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Preface

This report provides the EIS data input for the conversion of DUFg into uranium
metal product and byproducts magnesium fluoride (MgF>) and hydrofluoric acid
(HF). Due to its high density, uranium metal product is a principal option for
uranium use (e.g., as shielding material). UF¢ defluorination is achieved by
reduction to UF4 with hydrogen. Anhydrous HF is recovered as a saleable material
to industry. Uranium metal product is produced by reduction of UF4 with
magnesium metal. MgF is leached to reduce its uranium content so it can be sent
to an ordinary landfill for disposal.

6.9-vi
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Process Summary

Depleted uranium hexafluoride (UFg) is processed to produce uranium metal
billets and byproduct anhydrous hydrogen fluoride (AHF). The conversion is based
on the industrial batch metallothermic reduction process.

The UFg is converted to the metal in two steps. The UFg is vaporized using
steam heated autoclaves and fed to a tower reactor where it is mixed with hydrogen
gas. Solid uranium tetrafluoride (UFy) is produced and byproduct AHF. The AHF is
stored and then loaded into railcars for shipment to customers. The UFj is reduced
to uranium metal in a batch operation. A blended mixture of UF4 and magnesium
metal is heated in small, graphite lined steel vessels. After initiation of the
exothermic reaction, uranium metal in the molten state forms and settles to the
bottom of the reactor. Magnesium fluoride (MgF>) forms as a slag above the
uranium billet. After cooling, the solidified billet and slag are removed from the
reactor and physically separated.

The slag contains appreciable quantities of uranium in various forms. The slag is
crushed, roasted, and then leached with nitric acid to reduce the uranium content to
less than 90 ppm. After drying, the MgF; is packaged for disposal in an ordinary
landfill. The uranium bearing leach liquor is evaporated, calcined, and grouted for
disposal as low level waste.

6.9-vii
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1.0 DUFs Conversion Facility - Missions,

Assumptions, and Design Basis

MISSIONS

The Depleted Uranium Hexafluoride (DUFg) Batch Reduction to Uranium

Metal Conversion Facility converts depleted UF¢ into uranium metal for use
(shielding).

ASSUMPTIONS AND DESIGN BASIS

1.2.1

Assumptions

The following assumptions are made in this report:

The facility will receive the DUFg feed in 14 ton cylinders by truck or
rail car. They are unloaded onto trucks and placed in storage by on-site
cranes. Outdoor storage for one months supply of full cylinders is
provided. Incoming cylinders are assumed to be approved for
transportation and arrive on-site in an undamaged, clean condition.
For this study, it is assumed that the outgoing empty DUFg cylinders
are shipped off-site to a cylinder refurbishment or waste treatment
facility. Indoor storage of three months supply of empty cylinders is
provided.

DUFg feed to the facility is assumed to be chemically pure with an
average isotopic composition as follows: 0.001% U-234, 0.25% U-235,
and 99.75% U-238. The corresponding specific activity (alpha) is 4 x 107
Ci/g DU. In the UF filled cylinders, the short-lived daughter products
of U-238, Th-234 and Pa-234m, are in equilibrium with the U-238.
Therefore, these beta emitters each have the same activity as U-238
(3.3x107Ci/g).

The leaching process reduces the uranium content in the slag to less
than 90 ppm (<35 pCi/g).

Operations will be continuous for 24 hours/day, 7 days/week,

52 weeks/year.

Annual operating time is 7,000 hours based on a plant availability
factor of 0.8.

For the Batch Reduction to Uranium Metal process, two reactor trains
are needed for the conversion from UF¢ to UF4. Multiple filling
stations, reaction furnaces, and unloading stations are needed for UF4
reduction to metal. The MgF; leaching system and support systems can
be accomplished with a single train.

6.9-1-1
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* The anhydrous HF produced in the process is shipped off-site in rail
tank cars or tanker trucks. Indoor storage of one month's production is
provided on site.

* Uranium metal product is packaged in wooden boxes, and MgF,, CaF;,
and grout are packaged in 55-gallon drums. Indoor storage space for
one month's production is provided on site.

* On-site storage of one month's supply of magnesium metal, ammonia,
nitric acid, and cement is provided.

* The radiological hazard associated with the outgoing empty cylinders
has not been finalized. Preliminary estimates have indicated possible
dose rates in the range of 1 Rem/hr at the lower surface of the cylinders
due to retention of a heel of radioactive daughter products in the
cylinder after emptying. It has been assumed that a period of
approximately three months of on-site storage is required to allow
these daughter products to decay to acceptable levels for shipment off-
site.

* The facility is assumed to be constructed and operated at a generic
greenfield site. This site is currently assumed to be the EPRI Standard
Hypothetical East/West Central Site as defined in Appendix F of the
DOE Cost Estimate Guidelines for Advanced Nuclear Power
Technologies, ORNL/TM-10071/R3.

1.2.2 Design Basis

The general design basis document used in designing the facility is DOE
Order 6430.1A, General Design Criteria. This order covers design criteria,
applicable regulatory and industry codes, and standards for the design of DOE
nonreactor facilities. Design criteria for both conventional facilities designed
to industrial standards and “special facilities” (defined as nonreactor nuclear
facilities and explosive facilities) are included in this document.

DOE-STD-1027-92, Hazard Categorization and Accident Analysis
Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis
Reports, is used as a guide to develop preliminary hazards classifications and
related design features of the facilities containing radioactive or hazardous
materials.

Design codes and standards applicable to “special facilities”, as defined in
DOE Order 6430.1A, and facilities with moderate or low hazard classifications
per DOE-STD-1027-92 include the following:

Process Building

HF Storage Building

Uranium Product Storage Building
Outgoing, Empty Cylinder Storage Building

6.9-1-2
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Conventional design codes and standards have been used for the design
basis of the non-nuclear facilities in general use in the facility, including the
following:

Mg Metal Storage Building

MgF; Storage Building
Administration Building

Utilities Building

Warehouse

Maintenance Shop Building
Industrial Waste Treatment Building
Sanitary Waste Treatment Building
Facility Cooling Tower

A more detailed listing of compliance standards is presented in Section
1.2.5.

1.2.3 Facility Capacity/Capability

The facility is designed to process 28,000 metric tons of depleted UFg
annually. The DUF¢ inventory of 560,000 metric tons would be converted
within a 20-year processing period. The facility will operate 24 hours/day,
seven days a week, 292 days/year for an 80% plant availability during
operations.

1.2.4 Facility Operating Basis

A preliminary schedule to deploy, operate, and decontaminate and
decommission a representative depleted UF6 conversion facility is illustrated
in Figure 1-1. The schedule is assumed to be generic to conversion (including
empty cylinder treatment) and manufacturing (shielding) facilities within the
program. Differentiation of schedule durations assuming DOE or privatized
facility options have not been addressed at this time.

Technology verification and piloting are allocated for 3 years following
preliminary assessments. Design activities include both preliminary and
final designs, while safety approval/NEPA processes include documentation
approval. Site preparation, facility construction, procurement of process
equipment, and testing/installation are assumed to require 4 years. Plant
start-up occurs about 11 years after the PEIS Record of Decision (ROD).
Operations are complete in 20 years, followed by about a three year period for
decontamination and decommissioning.

6.9-1-3
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1.2.5 Compliance

The major applicable compliance documents for design of the facility are
as follows:

1.2.5.1  Basic Rules, Regulations, Codes, and Guidelines

Basic references concerning the content and procedures for issuance of an
EIS can be found in the Council on Environmental Quality Regulation
40 CFR 1502, Environmental Impact Statement, 10 CFR 1021, National
Environmental Policy Act Implementing Procedures (for DOE), and DOE
Orders 5400.1, General Environmental Protection Program and 5440.1E,
National Environmental Policy Act Compliance Program.

The general DOE order applicable to the facility design is DOE Order
6430.1A, General Design Criteria. Applicable codes, standards, and guidelines,
as referenced in Section 0106, “Regulatory Requirements,” of DOE 6430.1A
shall apply. More specific criteria can be found in Division 13, “Special
Facilities,” Sections 1318, “Uranium Enrichment Facilities”; 1322, “Uranium
Conversion and Recovery Facilities”; 1323, “Radioactive Liquid Waste
Facilities”; 1324, “Radioactive Solid Waste Facilities”; and 1325, “Laboratory
Facilities.”

Applicable Nuclear Regulatory Commission (NRC) regulatory guides
referenced in DOE Order 6430.1A will be used where appropriate.

1.2.5.2 Environmental, Safety, and Health

Environmental, safety, and health requirements will generally follow DOE
Order 5480.4, Environmental, Safety and Health Protection Standards, DOE
Order 5480.1B, Environmental Safety and Health Program for DOE
Operations; and DOE Order 5440.1C, National Environmental Policy Act.
Requirements for the facility fire protection systems will be in accordance
with DOE Order 5480.7, Fire Protection. Also, NFPA 480, Standard for the
Storage, Handling, and Processing of Magnesium Solids and Powders,
provides requirements applicable to the facilities handling and storing
magnesium.

1.2.5.3 Buffer Zones

The need for buffer zones surrounding the facility will be determined by
the site-specific environmental impact studies, which will follow these
programmatic EIS studies. In general, siting criteria will follow DOE Order
6430.1A, Sections 0200-1, “Facility Siting”; 0200-2, “Building Location”; and
0200-99, “Special Facilities.” Effluent releases will not exceed limits referenced
in DOE 5400.1, General Environmental Protection Program Requirements;
the directive on Radiation Protection of the Public and the Environment in

6.9-1-5
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the DOE 5400 series; and Section 1300-9 of DOE Order 6430.1A, “Effluent
Control and Monitoring.”

1254  Decontamination and Decommissioning

Design requirements for decontamination and decommissioning (D&D) of
the facility will be in accordance with DOE Order 6430.1A, Section 1300-11,
“Decontamination and Decommissioning (of Special Facilities)”; Section
1322-7 “D&D of Uranium Conversion and Recovery Facilities”; and 1325-6,
“D&D of Laboratory Facilities.”

1.2.5.5 Toxicological/Radiological Exposure

Exposures to hazardous effluents (both radioactive and nonradioactive)
will not exceed the limits referenced in DOE Order 5400.1 and the directive on
Radiation Protection of the Public and the Environment in the DOE 5400
series. Effluent control and monitoring will be in accordance with DOE Order
6430.1A, Section 1300-9, “Effluent Control and Monitoring (of Special
Facilities).”

1.2.5.6 Waste Management

Waste management systems provided for the facility will be in accordance
with the requirements of DOE Order 6430.1A, Section 1300-8, “Waste
Management (for special facilities)”; Section 1322-6, “Effluent Control and
Monitoring (of Uranium Conversion and Recovery Facilities)”; and 1324-7,
“Effluent Control and Monitoring (of Radioactive Solid Waste Facilities).”
Specific DOE design and operating requirements for radioactive wastes,
including low level waste (LLW) appear in DOE Order 5820.2A, Radioactive
Waste Management. Nonradioactive, hazardous waste requirements appear
in DOE 5480.1B and applicable sections of 40 CFR 264, 265, 267, and 268. A
DOE pollution prevention program - including waste minimization, source
reduction, and recycling of solid, liquid, and air emissions - will be
implemented in accordance with DOE Orders 5400.1, General Environmental
Protection Program; and 5820.2A, Environmental Compliance Issue
Coordination.

1.2.5.7  Materials Accountability and Plant Security

The basic compliance documents for materials accountability and security
requirements for the facility design are DOE Order 6430.1A, General Design
Criteria, Section 1300-10, and the 5630 series of DOE orders. Specific references
applicable to the safeguards and security systems provided in the design are
discussed in detail in Section 2.2.3 of this report.

6.9-1-6
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Uncertainties

Uncertainties associated with the process include the following:

The leaching of MgF; to enable it to be sent to an ordinary landfill for
disposal has not been demonstrated at the throughput rate for this
facility. Some equipment development work is required.

It is assumed that decontamination of MgF» to a uranium
concentration of 90 ppm or less (<35 pCi/g) will enable its disposal in
an ordinary landfill site. It is assumed that an exemption for free
release to a sanitary landfill could be obtained.

Due to the pre-conceptual nature of the facility design, design details of
process and support system equipment and components as well as
facility building and site construction quantities have not been fully
defined. With the exception of the major process equipment, current
equipment, system, and facility descriptions are based primarily on
engineering judgment and comparisons with historical data from
similar facilities.

Building area hazards categorizations are based on preliminary
analyses as defined in DOE-STD-1027-92 and require additional analyses
before final hazards categories can be defined.

The radiological hazard associated with the outgoing, empty cylinders
has not been finalized. Preliminary estimates have indicated possible
dose rates in the range of 1 Rem/hr at the lower surface of the cylinders
due to retention of a heel of radioactive daughter products in the
cylinder after emptying. It has been assumed that a period of
approximately three months of on-site storage is required to allow
these daughter products to decay to acceptable levels for shipment off-
site.

6.9-1-7



2.1

Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

2.0 DUF¢ Conversion Facility Description

GENERAL FACILITY DESCRIPTION
2.1.1 Functional Description

The process presented in this report consists of conversion of depleted
uranium hexafluoride (DUF¢) to uranium metal and magnesium fluoride
(MgF2) by reduction with hydrogen to UF4 and subsequent reduction with
magnesium to uranium metal. An overall facility material flow diagram is
shown in Figure 2-1.

DUFg is received in DOT-approved cylinders and is converted within the
process building in a continuous reactor to produce UF4, which is then
reduced in small batches to uranium metal. The uranium product is
packaged in crates. The uranium metal product is stored on-site until it is
transported to another site for subsequent disposition (e.g., use). Anhydrous
HF produced in the reaction is assumed to be shipped offsite for sale. MgF;
byproduct is leached with nitric acid and assumed to be disposed of in
ordinary landfill.

2.1.2 Plot Plan

A three-dimensional rendering of the facility is shown in Figure 2-2, Plot
Plan.
The plot plan shows the major structures on the site, as follows:

Process Building

HF Storage Building

Mg Metal Storage Building

Uranium Product Storage Building

MgF; Storage Building

Outgoing, Empty Cylinder Storage Building

Miscellaneous support buildings, including the Administration
Building, Utilities Building, Maintenance Shop, Industrial Waste and
Sanitary Waste Treatment Buildings, and Warehouse

* Facility cooling tower

* Process Building exhaust and boiler stacks

* Perimeter fencing enclosing the entire site.

Note: The size, number, and arrangement of facility buildings is pre-
conceptual and can change significantly as the design progresses. This plot
plan conveys general layout information only and is based on the assumption
of a generic, greenfield site.

6.9-2-1
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2.1.3 Building Descriptions

Table 2-1 summarizes the facilities building data.

Table 2-1, Facility Building Data

Foot- Contains Contains | Prelim. Hazards
Building Name print | No.of | Depleted | Hazardous | Classification | Construction
ne (ft2) | Levels | Uranium | Materials | (Rad/Chem)* Type
Process Building 69,000 2 Yes Yes HC2 / HH Reinforced |
Concrete
HF Storage 5,400 1 No Yes NA / HH Reinforced
Building Concrete
Mg Metal Storage | 7,500 1 No No General Metal
Building Frame
Uranium Product 17,500 1 Yes Yes HC2 / MH Metal
Storage Building Frame
MgF) Storage 15,500 1 No No General Metal
Building Frame
Outgoing Empty | 112200 | 1 Yes Yes HC3 / MH Metal
Cylinder Storage Frame L
Building
Utilities Building | 10,000 1 No Yes General Metal
Frame
Administration 10,000 1 No No General Metal
Building Frame
Maintenance Shop | 7,200 1 No Yes General Metal
Frame
Warehouse 8,400 1 No Yes General Metal
Frame
Industrial Waste 6,000 1 No Yes General Metal
Building Frame
Sanitary Waste 2,400 1 No No General Metal
Building Frame
Cooling Tower 7,000 --- --- --- ---

* HC2 = Hazard Category 2 (moderate radiological hazard)
HC3 = Hazard Category 3 (low radiological hazard)

HH = High Hazard (high chemical hazard)

MH = Moderate Hazard (moderate chemical hazard)
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2131  Process Building

The layout, sections, and equipment arrangements for the Process
Building are shown in Figures 2-3 through 2-5. The building is a two-story
reinforced concrete structure classified radiologically as a category HC2
moderate hazard facility and chemically as a category HH high hazard facility
where significant quantities of UF¢ and HF are present. These hazards
classifications are preliminary as currently defined by DOE-STD-1027-92 and
UCRL-15910. The first floor contains the feed receiving and product shipping
areas, the processing and process support system areas, maintenance and
chemical storage areas, personnel entry control, change rooms, offices and
health physics areas, and an analytical laboratory and facility control room.
The second floor primarily contains mechanical support systems, such as the
heating, ventilating, and air conditioning (HVAC) systems and emergency
electric power systems.

2.1.3.2  HF Storage Building

Due to the presence of a large inventory of HF, the HF Storage Building is
classified as a nonradiological, chemically high hazard (HH) facility as defined
by DOE-STD-1027-92 and UCRL-15910. The building is a one-story reinforced
concrete structure providing space for tanks that store one month's
production of HF. The facility is provided with a rail car loading bay and
space for the required storage tanks. An air refrigeration system is provided
to maintain temperatures in the building in the range of 45 to 55°F to limit
vaporization of HF in the event of a spill. Also, a water spray system and
floors surrounded by dikes are provided to mitigate the effects of an HF spill.

21.3.3  Uranium Product Storage Building

The Uranium Product Storage Building is a one-story metal-frame
structure classified as a radiologically moderate hazard (HC2) and chemically
moderate hazard (MH) facility, as defined by DOE-STD-1027-92 and UCRL-
15910. The building is primarily a warehouse that provides space for one
month's production of uranium metal product and associated grouted waste.
A zone 2 HVAC system with filtered exhaust air is provided.

2.1.34  Outgoing, Empty Cylinder Storage Building
The Outgoing, Empty Cylinder Storage Building is a one-story, metal
frame structure classified as a radiologically low hazard (HC3) and chemically

moderate hazard (MH) facility as defined by DOE-STD-1027-92 and UCRL-
15910. The building is primarily a warehouse which provides space for three

6.9-2-5
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months storage of old, empty, cylinders during radiological "cooling". Since
the building is a restricted area with very limited personnel access, the only
utilities provided are roof ventilators and lighting.

2.1.3.5  Miscellaneous Support Buildings and Facilities

In addition to the process facilities described in the sections above, the
DUFg Batch Reduction to Uranium Metal Conversion Facility includes the
following facilities and systems (facilities are shown on Figure 3-1, Site Map):

A metal-frame Mg Metal Storage Building providing storage for one
month's supply of magnesium. The facility includes the fire protection
features required by NFPA 480.

A metal-frame MgF; Storage Building provides storage of one month's
production of MgF, and CaF».

A metal-frame general-use Ultilities Building houses raw water treatment
systems, water storage tanks, fire-water pumps, central chilled water cooling,
and steam heating boiler systems.

A metal-frame or masonry Administration Building houses the facility
support personnel.

A metal-frame general-use Maintenance Shops Building for housing clean
maintenance and repair shops.

A 33 MM BTU/hr multiple cell, wood construction, induced-draft,
crossflow-type cooling tower and a 3,300 gpm cooling tower water circulation
system provides cooling for both the process and HVAC systems

A Warehouse provides storage space for materials, spare parts, and other
supplies.

An Industrial Waste Treatment Facility accommodates the receipt,
treatment, and disposal of noncontaminated chemical, liquid, and solid
wastes other than liquid wastes disposed of through the sanitary waste
system. Utility wastewater discharges, including cooling tower and boiler
blowdown, and cold chemical area liquid effluents, will be treated and
discharged in this facility to assure that wastewater discharges meet applicable
environmental standards.

A Sanitary Waste Treatment Facility is provided with a capacity of
approximately 6,300 gpd.

Compressed air systems, including plant air, instrument air, and breathing
air include a single set of two redundant 300 cfm reciprocating air
compressors for the plant and instrument air systems. The plant air system is
provided through a receiver set at 100 psig. Instrument air is dried in
desiccant-type air dryers to a dew point of -40 °F and is supplied to a piping
distribution system from a separate air receiver set at 100 psig. A separate
breathing air compressor and receiver provide air to breathing air manifold
stations in areas with potential for radiological or hazardous chemical
contamination.

An 850 ft3 cement storage silo is provided in the yard.

6.9-2-9
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A 5,000 cth hydrogen/nitrogen supply system consisting of three 15,000 gal
steel ammonia storage tanks and three ammonia dissociators to supply
hydrogen and nitrogen to the UF¢ reduction reactors.

Building HVAC systems use a central chilled water system for building
cooling. Three 50% capacity, 460 ton centrifugal water chillers, and three
750 gpm circulating pumps are provided. A steel stack serves the Process
Building HVAC exhaust systems. The steam plant boiler vents through a
dedicated steel stack (see Table 2-3 for stack dimensions).

All cooling water systems are connected to the cooling tower system
described above.

A central steam plant in the Support Utilities Building produces steam for
process uses and for building heating by the HVAC systems. The plant
produces 31,000 Ib/hr of 50 psig steam, which is distributed around the site by
outside overhead piping.

Raw water treatment and demineralized water systems are provided. Raw
water treatment consists of water softening, filtration, and chlorination. The
demineralized water is used in the process and for steam boiler feedwater (see
also Figure 5-1).

The site receives electric power at 13.8 kV from the utility grid system and
distributes it on site at the required voltages. The Electrical Substation has a
design capacity of 3,300 kW and includes the primary switching and voltage
transformer facilities for the site. The electrical system also includes two,
redundant, 500 kW emergency power diesel generators, housed in a seismic
and tornado-resistant structure, to ensure the operation of all safety systems
during a power outage. Uninterruptible power supply (UPS) systems are
provided for the control system to ensure continued operation of safety
equipment and systems during a power outage.

Yard lighting is provided to allow 24-hour operations. Specific areas that
require special lighting for night-time operation include the UFg cylinder
storage pad areas, the rail spur area, the utility area, and the site entry control
area. -

Site security fencing as shown on Figure 3-1, Site Map, consists of
galvanized steel fabric fencing with barbed wire or barbed tape coil topping,
per DOE Order 6430.1A, Section 0283.

