) si2g

Thermal
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(M) s99rwIny]|
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Hazard Energy Sources and Materials
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Location (identifier for system, sub-system, or
operational feamre in this facility section)

Area

Fumace Control Station

Refers to the hazards considered applicable

FOOTNOTES:
1 Rectifiers

X

2 UPS Batteries
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Table B-3 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Furnace Control Station

Page 2 of 3
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Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Furnace Control Station

Spontaneous Combustion
Refers to the hazards considered applicable

*§C =
X
FOOTNOTES:

1 Outside Purification Wing, CO2 bottle in Control Station
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(40) 1s10H/RURID

JaYI0N

(319) Yo Yriaypiod|

(4L} FDAIRLL
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(1H) dooyjaH]

Vehicles in Motion

(dv) suerdny|
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(OL) openIo L

(MS) puia WErens

(M) Jompeapy Surzaas]] .

(NS) 291 ‘moug

(NY) nre
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(1D Buny3ey

(@) poord

(Da) sxenbyued

XIXIX[X|X]|X]X{X

Hazard Energy Sources and Materials

R0

(XL soxol

(0D} saatsoLID))

(XQ) SRZPNO

{yD) suadounared

(1) reo1Sojord

Hazardous Materials

(Sv) stueixAydsy|

(V) SIEISI 1BYLY

210

(S s201008 sAnoROIPEY]

(W) s[puIRy 2anseolpey] -

(9) 1wamdmby AydeiForpey]
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() R Ea@ojoipey

Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Furnace Control Station

Refers to the hazards considered applicable

X =
FOOTNOTES:

1 External Crane
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Table B-4 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Receiving Area Transfer Bay

Page 1 of 3

Friction
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(Ld) s100], 19m0g
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(g4) syueg Loneg)

Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Transfer Bay

Refers to the hazards considered applicable

X =
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X

WSRC-TR-99-00010
X

Page 2 of 3

Kinetic

x|[PIxlxix|x

Potential

Explosives

Flammables
B-11

Hazard Energy Sources and Materials

Open Flame

Area

Spontaneous Combustion
Refers to the hazards considered applicable

FOOTNOTES:

1 Battery hydrogen

2 Truck fuel

Table B-4 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Receiving Area Transfer Bay

Location {identifier for system, sub-system, or
operational feature in this facility section)

Transfer Bay
3 Compressed air lines

*5C
X
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Table B-4 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Receiving Arca Transfer Bay

QD) 1STIOHPAURL)

X

(Page 30f 3

Vehicles in Motion

pEliily)

(311} oL, WY /TI0]
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Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Transfer Bay

Refers to the hazards considered applicable

X=
FOOTNOTES:

1 Battery acid
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Table B-5 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Dry Cave Area

Page 1 of 3

Friction
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Location (identifier for system, sub-system,
operational feature in this facility section)

Area

Ingot Storage and Monitering

Refers to the hazards considered applicable

X =
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Page 2 of 3

Kinetic

Potential

Explosives

Flammables
B-14

Hazard Energy Sources and Materials

Area

Spontaneous Combustion
Refers to the hazards considered applicable

FOOTNOTES:

} Hydrogen from fuel corrosion
2 Flammable storage cabinet

Table B-5 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Dry Cave Area
Open Flame

Location (identifier for system, sub-system, or
operational feature in this facility section)

Ingot Storage and Monitoring
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Table B-5 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Dry Cave Area

(D) woRAUe)

age 3 of 3}

Vehicles in Motion

Q)

(30) oL L Yr/IIod

(L) DALY

{N.L) vresy)

(TH) mdoordH

{dv) auepdny)

Natural Phenomena

S

{(0J.) epemio]

(MS) puip WERENS

X

(M) 10pmap Furzaang

(NS) 391 ‘moug).

(N3 wiey

(L7) BurmyBry

{C1d) poold]

(DA) axenbuyreg)

XIX[X]X

Hazard Energy Sources and Materials

Hazardous Materials

e

(x1) soro]]

{0D)) SAAISOLQ))

(X0} $19ZIPIXQ

(vD) smafourae)y

(19) rea12oj0ig

(§V) siuenAydsy|

(AV) STEIRIN HENLY]

Ionizing Rad.

1)

(S¥) sasmog aandeotpey|

(W) sjeuasepy danceorpey]

(34} wawdmby Ayderdorpey|

(N [elIsIRy] SISSE] ™

(IN) uonerpey Smzioy-uoN| -

(JALY) TRUISIRIAL STESSEL

(W) 1eue [eatdo[orpey

X

Location (identifier for system, sub-system, or
operational feature in this facility section)

Area

Ingot Storage and Monitoring

Refers to the hazards considered applicable

X=

B-15




WSRC-TR-99-00010

Rev. 2

Table B-6 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Transportation
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FOOTNOTES:
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Kinetic
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FOOTNOTES:

Table B-6 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Transportation
Open Flame

Location (identifier for system, sub-system, or
operational feature in this facility section)

Truck Transport
*SC
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Table B-6 Hazard Energy Sources, Materials, and Their Locations for the SNF L-Experimental Facility - Transportation
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FOOTNOTES:
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Table C-1 - MURR Assembly (150 MW-Day, 150 Day Cooling) Material Inventory
Radionuclide Activity (Ci) Radionuclide Activity (Ci) Radionuclide Activity (Ci}
Ag-108 4.05E-08 Nb-95 2.17E+04 Sn-121m 4.53E-03
Ag-108m 4.65E-07 Nb-95m 1.40E+02 Sn-123 1.52E+01
Ag-110 5.07E-03 Nd-147 2.21E+00 8n-125 2.51E-03
Ag-110m 4.47E-01 Np-235 6.75E-06 S$n-126 1.29E-03
Ag-111 2.81E-04 Np-237 6.06E-04 Sr-89 6.45E+03
Am-241 2.04E-01 Np-238 9.18E-07 Sr-90 6.03E+02
Am-242 6.66E-05 Np-239 4.26E-05 Tb-160 8.01E-02
Am-242m 6.69E-05 Pa-231 4,17E-08 Th-161 5.91E-07
Am-243 2. 48E-05 Pa-233 6.00E-04 Tc-99 8.25E-02
As-77 5.52E-09 Pa-234m 2.29E-035 Tc-99m 2.75E-04
Ba-137m 5.70E+02 Pb-212 1.97E-07 Te-123m 2.40E-05
Ba-140 2.33E+01 Pd-107 6.66E-05 Te-125m 7. 74E+00
Bi-212 1.97E-07 Pm-145 7.11E-06 Te-127 5.88E+01
C-14 6.63E-07 Pm-146 6.21E-03 Te-127m 6.00E+01
Cd-113m 7.17E-02 Pm-147 1.90E+03 Te-129 4. 74E+01
Cd-115 1.17E-07 Pm-148 1.91E+00 Te-129m 7.38E+01
Cd-115m 7.38E-01 Pm-148m 3.60E+01 Te-131m 9.43E-09
Ce-139 2.32E-04 Pm-149 1.16E-05 Te-132 5.34E-04
Ce-141 2.80E+03 Pm-151 4.74E-09 Th-228 2.04E-07
Ce-143 5.16E-07 Po-212 1.26E-07 Th-231 1.52E-03
Ce-144 1.23E+04 Po-216 1.98E-07 Th-234 2.29E-05
Cm-242 7.14E-02 Pr-143 3.93E+01 T1-208 7.08E-08
Cm-243 9.30E-06 Pr-144 1.23E+04 Tm-171 6.30E-07
Cm-244 4.59E-04 Pr-144m 1.73E+02 U-232 1.31E-06
Cs-132 7.71E-08 Ra-224 1.98E-07 U-233 9.18E-08
Cs-134 2.06E+02 Rb-86 1.15E-02 U-234 6.93E-05
Cs-135 2.13E-03 Rb-87 1.55E-07 U-235 1.52E-03
Cs-136 8.43E-02 Rh-102 1.39E-03 U-236 2.68E-03
Cs-137 6.03E+02 Rh-103m 2.43E+03 U-237 31.87E-03
Eu-152 5.55EQ02 Rh-105 2.28E-07 U-238 2.29E-05
Eu-154 7.35E+00 Rh-106 8.01E+02 Xe-131m 2.03E-01
Eu-155 1.08E+01 Rn-220 1.98E-07 Xe-133 7.53E-0G3
Eu-156 7.59E-01 Ru-103 2.46E+03 Xe-133m 3.06E-06
Gd-153 4,23E-03 Ru-106 8.01E+02 Y-90 6.03E+02
H-3 2.48E+00 Sb-124 2.51E-01 Y-91 9.93E+03
1-129 1.45E-04 Sb-125 3.57E+01 YPu-236 1.14E-04
J-131 9.96E-02 Sb-126 5.70E-04 YPu-237 7.38E-05
I-132 5.49E-04 Sb-126m 1.29E-03 YPu-238 8.28E-01
In-114 1.33E-05 Sb-127 3.54E-05 YPu-239 9.51E-02
In-114m 1.39E-05 Se-79 3.93E-03 YPu-240 3.66E-02
In-115m 5.37E-05 Sm-145 2.74E-06 YPu-241 5.97E+00
Kr-85 6.99E+01 Sm-151 4 41E+00 YPu-242 1.36E-05
La-140 2.68E+01 Sm-153 1.28E-06 Zr-93 8.04E-03
Mo-99 2.84E-04 Sn-117m 1.36E-04 Zr-95 1.19E+04
Nb-93m 2.77E-04 Sn-119m 4.89E-01
Nb-94 2.42E-07 Sn-121 3.51E-03
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Table C-2 —~ L-Experimental Facility Radiological Material Inventory
The following table lists the maximum assumed inventory at the various locations associated
with the LEF process in units of MURR assemblies of inventory.

LOCATION PROCESS QTY REMARKS
Furnace Area (FA)
Furnace Area (Trailer Melting 5 MURR | Assumes 1 MURR molten in
Space) Furnace/Filters/Offgas furnace crucible, and 4 ingots with
Ducting used filters sets awaiting
transportation from trailer space.
Sample Analysis 15/1000 | Assume 1 samples awaiting
MURR | transfer and storage. 0.015 MURR
per -
sample
Crane Aisle Control Room (CC)
Crane Aisle Control Room | Shielded Crane Control N/A No radiological inventory
: Room
Furnace Control Station (FC)
Furnace Control Station External furnace control N/A No radiological inventory
station
Receiving Area Transfer Bay (TB)
Transfer Bay Transfer from 1 MURR | Assumes | MURR SNF assembly
Disassembly Basin to per cask. 1 cask in transport
Transfer Bay, transport vehicle.
vehicle to Purification
Trailer Space.
Dry Cave (DC)
Ingot Storage and Storage And Monitoring | 7 MURR | Assumes 6 ingots in storage, all
Monitoning Of Initial Ingots for TSF treated MURR assemblies and 2
existing SNF assemblies
(Assumed to be ¥2 MURR
equivalents) in storage from
another project.

Transportation (between Receiving Area and Furnace Area) (TR)

Truck Transport

Transport of SNF
MURR assemblies from
Receiving Area to
Furnace Area, or
transport of treated SNF
ingots from Furnace
Area to Dry Cave via
truck.

4 MURR

Assumes a maximum inventory of
4 MURR ingots per canister/cask.
1 canister/cask per transport.

Note: The LEF process will operate in a batch mode (load furnace, melt, solidify, unload). One

ingot is assumed to be roughly equivalent to one MURR assembly.

C-2
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Unmitigated Event Consequence Derivation, Assumptions and Notes
General

Using source terms calculated on a unit MURR release basis, doses were determined using the
MACCS computer code for the first seven of eight events shown in Table E-1 (extracted from
CalcNote S-CLC-00012, Ref. 18). The first seven accidents listed in Table E-1 involve one
MURR assembly (150 MWD with 150 day cooling) as the Material at Risk (MAR) in a molten
‘state, and are considered to be the bounding events in respect to consequence. The eighth event
in Table E-1 involves a fire which consumes the 8 contaminated deionizer resin vessels stored
adjacent to the LEF. For this Deionizer Fire event, dose was estimated by a hand calculation
using information from Reference 20 and RADScreen (Ref. 28) for this HA.

Effective Dose Equivalent (EDE) values are provided in REM for each event in both filtered
and/or unfiltered releases using a 3 minute release duration. LPFs were established at 1.0 for all
events. ARF and RF values for the nuclides of concern have been applied to determine the doses
from these events with the exception of the Bounding Total Release event and Deionizer Fire
event for which no ARF and RF values were applied. For this unmitigated Hazards Analysis,
only the unfiltered events were considered. The filtered release events in Table E-1 are included
for comparative informational purposes only.

The respective dose to both the Maximally-exposed Offsite Individual (MOI) and the Onsite 2
worker (at 100m) are provided in Table E-1. The doses to the Onsite 1 facility worker (a worker
in the immediate vicinity of the event) are not listed in Table E-1. The Onsite 1 worker dose for
each event was evaluated qualitatively using analytical experience and judgment. Typically the
Onsite 1 worker dose was increased one consequence level relative to the applicable calculated
Onsite 2 worker (100m) dose.