DESIGN SAFETY

The facility is designed with features to prevent, control, and mitigate the
consequences of potential accidents. The facility design uses a defense-in-
depth approach to protect workers, the public, and the environment from a
release of radioactive or hazardous materials.

The facility design includes systems, structures, and components that
serve as the following:

Barriers to contain uncontrolled hazardous material or energy release
* Preventive systems to protect those barriers

6.9-2-10
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¢ Systems to mitigate uncontrolled hazardous material or energy release
upon barrier failure

¢ Systems that monitor released material.

Table 2-2 summarizes the significant mitigating design safety features
provided for plant facilities. Section 8.1 describes these features in more detail
for bounding accident scenarios.

|

Building Name

Table 2-2, Mitigating Safety Design Features

HVAC Zoning

Exhaust Filtration

Structural Design

Other

e ————
————

Process Building | Zone 1 - High Zone 1- Single PC-4 for High Water Spray
Hazard Areas HEPA Filters Hazard Areas System for UFg
Zone 2 - Moderate | Zone 2-Single I(]DD;%“;H for DBE & | Reactor and HF
Hazard Areas HEPA Filters Condensation Areas
PC-3 for Moderate
Hazard Areas
PC-2 or 1 for Low
Hazard Areas
Uranium Product | Zone 2 - Moderate | Single HEPA PC-3 for DBE & 1
Storage Building | Hazard Building | Filters DBT
HF Storage Zone 1 - High Conventional PC-4 for High Automatic water
Building Chemical Hazard Hazard Areas spray and shutdown
of HVAC system
upon HF leak
Outgoing, Empty | NA NA PC-2 for Low Restricted Access
Cylinder Storage Hazard Areas
Building
NH3 Storage NA NA Per ANSI Std. Vehicle Barriers,
Tanks (Located K61.1, Section 5.2 | Diked Area,
Emergency Equip.,
Outdoors) etc. per ANSI Std.
K61.1
Overall Site NA NA NA Site Environmental

Monitoring / Alarm

System

2.2.1

The following natural phenomena are considered applicable to the facility

Natural Phenomena

design and are treated as design basis events:

Earthquake
Tornado
* Flooding
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Other natural phenomena such as volcanic activity or tidal waves are not
considered likely to be credible for the generic site. Such events would be
addressed in the future if warranted by the site selected for the facility. All
safety class structures, systems, and components (SSCs) must withstand the
consequences of all of these natural phenomena.

2211  Earthquake

The design basis earthquake (DBE) for the plant facilities will be chosen in
accordance with DOE-STD-1020-94 and UCRL-15910. All safety-class
structures, systems, and components (SSCs) will be designed to withstand the
DBE. Earthquakes exceeding the magnitude of the DBE are extremely
unlikely accidents as defined in DOE-STD-3009-94. Earthquakes of sufficient
magnitude to cause the failure of safety-class SSCs are considered incredible
events as defined in DOE-STD-3009-94.

2.2.1.2 Tornado

The design basis tornado (DBT) for the plant facilities will be chosen in
accordance with DOE-STD-1020-94 and UCRL-15910. Tornadoes exceeding the
magnitude of the DBT are extremely unlikely accidents as defined in DOE-
STD-3009-94. Tornadoes of sufficient energy to cause the failure of safety-class
SSCs are considered incredible events as defined in DOE-STD-3009-94.

2213 Flood

The design basis flood (DBF) for the plant will be chosen in accordance
with DOE-STD-1020-94 and UCRL-15910. Buildings housing hazardous
materials will be designed to withstand the DBF. Floods exceeding the
magnitude of the DBF are extremely unlikely accidents as defined in DOE-
STD-3009-94. Floods of sufficient magnitude to cause the failure of safety-class
S5Cs are considered incredible events as defined in DOE-STD-3009-94.

2.2.2 Fire Protection

The requirements for fire protection for the facility are contained in DOE
6430.1A, General Design Criteria; DOE 5480.4, Environmental, Safety and
Health Protection Standards; and DOE 5480.7, Fire Protection.

The facility fire protection systems design will incorporate an “improved
risk” level of fire protection as defined in DOE 5480.7. These criteria require
that the facility be subdivided into fire zones and be protected by fire
suppression systems based on the maximum estimated fire loss in each area.
Fire protection systems and features are designed to limit this loss as specified
in DOE 6430.1A. A fire protection design analysis and a life safety design
analysis will be performed in accordance with DOE 6430.1A and 5480.7 to
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determine fire zoning requirements and fire protection systems required for
the facility. Redundant fire protection systems are required to limit the
maximum possible fire loss and to prevent the release of toxic or hazardous
material. All fire protection systems are designed in accordance with
National Fire Protection Association (NFPA) Codes. The following fire
protection systems and features are provided:

* All buildings are subdivided by fire-rated barriers to limit the
maximum possible fire loss and to protect life by providing fire-rated
escape routes for operating personnel
Fire detection and alarm systems are provided in all buildings
A site-wide fire water supply system with a looped distribution main
and fire hydrants for building exterior fire protection is provided.

* Automatic fire sprinkler systems are used throughout the facilities,
except in areas where magnesium metal is stored and handled, per
NFPA 480.

* The Mg Metal Storage Building includes suitable fire extinguishing
agents, such as approved Class D agents per NFPA 480. Automatic
sprinkler systems are prohibited in areas used to store magnesium
metal per NFPA 480.

2.2.3 Materials Accountability and Plant Security

Measures will be provided for depleted uranium materials accountability
(per DOE Order 5633.3), and to protect the plant radiological and hazardous
materials from unauthorized access and removal, including depleted
uranium material accounting and reporting procedures, facility fencing,
guard posts, and security surveillance and alarm systems.

2.24 Materials Handling

Uranium materials will be handled using automatic cranes and other
material handling systems that allow operations to be controlled remotely or
by operators that are located away from the uranium to reduce potential
exposures to radiation and hazardous materials in the process.

2.2.5 Confinement and Containment

The design of facilities housing radioactive uranium and hazardous
chemicals includes a system of multiple confinement barriers to minimize
releases of radioactive and hazardous materials to the environment.

The primary confinement system consists of the uranium and HF
containers, process vessels, piping, gloveboxes, and the facility ventilation
systems. Gloveboxes are provided where uranium powders or hazardous
chemicals pose a potential for release (i.e., UF4 handling, slag crushing,
container loading operations, and UFg sampling stations).
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The secondary confinement system consists of the structures that
surround the primary confinement system and the facility ventilation
system.

The final hazards classification, performance categories, and zone
designation of these systems and associated design details will be determined
during later design phases in accordance with DOE-STD-1020-94 and UCRL-
15910.

2.2.6 Ventilation Systems

The HVAC systems will use a combination of dividing the buildings into
zones according to level of hazard, space pressure control, and filtration of
building air to isolate areas of potential radiological and hazardous chemical
contamination.

The buildings will be divided into three ventilation zones according to
potential for uranium contamination: zone 1 for areas of high potential
contamination hazard, zone 2 for areas of moderate to low potential for
contamination, and zone 3 for general areas with no potential for
contamination. All areas of the building will also be classified as having
high, moderate, or low potential for hazardous chemical contamination.

Zone 1 areas of the Process Building will use local enclosures with once-
through ventilation systems (e.g., gloveboxes and fume hoods) for
confinement to prevent recirculation of contaminants, single filtration for
building exhaust air through HEPA filters to prevent the release of
radioactive particulate, and pressure control to assure air flow from areas of
low hazard to areas of higher hazard.

Zone 2 areas include rooms containing autoclaves and other uranium
processing areas. The ventilation system for these rooms use once-through
air flow to prevent recirculation of contaminants, single filtration of exhaust
air through HEPA filters, and pressure control to assure air flow from areas of
low hazard to areas of high hazard. The Uranium Product Storage Building
will also be treated as a zone 2 area.

The remainder of the Process Building will be zone 3, including grouting
areas, MgF areas, waste processing areas, chemical feed storage and
preparation rooms, and support system areas. These rooms will be
maintained at a higher pressure than the rest of the building. The HVAC for
the Process Building is based on six air changes per hour and once-through
ventilation. The ventilation systems for certain small areas (personnel
change rooms and offices) will use conventional recirculating air
conditioning systems sized based on cooling and heating loads.

The UFg reactor, HF condenser, and off-gas scrubbing areas of the Process
Building have high chemical hazard potential, and will be served by a
separate once-through air conditioning system. HF monitors in these rooms
will automatically shut down the ventilation system and isolate the room in
the event of a leak of HF.
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Facility effluent release points include both liquid and gaseous releases to
the environment.

Due to the generic nature of the site, a single hypothetical liquid release
point has been shown on Figure 3-1, Site Map. This figure also identifies the
effluent air release points (ventilation and boiler stacks).

Table 2-3 summarizes the characteristics of the effluent air release points.

Table 2-3, Facility Air Release Points

BB - - Temperature | Flow Velocity |
Stack Height (ft) | Diameter (in) °F) (ft/sec)
Bldg. Exhaust 100 119 80 60
Boiler 100 33 500 60
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3.0 Site Map and Land Use Requirements

SITE MAP

The facility site map is shown in Figure 3-1. The site is surrounded by a
facility fence with a single entry control point for normal access of personnel
and vehicles. A rail spur is provided for shipment of DUFg cylinders to the
facility and Uranium Product, HF, and MgF; from the facility. Air emission
points are shown from the Process Building ventilation exhaust stack and the
facility boiler stack. The site liquid effluent discharge point is shown for the
assumed generic greenfield site. The location of these site discharge points
will require adjustment during later site-specific EIS studies. Though not
always shown in the figures, buildings have truck bays and access roads as
needed.

LAND AREA REQUIREMENTS DURING OPERATION

As shown in Figure 3-1, the total land area required during operations is
approximately 700,600 ft2 or about 16.1 acres.

LAND AREA REQUIREMENTS DURING CONSTRUCTION

Figure 3-2 shows the site map during construction. Land area
requirements during construction are approximately 23.3 acres. Construction
areas required in addition to the site structures and facilities are as follows:

* A construction laydown area for temporary storage of construction
materials, such as structural steel, pipe, lumber for concrete forms, and
electrical conduit

* Temporary construction offices for housing onsite engineering
support, construction supervision, and management personnel

* Temporary parking for construction craft workers and support
personnel

* Temporary holding basins for control of surface water runoff during
construction

* Area for installing required temporary utilities and services, including
construction service water, sanitary facilities, electrical power, and
vehicle fuels.

Note that the estimated construction area is based on a generic site
(Kenosha, WI) and will require adjustment for the actual site selected.

6.9-3-1
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Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

4.0 Process Descriptions

Depleted uranium hexafluoride (UFg) is reduced with hydrogen and
magnesium to produce uranium metal, anhydrous HF, and magnesium
fluoride (MgF2). The MgF; is leached with nitric acid to reduce its uranium
content to enable the MgF; to be disposed of in a landfill. The process is
shown in Figures 4-1 to 4-3. The material balance is in Appendix A.

The UFg is first converted to UF4 in a continuous process. The UFg is
vaporized using steam-heated autoclaves and fed to the reactor, where it is
mixed with hydrogen and nitrogen. Solid UF4 and gaseous HF are produced.
The UF; is discharged from the reactor, cooled, and collected. Vapor
containing HF, unreacted hydrogen, and nitrogen is cooled in a condenser to
recover HF. Uncondensed off-gas is sent to the HF scrubber system. The
anhydrous HF recovered is stored and then loaded into railcars for shipment
to customers.

The remaining traces of HF in the off-gas are removed by scrubbing with a
potassium hydroxide (KOH) solution. The off-gas is then filtered and
discharged to atmosphere. The spent scrub solution is treated with hydrated
lime (Ca(OH)y) to regenerate the potassium hydroxide and to remove the
fluoride by precipitating calcium fluoride. The potassium hydroxide filtrate is
evaporated to remove excess water and is reused as scrub solution. The CaF>
precipitate is dried and packaged in drums for sale.

The UF4 is reduced to uranium metal in a batch operation. The UFy is
blended with magnesium metal particles and loaded into small steel retort
vessels. Heating the retort initiates an exothermic reaction, in which molten
uranium metal forms and settles to the bottom of the retort to form a derby
(ingot). MgF; forms as a slag above the derby. After cooling, the derby and
slag are removed from the retort and separated for further processing.

The surface of the derby is cleaned by heating in a furnace to form an oxide
layer, which is then removed by quenching in water. The 1,400 Ib uranium
derby is dried, boxed, and sent to storage and shipping.

The MgF; slag is crushed and screened to recover small pieces of uranium
metal. The metal is loaded in an induction furnace and cast into a derby. The
MgF; is then roasted in air to oxidize residual uranium to oxide, followed by
milling to produce fine particles suitable for leaching. The MgF; particles are
leached with hot nitric acid and washed with water to reduce the uranium
content to less than 90 ppm. The MgF is separated by filtration, dried, and
packaged in drums for storage and disposal.

The uranium-bearing leach solution is evaporated and calcined, and the
calcined solids are grouted with cement in drums for disposal as low-level
waste. Vapors from evaporation and calcining are sent to a distillation
column to recover nitric acid and water, which are reused in the leaching
process. Non-condensible off-gases are treated in a water absorber to remove
NOsx, filtered, and discharged to atmosphere.

6.9-4-1
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The facility has two reactor trains for the conversion from UF¢ to UF4.
Multiple filling stations, reaction furnaces, and unloading stations are
provided for UF4 reduction to metal. The MgF» leaching system and support
systems are single train. Critical equipment, such as a blowers or filters, have
spares installed in parallel. The conversion of UF¢ to uranium metal is
similar to a process currently used in the uranium fabrication industry. The
leaching of MgF; is similar to a process being planned for implementation in
industry.

UF¢ REDUCTION AND HF RECOVERY

The UFg Reduction Reactor converts UFg feed into UF4 and HF in a tower
reactor. The chemical reaction is UFg + Hy ---> UF4 + 2HF. This system is
shown in Figure 4-4.

Depleted UF¢ is received primarily in 14-ton cylinders. The cylinders are
inspected and stored in the yard. Cylinders are transported into the Process
Building, where they are placed in steam-heated autoclaves and hooked up to
the reactor feed line. As necessary, the contents of a cylinder are sampled and
analyzed. The solid UFg is heated and vaporized (sublimed) at 140°F.
Gaseous UFg flows out of the cylinder and is fed by a compressor into a reactor
tower. Eleven UFg cylinders feed simultaneously to provide the required feed
rate of 8,800 Ib/hr. Hydrogen reacts with the UFg to form solid UF4 and
gaseous HF. The reaction is exothermic, with the temperature in the tower
ranging from 800 to 1150°F. The tower has electric heaters to maintain a hot
wall and has vibrators that are used intermittently to dislodge buildup of UF4
on the walls.

Solid UF4 is discharged from the reactor, cooled, and conveyed to a storage
bin. There is also a drum loading station to provide interim storage of UF4 in
drums as necessary. After cooling, empty UF¢ cylinders are removed and
transported to the Empty Cylinder Storage Building.

The off-gas stream containing HF, unreacted hydrogen, and nitrogen flows
through a cyclone and sintered metal filter to remove UFy particles. The off-
gas is cooled to 100°F in a heat exchanger and flows through a refrigerated
condenser operating at about -90°F to recover HF. Uncondensed off-gas flows
to the HF scrubber system. The anhydrous HF condensate, which contains
about 200 ppm water, is collected and sampled in a hold tank that is cooled
with chilled water. Upon satisfactory analysis, the anhydrous HF is
transferred via pipeline to a storage tank cooled with chilled water in the HF
storage building. The HF is loaded into railroad tank cars or tank trucks for
delivery to customers.

Hydrogen for the reactor is provided from a packaged ammonia
dissociator unit. The chemical reaction is 2NH3 —--> N2 + 3Hp. Liquid

ammonia is vaporized and fed to the dissociator, which decomposes the
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ammonia at 1600°F in a catalyst bed. The hydrogen/nitrogen mixture is fed to
the reactor.

Preliminary major equipment includes 14 autoclaves and UFg
compressors, two 21 in. top dia by 35 in. bottom dia by 27 ft high Monel tower

reactors, an 8 ft dia by 23 ft high 1,000 ft3 UF4 storage silo, a 1 ft 6 in. dia by 6 ft

long 200 ft2 Monel off-gas cooler, a 2 ft dia by 6 ft long 250 ft> Monel off-gas
condenser, two 5 ft dia by 8 ft long 1,100 gal steel HF hold tanks, four 8 ft dia by
48 ft long 18,000 gal steel HF storage tanks, three 8 ft dia by 40 ft long 15,000 gal
steel ammonia storage tanks, and three 83 kW ammonia dissociators.

UF4; REDUCTION TO METAL

UF4 is reduced to uranium metal in small batches using magnesium
metal. The chemical reaction is UF4 + 2Mg --—-> U + 2MgF;. The system is
shown in Figure 4-5.

The UFy is reduced to uranium metal in a batch operation. About 1,900 Ib
of UFy is charged into a double-cone mixer. A preweighed can containing
about 297 lb of magnesium metal particles is also charged into the mixer.
After blending, the mixed solids are charged into an empty, graphite-lined,

27 in. dia by 52 in. tall, steel retort vessel. The filling station vibrates the retort
to increase the solids packing density. The filled retort is moved to the
capping station, where a graphite lid is inserted and a steel lid is bolted on. To
prevent pressurization of the retorts, no gasket is used, which allows gases to
leak through the flange. _

The retort is lowered into an electric furnace and heated to and held at
1,000-1,200°F for several hours to induce the reduction reaction. A rapid,
spontaneous, exothermic reaction heats the retort contents up to 3,000°F.
Molten uranium metal forms and settles to the bottom of the retort to form a
derby (ingot). MgF, forms as a solid slag above the derby. Total cycle time in
the furnace is about 13 hours. The furnace is vented to an off-gas system that
filters the off-gas from the retort. The retort is removed from the furnace and
placed in an air cooling chamber. When the skin temperature has decreased
to 1,000°F, the retort is placed in a water bath for cooling to ambient
temperature.

The retort is moved to a breakout station, where the lid is removed, and
the retort is inverted and jolted. The derby and slag are separated from the
retort. The derby is sent to derby cleanup and the slag is sent to slag
processing. The retort is sent to a refurbishment station, where it is cleaned of
residual material and inspected. Retorts in satisfactory condition are reused.
It is assumed that the graphite liners will last 20 runs (batches), and the steel
retorts will last 100 runs. The failed liners and retorts are low-level waste.

There are multiple pieces of each equipment to provide the required
throughput. Conveyors and remote handling equipment move the process
materials through each step. Preliminary major equipment includes three

30 ft3 solids blenders, three retort filling stations and capping stations, fifty-
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four 7 ft x 7 ft x 9 ft high 25 kW reduction furnaces, a water cooling station, an
air cooling station, three breakout stations, a slag/derby sorting station, a
retort refurbishment station, and material movement equipment including
cranes, conveyors, and robot arms.

SLAG PROCESSING AND URANIUM CASTING

The MgF; slag is crushed and screened to recover small pieces of uranium
metal, which are cast into a derby. The MgF; is then roasted and size reduced.
The chemical reactions for roasting are 3U + 40, —-> U30g and 2Mg + O3 --—->
2MgO. The system is shown in Figure 4-6.

The MgF; slag from breakout is fed to a crusher, which produces 1/4 in.
pieces of MgF> and deforms the uranium metal into larger sizes. The crushed
slag is fed to a vibrating screen, where the MgF; passes through but the metal
pieces are removed. After sufficient metal has been collected, the uranium
metal is loaded into an induction furnace and cast into a derby. The derby is
sent to the derby cleanup system.

To improve leachability, the MgF is roasted at 1,000°F in a rotary kiln
furnace to oxidize residual uranium and unreacted excess magnesium. After
cooling, the roasted oxide is size reduced in a hammer mill and ball mill to
produce fine MgF, particles smaller than 40 microns. The MgF; particles are
sent to the leaching system.

Preliminary major equipment includes crushers, a 7 ft dia by 20 ft high
650 ft3 steel slag bin, a 4 ft dia vibrating screen separator, a 50 kW induction
casting furnace, a 4 ft dia by 17 ft long 100 kW Inconel rotary kiln, a 6 ft dia by
4 ft long 75 hp ball mill, and an 8 ft dia by 23 ft high 1,200 ft3 steel MgF, storage
bin.

DERBY CLEANUP

The derbies from breakout and casting are cleaned to remove adhering
slag and other surface impurities. The system is shown in Figure 4-7.

The derby is placed in a furnace and heated to 1,200°F, which causes the
derby surface to oxidize. The hot derby is placed in a water quench tank,
which causes the oxide layer to spall off. The derby, which weighs about
1,400 Ib and is about 20 in. dia by 6.7 in. high, is dried in an oven, wired
brushed for final cleanup, and packaged for storage and shipment. The
quench water is sent to a rotary drum filter to remove the uranium oxide
(U30g), cooled, and returned to the quench tank. The oxide is dried in a
rotary dryer and sent to grouting.

Preliminary major equipment includes two 30 kW derby roasting
furnaces, a 10 ft dia by 5 ft high 3,000 gal steel derby quench tank, a drying
oven, cleanup station and loading station, a rotary drum filter and dryer, and
material movement equipment.

6.9-4-9



01-¥-69

Slag from
Breakout

CRUSHER

, / } SCREEN

f

ROASTING
FURNACE

T Electric Heat

Air

Off-Gas to Filtration
and ATM.

MgFo COOLER
AN'\N\/|

Ty

Cooling Water

PELLET
BIN

BIN

INDUCTION CASTING

FURNACE
— ] ——— Derby to Cleanup
Electric Heat
AIR
BALL MILL CLASSIFIE’R
— 1/
HAMMER MILL

MgF2
BIN
MgF2
To Leaching

Figure 4-6 Slag Processing and Uranium Casting Process Flow Diagram

spuonyyexay winiuern) paja[dac jo

Juswedeuey w1 -3uo sy 105 jrodsy sisreuy Suuesurug jyei

¢ A -



11-¥-69

Derby from Breakout |
—_— — — — —
|
|
|

Air

{

&1 FILTER |—» 70 Atm.