Table E-1, Selected MACCS Modeled Accident Consequences in REM

Selected Event EDE from 3 min. Release
100 m MOI
Bounding Total Release (BT)" 2.2E+03 5.0E+00
Steam Explosion, No Filter (SE) 1.1E+03 2.4E+00
Steam Explosion (With HEPA) 1.1E+01 3.2E-02
Extreme Overheat Transient, No Filter (EO) 1.0E+02 2.0E-01
Extreme Overheat Transient (w/Filter) 1.0E+Q0 2.6E-03
Moderate Overheat Transient, No Filter (MO) 2.2E+01 4.0E-02
Moderate Overheat Transient (w/Filter) 2.8E-01 4.0E-04
Loss of Filter No Overheat (LF) 2.4E+00 3.9E-03
Molten Spill No Filter (MS) 2.1E+01 3.3E-02
Molten Spill (With Filter) 1.5E-01 4.4E-04
Normal Operation No Filter (NO) 2.2E+00 3.3E-03
Normal Operation {With Filter) 1.5E-02 4.3E-05
Deionizer Fire* {8 deionizers) (DF)™™ 8.20E+01 3.00E-02]

* 100% release. No ARF x RF.
** Deionizer Fire event performed by manual calculation using Reference 20 and RADScreen (Ref. 28).

E-1
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Many types of events postulated in this HA do not have directly corresponding consequences that
were explicitly modeled in Table E-1 (e.g. fire, criticality, etc.). In cases such as these, the
consequence of the modeled event that was most closely related to the event under consideration
was used as a reference dose. For example, to determine the consequences for a fire event, the
dose given by the Extreme Overheat Transient without filter, (EO) in Table E-1, was multiplied
by the MAR for the affected facility section.

In cases where there was not a modeled event in Table E-1 which was closely related to the event
under consideration, the radiological dose was determined by using an appropriate ARF x RF
value (from DOE HDBK-3010-94, Ref. 22) applied to the Bounding Total Release (BT) event
dose from Table E-1. In other instances, to obtain dose estimates other qualitatively determined
values were used which were dependent on the event energy under consideration and the physical
form of the material.

For example, the consequence of an event involving a solid, treated SNF ingot dropped by a
crane is not appropriately represented by any of the molten event doses modeled in Table E-1.

To estimate the consequences of this dropped ingot event, the Bounding Total Release event
(BT) dose was reduced with a DR x ARF x RF = 1.0E-5, where a DR = 1% of the ingot was used
to represent the quantity of surface contamination or material that is jarred loose from the ingot
on impact, and an ARF x RF = 1.0E-3 selected from Section 5.1 of DOE-HDBK-3010-94 (Ref.
22). The selected ARF x RF value used the bounding value of the “Free-Fall Spill and Impaction
Stress” for contaminated, combustible solids which strongly impact the floor (Ref. 22, p. 5-3 and
5-4).

Event Consequences Derivation Data Summary Table

Table E-3, provides a summary of the values used to arrive at consequences for each event.
Values in the table include: Event Category, Frequency, MAR Available, Effective MAR, ARF x
RF, Reference Dose from Table E-1, and Consequence for each event. The Event Category
follows the HA event categorization outline as presented in Table A-2 in Appendix A for Fires,
Explosions, etc. The MAR Available is the maximum material at risk available per facility
section as listed in Table C-2 from Appendix C. The Effective MAR is that material expected to
be directly impacted by the event (MAR x DR). In the ARF x RF column of Table E-3, a value
is listed for each event that uses the Bounding Total release (BT) or Deionizer Fire (DF) dose
from Table E-1 as an initial bounding reference dose for which no ARF x RF value was
previously applied. These ARF x RF value was determined using bounding values from DOE-
HDBK-3010-94 (Ref. 22). Where the ARF x RF is listed as “N/A” in Table E-3, this indicates
that an ARF x RF value was previously factored into the event source term to arrive at the dose
listed in Table E-1 (See Refs.4 and 18). In general, an “N/A” was listed in the ARF x RF column
for all HA events using the dose indicated for the Steam Explosion (SE), Extreme Overheat
(EO), Loss of Filter (LF), Molten Spill (MS), and Normal Operation No Filter {NO) events from
Table E-1. The Reference Dose column in Table E-3 lists a 2-letter code for the modeled event
dose from Table E-1 from which the specific HA event dose is derived. The Consequence
column lists the resulting consequences for the event: High (H), Moderate (M), Low (L), or
Negligible (N) for the three receptor points Onsite 1, Onsite 2, and Offsite. A Leak Path Factor
(LPF) = 1.0 was assumed for all events due to the unmitigated nature of this analysis. No credit
is given to the building in impeding any release leak path.

E-2




WSRC-TR-99-00010
Rev. 2

Consequence Assumptions by Event Category (E-1 through E-7)
E-1 Fire

Area fires were postulated for each facility section. It was generally assumed that both
combustibles and ignition sources are available in each section. Based on historical data,
unmitigated fires are considered “Anticipated” in frequency, with the exception of fires initiated
by some other event, such as an earthquake, in which case the frequency of the initiating event is
adopted.

In general for this analysis, an unmitigated fire event is assumed to sustain temperatures
sufficient to involve or consume all MAR within the respective facility section where the fire
initiates. The radiological release due to a fire is assumed to result in an EDE represented by the
unfiltered Extreme Overheat Transient (EOQ) presented in Table E-1, multiplied by the number of
MURR assemblies or ingots assumed to be present in the section inventory.

Additionally, for fire events affecting the Furnace Area (FA-1, 2, 27,34), the 8 deionizer vessels
stored in the purification cells within the Purification Wing adjacent to the trailer space are
included as part of the consumed inventory. The Deionizer Fire (DF) event dose from Table E-1
was applied (assumes an inventory of all 8 deionizers) to the consequence to include the
component of dose which could be attributed to these vessels during a fire event.

E-2 _ Explosion

Postulated explosion events were of two types: explosions/deflagrations due to ignition of
flammable or explosive vapors, and pressure waves due to the rupture of high pressure,
nonflammable systems. Explosion event damage was assumed based on the pressure wave and
Jor fragmentation damage alone. A fire was not assumed to follow either type of explosion
event. A fire following an explosion would be bounded by the previously-addressed Fire Event
for solid inventory. Explosions are assumed to impact the MAR (inventory) only in the
respective sections where the event occurs.

For the purposes of this analysis, an explosion of either type was conservatively assumed to
release 1% of a solid ingot or untreated SNF assembly, This percentage is assumed to be
represented by that material contained within a 1/100 inch thick surface contamination layer
surrounding the ingot. Explosion events (other than the Steam Explosion event) were not
modeled in Table E-1. To estimate the consequences of these explosion events (e.g. FA-3), the
Bounding Tota! Release (BT) event from Table E-1 was multiplied by the appropriate effective

inventory, and an ARF x RF = 1.0E-3 was applied (DOE-HDBK-3010-94, Ref. 22, Venting of

Pressurized Gases over Contaminated, Combustible Wastes, and Free Fall Spill and Impaction
Stresses for Contaminated, Combustible Solids, p. 5-3, 5-4).

Additionally, a steam explosion event, in which a rapid generation of steam is produced in the
furnace due to the accidental introduction of water into the melt, is represented by event FA-4.
The Steam Explosion (SE) event with no filter, as presented in Table E-1, was used in the dose
consequence multiplied by a MAR of 1.5 MURR (1 MURR molten in the furnace and 0.5
MURR assumed to exist in the offgas system).

E-3
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E-3 Loss of Containment or Confinement

In general, accidents within this category involve the breach or rupture of a primary confinement
allowing the release of contained radioactive particulates or gases. The events typically involve
the dropping or other accidental mishandling of these items or containers of MAR either by
material failure, mechanical or control system failure, worker error or impact, such that the
physical structure or container of the MAR is breached.

In this unmitigated analysis, no credit is intended for any confinement other than the structure of
the material itself in its physical form. For example, an SNF assembly or a treated SNF ingot are
forms of MAR which inherently provide their own primary confinement (below 500 degrees
Celsius). In the case of a furnace crucible that contains molten SNF, an offgas absorber bed
container, ingot canisters, or transportation casks, the respective container is credited with only
enough structure to allow minimal grouping or carrying of the material within, and otherwise
offers no protection from hazards.

An event involving a solid, treated SNF ingot dropped by a process crane is not directly
represented by any of the molten events presented in Table E-1. To determine the consequences
of this event, an effective MAR of 1% was used to represent the quantity of surface
contamination or material that is jarred loose from the ingot. The 1% surface material is based on
a surface material 0.0! inches thick on a cylindrical ingot 6.75 inches in diameter by 8 inches
high. An ARF x RF = 1.0E-3 (DOE-HDBK-3010-94, Ref. 22, Free Fall Spill and Impaction
Stress for Contaminated Combustible Solids, p.5-4) was then applied to the Bounding Total
release (BT) event dose to arrive at the estimated consequence. A similar semi-quantitative
method was used for all events represented by a relatively low energy deformation or breach
involving a SNF assembly or a treated SNF ingot dropped or otherwise mishandled.

The consequence of the crucible failure and molten spill event, FA-14, is directly represented by
the modeled unfiltered Molten Spill event given in Table E-1. The assumed MAR involves one
crucible batch.

Postulated offgas system accidents include: a total loss/lack of offgas (FA-19) confinement, leaks
in the offgas system due to improper installation of a filter or filter material failure (FA-20), and
a breach of a radioactively loaded filter (FA-13, 14) during replacement. The loss/lack of offgas
treatment event (FA-19) was modeled with the Loss of Filter (LF) event dose and uses an
inventory of 1.5 MURR to account for the material assumed to exist in the offgas system (0.5
MURR) and the offgas evolving from the melt (1.0 MURR). The leaking filter event (FA-20)
also uses the Loss of Filter (LF) consequence but with an effective MAR of 1% of the material in
the crucible and the offgas system. The breached filter events (FA-13, 14) affects an inventory of
0.5 MURR assumed to exist in the removed filter with an ARF x RF = 1.0E-2 applied to the
Bounding Total Release (BT) event dose (DOE-HDBK-3010-94, Free Fall Spill and Impaction
Stresses on an unenclosed HEPA filter, p.3-8).

The offgas system failure event (FA-21) due to loss of fans uses the unfiltered Normal Operation
event (NO) dose in Table E-1. The consequence uses an inventory of 1.5 MURR to
conservatively account for the release of all evolved offgas from the melt (1.0 MURR) combined
with the residual material assumed to exist in the offgas system (0.5 MURR).
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An overtemperature event in the furnace is represented by events FA-17 and 18. During this
accident the furnace is assumed to reach a temperature over 2000 degrees C (Ref. 4). The dose
from this event is directly modeled in Table E-1 as the Extreme Overheat event (EO). An
inventory of 1.5 MURR was used to account for the release of excess offgas in the melt (1.0
MURR) combined with an assumed release from the damaged filters and ofigas system (0.5
MURR).

Accidents involving solidified samples from the furnace melt are assumed to consist of 15/1000
of one MURR ingot (0.015 of an ingot) of MAR due to the anticipated size of the sample relative
to a full ingot. This volume represents a cylindrical sample conservatively assumed to be
approximately 5 inches long by 1 inch in diameter.

E-4  Direct Radiological Exposure

In a true unmitigated hazard analyses where no shielding or remote operation is credited, direct
radiological exposure of facility workers to SNF assemblies, ingots and loaded filters would tend
to bound the majority of events and would result in a consequence of “High” to the Onsite 1
receptor category in nearly every event. In this unmitigated analysis, a method is necessary to
address this ever-present hazard due to direct radiation exposure, while still allowing
differentiation of the hazards associated with event-specific respirable uptake which might
otherwise be overshadowed by the high direct radiation dose. As such, in this analysis, the direct
radiation exposure dose component is disregarded in all non-E-4 events to allow the dose
component due to respirable release uptake to be emphasized. To address the hazard associated
with direct radiation exposure at least one loss/lack of shielding event (event category E-4) is
included in each facility section Hazard Evaluation table (Appendix D).

Postulated events involving direct radiological exposure of facility workers were developed for
each facility section where exposure to radiological inventory could occur. For this unmitigated
Hazards Analysis, it was assumed that all direct radiological exposures were “Anticipated” in
frequency due to the fact that no credit is given for shielding in an unmitigated analysis. Due to
the high radiation fields (estimated >2,000 R/hr at 1 ft. as derived from Ref. 19) emitted by
treated and untreated SNF and filters, consequences of “High” were assumed for the Onsite 1
worker immediately adjacent to the hazard. Consequences of “Low” were assigned to the Onsite
2 worker (100 m) and “Negligible” to the Offsite public due to the distances from the hazard
source.