BT T R

ROASTING
FURNACE

-

-

Electric Heat

QUENCH TANK Cooling Water

DRYING
OVEN

CLEANUP
STATION

Electric Heat

Cooling Water

CONDENSER

OXIDE DRYER

DRUM FILTER

Figure 4 -7 Derby Cleanup Process Flow

Steam

Diagram

Derby to Storage
Building
— — —

MgF2

U30g Y _ToGrouting

2 A9y - apuonyexay wnruein pad[da( jo
judwadeuey wId]-3uo] ay3 105 1oday sisA[euy Surissurduyg yeiq



4.5

4.6

Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

MAGNESIUM FLUORIDE LEACHING

The MgF; is leached with nitric acid to reduce the uranium content to less
than 90 ppm so that it can be disposed of in an ordinary landfill. The
chemical reactions are U3Og + 8HNOj3 ---> 3UO2(NO3); + 2NO; + 4H,0 and
MgO + 2HNOj3 ---> Mg(NO3); + HyO. The system is shown in Figure 4-8.

The MgF is fed to a three-stage, countercurrent leaching system consisting
of agitated tanks, rotary drum filters and transfer pumps. MgF; is fed to the
first stage leach tank, while hot 60% nitric acid at about 175°F is fed to the
third stage leach tank. The slurry from each leach tank is sent to a drum
filter, which separates the MgF; solids from the leach solution. Pumps then
transfer the MgF, slurry and filtrate to the next stage. The MgF, from the
third stage leach tank is sent to a wash tank for water washing. The MgF; is
washed and dewatered in a rotary drum filter, and dried in a steam-heated
rotary tube dryer. After cooling, the MgF, is packaged in drums and sent to
the storage building. The uranium-bearing leach solution and wash effluent
are sent to the evaporation system.

Preliminary major equipment includes four 6 ft dia by 6 ft high 1,200 gal
304L stainless steel leach and wash tanks, four 6 ft dia by 4 ft long 304L

stainless steel rotary drum filters, a 4 ft 6 in. dia by 20 ft long rotary steam tube
dryer, and a drum loading station.

EVAPORATION, CALCINATION , AND GROUTING

The uranium-bearing leach solution is evaporated, calcined, and grouted
for disposal as low-level waste. The principal chemical reactions in
calcination are UO3(NO3); ---> UO3 + 2NO» + 0.503,3UQO3 ---> U303 + 0.50,
and Mg(NO3); -—-> MgO + 2NO; + 0.50;. This system is shown in Figure 4-9.

The spent leach solution containing nitric acid and uranium is fed to an
evaporator for volume reduction. The evaporator overhead vapor,
composed of nitric acid and water, is sent to the nitric acid recovery system.
The evaporator bottoms, which is a nitric acid solution containing uranium,
magnesium and solid impurities, are fed to a zone-heated, rotary calciner.
Denitration to UO3 occurs at 480°F, and conversion to U30g occurs at 1,200°F.
Solids, primarily U3Og, MgO, and MgF>, are discharged from the calciner. The
calciner off-gas, containing nitric acid, water, nitrogen oxides, and oxygen,
flows to a condenser. The condensate, which contains nitric acid and water, is
sent to the nitric acid recovery system. The uncondensed off-gas is sent to the
NOx absorption system.

The solids from the calciner and oxide from derby cleanup are mixed with
water and cement in a drum. The drum is sealed and tumbled for mixing.
The solidified waste drum is sent to the storage building. The composition of
the grout is 33% U30g, 29% H;0, 21% cement, 10% MgF,, and 7% MgO.
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Preliminary major equipment includes two 12 ft dia by 15 ft high 12,000 gal

304L stainless steel evaporator feed tanks, a 350 ft2 304L stainless steel
evaporator, a 2 ft dia by 8 ft long 300 kW Inconel rotary calciner, a drum
tumbling station, and associated feed tanks, product tanks, and pumps.

NOx ABSORPTION AND NITRIC ACID RECOVERY

An NOy absorption system to treat process off-gases and a nitric acid
recovery system are provided. The simplified chemical reaction for NO,
absorption is 4NO> + 2H,0 + Oy ---> 4HNO3. Both systems are shown in
Figure 4-10.

Off-gases from the leaching system and the calciner are mixed with air and
fed to the NOx absorption column. The column has trays and uses water as
the scrub solution. About 90% of the nitrogen dioxide is absorbed into the
liquid phase. The off-gas leaving the absorber passes through a HEPA filter to
remove particles, and is discharged to the process stack. The scrub solution
leaving the absorber is sent to nitric acid recovery.

Vapor from the evaporator, condensate from the calciner condenser, and
scrub solution from the NOy absorber are fed to a nitric acid distillation
column. The overhead product is water with a trace of nitric acid, and the
bottoms product is 60% nitric acid. The nitric acid and water are collected,
stored in tanks, and reused in the leaching process. A small amount of fresh
water and nitric acid are added to makeup for losses.

Preliminary major equipment includes a 1 ft dia by 30 ft high 304L
stainless stee]l NOx absorber column, a 4 ft 6 in. dia by 36 ft high 304L stainless
steel nitric acid distillation column, an 8 ft dia by 8 ft high 3,000 gal 304L
stainless steel nitric acid storage tank, and a 15 ft dia by 19 ft high 25,000 gal
steel water storage tank.

HF SCRUBBING SYSTEM

Off-gas from HF condensation is treated in a scrubber to reduce
atmospheric releases of HF to acceptable levels. The system is shown in
Figure 4-11.

The off-gas enters a packed column, where it is contacted with a potassium
hydroxide (KOH) scrub solution. The HF is removed by the reaction
HF + KOH ---> KF + H7O. The treated off-gas is filtered, mixed with
ventilation exhaust air to dilute the hydrogen to a safe concentration, and
discharged to atmosphere. The spent scrub solution is collected in a
precipitation tank, where hydrated lime is added to remove the fluoride and
regenerate the KOH by the reaction 2KF + Ca(OH); -—> CaF, + 2KOH. A
minimum level of KF is maintained in the scrub solution by adding less than
the stoichiometric quantity of lime. This ensures all the lime reacts, which
keeps solid lime out of the CaF; product and the packed bed scrubber.
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The scrub solution slurry is filtered in a rotary drum vacuum filter or a
pressure filter to remove the solid CaF; precipitate. The CaF; is washed with
water to remove impurities and dried in a steam-heated rotary tube dryer.
After cooling, the CaF is packaged in drums and sent to the storage building.

The KOH and wash water filtrate are collected, and a side stream is
withdrawn and evaporated to remove the water formed by the scrubber
chemical reaction and the water added for CaF, washing. The filtrate is then
cooled and pumped back to the scrubber as scrub solution.

Preliminary major equipment includes a 1 ft dia by 15 ft high Monel HF
scrubber with plastic packing, 4 ft dia by 5 ft high 500 gallon Monel
precipitation and filtrate tanks, a 3 ft dia by 3 ft 6 in. long Monel rotary drum
filter, a 1 ft 6 in. dia by 4 ft Monel evaporator/condenser unit, a 2 ft dia by 6 ft
long steel rotary dryer, and associated tanks and pumps.

UF¢ CYLINDER HANDLING SYSTEMS

Incoming, filled DUFg cylinders will be off-loaded from either rail cars or
flatbed trucks by a yard crane. The crane will place the cylinder on a cart,
which is towed to the storage area. The crane will then lift the cylinder off the
cart and place it into a storage position. When a cylinder is to be transported
to the Process Building, the yard crane will again load the cylinder on a cart,
which is towed into the Process Building. Once the cylinders are in the
autoclave area of the Process Building, the cylinders will be handled by an
overhead bridge crane.

Because of the potential radiation exposure to workers, the outgoing,
empty cylinders will be removed from the autoclaves by the use of remote
handling equipment to disconnect the cylinders from the autoclaves and
attach it to the overhead crane. The crane will remove the cylinders and
position them for pick-up by a shielded straddle carrier. The shielded straddle
carrier will transport the cylinders to the Outgoing, Empty Cylinder Storage
Building.

In the course of normal operations, the only personnel that will enter the
Outgoing, Empty Cylinder Storage Building will be the straddle carrier
operators, who will be in an enclosed and ventilated operator's cab. After the
daughter products have decayed to acceptable levels, the straddle carrier will
retrieve the cylinders from the storage building and transport them to the
crane facility for shipment. The yard crane will load all cylinders for
shipment off-site.

WASTE MANAGEMENT

The primary wastes produced by the process are empty UFg cylinders,
nonhazardous MgF,, failed graphite liners and steel retorts, and grouted

uranium residue. For this study, it is assumed that the empty DUFg cylinders
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are shipped off-site for treatment, disposal, or reuse without on-site
treatment.

Radioactive or hazardous material liquid waste includes decontamination
liquids, laboratory liquid wastes, contaminated cleaning solutions, lubricants,
and paints. Other radioactive or hazardous material-contaminated solid
waste from the process includes failed process equipment, failed or plugged
sintered metal filters, dust collector filter bags, and HEPA filters. Other
contaminated solid waste includes laboratory waste, wipes, rags, operator
clothing, packaging materials, etc.

The waste management operations are in accordance with DOE Order
5820.2A and the Resource Conservation and Recovery Act.

Low-level radioactive waste will be shipped to an off-site disposal facility.
Hazardous waste will be shipped off-site for final treatment and disposal.
Waste processing/packaging systems have been provided for minimal
pretreatment prior to shipment (e.g. size reduction, compaction, grouting).

Liquid and gaseous effluents are treated as necessary to meet effluent
standards and discharge permit limits. A decontamination waste treatment
system and an industrial waste treatment system are provided Domestic
sanitary waste is treated in an onsite treatment facility. Nonhazardous solid
waste is sent to a sanitary waste landfill.
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5.0 Resource Needs

MATERIALS/RESOURCES CONSUMED DURING OPERATION
5.1.1 Utilities Consumed

Annual utility consumption for facility operation is presented in Table 5-1,
including electricity, fuel, and water usage. This is followed by Table 5-2
showing consumable chemical and process material annual usage. An

assumed average or normal throughput is the basis for the data.

Table 5-1, Utilities Consumed During Operation

Annual Average
Utilities Consumption Peak Demand!
Electricity 25 GWh 3.3 MW
Liquid Fuel 9,500 gals NA
Natural Gas? 167 x 106 scf NA
Raw Water 55 x 106 gals NA ||

1 Peak demand is the maximum rate expected during any hour.
2 Standard cubic feet measured at 14.7 psia and 60 °F.

5.1.2 Water Balance

Figure 5-1 is a preliminary conceptual water balance for the facility. This
balance is based on the greenfield generic midwestern U.S. (Kenosha, WI) site
as described in Appendix F of the DOE Cost Guidelines for Advanced Nuclear
Power Technologies, ORNL/TM-10071/R3.

5.1.3 Chemicals and Materials Consumed

Table 5-2 shows annual chemicals and materials consumed during normal
operations. In addition to chemicals required for process and support
systems, estimated quantities of waste containers are included.
5.1.4 Radiological Materials Required

The only radiological material input to the site is depleted uranium

fluoride (DUFg). The annual consumption is 28,000 MT of DUFg as a solid
shipped in 14-ton DOT approved carbon steel containers.
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Table 5-2, Materials Consumed Annually During Normal Operation

Chemical Quantity (Ib/yr)
Solid
Magnesium (99.8% min., -10/+60 mesh) 8,600,000
Cement 940,000
Calcium Hydroxide (Hydrated Lime) 247,000
Detergent 700
Liquid
Ammonia (99.95% min. NH3) 2,400,000
Nitric Acid (60% HNO3) 230,000
Water Treatment Chemicals
Hydrochloric Acid (37% HCI) 5,300
Sodium Hydroxide (50% NaOH) 4,200
Sodium Hypochlorite 5,500
Copolymers 9,200
Phosphates 920
Phosphonates 920
Gaseous NA
Quantity
Containers and Consumablesl (containers/yr)
Graphite Liners 1,443
Steel Retorts 289

Contaminated (radioactive and hazardous) 7,043 drums
Waste Containers (55 gallon drums & 56 185 boxes

and 90 ft3 boxes - see also Table 9-1)

_—————

1 Containers listed include only those that are expected to be sent to
ultimate disposal and not reused.

6.9-5-3



Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

MATERIALS/RESOURCES CONSUMED DURING CONSTRUCTION

Table 5-3 provides an estimate of construction materials consumed during
construction.

Table 5-3, Materials/Resources Consumed During Construction

Total Peak Demand!
Material/Resources Consumption (if applicable)
Utilities
Electricity 45,000 MWh 25 MW
Water 12 x 106 gal 800 gal
l Solids
Concrete 23,000 yd3
Steel (carbon or mild) 10,000 tons
Electrical raceway 30,000 yd
Electrical wire and cable 75,000 yd
Piping 50,000 yd .
Steel decking 30,000 yd?2 f
“ Steel siding 16,000 yd? NA
“ Built-up roof 23,000 yd2
Interior partitions 2,000 yd2
Lumber 7,000 yd3
HVAC ductwork 200 tons
Special coatings 2,000 yd?
Asphalt paving 300 tons
Liquids
Fuel? 2 x 106 gals
Gases
Industrial Gases (propane) 5,500 gal }

1 Peak demand is the maximum rate expected during any hour.
2 Fuel is 50% gasoline and 50% diesel fuel.
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The process equipment will be purchased from equipment vendors. The
total quantities of commonly used construction material (e.g., steel,) for
equipment will be minor compared to the quantities given in Table 5-3. The
primary specialty material used for equipment fabrication is approximately
20 tons of Monel and 4 tons of Inconel.
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6.0 Employment Needs

This section provides preliminary estimates of the employment needs of the
facility during both operation and construction. Note that employment shown is

for all on-site facilities.

6.1

6.2

EMPLOYMENT NEEDS DURING OPERATION

Table 6-1, On-Site Employment During Operation, provides labor category
descriptions and the estimated numbers of employees required to operate the

facility.

Table 6-1, On-Site Employment During Operation

Number of
Labor Category Employees
Officials and Managers 12
| Professionals 12
|| Technicians 44
Office and Clerical 34
Craft Workers (Maintenance) 12
" Operators / Line Supervision 190/34
Security 35 ”
TOTAL EMPLOYEES (for all on-site facilities)

Table 6-2 gives the estimated location of facility employees during normal
operations.

EMPLOYEES AT RISK OF RADIOLOGICAL EXPOSURE

Appendix C provides rough estimates of worker activities and associated
radiation sources and distances.

Workers do not use respiratory or breathing equipment during normal
operation. Respirators or supplied air masks may be used during certain
decontamination or maintenance operations. For activities in which workers
come in contact with HF (e.g., connecting the tank car loading hose), the
operator will wear acid-resistant protective gear including a respirator.
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6.3 EMPLOYMENT NEEDS DURING CONSTRUCTION

Table 6-3 provides an estimate of the employment buildup by year during

construction.

Table 6-2, Number and Location of Employees During Operation

Facility B Shift1 Shift 2 Shift3 | Shift4 @)
Process Building 80 54 54 54
HF Storage Building 2 1 1 1
Mg Metal Storage Building 1 1 1 1
Uranium Product Storage Building 3 1 1 1
MgF; Storage Building 1 1 1 1
Cylinder Storage Pad and Building 7 3 3 3
Utilities /Services/ Admin Areas 66 10 10 10
TOTAL EMPLOYEES 160 71 71 71

L The 4th shift allows coverage for 7 days per week operations.

Table 6-3, Number of Construction Employees Needed by Yearl

%

Employees Year1 | Year2 | Year3 | Year4
Total Craft Workers 200 330 600 290
Construction Management 50 70 100 60

and Support Staff I
TOTAL EMPLOYEES 250 400 700 350

1" Numbers shown are for the peak of the year. Average for the year is

60% of the peak.
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7.0 Wastes and Emissions From the Facility

This section provides estimates of the annual emissions, effluents, waste

generation, and radiological and hazardous emissions from the facility assuming
peak operation. These are in the form of tables. Consistency with the facility and
process descriptions are maintained. In general, the numbers are based on
engineering estimates due to the pre-conceptual nature of the design.

7.1

WASTES AND EMISSIONS DURING OPERATION
7.1.1 Emissions

Table 7-1 summarizes the estimated emission rates of criteria pollutants,
hazardous air pollutants, and other toxic compounds and gases during
operations. Table 7-2 summarizes annual radiological emissions during
operations.

7.1.2 Solid and Liquid Wastes

The type and quantity of solid and liquid wastes expected to be generated
from operation of the facility are shown in Tables 7-3 and 7-4. The waste
generations are based on factors from historic data on building size, utility
requirements, and the projected facility work force.

7.1.2.1 Low-Level Wastes

Low-level wastes generated from operations of the facility are treated by
sorting, separation, concentration, and size reduction processes. Final low-
level waste products are surveyed and shipped to a shallow land burial site
for disposal.

7.1.2.2 Mixed Low-Level Wastes
Mixed low-level (radioactive and hazardous) waste is packaged and
shipped to a waste management facility for temporary storage, pending final

treatment and disposal. It is expected that administrative procedures will
minimize the generation of mixed wastes.
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Table 7-1, Annual Air Emissions During Operation

Principal Release Annual
Pollutants Point Emissions (Ib)
CRITERIA POLLUTANTS Boiler/Other!
Sulfur Dioxide Boiler Stack / Grade 100/60
Nitrogen Dioxide Process Stack / 117,000/

LL Boiler Stack / Grade 14,000/600
Hydrocarbons Boiler Stack / Grade 290/500 '
Carbon Monoxide Boiler Stack / Grade 6,700/3,900
Particulate Matter PM-10 Boiler Stack / Grade 500/120

OTHER POLLUTANTS
HF Process Bldg. Stack 300
UF4 Process Bldg. Stack 3.8
UsOg Process Bldg. Stack 9.6 h

" Copolymers Cooling Tower 1,900 "

" Phosphonates Cooling Tower 180 ||
Phosphates Cooling Tower 180 JI
Calcium Cooling Tower 3,300
Magnesium Cooling Tower 900

" Sodium and Potassium Cooling Tower 330
Chloride Cooling Tower 600
Dissolved Solids Cooling Tower 18,000

1 Other sources are diesel generator and vehicles

Table 7-2, Annual Radiological Emissions During Operation

Principal Release Rate
Radiological Isotope Release Point (Ci/yn)?1
Depleted Uranium in Gaseous Effluent Process Bldg. 2.0x 103
Stack
Depleted Uranium in Liquid Effluent Stream | Effluent Outfall 2.0x 103

1 Based on an assumed activity of 4 x 10”7 Ci/ g of depleted uranium - see Section 1.2.1 for
isotopic composition
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Table 7-3, Annual Radioactive and Hazardous Waste Generated During Operation

Type Description 1 Weight (Ib) | Volume Contents Packages
(cuyd)

Low Level Waste
Combustible Gloves, wipes, rags, | 400,000 185 47 Ib U308 684
solid clothing, etc. 55-gal drums

(compacted plastic,

paper, cloth)
Combustible Crushed graphite 577,000 361 5771b U 1,324
solid liners 55-gal drums
Metal, surface | Failed equipment | 81,000 50 96 1b U308 185
contaminated 55-gal drums
Metal, surface | Failed steel retorts | 318,000 483 3181bU 145
contaminated 6x3x5 ft boxes

(3/4" plywood)

Noncombustible, | HEPA filters 17,000 82 750 Ib UF4 40
compactible 1,900 Ib U308 | 4x2x7 ft boxes
solid (3/4" plywood)
Noncombustible, | Grouted waste 4,383,000 1,304 1,466,000 1b 4,788
noncompactible | See Sect. 4-6 U308 55-gal drums
solid
Other LabPack (chemicals | 4,400 2.7 51b U308 10

plus absorbent) 55-gal drums
Hazardous Waste
Organic liquids | Solvents, oil, paint | 5,300 3.5 See 13

(710 gal) | description 55-gal drums

Inorganic process | Failed equipment | 11,000 7 111b HF 26
debris (metal, glass) 111b NaOH | 55-gal drums
Combustible Wipes, etc. 700 1.3 11b HF 5
debris 1 1b NaOH 55-gal drums
Other Fluorescent bulbs 970 0.6 Mercury 2

(compacted) (trace) 55-gal drums
Mixed Low
Level Waste
Labpacks Chemicals plus 810 0.5 11b U308 2

absorbent 11b Acetone | 55-gal drums
Inorganic process | Failed equipment | 810 0.5 11b U308 2
debris (metal, glass) 11b Acetone | 55-gal drums
Combustible Wipes, etc. 270 0.5 01IbU308 |2
debris 0.11b Acetone | 55-gal drums

e =
1 All wastes are in solid form unless noted otherwise.
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Table 7-4 Annual Nonhazardous Waste Generated During Operation

B Solid | Liquid

Category (yd3) (gals)
Nonhazardous (Sanitary) Wastes - 2.3 x 106
Nonhazardous (Other) Wastes (Liquid 8,580 24.8 x 106
quantity based on cooling tower blowdown, (1)

industrial wastewater, process water - see
Figure 5-1, Water Balance)

Recyclable Wastes 370 -

1 Includes 7,650 yd3 of solid MgF,.

7.1.2.3 Hazardous Wastes

Hazardous wastes will be generated from chemical makeup and reagents
for support activities, and lubricants and oils for process and support
equipment. Hazardous wastes will be managed and hauled to an offsite waste
facility for treatment and disposal according to EPA RCRA guidelines.

7.1.2.4 Nonhazardous Wastes

Nonhazardous sanitary liquid wastes generated in the facility are
transferred to an onsite sanitary waste system for treatment. Nonhazardous
solid wastes, such as domestic trash and office waste, are hauled to an offsite
municipal sanitary landfill for disposal.

Other nonhazardous liquid wastes generated from facilities support
operations (e.g., cooling tower and evaporator condensate) are collected in a
catch tank and sampled before being reclaimed for other recycle use or release
to the environment.

7.12.5 Recyclable Wastes
Recyclable wastes includes paper, aluminum, and other items generated by
the facility. These wastes are generally assumed to be collected on-site for
pickup by off-site recycling organizations.

WASTES AND EMISSIONS GENERATED DURING CONSTRUCTION

This section presents the significant gaseous emissions and wastes
generated during construction.
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7.2.1 Emissions

Estimated emissions from construction activities during the peak
construction year are shown in Table 7-5. The emissions shown are based on
the construction land disturbance and vehicle traffic (for dust particulate
pollutant) and the fuel and gas consumption.