E-5 Nuclear Criticality

All postulated criticality accidents are unmitigated with no credit given for the double-
contingency principle. Typically, criticality events are categorized as “Unlikely” in frequency
due to the series of combined events which must occur to position the required quantity of fissile
material in a geometry favorable to criticality.

Postulated criticality events consequences are assumed to be adequately represented by the doses
provided for the unfiltered Extreme Overheat Transient (EO) in Table E-1. The dose was
multiplied by the MURR units of inventory assumed to be involved for each criticality event.
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E-6  External Hazards

For the series of external surface vehicle, external crane drop, train derailment, and aircraft
impact events, the building is not credited in the unmitigated analysis. The applicable vehicles or
loads are assumed to be able to travel unencumbered to impact what are normally considered
interior areas.

As an example, for the surface vehicle (car, truck) (FA-29) event impacting the Furnace Area, 5
MURR of inventory are assumed to be impacted, 1 MURR is conservatively assumed to be
molten in the crucible during furnace operations with 4 stored ingots (solid form) also impacted
by the vehicle. The Molten Spill (MS ) event dose is applied to the spilled crucible. The dose
due to impact with the 4 solid ingots is based on the Bounding Total release (BT) dose with an
applied ARF x RF = 1.0E-3 (Ref. 22, Section 5.1) and an effective MAR of 1% of each ingot,
similar to the dropped ingot methodology described in E-3 above.

For the more energetic helicopter impact event to the Furnace Area (FA-31), a5 MURR
inventory is assumed to be affected. The consequences are based on the larger release associated
with the unfiltered Extreme Overheat (EO) event to account for the increased energy and
probable fire associated with an aircraft impact. For the airplane impact (FA-32), an inventory of
4 deionizers along with the 5 MURR is assumed to account for the probable longer impact area
resulting from the increased horizontal velocities inherent with fixed-wing aircraft.

E-7 _ Natural Phenomena

In an unmitigated HA no credit is given for any seismic qualification of the building or
components. Earthquake events are postulated both with and without subsequent fire events.

In the case of earthquakes without a resulting fire, shaking, falling, or breaching of some
percentage of the solid (ingot or SNF assembly) inventory is assumed. In the furnace area
earthquake event (FA-33), the furnace is conservatively assumed to be in operation during the
event. The seismic motion breaks the crucible leading to a molten spill of 1 MURR. This
component of the release uses the Molten Spill (MS) event dose from Table E-1. For the solid
MAR, an ARF x RF = 1.0E-3 (Ref. 22, Section 5.1, Free Fall Spill and Impaction Stress of
Contaminated Combustible Solids, p.5-4, similar to a dropped ingot event) was applied to the
Bounding Total release (BT) consequence to represent the release of the surface contamination
layer (1% of ingot volume and activity) that is conservatively assumed to coat the 4 ingots stored
in the area. Additionally, the deionizers in the Purification Space are assumed to be affected.
This release component of the event assumes the Deionizer Fire (DF) dose given in Table E-1
multiplied by an ARF x RF = 1.0E-3 (Ref. 22, Section 5.1, Free Fall Spill and Impaction Stress
of Contaminated Combustible Solids, p.5-4) to an inventory of 8 deionizers.

The earthquake with fire accident is similar to the fire event as previously described in the E-1
section of Appendix E.

In the case of a tornado or high straight wind events, damage to treated and untreated solid SNF
is possible due to wind-driven motion impact or damage from impact from external wind-driven
missiles. In unmitigated scenarios, no credit is given for the building. As an example, for the
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Furnace Area (events FA-35, 36), the event is conservatively assumed to upset the operating
furnace causing a molten spill. The unfiltered Molten Spill (MS) event consequence from Table
E-1 was used as the dose for the molten SNF material in the crucible. For damage to the solid
inventory in the Furnace Area, the Bounding Total release (BT) event dose with an applied ARF
x RF = 1.0E-3 (Ref.22, Sect 5.1, similar to dropped ingot event) was used to reflect the release of
the contamination layer (assumed 1% of ingot volume and activity) on the 4 solid MURR ingots.
Additionally, all 8 dejonizers are assumed to be affected. The event consequences for this
component of the event release were estimated using the Deionizer Fire (DF) event dose from
Table E-1 with an applied ARF x RF = 1.0E-2 (derived from DOE-HDBK-3010-94, Ref. 22,
Section 5.1, Free Falt and Impaction Stresses for HEPA filters and Venting of Pressurized Gases
through Filters, Bounding values, p. 5-8).

In the unmitigated lightning strike events, no credit is given for the protection normally provided
by a building. The event assumes a direct strike by lightning consuming the selected quantity of
inventory as in a fire. The dose consequence for this event was modeled using the Extreme
Overheat (EO) event from Table E-1. (example FA-37)

For flooding events (without criticality), water was assumed to flow over and around the MAR
releasing any surface contamination to the flowing surface water. In general, consequences of
“Low” for the Onsite 1 worker and “Negligible” for the Onsite 2 worker and Offsite public were
qualitatively assumed for these events. (example FA-38)

Deionizer Fire Consequence Manual Calculation

Eight (8) deionizers containing contaminated resin are stored within the purification cells
immediately adjacent to the LEF and could contribute to the radiological release from the LEF
inventory in the event of a fire within the area. Since a source term and consequence from a fire
involving these deionizer vessels was not developed in References 4 and 18 respectively, the
calculation below conservatively estimates the radiological release from a fire consuming the
contents of these vessels.

The assumed radiological inventory of each deionizer vessel is provided in Table E-2 based on
information from Reference 20. The RADScreen spreadsheet used by the Hazards Analysis Group
(Ref. 28) was used to conservatively estimate the dose in Table E-2 based on the curie content of
each nuclide within the vessels. RADScreen provides dose in Rem per curie of a given nuclide for
both the Offsite and Onsite 2 receptor based on a 3 minute duration atmospheric release. Dose
estimates are given for assumptions of either No Deposition, or a 1 Centimeter/Second (cm/s)
Deposition rate for the atmospheric release. In general, the No Deposition assumption yields a
more conservative dose estimate for the Offsite receptor, while the 1 cm/s Deposition Rate yields a
more conservative dose for the Onsite 2 receptor. The RADScreen dose per curie value for each
nuclide is multiplied by the assumed curie content of the vessel to estimate the dose. The dose for
all 8 deionizer contents being released in a fire is summarized at the bottom of the table. The most
conservative values for the Offsite and Onsite 2 receptors in Table E-2 were subsequently
transferred for use in Table E-1. Based on a comparison of events in Table E-1, a fire consuming
all eight deionizer vessels is roughly equivalent in dose to the unfiltered Extreme Overheat event
(fire) for one MURR assembly.
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Nuclide |Curies/ Dose Due to 100 % Release. No ARF x RF.
Deionizer No Deposition 1 cm/s Deposition
Offsite Onsite 2 {100m) Ofisite Onsite 2 {100m
Rem/Ci Dose Rem/Ci Dose Rem/Ci Dose Rem/Ci Dose