Table 7-5, Air Emissions During the Peak Construction Year

Criteria Pollutants (tons)
Sulfur Dioxide 3
Nitrogen Dioxide 40
Hydrocarbons 12
" Carbon Monoxide 270
Particulate Matter PM-10 60

7.2.2 Solid and Liquid Wastes

Estimated total quantity of solid and liquid wastes generated from
activities associated with construction of the facility is shown in Table 7-6.
The waste generation quantities are based on factors from historic data,
construction area size, and the projected construction labor force.

7.2.2.1 Radioactive Wastes

There are no radioactive wastes generated during construction of the
facility since it has been assumed that the facility will be located on a
greenfield site.

7.2.22  Hazardous Wastes
Hazardous wastes generated from construction activities, such as motor
oil and lubricants for construction vehicles, will be managed and hauled to

commercial waste facilities off-site for treatment and disposal in accordance
with latest EPA RCRA guidelines.
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Table 7-6, Total Wastes Generated During Construction

Waste Category Quantity
Hazardous Solids 80 yd3
Hazardous Liquids 32,000 gals
Nonhazardous Solids
Concrete 170 yd3
Steel 50 tons L
Other 1,300 yd3

Nonhazardous Liquids
Sanitary 4 x 106 gals I

Other 2 x 10° gals ”
%

7.2.2.3 Nonhazardous Wastes

Solid nonhazardous wastes generated from construction activities (e.g.,
construction debris and rock cuttings) are to be disposed of in a sanitary
landfill. Liquid nonhazardous wastes are either treated with a portable
sanitary treatment system or hauled to offsite facilities for treatment and
disposal.
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8.0 Accident Analysis

BOUNDING ACCIDENTS

The DUFg Conversion Facility buildings include areas with hazard
categories of chemically high hazard (HH) for buildings containing HF and
radiologically moderate hazard (HC2) for buildings containing DUFg and
uranium metal product, These preliminary hazard categories have been
developed as defined in DOE-STD-1027-92. Corresponding preliminary
performance categories as defined in DOE-STD-1021-93 have been developed
for selected structures, systems and components (SSCs). These categories were
assigned based on engineering judgment and further analysis should be
performed as the design evolves. A detailed safety analysis and risk
assessment under DOE Order 5480.23 will be required. Preliminary
radiological and non-radiological hazardous accident scenarios that bound
and represent potential accidents for the facility are summarized in Table 8-1
and described in the following sections. The description of each accident
includes the following elements:

A description of the accident scenario
An estimate of the frequency of the scenario (as defined in Table 8-2)
based on engineering judgment (because the design of the facility is not
advanced sufficiently to justify use of rigorous risk analysis techniques)

* An estimate of the effective amount of material at risk in the accident
based on the equipment sizes (see Table 8-3),

* An estimate of the fraction of effective material at risk that becomes
airborne in respirable form (see Table 8-3), and

* An estimate of the fraction of material airborne in respirable form
released to the atmosphere, taking into account the integrity of the
containment system (see Table 8-3).

Based on the postulated accidents and on DOE and NRC guidance, the
following structures, systems, and components (SSCs) are assumed to be
performance category PC-3 or PC-4 as defined in DOE-STD-1021-93:

* Vessels containing significant quantities of HF, NH3, or HNO3, because
a rupture could release some contents with unacceptable consequences

* Vessels containing significant inventories of UFg at elevated
temperatures, because their rupture could release HF and/or uranium
with unacceptable consequences

* The Process Building, HF Storage Building, and Uranium Product
Storage Building structures, because they house large inventories of HF
and uranium, and building collapse could result in significant damage
with consequential releases.
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Table 8-1, Bounding Postulated Accident Summary

'_'—__———_“_———_-——_—'_—_*‘
Airborne Material

Released to

Accident Frequency Environment
Earthquake Extremely Unlikely 5.6 x 10-21b U30g
Tornado Extremely Unlikely No Release
Flood Incredible No Release

[HF System Leak Anticipated 3.6 1b HF
UF4 Drum Spill Anticipated 1.5 x 104 Ib UF;4
Loss of Offsite Electrical Anticipated No Release

|| Power
Loss of Cooling Water Anticipated 17 Ib HF
Hydrogen Explosion Extremely Unlikely 5x 102 1b UF4

21b HF

'rAmmonia Release Unlikely 255 1b NH3
Nitric Acid Release Unlikely 6 Ib HNO3

Reactor Rupture

Extremely Unlikely

1.7 x 103 1b U304

Uranium Metal Fire

Unlikely

5.6 x 10-2 Ib U3Og

HF Pipeline Rupture

Unlikely

500 Ib HF to soil

HF Storage Tank Unlikely
| Overflow
e TEEEEEEm—————.

45 1b HF

Table 8-2, Accident Frequency Categories

'Frequency Category

Accident Frequency Range
(accidents/yr)

Anticipated Accidents

1/yr > frequency > 10-2/yr "

Unlikely Accidents

102/yr > frequency > 10-4/yr "

Extremely Unlikely Accidents

104/yr > frequency > 10-6/yr "

Incredible Events

6.9-8-2
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Table 8-3, Accident Source Terms and Parameters

Notes for Table 8-3 Accident Source Terms and Parameters

1. Effective Material at Risk, represents (inventory at risk) x (damage factor).

2. Respirable Airborne Fraction, represents (fraction airborne) x (fraction in
respirable range).

6.9-8-3

Fraction of
Respirable
Respirable | Airborne Material
Effective Material | Airborne Released to Release
Accident at Risk (1) Fraction (2) | Environment (3) Duration
Earthquake 47,600 Ib U 1x 1073 (a) 1 x 10-3 30 min
(56,200 Ib U30g )
Tornado No Release NA NA NA
Flood No Release NA NA NA
HF System Leak 91b HF 1 4 (b) 15 min
UF4 Drum Spill 735 Ib UF4 2 x 1074 (c) 1x10-3 30 min
Loss of Offsite No Release NA NA NA
Electrical Power
Loss of Cooling 17 1b HF 1 1 2 min
Water
Hydrogen 1,000 1b UF4 .05(d) 1x10-3 30 min
Explosion 21b HF 1 1
Ammonia 255 Ib NH3 1 1 1 min
Release “
Nitric Acid 6 Ib HNO; 1 1 2 min |
Release
Reactor Rupture 1,4001b U 1x1073 (a) 1x10-3 15 min
(1,650 1b U30g)
Uranium Metal 47,600 1b U 1x 1073 (a) 1x10-3 30 min
Fire (56,200 Ib U30g )
HF Pipeline 500 b HF (e) (e) 10 min
Rupture
HF Storage Tank 830 b HF 22 (f) 25 (g) 15 min
Overflow
— . ‘'~
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3. Fraction of Respirable Airborne Material Released to Environment,
represents building leak factor.

a. Based on thermal stress (oxidation) of uranium in DOE-HDBK-0013-93,
p.-4-2.

b. Based on 6 air changes/hr, .33 mixing efficiency and 15 minute duration
before HVAC system is shut down.

c. Based on powder spill in NUREG-1320, Nuclear Fuel Cycle Accident
Analysis Handbook, May 1988, p. 4.71. Also consistent with free-fall spill
of powders in DOE-HDBK-0013-93, Recommended Values and Technical
Bases for Airborne Release Fractions, Airborne Release Rates and
Respirable Fractions at DOE Non-Reactor Nuclear Facilities, July 1993,

p. 4-5.

d. Based on deflagration of large volume of flammable mixture above
powder in DOE-HDBK-0013-93, p- 4-5. Fraction airborne is 1. Fraction in
respirable range is .05, based on the assumption that 5% of the powder is 10
microns or smaller.

e. Assume 100% of the HF drains into the ground at a point 3 ft below grade
during a 10 minute period. The contaminated soil is removed after 48 hrs.

f.  Airborne release fraction is .22 based on 0.06 Ib/ min-sq ft evaporation rate,
200 sq ft spill area and 15 minute duration, using method in D. G. Gray,
Solvent Evaporation Rates, American Industrial Hygiene Association
Journal, November 1974. Fraction in respirable range is 1.

g Based on 3 air changes/hr, .33 mixing efficiency and 15 minute duration
before HVAC system is shut down.

8.1.1 Hazardous Material and Radiological Accidents

Due to the low fissile material content of depleted uranium (typically
0.25% U-235), a criticality accident is incredible and is not considered.

The depleted uranium will contain trace quantities of daughter products
(primarily Th-234 and Pa-234m) from U-238 radioactive decay. The trace
products tend to plate out in the UFg cylinders and only a small fraction of
them enter the UFg conversion process. However, the daughter products
build up with time and approach their equilibrium value in about two
months.

Empty UFs cylinders are expected to have a fairly high radiation rate on
contact. Special handling equipment and procedures will be employed to
reduce radiation exposure to workers. The radiation rate drops as the
daughter products decay (24 day half-life). The filled cylinders have a much
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lower radiation rate due to self-shielding by the solid UFg, and special
handling is not required.

Uranium, hydrofluoric acid, and nitric acid are the primary hazardous
chemical materials handled in this facility. Uranium is toxic, and
hydrofluoric and nitric acids are both toxic and corrosive.

8.1.2 Natural Phenomena
8.1.2.1  Earthquake

The design basis earthquake (DBE) will be chosen in accordance with DOE-
STD-1020-94 and DOE-STD-1021-93 (derived from UCRL-15910) for the
appropriate hazard safety classification. Structures, systems, and components
(SSCs) are designed to withstand the DBE defined by the hazard classification
performance category exceedance probability. Earthquakes exceeding the
magnitude of the DBE or causing failure of PC-3 SSCs are extremely unlikely
accidents as defined in DOE-STD-3009-94. Earthquakes of sufficient
magnitude to cause the failure of performance category PC-4 SSCs are
considered incredible events as defined in DOE-STD-3009-94.

Structures in high hazard areas of the Process Building and HF Storage
Building (i.e., in areas with high inventories of HF or UFg at elevated
temperatures) are designed for the performance category PC-4 DBE.

Therefore, failure of these structures in the event of the DBE is incredible. In
the extremely unlikely event that an earthquake exceeding the PC-3 DBE or
failure of PC-3 SSCs in the Process Building occurs, it is postulated that a fire
occurs in the metal storage area. The resulting consequences would be
bounded by the fire scenario described in Section 8.1.3.10.

The Uranium Product Storage Building is designed for the performance
category PC-3 DBE for radiologically moderate hazard structures. The
appropriate DBE as defined by DOE-1020-94 for this facility would not result in
damage such that confinement of hazardous materials is compromised. In
the extremely unlikely event of an earthquake exceeding the DBE or failure of
PC-3 SSCs, some of the boxes could be sufficiently damaged to cause loss of
containment. Because the boxes contain a uranium metal derby, which is a
heavy, dense, metallic object weighing 1400 Ib, an insignificant fraction of
uranium would be broken into sizes that could become airborne respirable
particles.

8.1.2.2  Design Basis Tornado

The design basis tornado (DBT) will be chosen in accordance with DOE-
STD-1020-94 (UCRL-15910) for each SSC at the appropriate hazard
classification. Structures, systems, and components are designed to withstand
the appropriate DBT and DBT-generated tornado missiles for each hazard
category. Tornadoes exceeding the magnitude of the DBT for PC-3 category
facilities and failure of PC-3 SSCs are extremely unlikely accidents as defined
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in DOE-STD-3009-94. Tornadoes of sufficient energy to cause the failure of
PC-4 55Cs are considered incredible events as defined in DOE-STD-3009-94.

Structures in high hazard areas of the Process Building and HF Storage
Building (i.e., in areas with high inventories of HF or UF at elevated
temperatures) are designed for the performance category PC-4 DBT.
Therefore, failure of these structures in the event of the DBT is incredible.

The Uranium Product Storage Building is designed for the performance
category PC-3 DBT for radiologically moderate hazard structures. The DBT
defined for this facility would not cause sufficient damage to compromise the
building confinement of hazardous materials. However, in the extremely
unlikely event of a DBT exceeding the PC-3 level or failure of PC-3 SSCs, a
tornado wind-driven missile could impact and damage a uranium product
storage box. Because the boxes contain a uranium metal derby, which is a
heavy, dense, metallic object weighing 1400 lb, an insignificant fraction of
uranium would be broken into sizes that could become airborne respirable
particles. Therefore the tornado would result in no release.

A tornado wind-driven missile could impact the UFg storage pad and
damage some of the cylinders. There is no significant release because the UFe¢
is a solid at ambient temperature.

8.1.2.3  Design Basis Flood

The design basis flood (DBF) will be chosen in accordance with DOE-STD-
1020-94 (UCRL-15910) for each SSC at the appropriate hazard category.
Structures, systems, and components (SSCs) are designed to withstand the
DBEF for the appropriate hazard classification performance category. Floods
exceeding the magnitude of the DBF are extremely unlikely accidents as
defined in DOE-STD-3009-94. Floods of sufficient magnitude to cause the
failure of PC-4 SSCs are considered incredible events as defined in DOE-STD-
3009-94.

Depending on the facility location and elevation, flooding may or may not
be credible. For this study, it is assumed that the facility will be located at a
site that precludes severe flooding.

OTHER POSTULATED EVENTS

8.1.3.1  UFg Cylinder Yard Accidents

Accidents involving the temporary storage and handling of depleted UFg
cylinders are found in Section 7.0, Supplemental Accident Analyses, of the
Draft Engineering Analysis Report.
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8.1.3.2 HF System Leak

Gaseous HF is produced from the reactions in the UFg reduction process.
The HF is condensed and collected. Possible accidents include leakage from a
vessel, pump, or pipe.

It is postulated that the off-gas line from a reactor to the condenser leaks
5% of its flowing contents for 10 minutes, thus releasing 9 Ib of HF into the
process building. After the leak is detected by air monitoring instruments, the
reactor feed is halted to stop the leak. It is assumed that about 40% of the HF
vapor (3.6 Ib) is released to atmosphere before the HVAC system is shut down
to stop further releases. The release point is the Process Building exhaust
stack. The building water spray system is then activated to absorb HF vapor
remaining in the area. This accident is judged to be anticipated.

8.1.3.3 UF4 Drum Spill

Solid UF4 is produced in the Process Building. It is stored in a large bin for
feeding to the metal reduction process. There is also a drum loading station
to provide the capability to store additional quantities of UF4 in drums. The
drums are located in the Process Building. It is postulated that a drum on an
8 ft high storage rack is damaged by a forklift and spills its contents onto the
floor. A drum contains 1,470 b UF4. It is assumed that 50% of the UFy is
released from the drum and 0.02% becomes respirable airborne. The building
HVAC system has HEPA filters which remove 99.9% of the airborne UF4.

Thus 1.5 x 10" Ib of UF4 is discharged through the Process Building HVAC
exhaust stack to atmosphere. It is assumed that the spill on the floor is
cleaned up within 2 hours so resuspension of solids is not significant. This
accident has been judged to be anticipated.

8.1.3.4 Loss of Off-Site Electrical Power

An uninterruptible power supply and diesel generator provide backup
electrical power to perform a safe shutdown if off-site power is lost. This
accident has been judged to be anticipated and does not result in a release to
the environment.

8.1.3.5 Loss of Cooling Water

Pressure relief valves are provided to protect the reactors, vessels, and
equipment. Loss of cooling water to the UFg reactor HF cooler or condenser
would cause the reactor pressure to rise and the relief valve to open.

It is postulated that cooling water is lost and all of the hot off-gas flows
through the relief valve for one minute, releasing 17 Ib of HF. High
temperature and pressure alarms and interlocks would shut down the feed
input to the reactor to stop the release. The HF scrubber would also condense
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some of the HF to prevent overpressure. About 17 Ib of HF would be
discharged through the relief valve and released to atmosphere through the
Process Building exhaust stack. This accident has been judged to be
anticipated.

8.1.3.6  Hydrogen Explosion

Hydrogen is fed to the reduction reactors as a reagent to react with UFg.
There are two reactors in parallel, and each reactor receives about 30 Ib/hr of
hydrogen.

Hydrogen is generated by ammonia dissociation and is fed to the reactor as
a 75% hydrogen 25% nitrogen mixture. The reactor vapor space normally
contains excess unreacted hydrogen, HF, and nitrogen. There is normally no
air in the reactor.

Detailed startup, operational, and shutdown procedures are provided to
ensure safe operation of the reactor. The reactor off-gas line is equipped with
instrumentation to detect oxygen and to detect combustible gas
concentrations. Alarms and interlocks are provided to stop the hydrogen
flow should an unsafe condition be detected.

It is postulated that a series of malfunctions causes a large amount of
hydrogen to accumulate in the reactor, air to leak into the reactor, and an
ignition source to be present. This might occur if the reactor was not purged
to remove air during startup and the reactor vent was blocked. The hydrogen
ignites and it is assumed that the explosion is powerful enough to rupture the
reactor vessel.

Assuming the reactor normally contains a 15 minute holdup of material,
the reactor contains about 2,000 1b of UF4. It is assumed that 50% of the
uranium is released into the room, and that 100% of that material becomes
airborne and 5% is in the respirable size range. The ventilation system has
HEPA filters that remove 99.9% of the uranium. Thus, 5 x 102 1b of UF,
would be discharged through the Process Building exhaust stack. Also,
assuming the reactor contains 2 Ib of HF, this would also be released in this
accident. This accident is judged to be extremely unlikely.

8.1.3.7 Ammonia Release

Ammonia is stored as a liquid in three 15,000 gallon pressure vessels
located outdoors in the yard. The ammonia pressure increases as the ambient
temperature increases. Tank pressure would be 93 psig if the tank contents
are at 60°F, and 166 psig at 90°F. Ammonia is toxic but is not considered
flammable.

A leak in an ammonia system can be readily detected by odor. Ammonia
vapor or gas is lighter than air, so it will tend to rise and dissipate. Ammonia
is highly soluble in water and water sprays are effective in absorbing
ammonia vapor. The ammonia tank outlets are equipped with an excess
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flow valve, which would close and stop the ammonia flow in the event the
outlet piping was cleanly broken off.

It is postulated that the ammonia supply truck fill line for an ammonia
storage tank is momentarily disconnected during fill operations. The release
is detected by an operator who is required to be present to monitor the
unloading operations per ANSI Standard K61.1, "Safety Requirements for the
Storage and Handling of Anhydrous Ammonia", Section 5.10.

Assuming a flow of 50 gpm for one minute, 255 lb of ammonia is released
to atmosphere at grade. This accident is judged to be unlikely.

Catastrophic failure of an ammonia tank is considered incredible since the
fabrication and installation of the tank will follow ANSI Standard K61.1,
which requires ASME Code fabrication and appropriate vehicle barriers and
diked areas around the tanks to protect them from vehicle damage and
contain leakage. Also, vegetation and other flammable materials will be
excluded from the immediate storage tank area.

8.1.3.8 Nitric Acid Release

Hot nitric acid (60% HNO3) is used in the MgF; leaching process. The
spent nitric acid along with wash water are fed to an evaporator. The
evaporator vapor is sent to a distillation column, which purifies and
concentrates the nitric acid for reuse in the leaching process. Pressure relief
valves are provided to protect vessels and columns.

It is postulated that the evaporator overhead vapor line is blocked due to
equipment failure or human error. Assuming 100% of the vapor flows
through the relief valve for one minute, about 6 Ib of nitric acid and 90 Ib of
steam are released. High pressure alarms and interlocks would shut down
the steam to the evaporator to stop the release. Thus 6 Ib of nitric acid would
be discharged through the relief valve and released to atmosphere through
the Process Building exhaust stack. This accident has been judged to be
unlikely.

8.1.3.9  Reactor Rupture

Hot molten uranium metal is produced in the furnaces in the Process
Building. In the event that the retorts containing the molten uranium are
damaged or breached due to mishandling or other causes, the molten metal
could become exposed to air, oxidize, and be released as airborne particles. A
retort contains about 1,400 Ib of uranium. A fraction of 0.1% is assumed to be
released as respirable airborne particles in this event, with 99.9% filtration

efficiency in the building HVAC system, resulting in about 1.4 x 10-3 Ib of
uranium (1.7 x 10-3 Ib U3Og) being released to the atmosphere through the

Process Building exhaust stack. This accident has been judged to be extremely
unlikely.
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8.1.3.10 Uranium Metal Fire

Most of the areas where uranium and other hazardous materials are
handled do not contain combustible materials that would support a fire of
any significant magnitude. In the uranium product loading area however,
the uranium derbies are packaged in wooden boxes. In the event that a fire
occurs in this area, it is postulated that up to one shift's production of
uranium derbies may accumulate in the area (34 derbies each weighing 1,400
Ib). A fraction of 0.1% is assumed to be released as respirable airborne
particles in this event, with 99.9% filtration efficiency in the building HVAC
system, resulting in about 4.8 x 10-2 Ib of uranium (5.6 x 102 b U30s) being
released to the atmosphere through the Process Building exhaust stack. This
accident has been judged to be unlikely.

8.1.3.11 HF Pipeline Rupture

Anhydrous HF is pumped from the Process Building to the HF Storage
Building through an underground pipeline. The pipe is double-walled to
contain possible leakage and has a leak detection alarm. It is postulated that
an earthquake ruptures the pipeline and its outer pipe. Assuming it takes 5
minutes to stop the HF pump, the pipeline is 1 inch diameter and 200 ft long,
and the pump runs at 10 gpm, it is estimated that approximately 60 gallons
(500 1b) of anhydrous HF is released into the ground in a 10 minute period.
The contaminated soil is removed after 48 hours. This accident is judged to
be unlikely.

8.1.3.12 HF Storage Tank Overflow

Anhydrous HF is stored in four 18,000 gallon tanks in the HF Storage
Building. Each tank contains about 143,000 Ib of HF. The tanks and building
are cooled to about 50°F to reduce the amount of HF that would vaporize if a
spill should occur. The tanks are performance category PC-4, have high-level
alarms and interlocks that stop the transfer pump, and are surrounded by
dikes to contain any spillage. The building has HF air monitoring
instruments and a water spray system that can be activated to absorb HF.

It is postulated that during filling, a storage tank overflows at 10 gpm for
10 minutes and releases 100 gallons (830 Ib) of HF. The HF spills onto the
floor and drains to a covered sump. The HF evaporates at a rate of 12 Ib/min
for 15 minutes, based on an evaporation rate of 0.06 1b/ min-sq ft and a spill
area of 200 sq ft. The building HVAC system discharges 25% of the HF vapor
(45 Ib) to atmosphere in a 15 minute period, based on 3 air changes/hr and a
mixing factor of 0.33. The building HVAC system is then shut down to stop
further releases and the building water spray system is activated to absorb HF
vapor remaining in the building. The release point is the Process Building
exhaust stack. This accident has been judged to be unlikely.
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9.0 Transportation

INTRASITE TRANSPORTATION

Intrasite transport of radioactive materials will be limited to transport by
truck of incoming 14-ton DUF¢ feed containers to the Process Building,
uranium metal product in wooden boxes (crates) from the Process Building to
the Uranium Product Storage Building, and low-level radioactive waste
materials in DOE-approved storage and shipping containers (i.e., 55-gal
drums, plywood boxes, etc.) from the waste treatment area of the Process
Building to the plant boundary.

Intrasite transport of hazardous materials will consist primarily of rail car
or truck transport of uranium product to the plant boundary. Hazardous
waste materials, such as hazardous waste cleaning solutions, spent lubricants,
contaminated clothing, rags and wipes, and laboratory wastes, requiring
special treatment before disposal will be packaged on-site for truck transport
primarily from the Process Building to the plant boundary (for further
transport to off-site hazardous waste treatment, storage, and disposal
facilities).

INTERSITE TRANSPORTATION

Intersite transportation data for offsite shipment of radioactive and
hazardous feed, product, and waste materials are shown in Table 9-1.

9.2.1 Input Material Streams

Hazardous materials shipped to the site include sodium hydroxide
(NaOH), hydrochloric acid (HCl), ammonia (NH3), and nitric acid (HNO3).
Depleted uranium hexafluoride (DUFg) is the only radioactive material
shipped to the site. Table 9-1 provides data on these input material streams.

9.2.2 Output Material Streams
Output uranium metal (uranium product), hydrofluoric acid (HF), low-
level radioactive wastes, hazardous wastes, and grouted wastes are shipped

from the facility to offsite locations. Table 9-1 provides data on these output
material streams.
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Table 9-1, Intersite Radioactive/Hazardous Material Transportation Data

Input Input Input Input Input
Type of Data Material #1 | Material #2 | Material #3 | Material #4 | Material #5
Transported Materials
Type UFgq HCI NaOH NHj3 HNO3
Physical Form Solid Liquid Liquid Liquid Liquid
Chemical Composition / UFg / HCl/ NaOH / NH3 / HNO3 /
Temperature, Pressure| ambient ambient ambient 100°F, 197 ambient
psig (max.)
Packaging
Type 14 MT 55 Gallon 55 Gallon Rail Car 55 Gallon
Cylinder Drum Drum 11,000 gal Drum
Certified by DOT DOT DOT DOT DOT
Identifier 48G TBD TBD 1055-300-W TBD "
Container Weight (Ib)] 2,600 50 50 TBD 0|
L Material Weight (Ib) 27,000 540 660 52,000 625
m Chemical Content (%)| 100% UF 37% HCl | 50% NaOH | 100% NH3 | 60% HNO3
Shipments
Average Volume (ft3)/Year| 323,000 74 4 67,600 2,690
Packages/Year 2,322 10 6 46 366 (
Packages/Life of Project| 46,440 200 120 920 7320 |
Packages/Shipment | 1 (truck) or 4 5 3 1 46
| (railcar), 12
cars/train
Shipments/Year | 2,322 (truck) 2 2 46 8
or 49 (rail)
Shipments/Life of Project 46,440 40 40 920 160
(truck) or
980 (rail)
Form of Transport/Routing 1,
Form of Transportation| Truck/Rail Truck Truck Rail Truck
Destination - Facility Type NA

6.9-9-2




Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

Table 9-1, Intersite Radioactive/Hazardous Material Transportation Data

(continued)
Output Output Output Output Output
Type of Data Material #1 | Material #2 | Material #3 | Material #4 | Material #5
Transported Materials
Type| Uranium | Hydrofluoric| Low-Level | Hazardous Mixed
Metal Acid Rad Waste Waste Waste
Physical Form Solid Liquid Solid Solid & Solid
Liquid
Chemical Composition /| Uranium / HF / See Table See Table See Table
Temperature, Pressure ambient ambient 7-3 7-3 7-3
Packaging
Type Box Rail Car 55 Gallon 55 Gallon 55 Gallon
2'x2'x 1 11,000 gal Drum / Box Drum Drum
Certified by DOT DOT DOT DOT DOT
" Identifier TBD 105A-300-W Varies Varies Varies
I Container Weight (ib) 50 TBD 50/300 50 50
Material Weight (Ib) 1,400 84,000 See Table See Table See Table
7-3 7-3 7-3
Chemical Content (%) 100% 100% HF See Table See Table See Table
Uranium 7-3 7-3 7-3
ll Shipments
Average Volume (ft3)/Year| 117,000 120,600 66,700 338 4
Packages/Year 29,160 82 6,991/185 46 6 “
Packages/Life of Project| 583,200 1,640 139,820/3,700 920 120 “
Packages/Shipment | 28 (truck) or | 6 railcars / 40/10 23 6
80 (railcar), train
4 cars/train
Shipments/Year | 1,042 (truck) 14 173/19 2 1
or 92 (rail)
Shipments/Life of Project 20,840 280 3,460/380 40 20
(truck) or
1,840 (rail)
Form of Transport/Routing
Form of Transportation| Truck/Rail Rail Truck Truck Truck
Destination - Facility Type TBD Customer LLW Hazardous Mixed
Disposal Site Waste Waste
Treatment | Treatment
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Table 9-1, Intersite Radioactive/Hazardous Material Transportation Data

(continued)
Output
Type of Data Material #6
Transported Materials
Type| Empty UFg
Cylinders
Physical Form Solid
Chemical Composition / UF¢ /
Temperature, Pressure| ambient
Packaging
Type 14MT
Cylinder
Certified by DOT
Identifier 48G
Container Weight (Ib) 2,600
| Material Weight (Ib) 22
Chemical Content (%)| 100% UFg
(Note 1)
Shipments
lt Average Volume (ft3)/Year| 323,000
Il Packages/Year 2,322
" Packages/Life of Project 46,440
" Packages/Shipment| 6 (truck) or
12 (railcar)
4 cars/train
Shipments/Year| 387 (truck)
or 49 (rail)
Shipments/Life of Project | 7,740 (truck)
or 980 (rail)
Form of Transport/Routing
Form of Transportation| Truck/Rail
Destination - Facility Type| Cylinder
Treatment
Facility

1. Also contains 0.16 Ci Pa-234 + 0.16 Ci Th-234.
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11.0 Glossary

List of Acronyms

ANSI American National Standards Institute
CaFp calcium fluoride

Ci curie(s)

cfm cubic feet per minute

CFR Code of Federal Regulations

DBE Design Basis Earthquake

DBF Design Basis Flood

DBT Design Basis Tornado

D&D Decontamination and Decommissioning
DOE Department of Energy

DOT Department of Transportation

DUFg depleted uranium hexafluoride

EIS environmental impact statement

EPA Environmental Protection Agency

EPRI Electric Power Research Institute

ft/sec feet per second

g gram(s)

gal gallon(s)

gpd gallon(s) per day

gpm gallon(s) per minute

GWh gigawatt hour(s) (1 x 109 watt-hour)
HEPA high-efficiency particulate air

HF hydrofluoric acid (hydrogen fluoride)
HVAC heating, ventilating, and air conditioning
kV kilovolt

kW kilowatt

b pound

LLNL Lawrence Livermore National Laboratory
LLW low-level waste

Mgk, magnesium fluoride

MWh megawatt hour(s)

nCi nano curies

NFPA National Fire Protection Association
NOy nitrogen oxides

NRC Nuclear Regulatory Commission

ORNL Oak Ridge National Laboratory

PDEIS preliminary draft environmental impact statement
psia pounds per square inch absolute

psig pounds per square inch gauge

RCRA Resource Conservation and Recovery Act
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ROD
scf
SSC
TBD
TRU
UCRL
UFg
UPS
USNRC
yd

yd?
yd®

of Depleted Uranium Hexafluoride - Rev. 2

record of decision

standard cubic feet

structures, systems, and components

to be determined

transuranic waste

University of California Radiation Laboratory
uranium hexafluoride

uninterruptible power supply

United States Nuclear Regulatory Commission
yard(s)

square yard(s)

cubic yard(s)
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Material Balance
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-V-69

3-Mass Balance MT/yr

BATCH REDUCTION TO URANIUM METAL 116 74 78 112
Basls: 28,000 Metric Tons/Yr UF6, 7000 hriyr R-3.1: 2KF+ Ca(OH)2 -> CaF2+ 2 KOH
UF6 Reduction with Hydrogen 176 112 118 170
To Stack Ca(OH)2
N2,H2,H20,HF 12 o
UF6 H20 from Sht 5 =
<D ©) 11 CaF2 to =N
KOH,H20,KF Drying gj
UF6 CaF2 Ppt |Sht §
UF6 UF6 N2 H2__ | Reduction HF N2,H2,HF Off Gas ( 8 ) Filter Q 3) Og
(: ) Vapor'n R-2 Conden'n ®) ! Scrubbing | - Wash Evap e g
140°F 800-1150°F -90°F R-3 10 R-3.1 31 4§ g g
KOH,H20 KF 8
NH3 HF HF To Storage —
NH3 Cracking @) > % g
(2 R-1 UF4 To UF4 Reduction (Sht 2) D-QZ'
1600°F @) 40 112 36 116 C g,
34 28 6 R-3: 2HF+ 2KOH--> 2H20 + 2 KF D @
R-1: 2NH3-> N2+ 3 H2 61 170 55 176 2. A
1,082 891 191 D) 12 a3 a4 g*g
Ca(OH)2 112 a1
352 2 314 40 CaF2 118 ;58\
R-2: UF6 + H2 --> UF4 + 2 HF H20 118 59 114 =
28,000 159 24,977 3,182 Total MT/yr 118 112 177 114 sl
ka/kkg U 0.0062  0.0059  0.0094  0.0060 £ :
~
MW D) @) @ @ &) ®) @ ® ) D) &3
UF6 352 28,000 v 99
UF4 314 24,977 7z o
HF 20 3,182 61 3,121 0.061 < 3
NH3 17 1,082 )
N2 28 891 891 891 891 §
H2 2 191 32 32 32 5
KOH 56 204 34 a9
KF 58 10 186 g5
H20 18 9,227 43 9,282 )
Total MT/yr 28,000 1,082 1,082 24,977 4,105 983 3,121 9,441 966 9,502 =4
kg/kg U 1.48 0.057 0.057 1.32 0.22 0.052 0.16 0.50 0.051 0.50

4/23/97 11:13 AM

Sheet 1
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3-Mas iance MT/yr
BATCH REDUCTION TO URANIUM METAL
Basis: 28,000 Metric Tons/Yr UF6, 7000 hr/yr
UF4 Reduction with Magnesium 02,N2
gg av 02,N2
] l T .
le]
UFa MgF2 Derby |Clean U Metal =
UF4 from UF6 Reduct Reductn | UM Breakout U U__ gl Cleanup | t
Stream 4 € R-4 (f; . (5) ®) R-5 Esg ' ®
on Sht 1 3000°F max i 1200°F 5
@ o @
;
U308 |MgF2 f? 0%
' " T
Slag Grind QJ Pellets Pellet To Grouting Sht 4 o
& Screen @ Casting — - 8.%
2050°F okl
! 1
-1/4 MgF2, U, M To Roast Sht3 g 2
) 8]
30
-l
314 48 124 238 D) (2 (3) 308
R-4: UF4+ 2Mg-> 2MgF2+ U 02 67 33 % S
24,977 3,818 9,864 18,932 N2 219 219 = 5
U [¢°]
714 128 842 u3os 219 8. g‘
R5: 3U+ 402-> U308 Mg a5
186 33 219 MgF2 9 0 OF
Total MT/yr 285 252 228 z o
kg/kg U 0.015 0.013 0.012 <8
MW @) @) @) @) ) (6) @) (8) ) a0 N
U 238 18,932 18,175 757 379 18,553 18,368 379 §
UF4 314 24,977 S
Mg 24 3,895 76 76 76 a9
MgF2 62 9,864 9 9,855 9 9,855 5
[¢°]
Total MT/yr 24,977 3,895 0 28,872 18,184 10,688 379 18,562 18,368 10,310 ~
ka/kg U 1.32 0.21 0.00 1.53 0.96 0.56 0.020 0.98 0.97 0.54
4/23/97 11:13 AM Sheet 2
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BATCH REDUCTION TO URANIUM METAL

3-Mass Balance MT/yr

842 504 1,182 92 72
Basis: 28,000 Metric Tons/Yr UF6, 7000 hriyr R-8: U308 + 8 HNO3 ->3U02(NO3)2 + 2 NO2 + 4 H20
Magnesium Fluoride Leach 447 267 627 49 38
714 128 842
R6: 3U + 4 02 -> U308 40 126 18 148
379 68 447 T R-9: MgO+ 2HNO3-> H20 + Mg(NO3)2
‘ HNO3 from Sht 5 127 401 57 471
Air Out I €0 ‘ H20 from Sht 5
NO2,H20 1
(16 Dilute Int' ate Conc'd
MgF2, U, Mg Roast |MgF2Mgd Leach Lea ch/ Leach Wash & MgF2 Dry [MgF2 to Storage —
from Sht 2 &Grind U308 & Filter -1 Fil ter - & Filter}p»| Filt er :25 @
Q019 . R-6,7 [12 . 176°F
1000°F |-400
‘ T mesh t L _H20 to Recycle Sht5
Air In 29
15
24 16 40 Leach, Filter, & Wash; R-8,9
R-7: Mg+ 0.5 02-> MgO
76 51 127 Leachate To Evaporation, Sht 4
Eg5 .
MW G4 G5 GO (7 a8 49 G0 @D 6> Gy  Ga 5 @& (@7
u 238 379 '
U308 842 447 1.14 1.14
UO2(NO3)2 394 627
Mg 24 76
MgO 40 127
MgF2 62 9,855 9,855 192 9,662 9,662
Mg(NO3)2 148 471
HNO3 63 2,005 1,336
H20 18 6.8 1,336 19,709 17,913 3,221 3,221
NO2 46 49
H2 2
02 32 238 119
N2 28 782 782
Total MT/yr 10,310 1,020 901 10,428 0 56 3,341 19,709 20,540 12,884 3,221 9,663 0 0
kg/kg U 0.54 0.054 0.05 0.55 0.00 0.0029 0.18 1.04 1.08 0.68 0.17 0.51 0.00 0.00

4/23/97 11:13 AM

Sheet 3
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3-Mas. _.ance MT/yr

BATCH REDUCTION TO URANIUM METAL
Basis: 28,000 Metric Tons/Yr UF6, 7000 hr/yr
Waste Uranium Disposal Cement

@3
1,182 842 276 64
R-10: 3U02(NO3)2-U308 + 6 NO2 + 202 U308 from Sht 2 Water from Sht 5

627 447 146 34 39
Leach Solution 02(N0O3)2, Mg(NO3)4
from Sht3 Evaporation MgF2 Calcination Grouting Grout to Stora
(:ji28) R-10,11 23 5;
482-1200°F
‘aﬁ
vapor NO2, 02, H20, to NOx Absorber, Sht 5 -
Condensation (36
R-12
I
' H20, HNO3 H20, HNO3 To HNO3 Fractionation, Sht 5
= -~ - -
@9 @8
148 40 92 16 184 36 32 252
R-11: Mg(NO3)2->MgO + 2 NO2 + 0.5 02 R-12: 4 NO2 + 2H20 + 02 -> 4 HNO3
471 127 293 51 43.91 8.59 7.64 60.14

Mv @8 @9 B0 @Y @2 G G9 G5 @6 @7 @8 @9 (40
0

(Vox] 286 0

UO2(NO3)2 394 627 627

MgF2 62 192 192 192 202 9 202
Mg(NO3)2 148 471 471

MgO 40 127 127 127
HNO3 63 1,336 1,144 192 192 253 1,397

H20 18 17,913 17,143 770 770 569 569 14 748 17,891

NO2 46 439 395

02 32 85 77

U308 447 665 219 665
Cement 426 426

Total MT/yr 20,540 18,287 2,253 1,486 766 426 569 1,988 486 1,000 19,288 228 994
kg/kg U 1.08 0.97 0.12 0.079 0.040 0.022 0.030 0.11 0.026 0.053 1.02 0.012 0.053

4/23/97 11:13 AM Sheet 4
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BATCH REDUCTION TO URANIUM METAL
Basis: 28,000 Metric Tons/Yr UF6, 7000 hrlyr

Waste Processing

3-Mas

s Balance MT/yr

CaF2 from Sht ‘

CaF2 Dryer

CaF2 to Storags

— ] Heater/HEPA 0 Alrg Makeup H20
G G2 I 20
To CaF2 Wash
100°F H20 (Sht 1) >
Air ¢ P G
From CaF2 Evap Sht 1 > Recycle Water To MgF2 Wash
NOx o Storage (Sh3 g
Leach Off-Gas Absorber From MgF2 Drying Sht 3 @
fr Sht3 (19XG3) R-13 ES . To Grouting
Condensate (Sht 4)
Calciner Off-Gas @49 ™ (¥} @’
frm Sht4 36)(41) @3) HNO3
H20 212°F |Fractionator
HNO3 Makeup
HNO3 __|Recycle HNO3
H20, HNO3 from Sht 4 > Storage HNO3 to Leaching (Sht 3
o oy @ ©
48°F
184 36 32 252
R-13: 4 NO2 + 2 H20 + 02 --> 4 HNO3 ©5) 56 G 58 69
400 78 69 547 CaF2 118 118
H20 59 19,709 569 59
Total MT/yr 177 19,709 569 118 59
kg/kg U 0.0094 1.04 0.030 0.0062 0.0031
MV @D 42 @3  @d @5  @e @D G  @o 60 6D 62 63 G4
HNO3 63 0 547 1,397 1,944 1.32 1,942 62 2,005
H20 18 14 9 29 4,492 28 4,415 17,891 22,306 21,011 1,295 41 1,336 7 483
NO2 46 395 444 44 49
02 32 77 201 278 208
N2 28 661 661 661
Total MT/yr 486 870 1,412 4,492 942 4,963 19,288 24,250 21,013 3,237 104 3,341 56 483
kg/kg U 0.026 0.046 0.075 0.24 0.050 0.26 1.02 1.28 1.11 0.17 0.0055 0.18 0.0029 0.026

4/23/97 11:13 AM

Sheet 5
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L-V-69

3-Ma. .

Jalance Ib/hr

BATCH REDUCTION TO URANIUM METAL 116 74 78 112
Basis: 28,000 Metric Tons/Yr UF6, 7000 hr/yr R-3.1: 2KF+ Ca(OH)2-> CaF2+ 2 KOH
UF6 Reduction with Hydrogen 55 35 37 53
To Stack Ca(OH)2
N2,H2,H20,HF 12)
UF6 H20 from Sht 5 '
D) (@ 11 CaF2 to
KOH,H20,KF Drying
UF6 CaF2 Ppt |Sht 5
UF6 UF6 N2, H2__] Reduction N2.H2.HF’ HF N2,H2,HF Off Gas ( 83 Filter a 3 )
) Vapor'n R-2 6) Conden'n ®) Scrubbing | ) Wash Evap
140°F 800-1150°F -90°F R-3 10 R-3.1 21 _4§
KOH,H20 KF
NH3 HF HF To Storage
NH3 Cracking (7) = >
@) ™ R UF4 To UF4 Reduction (Sht2)
1600°F @) 40 112 36 116
34 28 6 R-3: 2 HF+ 2 KOH---> 2 H20 + 2 KF
R-1: 2 NH3 --> N2 + 3 H2 19 53 17 55
340 280 60 av 42) 13) (4)
Ca(OH)2 35
352 2 314 40 CaF2 37
R-2: UF6 + H2 --> UF4 + 2 HF H20 37 19 36
8,800 50 7,850 1,000 Total Ib/hr 37 35 56 36
kg/kg U 0.0062 0.0059 0.0094 0.0060
MW 1) @) @) @) ) (6) @) (8) (9) 4o
UF6 352 8,800
UF4 314 7,850
HF 20 1,000 19 981 0.019
NH3 17 340
N2 28 280 280 280 280
H2 2 60 10 10 10
KOH 56 64 11
KF 58 3 59
H20 18 2,900 14 2,917
Total Ib/hr 8,800 340 340 7,850 1,290 309 981 2,967 304 2,986
kg/kg U 1.48 0.057 0.057 1.32 0.22 0.052 0.16 0.50 0.051 0.50

4/23/97 11:12 AM

Sheet 1
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BATCH REDUCTION TO URANIUM METAL
Basis: 28,000 Metric Tons/Yr UF6, 7000 hr/yr

3-Mass Balance Ib/hr

UF4 Reduction with Magnesium 02,N2
av 02,N2
‘ a2
UF4 MgF2 Derby |Clean U Metal
UF4 from UF6 Reduct Reduct'n U, Breakout U U > Cleanup |Derby to Storage
Stream 4 ) i R-4 4 5) 8) R-5 (9)
on Sht 1 3000°F max _ 1200°F
1 U308 |MgF2
a3
Slag Grind JJ Pellets Pellet To Grouting Sht 4 -
& Screen Casting
2050°F
‘ -1/4" MgF2, U, Mg To Roast Sht 3
o
)
314 48 124 238 av G2 D)
R-4: UF4 + 2Mg-> 2MgF2+ U 02 21 10
7,850 1,200 3,100 5,950 N2 69 69
U
714 128 842 U308 69
R-5: 33U+ 4 02 ---> u3os Mg
58 10 69 MgF2 3
Total Ib/hr 90 79 72
kg/kg U 0.015 0.013 0.012
MW D) @) ) @) (5) <163 @) (8) ©) 10)
u 238 5,950 5,712 238 119 5,831 5,773 119
UF4 314 7,850
Mg 24 1,224 24 24 24
MgF2 62 3,100 3 3,097 3 3,097
Total Ib/hr 7,850 1,224 0 9,074 5,715 3,359 119 5,834 5,773 3,240
kgrkg U 1.32 0.21 0.00 1.53 0.96 0.56 0.020 0.98 0.97 0.54