RADScreen| Rem |RADScreen| Rem |RADScreen| Rem |RADScree| Rem
Tritium 120 5.00E-08| 6.00E-06 2.20E-05] 2.64E-03 5.00E-08|6.00E-06| 2.20E-05| 2.64E-03
C-14 20 1.31E-06} 2.62E-05 4.53E-04| 9.06E-03 7.90E-07]1.58E-05| 6.10E-04| 1.22E-02
ICs-137 2 2.10E-05] 4.20E-05| 7.30E-03] 1.46E-D2 1.80E-05]3.60E-05] 1.10E-02] 2.20E-02
Sr-80 3.2 1.50E-04] 4.80E-04 5.20E-02] 1.66E-01 9.10E-05|2.91E-04| 7.00E-Q2| 2.24E-01
Alpha 0.1 3.00E-01{ 3.00E-02] 1.00E+02] 1.00E+01 1.80E-01]1.80E-02| 1.00E+02| 1.00E+01
{Am-241)
Total Dose/Deionizer | 3.06E-02] [ 1.02E+01] [1.83E-02] | 1.03E+01]
Dose for 8 Deionizers | 2.44E-01] | 8.15E+01] [1.47E-01] | 8.21E+01




WSRC-TR-99-000 10

Rev. 2
Table E-3, Event Consequences Derivation Data Summary
Event | Category |Frequency MAR Available | Effective MAR ARF x RF Reference Dose Consequence
in Section MAR x DR from (Tab. E-1) {(Onl, On2, Offsite)
Furnace Area
FA-1 E-1 U 5 MURR/8 DEI 5 MURR N/A EQ HHL
8 DEIONIZERS N/A DF
FA-2 E-1 A 5 MURR/§ DEI 5 MURR N/A EQ HHL
FA-3 E-2 U 5 MURR/8 DEI] 1% of S MURR 1.0E-03 BT LNN
FA-4 E-2 A 5 MURR/E DEIL 1.5 MURR N/A SE HHL
FA-5 E-2 U 5 MURR/8 DEI 1.0 MURR N/A SE HHL -
FA-6 E-3 A 5 MURR/8 DEI 4.0 MURR estimated contamination dose LNN
FA-7 E-3 A 5 MURR/B DEI | 1% of 1.5 MURR 1.0E-03 BT LNN
FA-8 E-3 U S MURR/8 DEI | 1% of 1.5 MURR 1.0E-03 BT LNN
FA-S E-3 A 5 MURR/8 DEI |1% of 1.5 MURR 1.0E-03 BT LNN
FA-10 E-3 U 5 MURR/3 DEL | 1% of 1.5 MURR 1.0E-03 BT LNN
FA-11 E-3 U 5 MURR/S DEI 1.0 MURR N/A MS MMN
0.5 MURR N/A LF
FA-12 E-3 A 5 MURR/8 DEI 015 MURR N/A MS LNN
FA-13 E-3 A 5 MURR/8 DEI1 0.5 MURR 1.0E-02 BT MLN
FA-14 E-3 U 5 MURR/S DEI 0.5 MURR 1.0E-02 BT MLN
FA-15 E-3 A 5 MURR/8 DEL 1.0 MURR N/A MS MLN
FA-16 E-3 A 5 MURR/S DEL | 1% of 1.0 MURR 1.0E-03 BT LNN
FA-17 E-3 A 5 MURR/8 DEI 1.5 MURR NIA EOQ HHL
FA-18 E-3 A s MURR/8 DEI 1.5 MURR NIA EQ HHL
FA-19 E-3 A 5 MURR/8 DEI 1.5 MURR N/A LF LNN
FA-20) E-3 A 5 MURR/8 DEI | 1% of 1.5 MURR N/A LF LNN
FA-21 E-3 A 5 MURR/8 DEI 1.5 MURR N/A NO LNN
FA-22 E-4 A 5 MURR/8 DEI 1.0 MURR =>2000R/Mhr High Radiation HLN
FA-23 E-4 A 5 MURR/E DEI 1.0 MURR >2000R/hr High Radiation HLN
FA-24 E-4 A 5 MURR/8 DEI 0.5 MURR »>2000R/hr High Radiation HLN
FA-25 E-5 U 5 MURR/8 DEI 2.0 MURR N/A EO HHL
FA-26 E-5 U 5 MURR/8 DEI 1.0 MURR N/A EQ HHL
FA-27 E-6 A 5 MURR/S DEI 5 MURR N/A EO HHL
& DEIONIZERS N/A DF
FA-28 E-6 5] 5 MURR/8 DEI 1 MURR N/A MS MLN
1% of 4 MURR 1.0E-03 BT
FA-19 E-6 U 5 MURR/§ DEI 1 MURR N/A MS MLN
1% of 4 MURR 1.0E-03 BT
FA-30 E-6 u 5 MURR/8 DEI 1% of 5§ MURR 1.0E-03 BT LNN
FA-31 E-6 EU 5 MURR/8 DEI 5 MURR N/A EO HHL
FA-32 E-6 BEU 5 MURR/8 DEI 5 MURR N/A EO HHL
4 DEIONIZERS N/A DF
FA-33 E-7 U 5 MURR/S DE! 1 MURR WiA MS MLN
1 % of 4 MURR 1.0E-03 BT
8 DEIONIZERS 1.0E-03 DF
FA-34 E-7 U 5 MURR/S DEI 5 MURR N/A EQO HHL
8 DEIONIZERS N/A DF
FA-35 E-7 EU 3 MURR/SE DEI 1 MURR N/A MS HMN
1% of 4 MURR 1.0E-03 BT
% DEIQNIZERS 1.0E-02 DF
FA-36 E-7 A 5 MURR/E DE] 1 MURR N/A MS HMN
1% of 4 MURR t.QE-03 BT
8 DEIONIZERS 1.0E-02 DF
Fa-37 E-7 EU 5 MURR/8 DEI 4 MURR N/A EQ HHL
FA-38 E-7 U 5 MURR/8 DEI 4 MURR estimated contamination dose LNN