4/23/97 11:12 AM

Sheet 2
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3-Ma_ _alance Ib/hr
BATCH REDUCTION TO URANIUM METAL 842 504 1,182 92 72
Basis: 28,000 Metric Tons/Yr UF6, 7000 hr/yr R-8: U308 + 8 HNO3 ->3U02(NO3)2 + 2 NO2+ 4 H20
Magnesium Fluoride Leach 140 84 197 15 12
714 128 842
R6: 3U+ 402-> U308 40 126 18 148
119 21 140  ToNOx Absorber, Shi5 g, R-9: MgO+ 2HNO3-> H20 + Mg(NO3)2
‘ HNO3 from Sht 5 40 126 18 148
Air Out I @‘ H20 from Sht 5
NO2,H20 21
A 6) Dilute Int' ate Conc'd
MgF2, U, Mg | Roast |MgFaMg} Leach Lea ch/ Leach Wash & | MgF2 Dry |MgF2 to Storage -
from Sht 2 &Grind |u3os & Filter -1 Fil ter - & FllterL. Filt er (25 @9
013 . R-6,7 [17) " 176°F -
1000°F }|-400
T mesh T L _H20 to Recycle Sht5
Air In @
15
24 16 40 -
R-7: Mg+ 0.5 02-> MgO
24 16 40 Leachate To Evaporation, Sht 4 >
(22
MW G4 G5 (e (7D (8 (9 @0 @D 63 @3 k4 85 6o &7
u 238 119
u3os 842 140 0.36 0.36
UO2(NO3)2 394 197
Mg 24 24
MgO 40 40
MgF2 62 3,097 3,097 60 3,037 3,037
Mg(NO3)2 148 148
HNO3 63 630 420
H20 18 2.1 420 6,194 5,630 1,012 1,012
NO2 46 15
H2 2
02 32 75 37
N2 28 246 246
Total Ib/hr 3,240 320 283 3,277 0 17 1,050 6,194 6,455 4,049 1,012 3,037 0 0
kg/kg U 0.54 0.054 0.05 0.55 0.00 0.0029 0.18 1.04 1.08 0.68 0.17 0.51 0.00 0.00

4/23/97 11:12 AM

Sheet 3
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01-v-69

BATCH REDUCTION TO URANIUM METAL
Basis: 28,000 Metric Tons/Yr UF6, 7000 hriyr
Waste Uranium Disposal

1,182 842 276 64
R-10: 3U02(N03)2-U308 + 6 NO2 + 2 02
197 140 46 11

Leach Solution

02(NO3)2, Mg(NO3):

3-Mass Balance Ib/hr

U308 from Sht 2

Cement

@9

Water from Sht 5

@9

from Sht3 Evaporation Calcination Grouting Grout to Stora
E22i2§3 R-10,11 @5
482-1200°F
‘QD
vapor NO2, 02, H20, to NOx Absorber, Sht 5
Condensation (36
R-12
+ r | s
H20, HNO3 H20, HNO3 To HNO3 Fractionation, Sht 5 —
@9 @8
148 40 92 16 184 36 32 252
R-11: Mg(NO3)2-> MgO + 2 NO2 + 0.5 O2 R-12: 4NO2 + 2H20 + 02 -> 4 HNO3
148 40 92 16 13.80 2.70 2.40 18.90

MV 28 @9 G0 G B2 B3  Ga @Y B0 G768 Gy Go
uos 286 0 ' 0
UO2(NO3)2 394 197 197
MgF2 62 60 60 60 63 3 63
Mg(NO3)2 148 148 148
MgO 40 40 40 40
HNO3 63 420 360 60 60 79 439
H20 18 5,630 5,388 242 242 179 179 4 235 5,623
NO2 46 138 124
02 32 27 24
U308 140 209 69 209
Cement 134 134
Total Ib/hr 6,455 5,747 708 467 241 134 179 625 153 314 6,062 72 312
kg/kg U 1.08 0.97 0.12 0.079 0.040 0.022 0.030 0.11 0.026 0.053 1.02 0.012 0.053

4/23/97 11:12 AM

Sheet 4
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I[1-V-6'9

BATCH REDUCTION TO URANIUM METAL

Basis: 28,000 Metric Tons/Yr UF6,
Waste Processing

7000 hri/yr

3-Ma. _alance Ib/hr

CaF2 Dryer

CaF2 from Sht i

CaF2 to Storags

Heater/HEPA 0_Alrg Makeup H20

@ G9 I 20 J
V]
To CaF2 Wash =l
100°F H20 (Sht_1) t
Air Y CB) = &
From CaF2 Evap Sht 1 Recycle Water To MgF2 Wash =}
NOx Gj Storage (Sh 3) > o ®
Leach Off-Gas Absorber From MgF2 Drying Sht 3 (@) g 5
fr Sht3 (19)53) R-13 6%5 To Grouting © 0%

Condensate > (Sht 4) > "%
Calciner Off-Gas @ @ @ . P~ g
frm Shta Ge)(4) @3 HNO3 a5
H20 212°F |Fractionator C @,
@| HNo3 Makeup B
HNO3 . |Recycle HNO3 2. 2
H20, HNO3 from Sht 4 - G |Storage [HNO3 to Leaching (Sht 3 § g

~ 7

(3947 ) @2 t l .
ol
248°F g °
= 5
184 36 32 252 E®
R-13: 4NO2 + 2H20 + 02 -> 4 HNO3 65 68 67 68 59 2
126 25 22 172 CaF2 37 37 25
H20 19 6,194 179 19 v OF
Total Ib/hr 56 6,194 179 37 19 7 I~
ka/kg U 0.0094 _ 1.04_ 0.030 0.0062 0.0031 <3

MW @4V @2 @ @d @5 _@e @D 48 4 G0 G G2 63  Ga N
HNO3 63 0 172 439 611 0.42 610 20 630 §
H20 18 4 3 9 1,412 9 1,388 5,623 7,011 6,604 407 13 420 2 152 2
NO2 46 124 140 14 15 ag
02 32 24 63 87 66 5
N2 28 208 208 208 o
Total Ib/hr 153 274 444 1,412 296 1,560 6,062 7,621 6,604 1,017 33  1.050 17 152 =

kg/kg U 0.026 0.046 0.075 0.24 0.050 0.26 1.02 1.28 1.11 0.17 0.0055 0.18 0.0029 0.026
4/23/97 11:12 AM Sheet 5
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Draft Engineering Analysis Report for the Long-Term Management

of Depleted Uranium Hexafluoride - Rev. 2

MAJOR EQUIPMENT LIST

Batch Reduction to Uranium Metal

6.9-B-2

EQUIPMENT NAME / QTY EQUIPMENT DESCRIPTION LOCATION
PROCESS
UF6 Autoclave (14) 6'Dx18'L, carbon steel, steam-heated Proc. Bldg
UF6 Compressor (14) 800 Ib/hr UF6, 15 psig discharge Proc. Bldg
UF6 Reduction Reactor (2) 21"Dx35"Dx27'H, 60 kw, Monel Proc. Bldg
UF4 Product Cooler (2) 12"Dx10'L, screw conveyor with Proc. Bldg
cooling water, Monel, 20 cfh
Reactor Off-Gas Equipment Cyclone, sintered metal filters, Monel Proc. Bldg
UF4 Product Bin (2) 5'Dx7'H, 100 cf, steel Proc. Bldg
UF4 Storage Bin 8'Dx23'H, 1200 cf, steel Proc. Bldg
UF4 Drum Filling Station 5.4 drums/hr, glovebox Proc. Bldg
UF4 Dust Collector baghouse Proc. Bldg
UF4 Conveyor 40 cfh, steel Proc. Bldg
HF Cooler 1'6'Dx6'L, 200 sq ft, Monel tubes, Proc. Bldg
steel shell
HF Refrigerated Condenser 2'Dx6'L, 250 sq ft, Monel tubes, Proc. Bldg
steel shell
HF Hold Tanks (2) 5'Dx8'L, 1100 gal, steel Proc. Bldg
HF Storage Tanks (4) 8'Dx48'L, 18,000 gal, steel HF Bldg
Off-Gas Scrubber 1'Dx15'H, plastic packing, Monel shell Proc. Bldg
Off-Gas Heater 1 kw electric heater Proc. Bldg
Off-Gas HEPA Filter (2) 24"x24"x12" Proc. Bldg
Off-Gas Exhauster (2) 150 scfm Proc. Bldg
Lime Feed Bin 3'Dx7'H, 40 cf, steel Proc. Bldg
Lime Feeder weigh belt feeder, 0.5 cfh, steel Proc. Bldg
Precipitation Tank 4'Dx5'H, 500 gal, Monel Proc. Bldg
Rotary Drum Filter 3'Dx3.5'L, 30 sq ft, Monel Proc. Bldg
Vacuum Pump 100 cfm Proc. Bldg
Filtrate Tank 4'Dx5'H, 500 gal, Monel Proc. Bldg
Scrub Solution Cooler 1'6"Dx4'L, 50 sq ft, Monel tubes, Proc. Bidg
steel shell
Scrub Solution Pump 6 gpm, Monel Proc. Bldg
Evaporator 1'6"Dx4'L, 50 sq ft, Monel Proc. Bldg
Condenser 1'6"Dx4'L, 50 sq ft, Monel tubes, Proc. Bldg
steel shell
Evaporator Condensate Tanks (2) 3'Dx3'H, 100 gal, steel Proc. Bldg
Condensate Pump 10 gpm, cast iron Proc. Bldg
CaF2 Rotary Dryer 2'Dx6'L, steel Proc. Bldg
CaF2 Dryer Condenser 1'6"Dx4'L, 75 sq ft, bronze tubes, Proc. Bidg
steel shell
CaF2 Dryer Condensate Tank 4'Dx4'H, 250 gal, steel Proc. Bldg
CaF2 Solids Cooler 12"Dx8'L screw conveyor with cooling Proc. Bldg
water, steel
CaF2 Product Bin 4'Dx6'H, 60 cf, steel Proc. Bldg
CaF2 Drum Filling Station 1.1 drums/hr, glovebox Proc. Bldg
CaF2 Dust Collector baghouse Proc. Bldg
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MAJOR EQUIPMENT LIST (Continued)

Batch Reduction to Uranium Metal

EQUIPMENT NAME / QTY EQUIPMENT DESCRIPTION LOCATION
PROCESS
UF4 Weigh Bin (3) 2'Dx4.5'H, 12 cf, steel, with load cells Proc. Bldg
UF4-Mg Solids Blender (3) 30 cf double-cone blender, steel Proc. Bldg
Retort Filling Station (3) 1.4 batches/hr per station Proc. Bldg
Retort Capping Station (3) 1.4 caps/hr per station Proc. Bldg
Reduction Furnace (54) 13 hr cycle time, 25 kw, 7'x7'x9'H Proc. Bldg
Air Cooling Station 8 hr cycle time, 33 derby capacity Proc. Bldg
Water Cooling Station 20 hr cycle time, 83 derby capacity Proc. Bldg
Breakout Station (3) Jolting table, 1.4 breakouts/hr Proc. Bldg
per station
Slag/derby Sorting Station 4.12 derbies/hr, glovebox Proc. Bldg
Retort Refurbishment Station 4.12 retorts/hr, glovebox Proc. Bldg
Derby Roasting Furnace (2) 8 derby capacity, 30 kw Proc. Bldg
Derby Quench Tank 10'Dx5'H, 3000 gal, steel, Proc. Bidg
8 derby capacity
Oxide Filter and Dryer Proc. Bldg
Derby Drying Oven 4 derby capacity Proc. Bldg
Derby Cleanup Station 4.12 derbies/hr, wire brushing, Proc. Bldg
glovebox
Derby Drum Loading Station 4.12 derbies/hr, glovebox Proc. Bldg
Slag Jaw Crusher 3359 Ib/hr, -1 inch product Proc. Bidg
Raw Slag Bin 7'Dx20'H, 650 cf, steel Proc. Bldg
Slag Roller Crusher 3359 Ib/hr Proc. Bldg
Vibrating Screen 4'Dx4'H, 3 hp Proc. Bidg
Slag Product Bin 5'Dx8'H, 120 cf, steel Proc. Bldg
U Pellet Bin 3'Dx4'H, 20 cf, steel Proc. Bldg
Uranium Casting Furnace 50 kw, induction heated, batch furnace Proc. Bidg
MgF2 Roasting Furnace 4'Dx17'L Inconel tube rotary kiln, Proc. Bldg
108 kw
MgF2 Cooler 12"Dx10'L water-cooled screw Proc. Bldg
conveyor
Roasted MgF2 Storage Bin 5'Dx10'H, 150 cf, steel Proc. Bldg
MgF2 Hammer Mill 3277 Ib/hr, -1000 micron product Proc. Bidg
MgF2 Ball Mill 6'Dx4'L, 58 bhp, -40 micron product Proc. Bldg
Air Classifier Proc. Bldg
MgF2 Powder Storage Bin 8'Dx23'H, 1200 cf, steel Proc. Bldg
MgF2 Hopper and Feeder 6'Dx9'H, 200 cf, steel, 40 cfh Proc. Bldg
MgF2 Leach and Wash Tanks (4) 6'Dx6'H, 1200 gal, 304L SS Proc. Bldg
Leach Solution Heater (2) 1'6"Dx4'L, 50 sq ft, 304L SS tubes, Proc. Bldg
steel shell
Rotary Drum Filter (4) 6'Dx4'L, 76 sq ft, 304L SS Proc. Bldg
Vacuum Pump (4) 100 cfm Proc. Bldg
Filtrate Transfer Pump (4) 18 gpm, 316 SS Proc. Bldg
MgF2 Rotary Dryer 4'6"Dx20'L, 625 sq ft steam tubes, Proc. Bldg
5 hp, steel
MgF2 Dryer Condenser 1'6"Dx4'L, 75 sq ft, bronze tubes, Proc. Bldg

steel shell
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MAJOR EQUIPMENT LIST (Continued)
Batch Reduction to Uranium Metal

EQUIPMENT NAME / QTY EQUIPMENT DESCRIPTION LOCATION
PROCESS
MgF2 Dryer Condensate Tank 4'Dx6'H, 500 gal, steel Proc. Bldg
MgF2 Solids Cooler 12"Dx8'L screw conveyor with Proc. Bldg
cooling water, steel, 32 cfh
MgF2 Bucket Elevator 20'H, 32 cfth, steel Proc. Bidg
MgF2 Product Bin 4'Dx7'H, 70 cf, steel Proc. Bldg
MgF2 Drum Filling Station 4 drums/hr, glovebox Proc. Bldg
MgF2 Dust Collector baghouse Proc. Bldg
Evaporator Feed Tank (2) 12'Dx13'H, 11,000 gal, 304L SS Proc. Bidg
Evaporator 300 sq ft, 304L SS Proc. Bidg
Evaporator Bottoms Tank 4'Dx6'H, 500 gal, 304L SS Proc. Bidg
Calciner Feed Tank 5'Dx6'H, 900 gal, 304L SS Proc. Bldg
Calciner 2'Dx8'L Inconel tube, rotary calciner, Proc. Bldg
260 kw
Calciner Condenser 1'6"Dx4'L, 50 sq ft, 304L SS tubes, Proc. Bidg
steel shell
Calciner Condensate Tank 4'Dx4'H, 400 gal, 304L SS Proc. Bidg
Calciner Solids Product Bin 2'6"Dx5'H, 20 cf, steel Proc. Bidg
Grouting Feed Tank 4'Dx6'L, 500 gal, 304L SS Proc. Bidg
Cement Feed Bin 5'Dx8'H, 120 cf, steel Proc. Bidg
Drum Tumbler 0.7 drums/hr Proc. Bldg
NOx Absorber 1'Dx30'H, 304L SS Proc. Bldg
Off-Gas Heater 1 kw electric heater Proc. Bldg
HEPA Filter 24"x24"x12" Proc. Bldg
Nitric Acid Column Feed Tank 6'Dx6'H, 1200 gal, 304L SS Proc. Bldg
Nitric Acid Distillation Column 4'6"Dx36'H, 18 trays, 304L SS Proc. Bldg
Nitric Acid Condenser 1'6"Dx8'L, 200 sq ft, 304L SS tubes, Proc. Bidg
steel shell
Condensate Cooler 1'6"Dx6'L, 150 sq ft, 304L SS tubes, Proc. Bldg
steel shell
Nitric Acid Reboiler 2'Dx6'L, 300 sq ft, 304L SS tubes, Proc. Bldg
steel shell
Nitric Acid Column Cond. Tank 8'Dx10'H, 3800 gal, steel Proc. Bldg
Nitric Acid Column Bottoms Tank  4'Dx6'H, 500 gal, 304L SS Proc. Bldg
Recycle Water Tank 15'Dx19'H, 25,000 gal, steel Proc. Bldg
Nitric Acid Storage Tank 8'Dx8'H, 3000 gal, 304L SS Proc. Bldg
Cement Storage Silo 7'Dx25'H, 850 cf, steel Yard
Ammonia Storage Tank (3) 8'Dx40'L, 15,000 gal, steel, Yard
250 psig design
Ammonia Dissociator (3) 5000 cfth H2+N2, 83 kw Yard
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MAJOR EQUIPMENT LIST (Continued)
Batch Reduction to Uranium Metal

Systems

EQUIPMENT NAME / QTY EQUIPMENT DESCRIPTION LOCATION
SUPPORT SYSTEMS
Process Material Handling DUF6 cylinder handling:
-3 flatbed trucks Yard
-3 20-ton cranes (2 are mobile) Yard/Proc. Bldg
275 storage saddle/pallets Proc. Bldg/
Storage Areas
Two(2) 15-ton cylinder straddle carriers Proc. Bidg/
Storage Areas
-14, 14-ton autoclave cylinder frames Proc. Bldg
with rails for loading / unloading-coated
carbon steel storage racks for 14-ton
DUFg cylinders
Two(2) 15-ton cylinder straddle carriers Proc. Bldg/
Storage Areas
275 storage saddle/pallets Proc. Bldg/
195 storage racks each for cylinders Storage Areas
UF4 interim drum handling:
-1 55 gal drum automated conveyor, Proc. Bldg/
30 ft. length ea.
-2 forklift trucks (for 55 gal drum
pallets)
U Prod handling:;
-3 flatbed trucks Yard
-3 overhead bridge cranes, 5 ton ea, Proc. Bldg
-3 automated conveyors, Proc. Bidg/
30 ft. length ea. U Prod Bldg
-3 forklift trucks (for derby Proc. Bldg/
pallets) U Prod Bldg
Grouted waste & MgF2_handling:
-2 flatbed trucks Yard
-2 55 gal drum roller conveyors, Proc. Bldg
30 ft. ea.
-2-forklift trucks (for 55 gal drum pallets) Proc. Bidg/
MgF2 Bldg
Mg handling:
-2 flatbed trucks Yard
-2 55 gal drum roller conveyors, Proc. Bldg
30 ft. ea.
-2-forklift trucks (for 55 gal drum pallets) Proc. Bldg/
Mg Bldg
DUFg Cylinder Vacuum System -2 vacuum systems with cold traps, NaF2 Proc. Bidg
traps and vacuum pumps for pigtail
evacuation
Decontamination & Maintenance -6 decontamination gloveboxes Proc. Bldg

Systems

(3'W x 6'L x 7'H) equipped with decon.
water, steam, drying air & wash
solution stations
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MAJOR EQUIPMENT LIST (Continued)
Batch Reduction to Uranium Metal

EQUIPMENT NAME / QTY
SUPPORT SYSTEMS

Process Control / Monitoring
System

HF Storage Building Water Spray
System

Sampling / Analytical Systems

Low Level Radioactive &
Hazardous Waste
Management System

Material Accountability System

EQUIPMENT DESCRIPTION

LOCATION

-Computer based liquid processing
distributed control system with centralized
monitoring stations

- Closed circuit TV monitoring system for
centralized monitoring of DUFg cylinder

unloading / loading, U Prod handling,
waste grouting / LLW packaging and CaF
drum handling areas

-Building water spray system complete

with pumps, piping, vessels, alarms and
controls installed in the HF storage tank
area to monitor, alarm and actuate a water
spray designed to mitigate the effects of an
unplanned HF release

-6 local sampling glove boxes equipped
with laboratory liquid / powder sampling
hardware

-Complete analytical laboratory equipped
with laboratory hoods, sinks, cabinets, and
analytical equipment to serve facility
analytical needs

-Pretreatment/packaging system to
prepare misc. rad / hazardous wastes for
shipment off-site for final treatment and
disposal. Major equipment consists of:
* 1-low level radwaste concentrator

w/ condensate / concentrate collection tanks,
pumps, instruments, and controls

» 2-solid waste sorting gloveboxes

* 2-solid waste compactors

* 4-drum handling conveyors

* 2 forklift trucks

* bar code reader / computerized
accountability system

* 10 ton overhead crane

* 1-radwaste drum assay device

-Computerized material control and
accountability system (hardware & software)
-Accountability scales for incoming and
outgoing 14-ton DUFg cylinders and U Prod

pallets

-Bar code readers for DUFg cylinder and
U Prod tracking

-Process uranium monitors and sampling
stations for approx. 20 sampling points

6.9-B-6
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Proc. Bldg

Proc. Bidg

Proc. Bldg
Proc. Bldg

Proc. Bldg/Yard

Proc. Bldg/Yard



Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

EQUIPMENT NAME / QTY

MAJOR EQUIPMENT LIST (Continued)
Batch Reduction to Uranium Metal

SUPPORT _SYSTEMS

Plant Monitoring System

Plant Security Systems

Fire Protection Systems

Cold Maintenance Shop

Yard Lighting

Utility /Services Systems

HVAC SYSTEMS

Zone 1 HVAC System

EQUIPMENT DESCRIPTION LOCATION

Integrated radioactive / hazardous waste Various

building and effluent monitoring system

consisting of uranium and hazardous

chemical (HF, UFg, UO2F2) sensors, alarms,

recorders, system diagnostics, etc. with

central monitoring / control console

System of intrusion detection, access Site Yard

control, yard lighting / fencing, closed

circuit TV monitoring and alarm devices

to provide protection against unauthorized

access to plant facilities and controlled

and hazardous materials

Fire water pump - 3000 gpm elect

Fire water pump - 3000 gpm diesel

Fire water tanks 2 - 270,000 gal

Fire system piping

Sprinkler System

Alarm system

Equip & tools for maintenance and Maint. Bldg

repair of process equipment and

controls

Lighting for roads Site Yard

Boiler - 31,000 Ib/hr, 50 psig gas fired Util. Bldg

Air compressors - 2@ 300 cfm 150 psig Util. Bldg

Breathing air compressors- 2 @ 100 cfm Util. Bldg

Air Dryers - desiccant, minus 40°F dew point Util. Bldg

Demineralized water system - 2000 gpd Util. Bidg

Sanitary water treatment system - 6300 gpd Sanitary
Treatment area

Industrial wastewater treatment system - Wastewater

75,000 gpd Treatment area

Electrical substation - 3300 kW Substation

Emergency generators - 2 @ 500kW Substation

Uninterruptible Power Supply - 100 kVA Proc. Bldg

Cooling Tower - 33 MM Btu/hr, 3300 gpm Yard

HEPA filtration of exhaust, HEPA Proc. Bldg

filtration of glove box room air supply, gloveboxes

negative pressure to room & zone 2,&
fume hoods
4-2000 cfm, 5 HP exhaust fans

6.9-B-7



Draft Engineering Analysis Report for the Long-Term Management

of Depleted Uranium Hexafluoride - Rev. 2

MAJOR EQUIPMENT LIST (Continued)
Batch Reduction to Uranium Metal

EQUIPMENT NAME / QTY EQUIPMENT DESCRIPTION LOCATION

HVAC SYSTEMS

Zone 2 HVAC System HEPA filtration of exhaust, U Areas
negative pressure to zone 3, 4-50,000 DUFg Areas
cfm, 125 HP exhaust fans, 4-50,000 cfm Analytical Lab
60 HP supply air units

Zone 3 HVAC System 2-30,000 cfm, 20 HP exhaust fans, Grout, CaFp,
2-30,000 cfm, 30 HP supply air units, MgF2 Areas
2-10,000 cfm, 10 HP exhaust fans, Waste

Process'g
2-10,000 cfm, 15 HP supply air units

HF Area HVAC 2-10,000 cfm, 10 HP exhaust fans,
2-10,000 cfm, 15 HP supply air units,
Emergency shutdown on HF leak
HVAC Chillers 3-460 ton chillers

Circulating Pumps 3-750 gpm, 25 Hp

6.9-B-8
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Appendix C

Radiation Exposure and Manpower
Distribution Estimating Data
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Assumptions / Basis for Exposure Tables

Due to the conceptual nature of the facility designs, it is not possible to
perform an absolute analysis of worker radiation exposure. However, the data
given will allow comparison between the six options as to relative levels of
exposure.