E-9
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Table E-3, Event Consequences Derivation Data Summary (continued)
Crane Aisle Control Room
CC-3 E-4 A None None est.25Rem/hr High Radiation MNN
CC-4 E-4 u None None est. 5 Rem High Radiation LNN
No Other Radiological Consequences
Furnace Countrol Station
No Radiological Consequences l I l ’ I I
Receiving Area Transfer Bay
TB-1 E-1 A 1 MURR 1 MURR N/A EO HHN
TB-2 E-2 U 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-3 E-3 U 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-4 E-3 A 1 MURR 1% of | MURR 1.0E-03 BT LNN
TR-S E-3 U 1 MURR 1% of 1 MURR 1 QE-03 BT LNN
TB-6 E-3 A 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-7 E-4 A 1 MURR 1 MURR >2000R/hr High Radiation HLN
TB-8 E-6 A 1 MURR 1 MURR N/A EOQ HHN
TB-9 E-6 U 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-10 E-6 EU 1 MURR 1 MURR N/A EO HHN
TB-11 E-6 BEU 1 MURR 1 MURR N/A EQ HHN
TB-12 E-7 U 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-13 E-7 U 1 MURR 1 MURR N/A EO HHN
TB-14 E-7 EU 1 MURR 1% of 1 MURR 1.0E-03 BT LNN
TB-15 E-7 A 1 MURR 1% of | MURR 1.0E-03 BT LNN
TB-16 E-7 EU 1 MURR 1 MURR NIA EO HHN
Dry Cave Area
DC-1 E-1 A 7 MURR 7 MURR N/A EOQ HHL
DC-2 E-2 U 7 MURR 1% of 7 MURR 1.0E-03 . BT LNN
DC-3 E-3 A 7 MURR 1% of 4 MURR 1.0E-03 BT LNN
DC-4 E-3 U 7 MURR 1% of 4 MURR 1.0E-03 BT LNN
DC-5 E-3 A 7 MURR 1% of 4 MURR 1.0E-03 BT LNN
DC-6 E-4 A 7 MURR 1 MURR »2000 Rihr High radiation HLN
DC-7 E-5 U 7 MURR 7 MURR N/A EQ HHL
DC-8 E-6 A 7 MURR 7 MURR N/A EOQ HHL
DC-9 E-6 U 7 MURR 1% of 7 MURR 1.0E-03 BT LNN
DC-10 E-6 EU 7 MURR 7 MURR N/A EO HHL
DC-11 E-6 BEU 7 MURR 7 MURR N/A EQ HHL
DC-12 E-7 J 7 MURR 1% of T MURR 1.0E-03 BT LNN
DC-13 E-7 U 7 MURR 7 MURR N/A EOQ HHI.,
DC-14 E-7 EU 7 MURR 1% of 7 MURR i.0E-03 BT LNN
DC-15 E-7 A 7 MURR 1% of 7 MURR 1.0E-03 BT LNN
DC-16 E-7 EU 7 MURR 4 MURR N/A EO HHL
DC-17 E-7 U 7 MURR 7 MURR estimated contamination dose LNN
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Table E-3, Event Consequences Derivation Data Summary (continued)

Transportation

TR E-1 U 4 MURR 4 MURR N/A EO HHL
TR-2 E-2 u 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-3 E-3 u 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-4 E-3 A 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-S E-4 A 4 MURR 4 MURR >2000 Rihr High Radiation HLN
TR-6 E-6 U 4 MURR 1% of 4MURR | . 1.0E-03 BT LNN
TR-7 E-6 U 4 MURR 4 MURR N/A EO HHL
TR-8 E-6 EU 4 MURR 4 MURR N/A EO HHL
TR-9 E-6 BEU 4 MURR 4 MURR N/A _EO HHL
TR-10 | E7 U 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-11 E-7 EU 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-12 | E7 A 4 MURR 1% of 4 MURR 1.0E-03 BT LNN
TR-13 E-7 EU 4 MURR 4 MURR N/A EO HHL

E-11
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Mitigated Event Consequence Derivation

General

A preliminary accident analysis was performed for the LEF to determine the limiting radioactive
nuclide inventory in a Missouri University Research Reactor (MURR) fuel assembly and the
source terms for a set of generic accidents (Ref. 58). Also, the HA was performed to identify all
possible accident events that can potentially occur at the LEF and the associated transport and
storage facilities. A total of 113 potential hazardous events were identified.

The LEF accident analysis (Ref. 50) was performed to develop a limited set of accidents logically
-grouped to envelope all the events (excluding direct radiological exposures) identified in the HA.
The accident analysis used the limiting nuclide inventory (MAR) of a MURR fuel assembly to
determine the limiting source terms. The source terms were then used in the Consequence
Analysis (Ref. 51) for the assessment of onsite and offsite radiological consequences. Per the
hazard analysis methodology (Ref. 8), the results of the consequence analysis were used to
determine the mitigated consequences for the HA and are summarized in table E-4 below. Direct
radiological exposure events were evaluated using the expected dose rates from Reference 54.
Tables E-4 and E-5 summarize the enveloping consequences used to develop the MHA.




Table E-4, Enveloping Accidents and Consequences for the LEF
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Postulated Event Onsite MOP MoP MOI' MOI*
OEP at TEDE Locati TEDE TEDE
cation
100 m
TDE
(rem) (rem) (meters) {rem) (rem)
Crucible Failure Explosion — 1.0E+0! L.OE+01 100 5.9E-02
Plume 1
Crucible Failure Explosion — 5.3E-02 5.3E-02 100 8.3E-05
Plume 2
Crucible Failure Explosion — 1.0E+01 1.0E+01 5.9E-02
Total
Rapid Steam Generation — 5.6E-04 7.8E-02 350 1.3E-02
Plume |
Rapid Steam Generation — 3.1E-06 6.3E-04 350 1.1E-04
Plume 2
Rapid Steam Generation — 5.7E-04 7.9E-02 1.3E-02
Total (RSG)
Furnace Extreme Overheating 7.2E-03 1.7E+00 350 3.2E-01
Transient — Plume 1
Furnace Extreme Overheating 3.0E-06 6.0E-04 450 1.1E-04
Transient — Plume 2
Furnace Extreme Overheating 7.2E-03 1.7E+00 3.2E-01

Transient — Total (FOT)
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Table E-4, Enveloping Accidents and Consequences for the LEF (continued)