The numbers in the 'Source' column refer to the notes at the end of the
table, and identify the source which is judged to be the most significant for the
particular operation.

The 'Material' column describes the primary containment of the source.
Walls between operating areas were not included; it is known that areas such
as the control room, laboratory, and offices will be separated from the
processing area by one or more walls. Interior walls will be equivalent to 8" of
concrete; exterior walls will be the equivalent of 12" of concrete.

Additional notes give the basis for the number of operations per year or
the amount of maintenance estimated.

The 'Person Hours' for maintenance shown at the bottom of the
Operational Activities table are itemized in the Maintenance Activities table.

6.9-C-2
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Case 3 Ops

BATCH REDUCTION TO URANIUM METAL - OPERATIONAL ACTIVITIES

NUMBER OF
TIME PER | OPERATIONS
ACTIVITY WORKERS | OPERATION | PER YEAR | SOURCE DISTENCE | MaTERIAL T'(*,{l%:;“g?s PERSON
OPERATION | () (Note 27) HOURS

Unload arriving UF6 cylinder 2 0.50 2322 L 3. _Steel | 1/4" 2322.0
Inspect arriving UF6 cylinders . 2 0.50 2322 | 1 | 38 | Steel | 1/4* | 23220
Transfer UF6 cylinder to storage 2 0.50 2322 A _8 Steel | 1/4® | 23220
Unload UF6 cylinder - .24 050 | 2322 | 1 | 3 | steel | 1/4% | 2322.0
Load UF6 cylinder 2 0.50 2822 | 1 3 __ | Steel | 1/4® | 23220
Transter UF6 cylinder from storage to process building 2 0.50 2322 | 1 6 ] Steel | 174 | 23220
Load cylinder into autoclave e L 050 | 2322 1 3 Steel 1/4* 1161.0
Autoclave pressure test _ 2 1.00 2322 1 1% | 15 | Steel |1/4"+1/4"| 4644.0
Unload autoclave o 1 0.30 2322 | 2 | 3 _ | Steel | 1/4" 696.6
Transfer empty UF8 cylinder to pallet 2 0.25 | 2322 .2 20 | Steel | 1/4* | 1161.0
Transfer emply UF6 cylinder to Storage Building 1 0.25 2322 | 2 _.8 | Steel |1/4%+1.25" 580.5
Store empty UF6 cylinder in Storage Building 1 0.25 2322 | 2 | 38 Steel | 1/4* 580.5
Full UF6 cylinder storage surveillance _ 1 050 | 2190 | 14 | 3 Steel |  1/4* 1095.0
Autoclave surveillance - 1 0.25 1752 | 1,23 3 Steel 1/4° 438.0
Prepare empty UF6 cylinder for shipment — 2 050 | 2322 36 3 Steel 1/4r 2322.0
Load empty UF6 cylinder for shipment 0.50 2322 36 6 Steel | 1/4* 3483.0
UF§ reduction / HF recovery surveillance - . Y. | 050 | 1752 | 6 3 Monel 3/4* ~_876.0
Transfer UF4 drums to interim storage _ 2 050 | 360 810 | 3 Steel | 0.06* | -._ 3§9-9
UF4 drum interim storage surveillance | 4 —{-_.0.50 | 2190 o |3 Steel | 0.06* | 1095.0
| Transfer UF4 drums to UF4 reduction 2 0.50 360 | 9 3 _Steel | 0.06" 360.0
Retort filing, capping, and reduction |8 | 700000 | Comtinuous | 11 | 3 | sweel | 1/4* | 560000
Cooling, breakout, and slag/derby separation 10 7000.00 | Continuous | 17,18 | 4 Steel | 1/4* | 70000.0
Slag Processing / Uranium Casting operations 4 7000.00 | Continuous | 13,14,15| 4 Steel _ /47 | 28000.0
Derby Cleanup operations _ 4 7000.00 | Continuous | 13 | 0.5 Glove 0.06" 28000.0
Transfer derby to interim storage 0.25_ 7290 13 3 Wood |  3/4~ ~ 3645.0
Transfer derbies to storage building. _ 0.50 7290 | 25 | 3 Wood 3747 7290.0
Load derbies for shipment offsite 1.00 1042 26 | 3 Wood 3/4* 1042.0
Derby interim storage surveillance o A 0.50 2190 22 | 8 Wood |  3/4° 1095.0
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g .
NUMBER OF
WORKERS TIME PER | OPERATIONS

OPERATION | "PERYEAR | SOURCE | DISTANCE| maTERIaL | THCKNESS | PERSON

ACTIVITY
opERATION | (0 (Note 27) . (Nota 28) | HowRs

Derby & Grouted Drum storage building surveillance 1 050 | 2190 | 23 | 3 Wood 3/4* | 1085.0
Mg F2 Grinding, Leaching, & packaging survelllance | 1 | 7000.00 |} Continuous | 31 | | Stnls Steel |  1/4" = 7000.0

Transfer MgF2 drums to interim storage 2 0.25 4012 33|
Transfer MgF2 drums to storage building 2 0.50 4012 33
1

Load MgF2 drums for shipment offsite 1.00 702 | 35 |

|. . Steel | 0.06" | 2006.0
| . Steel | 0.06" | 4012.0
__Steel | 0.06" | 7020

ww W

w

. Steel | 0.06" . .5475
| Steel | 006" | 1095.0

o025 | 2190 | 34 |

MgF2 drum interim storage surveillance -
MgF2 drum storage building surveillance _ 1 0.50 2190 35

Wi |

ation and grouting surveillance e 1 0.50 1782 | 29 | 3 | Steel 0.08" 876.0

. S e T . . I
Transfer grouted drums to interim storage 2 0.25 686 29 | 3 __ Steel 0.06* 343.0
Transfer grouted drums to storage building. 2 650 | 686 | 29 | 3 | Steel . 0.06" |  686.0

Load grouted drums for shipment offsite 1 1.00 96 2930 | 3 |  Steel | 0.06" |  96.0

Grouted drum interim storage surveillance 1 0.50 2190 29 | 3 Steel 1/4° 1095.0

Evap., Waste Lig. Trt, & NOXHNO3 Processing surveillance 1 0.50 1752 1213 | 30 | Steel | 1/4" |  876.0

7 "A9Y - dpuonpexsy wnrueln pasdidag jo
juswadeuriy ULId] -3uo] 3y 105 110day sisATeuy Surrssurduyg yeiq

HF scrubbing / CaF2 processing surveillance 1 0.50 _ 1782 | 89 | 20 | Steel | 1/4* |  876.0
HF Loading for shipment offsite oo 2 _} 1000 | 82 | 12 | 220 | Steel | 1/4" | 1640.0
HF storage bldg surveillance 1 0.25 2190 | 12 | 220 | steel | 1/4* |  s47.]
Mg metal storage bldg surveillance 1 0.25 2190 | 4 | 220 | Steel 1/4* | 5475
LLW processing, packaging, and shipping 4 goo | 1100 | 32 | 3 | Steel 0.06" 35200.0

Process control room operations ) 10 8o0_ | 1100 | 810 | 25 | Steel | 1/4%,0.06"| 88000.0

Laboratory operations | 5 _.8.00 10 | 12 | 25 | Steel | 1/4° 44000.0
L R 4 8.00 110 | 123 | 25 | Steel 1/4* 35200.0
Management / Professionals 24 8.00 250 11 | 30 | Steel /a4 48000.0

Accountability 4 2.00 1100 3423 | 3

| Steel | 1/4%,0.06"| 8800.0

Case 3 Ops Page 2
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Case 3 Ops

WORKERS | gumeeen | operaTions
OPERATION (hn) (Note 27)
iustin and sartary vasto voament | 4| w0 | rio0
s oporations
samsaton I TR BT T
ourdbouse Pocoss 8o | s | s | w0 |
e I —

1) A single full UF8 cylinder

2) A single empty UF6 cylinder

3) There are up to 14 UF6 cylinders in the autoclave area.
4) There are 195 full UF6 cylinders in the storage area.

§) There are 195 empty UF6 cylinders in the storage area.
6) UF6 reactor; there are 2 reactors.

7) UF4 product bin; there are 2 bins.

8) UF4 storage bin.

9) A single drum of UF4.

10) There are up to 1 weeks supply of UF4 in the Interim Storage Area = 345 drums.

11) Inventory of UF4 in Retort Filling Area,

12) There are 54 reduction furnaces.

13) A uranium derby.

14) Raw slag bin

15) Uranium pellet bin.

16) Uranium casting furnace

17) Water cooling station; capacity = 83 derbies.
18) Air cooling station; capacity = 33 derbies.

19) Derby roasting furnace; capacity = 8 derbies. There are 2 furnaces.

20) Derby quench tank; capacity = 8 derbies.
21) Derby drying oven; capacity = 4 derbies.
22) There are up to 33 uranium derbies in interim storage.

23) There are up to 2500 uranium derbies in the storage building.
24) Inventory in water cooling station, breakout stations, sorting, jJaw crusher, and quench tank.

25) Each transfer consists of 4 derbies.

SOURCE

DISTANCE
)

MATERIAL

[ e

THICKNESS
(Note 28)

N VL

e
0.08",1/4*

1/4°

352000

. 68000.0

70400.0

17776.0
737673.1
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Case 3 Ops

NUMBER OF | 1iME PER | OPERATIONS

ACTIVITY WORKERS

26) There are 28 derbies per shipment.
27) 2322 UF6 cylinders per year
365 days per yr x 3 shifts per day x 2 per shift = 2190 per year
365 days per yr x 3 shifts per day x 2 per shift x 0.8 availability = 1752 per year
29160 derbies/yr / 4 derbies per transfer = 7290 per year.
29160 derbies/yr / 28 derbies per transfer = 1042 per year.
82 railcars/yr of HF
28080 MgF2 drums/yr / 7 drums per transfer = 4012 transfers per year

28080 MgF2 drums/yr / 40 drums per shipment = 702 transfers per year

4800 grouted waste drums/yr / 7 drums per transfer = 686 transfers per year
4800 grouted waste drums/yr / 50 drums per shipment = 96 transfers per year
Assume 2% of UF4 is sent to interim storage in drums = 360 drums

365 days per year x 3 shifts per day x 1 per shift = 1100 per year

2000 hrs/year / 8 hrs/day x 1 per day = 250 per year

OPERATION | PERYEAR | SOURCE D'ST({'\)NCE
OPERATION (hr) (Note 27)

THICKNESS
MATERIAL (Note 28)

28) Materials do not include walls between operating areas. Areas such as the control room, laboratory, offices and change rooms will be separated

from process area sources by walls.
29) Drum of grouted waste
30) There are up to 400 drums of grouted waste in the storage area
31) U308 inventory in MgF2 Leaching area
32) Batch of LLW
33) There are 7 drums of MgF2 per transfer
34) There are up to 35 drums of MgF2 in interim storage
35) There are up to 2400 drums of MgF2 in the storage building
36) A single 3 mo. old empty UF6 cylinder

PERSON
HOURS

Page 4
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BATCH REDUCTION TO URANIUM METAL - MAINTENANCE ACTIVITIES

EQUIPMENT

NUMBER OF
WORKERS

HOUHS PER
COMPONENT
PER YEAR
(Note 25)

UF4 product cooler (2) e
UF4 off-gas equip (cyclone slntered _metal filter) (1)
UF4 conveyor (1) e

UF4 dust collector (cyclone sint. mtl filt., HEPA fnlt) (1)
HF cooler (1)

HF refrigerated condenser (1)

Off-gas scrubber (1) )

Off-gas heater (1) e
Off-gas HEPA filters (2) B e -
Off-gas exhausters (2) _

NN N

Autoclaves (14) e 2 26
A!"QC'aV?_E’Q’!!E"}?s..OF,S s - _ 2 __ 52
UF6 Reactor (2) e 2 26

Lame feeder (1) ] -
Rotary drum filter (1) o -
Vacuum pump (1)

Scrub solution cooler (1)
Scrub solution pump (1) o
Evaporator (1)
Condenser (1)

Condensate pump (1)

Case 3 Maint

UF4 Mg sollds blender (3) 2 ]
Reduction furnace (54) 2
Water cooling station (1) —— 2
Breakout station (3) __,,__,] .2

.52

14 o
14_

e

NUMBER OF
COMPONENTS

fo 1
{1213
| 137

=
SOURCE

12,3
123

. 6'7

10,11
10,11

13,17,18

DISTANCE

()

50
.50
- .50
. 60

.40

.50
.50
_ 35

35
50
40

N

®© N

MATERIAL
(Note 26)

Steel

_Steel |

Monel

_ Monel, Steel

_ Monel, Steel

Steel
Steel

Steel

Steel
Steel

_ Monel, Steel
~ Monel, Steel
~Monel, Steet
Monel, Steel
Monel, Steel

Monel, Steel

. Monel, Steel
_ Monel, Steel
. Steel
__ Steel

_ Steel
Steel

_Steel

THICKNESS

1/4"41/4" |
Hateriar |

3/4"

s/atrar |

3/4",1/4"

0.06",1/4"
0.06",1/4"

0.06",1/4"
0.06*,1/4"
0.06",1/4"
0.06",1/4"

.8/4",0.06"

3/4*,0.06"

3/4%,0.06" |
3/4",0.06"

3/4",0.06"
3/4",0.06"

13/4*,0.06"
3/4*,0.06" |

1/4*

1/4"
1/4"

/4% |

PERSON
HOURS PER
YEAR

728
1456

104

52
52
16

208

208
52
104
52
104
52
52
104

312
2808
52
24
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SOURCE

. 1319
41321
13,20

13,20

SERE AL

14
14

| 14,15

17

24

R

24
24
24

24

24

HOURS PER
coupweNT BB | Rl SET ML Or
(Note 25)
Derby roasting furnace (2) ~ } ) 2 _ | 26 | e
Derby drying oven (1) 2 26
Oxide drum filter (1) ~ o 2 26 1
Oxide rotary dryer () 2 52 1.
Slag jaw crusher (1) 2 52 .
Slag roller crusher (1) I - 52 1
Vibrating screen (1) S 2 52 L
Uranium casting furnace (1) ] 2_ .26 | 1
MgF2 roasting fumace (1) | 2 | s2 | 1 | 17
MgF2 cooler (screw conveyor) (1) 2104 1}
MgF2 hammermin ¢ty 1 2 52 [ R . £
MgF2 balt mill (1) o 2 52 1.
MgF2 hopper & feeder (1) } 2 52 LI
MgF2 leaching rotary drum filter (4) 2 26 4
Leach solution heater (2) 2 26 2
Vacuum pump (4) e 2 52 4
Filtrate transfer pump (4) _ 2 52 . S
MgF2 rotary dryer (1) 2 52 I N
MgF2 dryer condenser (1) | 2 _26 SR B
MgF2 solids cooler (screw conveyor) (1) _] 2 104 I
MgF2 bucket elevator (1) | 2 B 1 R B
MgF2 dust collector (baghouse) (1) | 2 | 4 | 1
Evaporator (1) 2 26 B R B 1
Calciner (rotary) (1) o 2 ) 82 1 1
Calciner condenser (1) .2 26 LIS B |
Drum tumbler (1) . 2 26 LR
NOx absorber (1) = . 2 26 L
Oft-gas heater () . | 2 26 1 e
HEPA filter (1) ] 2 4 BN

Case 3 Maint

DISTANCE
(f)

25
25
25

MATERIAL
(Note 26)

Steel
.. Steel
Steel
Steel
. Steet
_Steel

~ Steel

_ Steel

~ Steel
~ Steel
_ Steel
~ Steel
. Steel

. Steel

_Steel

Steel

. Steel
~ Steel

__ Steel
~_ Steel
_ Steel

THICKNESS

1/4"
1/4*
1/4%
174"

174"
174

174"
1/4"
1/4"
1/4"

1/4"
1/4"
1/4*
174
174"
1/4*
174"
/4"
174"

/4
1/4%+1/4"

1/4"41/4"

104

LA AN

LEE A

1/4"¢1/4" |
[ varerran |
IRIZEIZE

RRIZEFS V2Rt

PERSON
HOURS PER
YEAR

104
52
82

52
104
52
52
52
52
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Case 3 Maint

HOURS PER
NUMBER OF | COMPONENT| NUMBER OF DISTANCE | MATERIAL
EQUIPMENT WORKERS | PERYEAR |COMPONENTs| SOURCE| = g (Note 26)
(Note 25)

Nitric acid distillation column (1) ] 2 26 1. [ 1213 | 50 Steel
Nitric acid reboiler (1) 2 26| 1] 1213 | 40 Steel
Nitric acid condenser 1y B o 2 26 | v 1213 | 25 Steel
Condensate cooler (1) _ 2| 26 | 1 | 12,13 -25 Steel
Ammonia dissociator (3) .26 | 3 12,1324 110 Steel
Boiler, Water Systems, and other Utilities 52 3 | 22 | 200 Wood
HVAC equipment 2 520 1 12 | 30 Steel
Waste water treatment equipment 1 2190 1| 25 | 50 Steel
Sanitary waste _treatment _equipment 1 2190 1. | 67 _120 Steel
Admin building R R 1000 Y |25 50 Steel

BRYES

S Y

THICKNESS

14
1/4°
1/4*

N VL A

3/4*

JRL VA A I 1

8/4".1.8" |

e

1040
2190

PERSON
HOURS PER
YEAR

.52
. 52
52

4
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EQUIPMENT WORKERS | PER YEAR

(Note 25)

HOURS PER
NUMBER OF | COMPONENT

NUMBER OF SOURCE DIS'I("/t\)NCE MATERIAL

COMPONENTS

1) A single full UF6 cylinder
2) A single empty UF6 cylinder
3) There are up to 14 UF6 cylinders in the autoclave area.
4) There are 195 full UF6 cylinders in the storage area.
5) There are 195 empty UF6 cylinders in the storage area.
6) UF6 reactor; there are 2 reactors.
7) UF4 product bin; there are 2 bins.
8) UF4 storage bin.
9) A single drum of UF4.
10) There are up to 1 weeks supply of UF4 in the Interim Storage Area = 345 drums.
11) Inventory of UF4 in Rett;n Filling Area,
12) There are 54 reduction furnaces.
13) A uranium derby.
14) Raw slag bin
15) Uranium pellet bin.
16) Uranium casting furnace
17) Water cooling station; capacity = 83 derbies.
18) Air cooling station; capacity = 33 derbies.
19) Derby roasting furnace; capacity = 8 derbies. There are 2 furnaces.
20) Derby quench tank; capacity = 8 derbies.
21) Derby drying oven; capacity = 4 derbies.
22) There are up to 33 uranium derbies in interim storage.
23) There are up to 3000 uranium derbies in the storage building.

24) Inventory in water cooling station, breakout stations, sorting, Jaw crusher, and quench tank.

25) Average of 2 hours per week on conveyor systems

Average of 1 hour per week on active components (pumps, compressors, compactor, granulator, slacker)
Average of 1/2 hour per week on passive components (autoclaves, coolers, scrubbers, condensers) - includes instrumentation

10 hours per week on HVAC components
6 hours per day on waste water treatment components
6 hours per day on sanitary waste treatment components
1000 hours per year on the administration building
26) Materials do not include walls between operating areas.
27) Loaded filter/bag.