Postulated Event Onsite MOP MOP Mor' MOI*
OEP at TEDE Location TEDE TEDE
100 m
| TDE
| (rem) {rem) (meters) (rem) (rem)
Fire During Transport — Plume 1 5.2E+00 5.2E+00 100 1.6E-02 1.7E-02
i Fire During Transport — Plume 2 | 2.2E+00 | 2.2E+00 100 3.3E-03 | 3.3E-03
} Fire During Transport — Total 7.3E+00 7.3E+00 19E-02 2.0E-02
| (DTE)
|
|
| Furnace Area Fire — Plume 1 2.0E+01 2.0E+01 100 1.5E-01 1.6E-01
Furnace Area Fir¢c — Plume 2 7.0E+00 7.0E+00 100
Furnace Area Fire — Plume 3 3.5E-01 3.5E-01 100 6.2E-04 6.2E-04
Furnace Area Fire — Total (FAF) 2.7E+01 2.7E+01 1.5E-01 1.6E-01
Storage Area Fire - Plume 1 8.1E+00 8.1E+00 100 3.0E-02 3.0E-02
Storage Area Fire — Plume 2 3.5E-01 3.5E-01 100 59E-04- | 5.9E-04
Storage Area Fire — Total (SAF) 8.5E+00 8.5E+00 3.0E-02 3.0E-02
Full Facility Fire — Plume 1 2.0E+01 2.0E+01 100 2.0E-01
Full Facility Fire — Plume 2 1.1E+01 1.1E+01 100
Full Facility Fire — Plume 3 7.6E-01 7.6E-01 100 1.1E-03
Full Facility Fire - Total (FFF) 3.2E+01 3.2E+01 2.0E-01
Aircraft (helicopter) Crash <5.0 <0.5
(ARCY’
High Wind (HWE)’ <5 . <0.5
Tornado (TORY <5 <0.5
Earthquake (EQE)’ <5 <0.5

1. Release durations based source term analysis (Yeung, 2000, Ref. 50).

2 Plume I release duration assumed to be 20 minutes (Ref. 51) and Plume 2 release duration is the same as that given in the source term
analysis (Yeung, 2000, Ref. 30).

3. Consequences are determined by engineering judgement.
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Table E-5, Consequences from Direct Radiation Exposure

Postulated Event Distance Dose Rate
Direct Radiation Exposure CR 1.0 foot from the aisle side 35.0 millirem/hour
Viewing Window (DRE1) surface of the viewing window
Direct Radiation Exposure Surface of the cask or 3.0 millirem/hour
Cask/Canister (DRE2} container

Event Consequence Derivation Data Summary

Table E-6, provides a summary of the values used to arrive at the mitigated consequences for
each event identified to exceed the evaluation guidelines for the onsite receptors in the
unmitigated analysis. Values in the table include Event Number, Event Category, Frequency,
Reference Accident, Dose from the Reference Accident to the onsite receptor at 100 meter and
the MOI, and the HA mitigated consequences. The Consequence column lists the resulting
consequences for the event: High (H), Moderate (M}, Low (L), or Negligible (N) for the three
receptor points Onsite 1, Onsite 2, and Offsite. SSCs and Administrative Controls assumed to
mitigate the consequences are identified in Appendix D. Underlining in the Appendix D tables
identifies the mitigating features of the LEF.
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Table E-6, Event Mitigated Consequences Derivation Summary

Event Reference Offsite Dose
Event | Category | Frequency Accident Dose at 100 Meters MOD Consequence
(Rem) (Rem) (Onl, On2, Offsite)
Furnace Area
FA-1 E-1 EU FAF 27 0.160 MMN
FA-2 E-1 u FAF <25 <0.160" LLN
FA-2A E-1 EU FFF 32 0.200 MMN
FA-4 E-2 BEU RSG 0.079° 0.013 NNN
FA-5 E-2 BEU RSG 0.079° 0.013 NNN
FA-11 E-3 EU FOT 17° 0.320 NNN
FA-13 E-3 U FOT 17° 0320 LNN?
FA-14 B-3 U FOT 1.7% 0.320 LNN’
FA-15 E-3 EU _ FOT 177 0.320 NNN
FA-17 E-3 BEU FOT 1.7% 0.320 NNN
FA-1% E-3 BEU FOT - 17% 0.320 NNN
FA-22 E-4 U DRE1 > 35 mR/hr - LNN
FA-23 E-4 U DRE2 >3mR/hr - LNN
FA-24 E-4 U DREL > 35 mR/r - LNN
FA-25 E-5 BEU CRI - - NNN
FA-26 E-5 BEU CRI - - NNN
FA-27 E-6 EU FFF 32 0.200 MMN
FA-28 E-6 EU FAF 5! <0.160" LLN
FA-29 E-6 EU FAF <25! <0.160" LLN
FA-31 E-6 BEU ARC <5 <0.5 NNN
FA-33 E-7 BEU EQE <5 <0.5 NNN
FA-34 E-7 EU FFF 32 0.030 MMN
FA-35 E-7 BEU TOR <3 <0.5 NNN
FA-36 E-7 BEU HWE <5 <0.5 NNN
FA-37 E-7 EU FFF 32 0.030 MMN
Crane Aisle Control Room
cC3 E-4 U DRE!L > 35 mR/Mr - LNN
Furnace Control Station
No events exceed the onsite guideiinesl I l I
Receiving Area Transfer Bay
TB-1 | El U FAF <25 " <0.160" LLN
TB-7 E-4 U DREI >3mR/Mrt - LNN
TB-8 E-6 EU FAF st <0.160° LLN
TB-10 E-6 BEU ARC <5 . <05 NNN
TB-13 E-7 EU EAF <5t <0.160 * LLN
TB-16 E-7 EU FAF <25t <0.160* LLN
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Table E-6, Event Mitigated Consequences Derivation Summary (continued)

Dry Cave Area i
DC-1 E-1 - U SAF 8.5 0.030 LLN
| DC-6 E-4 U DRE2 >3mR/hr . LNN
| DC-7 E-5 BEU CRI - - NNN
DC-8 E-6 EU SAF 8.5 0.030 LLN
DC-10 E-§ BEU ARC <5 <0.5 NNN
DC-13 E-7 EU SAF 8.5 0.030 LLN
DC-16 E-7 EU SAF 8.5 0.030 LLN
‘Transportation
TR-1 E-1 EU DTF 73 0020 LLN
TR-5 E-4 U DRE2 >3mR/hr - LNN
TR-7 E-6 EU DTF 7.3 0.020 LLN
TR-8 E-6 BEU DTF 73 0.020 LLN
TR-13 E-7 EU DTF 7.3 0.020 LLN
Notes:

1. Does not include Process Water Deionizers
2. Maxmum onsite dose at 350 meters

3. No secondary confinement

4, Qualy includes | MURR
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