Case 3 Maint

(Note 26)

- Includes instrumentation

ERSON

P
THICKNESS | HOURS PER

YEAR
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Preface

This report provides the EIS data input for the conversion of DUF¢ into a
uranium metal alloy product (97% uranium and 3% iron by weight) and byproducts
magnesium fluoride (MgF2) and hydrofluoric acid (HF). Due to its high density, the
uranium metal product is a principal option for uranium use, particularly as a
radiation shielding material. UFg defluorination is achieved by reduction to UF,
with hydrogen. Anhydrous HF is recovered as a saleable material to industry.
Uranium metal product is produced by the continuous reduction of UF4 with
magnesium metal. :
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Process Summary

The standard industrial route for the production of uranium metal is a batch
process using magnesium metal (Mg) to reduce uranium tetrafluoride (UFy) to the
metal and magnesium fluoride (MgF2) byproduct. The uranium tetrafluoride is
generated by the hydrogen reduction of uranium hexafluoride (UFg). The
metallothermic reduction process described here involves the same chemistry, but
the reactor is operated on a continuous basis. The reactants are fed into a vertical
reactor maintained at approximately 1000°C. Due to its higher density, the molten
uranium metal forms a layer at the bottom of the reactor where it is withdrawn; the
molten MgF; forms an intermediate layer where it is separately withdrawn; and the
molten Mg floats on the top. In addition to the reactants, the feed to the system
contains iron (Fe) metal and an inert salt. Their addition is principally to reduce the
system temperature, i.e., the Fe alloys with the uranium and lowers its melting
point, while the diluent salt lowers the melting point of the MgF,. This leads to
improved materials compatibility and enables the system to operate at below
atmospheric pressure. The uranium metal (alloy) product contains 3 wt% Fe. This
iron content is acceptable for radiation shielding applications using uranium metal.

The molten uranium metal product is cast into ingots. The assumption is the
ingots would be shipped to a separate manufacturing facility where they would be
melted and recast into annular radiation shields. However, integration of the
conversion and manufacturing processes into one facility would eliminate a casting
and a melting step with substantial cost savings resulting.

6.10-vii
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1.0 DUF¢ Conversion Facility - Missions,

Assumptions, and Design Basis

MISSIONS

The Depleted Uranium Hexafluoride (DUFg) Continuous Reduction to
Uranium Metal Conversion Facility converts depleted UF¢ into uranium
metal for use (e.g., shielding).

ASSUMPTIONS AND DESIGN BASIS

1.2.1

Assumptions

The following assumptions are made in this report:

The facility will receive the DUF feed in 14 ton cylinders by truck or
rail. They are unloaded onto trucks and placed in storage by on-site
cranes. Outdoor storage for one months supply of full cylinders is
provided. Incoming cylinders are assumed to be approved for
transportation and arrive on-site in an undamaged, clean condition.
For this study, it is assumed that the outgoing empty DUFg cylinders
are shipped off-site to a cylinder refurbishment or waste treatment
facility. Indoor storage of three months supply of empty cylinders is
provided.

DUFe feed to the facility is assumed to be chemically pure with an
average isotopic composition as follows: 0.001% U-234, 0.25% U-235,
and 99.75% U-238. The corresponding specific activity (alpha) is 4 x 107
Ci/g DU. In the UFg filled cylinders, the short-lived daughter products
of U-238, Th-234 and Pa-234m, are in equilibrium with the U-238.
Therefore, these beta emitters each have the same activity as U-238
(3.3x 107 Ci/g).

The uranium content in the slag is less than 90 ppm (<35 pCi/g).
Operations will be continuous for 24 hours/day, 7 days/week,

52 weeks/year.

Annual operating time is 7,000 hours based on a plant availability
factor of 0.8.

For the Continuous Reduction to Uranium Metal process, two reactor
trains are needed for the conversion from UFg to UF4, and three reactor
trains are needed for UF4 reduction to metal. The salt processing and
support systems can be accomplished with a single train.

The anhydrous HF produced in the process is shipped off-site in rail
tank cars or tanker trucks. Indoor storage of one month's production is
provided on site.

6.10-1-1
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¢ Uranium metal product is packaged in wooden boxes, and MgF; and
CaF; products are packaged in 55 gallon drums. Indoor storage space
for one month's production is provided on site.

* On-site storage of one month's supply of magnesium metal, ammonia,
sodium chloride, lime, and iron is provided.

e The radiological hazard associated with the outgoing empty cylinders
has not been finalized. Preliminary estimates have indicated possible
dose rates in the range of 1 Rem/hr at the lower surface of the cylinders
due to retention of a heel of radioactive daughter products in the
cylinder after emptying. It has been assumed that a period of
approximately three months of on-site storage is required to allow
these daughter products to decay to acceptable levels for shipment off-
site.

¢ The facility is assumed to be constructed and operated at a generic
greenfield site. This site is currently assumed to be the EPRI Standard
Hypothetical East/West Central Site as defined in Appendix F of the
DOE Cost Estimate Guidelines for Advanced Nuclear Power
Technologies, ORNL/TM-10071/R3.

1.2.2 Design Basis

The general design basis document used in designing the facility is DOE
Order 6430.1A, General Design Criteria. This order covers design criteria,
applicable regulatory and industry codes, and standards for the design of DOE
nonreactor facilities. Design criteria for both conventional facilities designed
to industrial standards and “special facilities” (defined as nonreactor nuclear
facilities and explosive facilities) are included in this document.

DOE-STD-1027-92, Hazard Categorization and Accident Analysis
Technigues for Compliance with DOE Order 5480.23, Nuclear Safety Analysis
Reports, is used as a guide to develop preliminary hazards classifications and
related design features of the facilities containing radioactive or hazardous
materials.

Design codes and standards applicable to “special facilities”, as defined in
DOE Order 6430.1A, and facilities with moderate or low hazard classifications
per DOE-STD-1027-92 include the following:

¢ Process Building

e HF Storage Building

e Uranium Product Storage Building

e Outgoing, Empty Cylinder Storage Building

Conventional design codes and standards have been used for the design

basis of the non-nuclear facilities in general use in the facility, including the
following:

6.10-1-2



Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

Mg Metal Storage Building

MgF, Storage Building
Administration Building

Utilities Building

Warehouse

Maintenance Shop Building
Industrial Waste Treatment Building
Sanitary Waste Treatment Building
Facility Cooling Tower.

A more detailed listing of compliance standards is presented in Section
1.2.5.

1.2.3 Facility Capacity/Capability

The facility is designed to process 28,000 metric tons of depleted UF¢
annually. The DUFg inventory of 560,000 metric tons would be converted
within a 20-year processing period. The facility will operate 24 hours/day,
seven days a week, 292 days/year for an 80% plant availability during
operations.

1.24 Facility Operating Basis

A preliminary schedule to deploy, operate, and decontaminate and
decommission a representative depleted UF6 conversion facility is illustrated
in Figure 1-1. The schedule is assumed to be generic to conversion (including
empty cylinder treatment) and manufacturing (shielding) facilities within the
program. Differentiation of schedule durations assuming DOE or privatized
facility options have not been addressed at this time.

Technology verification and piloting are allocated for 3 years following
preliminary assessments. Design activities include both preliminary and
final designs, while safety approval/NEPA processes include documentation
approval. Site preparation, facility construction, procurement of process
equipment, and testing/installation are assumed to require 4 years. Plant
start-up occurs about 11 years after the PEIS Record of Decision (ROD).
Operations are complete in 20 years, followed by about a three year period for
decontamination and decommissioning.
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1.2.5 Compliance

The major applicable compliance documents for design of the facility are
as follows:

1.2.5.1 Basic Rules, Regulations, Codes, and Guidelines

Basic references concerning the content and procedures for issuance of an
EIS can be found in the Council on Environmental Quality Regulation
40 CFR 1502, Environmental Impact Statement, 10 CFR 1021, National
Environmental Policy Act Implementing Procedures (for DOE), and DOE
Orders 5400.1, General Environmental Protection Program and 5440.1E,
National Environmental Policy Act Compliance Program.

The general DOE order applicable to the facility design is DOE Order
6430.1A, General Design Criteria. Applicable codes, standards, and guidelines,
as referenced in Section 0106, “Regulatory Requirements,” of DOE 6430.1A
shall apply. More specific criteria can be found in Division 13, “Special
Facilities,” Sections 1318, “Uranium Enrichment Facilities”; 1322, “Uranium
Conversion and Recovery Facilities”; 1323, “Radioactive Liquid Waste
Facilities”; 1324, “Radioactive Solid Waste Facilities”; and 1325, “Laboratory
Facilities.”

Applicable Nuclear Regulatory Commission (NRC) regulatory guides
referenced in DOE Order 6430.1A will be used where appropriate.

1.2.5.2 Environmental, Safety, and Health

Environmental, safety, and health requirements will generally follow DOE
Order 5480.4, Environmental, Safety and Health Protection Standards, DOE
Order 5480.1B, Environmental Safety and Health Program for DOE
Operations; and DOE Order 5440.1C, National Environmental Policy Act.
Requirements for the facility fire protection systems will be in accordance
with DOE Order 5480.7, Fire Protection. Also, NFPA 480, Standard for the
Storage, Handling, and Processing of Magnesium Solids and Powders,
provides requirements applicable to the facilities handling and storing
magnesium.

1.2.5.3 Buffer Zones

The need for buffer zones surrounding the facility will be determined by
the site-specific environmental impact studies, which will follow these
programmatic EIS studies. In general, siting criteria will follow DOE Order
6430.1A, Sections 0200-1, “Facility Siting”; 0200-2, “Building Location”; and
0200-99, “Special Facilities.” Effluent releases will not exceed limits referenced
in DOE 5400.1, General Environmental Protection Program Requirements;
the directive on Radiation Protection of the Public and the Environment in
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the DOE 5400 series; and Section 1300-9 of DOE Order 6430.1A, “Effluent
Control and Monitoring.”

1.2.54  Decontamination and Decommissioning

Design requirements for decontamination and decommissioning (D&D) of
the facility will be in accordance with DOE Order 6430.1A, Section 1300-11,
“Decontamination and Decommissioning (of Special Facilities)”; Section
1322-7 “D&D of Uranium Conversion and Recovery Facilities”; and 1325-6,
“D&D of Laboratory Facilities.”

1.2.5.5  Toxicological/Radiological Exposure

Exposures to hazardous effluents (both radioactive and nonradioactive)
will not exceed the limits referenced in DOE Order 5400.1 and the directive on
Radiation Protection of the Public and the Environment in the DOE 5400
series. Effluent control and monitoring will be in accordance with DOE Order
6430.1A, Section 1300-9, “Effluent Control and Monitoring (of Special
Facilities).”

1.2.5.6 Waste Management

Waste management systems provided for the facility will be in accordance
with the requirements of DOE Order 6430.1A, Section 1300-8, “Waste
Management (for special facilities)”; Section 1322-6, “Effluent Control and
Monitoring (of Uranium Conversion and Recovery Facilities)”; and 1324-7,
“Effluent Control and Monitoring (of Radioactive Solid Waste Facilities).”
Specific DOE design and operating requirements for radioactive wastes,
including low level waste (LLW) appear in DOE Order 5820.2A, Radioactive
Waste Management. Nonradioactive, hazardous waste requirements appear
in DOE 5480.1B and applicable sections of 40 CFR 264, 265, 267, and 268. A
DOE pollution prevention program - including waste minimization, source
reduction, and recycling of solid, liquid, and air emissions - will be
implemented in accordance with DOE Orders 5400.1, General Environmental
Protection Program; and 5820.2A, Environmental Compliance Issue
Coordination.

1.2.5.7  Materials Accountability and Plant Security

The basic compliance documents for materials accountability and security
requirements for the facility design are DOE Order 6430.1A, General Design
Criteria, Section 1300-10, and the 5630 series of DOE orders. Specific references
applicable to the safeguards and security systems provided in the design are
discussed in detail in Section 2.2.3 of this report.
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Uncertainties

Uncertainties associated with the process include the following:

The continuous reactor for UF4 reduction to metal requires further
engineering development, including significant scaleup.

The separation of NaCl from MgF; for recycling uses conventional
process equipment; however, this application has not been
demonstrated.

It is assumed that MgF, with a uranium concentration of 90 ppm or
less (35 pCi/g or less) is produced in the process. It is assumed that an
exemption for free release to a sanitary landfill could be obtained.

Due to the pre-conceptual nature of the facility design, design details of
process and support system equipment and components as well as
facility building and site construction quantities have not been fully
defined. With the exception of the major process equipment, current
equipment, system, and facility descriptions are based primarily on
engineering judgment and comparisons with historical data from
similar facilities.

Building area hazards categorizations are based on preliminary
analyses as defined in DOE-STD-1027-92 and require additional analyses
before final hazards categories can be defined.

The radiological hazard associated with the outgoing, empty cylinders
has not been finalized. Preliminary estimates have indicated possible
dose rates in the range of 1 Rem/hr at the lower surface of the cylinders
due to retention of a heel of radioactive daughter products in the
cylinder after emptying. It has been assumed that a period of
approximately three months of on-site storage is required to allow
these daughter products to decay to acceptable levels for shipment off-
site.

6.10-1-7
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2.0 DUF¢ Conversion Facility Description

GENERAL FACILITY DESCRIPTION
2.1.1 Functional Description

The process presented in this report consists of conversion of depleted
uranium hexafluoride (DUFg) to uranium metal and magnesium fluoride
(MgF») by reduction with hydrogen to UF4 and subsequent reduction with
magnesium to uranium metal. An overall facility material flow diagram is
shown in Figure 2-1.

DUFg is received in DOT-approved cylinders and is converted within the
process building in a continuous process to produce UF4, which is then
reduced in a second continuous process to uranium metal. The uranium
product is packaged in crates and stored on-site until it can be transported to
another site for subsequent disposition (e.g., use). Anhydrous HF produced in
the reaction is assumed to be shipped offsite for sale. MgF» byproduct is
assumed to be disposed of in an ordinary landfill.

2.1.2 Plot Plan

A three-dimensional rendering of the facility is shown in Figure 2-2, Plot
Plan.
The plot plan shows the major structures on the site, as follows:

Process Building

HF Storage Building

Mg Metal Storage Building

Uranium Product Storage Building

MgF; Storage Building

Outgoing, Empty Cylinder Storage Building

Miscellaneous support buildings, including the Administration
Building, Utilities Building, Maintenance Shop, Industrial Waste and
Sanitary Waste Treatment Buildings, and Warehouse

* Facility cooling tower

Process Building exhaust and boiler stacks

Perimeter fencing enclosing the entire site.

Note: The size, number, and arrangement of facility buildings is pre-
conceptual and can change significantly as the design progresses. This plot
plan conveys general layout information only and is based on the assumption
of a generic, greenfield site.
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2.1.3 Building Descriptions

Table 2-1 summarizes the facilities building data.

Table 2-1, Facility Building Data

Foot- Contains Contains Prelim. Hazards
Building Name print | No.of | Depleted | Hazardous | Classification | Construction
uriding (ft2) | Levels | Uranium | Materials (Rad/Chem)* Type
Process Building 53,000 2 Yes Yes HC2 / HH Reinforced
Concrete
HF Storage 5,400 1 No Yes NA / HH Reinforced
Building Concrete
Mg Metal Storage | 7,500 1 No No General Metal
Building Frame
Uranium Product 9,400 1 Yes Yes HC2 / MH Metal
Storage Building Frame
MgF) Storage 15,500 1 No No General Metal
Building Frame
Outgoing Empty | 112 200 1 Yes Yes HC3 / MH Metal
Cylinder Storage Frame
Building
Utilities Building | 8,000 1 No Yes General Metal
L Frame
|-
Administration 10,000 1 No No General Metal
Building Frame
Maintenance Shop | 6,000 1 No Yes General Metal
Frame
Warehouse 10,500 1 No Yes General Metal
Frame
Industrial Waste 5,000 1 No Yes General Metal
Building Frame
Sanitary Waste 2,000 1 No No General Metal
Building Frame
II Cooling Tower 7,000 --- --- --- --- ---

*

HH = High Hazard (high chemical hazard)
MH = Moderate Hazard (moderate chemical hazard

6.10-2-4
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21.3.1  Process Building

The layout, sections, and equipment arrangements for the Process
Building are shown in Figures 2-3 through 2-6. The building is a two-story
reinforced concrete structure classified radiologically as a category HC2
moderate hazard facility and chemically as a category HH high hazard facility
where significant quantities of UFg and HF are present. These hazards
classifications are preliminary as currently defined by DOE-STD-1027-92 and
UCRL-15910. The first floor contains the feed receiving and product shipping
areas, the processing and process support system areas, maintenance and
chemical storage areas, personnel entry control, change rooms, offices and
health physics areas, and an analytical laboratory and facility control room.
The second floor primarily contains mechanical support systems, such as the
heating, ventilating, and air conditioning (HVAC) systems and emergency
electric power systems. HVAC system design is described in Section 2.2.5.

2.1.3.2  HF Storage Building

Due to the presence of a large inventory of HF, the HF Storage Building is
classified as a nonradiological, chemically high hazard (HH) facility as defined
by DOE-STD-1027-92 and UCRL-15910. The building is a one-story reinforced
concrete structure providing space for tanks that store one month's
production of HF. The facility is provided with a rail car loading bay and
space for the required storage tanks. An air refrigeration system is provided
to maintain temperatures in the building in the range of 45 to 55 °F to limit
vaporization of HF in the event of a spill. Also, a water spray system and
floors surrounded by dikes are provided to mitigate the effects of an HF spill.

2.1.3.3  Uranium Product Storage Building

The Uranium Product Storage Building is a one-story metal-frame
structure classified as a radiologically moderate hazard (HC2) and chemically
moderate hazard (MH) facility, as defined by DOE-STD-1027-92 and UCRL-
15910. The building is primarily a warehouse that provides space for one
month's production of uranium metal product. A zone 2 HVAC system with
filtered exhaust air is provided (See also Section 2.2.5)

2.1.34  Outgoing, Empty Cylinder Storage Building
The Outgoing, Empty Cylinder Storage Building is a one-story, metal
frame structure classified as a radiologically low hazard (HC3) and chemically

moderate hazard (MH) facility as defined by DOE-STD-1027-92 and UCRL-
15910. The building is primarily a warehouse which provides space for three

6.10-2-5
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months storage of old, empty, cylinders during radiological "cooling”. Since
the building is a restricted area with very limited personnel access, the only
utilities provided are roof ventilators and lighting.

2.1.3.5 Miscellaneous Support Buildings and Facilities

In addition to the process facilities described in the sections above, the
DUF¢ Continuous Reduction to Uranium Metal Conversion Facility includes
the following facilities and systems (facilities are shown on Figure 3-1, Site
Map):

A metal-frame Mg Metal Storage Building providing storage for one
month's supply of magnesium. The facility includes the fire protection
features required by NFPA 480.

A metal-frame MgF; Storage Building provides storage of one month's
production of MgF; and CaF;.

A metal-frame general-use Utilities Building houses raw water treatment
systems, water storage tanks, fire-water pumps, central chilled water cooling
and steam heating boiler systems.

A metal-frame or masonry Administration Building houses the facility
support personnel.

A metal-frame general-use Maintenance Shops Building for housing clean
maintenance and repair shops.

A 32 MM BTU/hr multiple cell, wood construction, induced-draft,
crossflow-type cooling tower and a 3,200 gpm cooling tower water circulation
system provides cooling for both the process and HVAC systems

A Warehouse provides storage space for materials, spare parts, and other
supplies.

An Industrial Waste Treatment Facility accommodates the receipt,
treatment, and disposal of noncontaminated chemical, liquid, and solid
wastes other than liquid wastes disposed of through the sanitary waste
system. Utility wastewater discharges, including cooling tower and boiler
blowdown, and cold chemical area liquid effluents, will be treated and
discharged in this facility to assure that wastewater discharges meet applicable
environmental standards.

A Sanitary Waste Treatment Facility is provided with a capacity of
approximately 3,700 gpd.

Compressed air systems, including plant air, instrument air, and breathing
air include a single set of two redundant 300 cfm reciprocating air
compressors for the plant and instrument air systems. The plant air system is
provided through a receiver set at 100 psig. Instrument air is dried in
desiccant-type air dryers to a dew point of -40 °F and is supplied to a piping
distribution system from a separate air receiver set at 100 psig. A separate
breathing air compressor and receiver provide air to breathing air manifold
stations in areas with potential for radiological or hazardous chemical
contamination.

6.10-2-10
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A 5,000 cth hydrogen/nitrogen supply system consisting of three 15,000 gal
steel ammonia storage tanks and three ammonia dissociators to supply
hydrogen and nitrogen to the UF4 reduction reactors.

Building HVAC systems use a central chilled water system for building
cooling. Three 50% capacity, 360 ton centrifugal water chillers, and three
600 gpm circulating pumps are provided. A steel stack serves the Process
Building HVAC exhaust systems. The steam plant boiler vents through a
dedicated steel stack (see Table 2-3 for stack dimensions).

All cooling water systems are connected to the cooling tower system
described above.

A central steam plant in the Support Utilities Building produces steam for
process uses and for building heating by the HVAC systems. The plant
produces 20,000 Ib/hr of 50 psig steam, which is distributed around the site by
outside overhead piping.

Raw water treatment and demineralized water systems are provided. Raw
water treatment consists of water softening, filtration, and chlorination. The
demineralized water is used in the process and for steam boiler feedwater (see
also Figure 5-1).

The site receives electric power at 13.8 kV from the utility grid system and
distributes it on site at the required voltages. The electrical substation has a
design capacity of 6,000 kW and includes the primary switching and voltage
transformer facilities for the site. The electrical system also includes two,
redundant, 500 kW emergency power diesel generators, housed in a seismic
and tornado-resistant structure, to ensure the operation of all safety systems
during a power outage. Uninterruptible power supply (UPS) systems are
provided for the control system to ensure continued operation of safety
equipment and systems during a power outage.

Yard lighting is provided to allow 24-hour operations. Specific areas that
require special lighting for night-time operation include the UFg cylinder
storage pad areas, the rail spur area, the utility area, and the site entry control
area.

Site security fencing as shown on Figure 3-1, Site Map, consists of
galvanized steel fabric fencing with barbed wire or barbed tape coil topping,
per DOE Order 6430.1A, Section 0283.

DESIGN SAFETY

The facility is designed with features to prevent, control, and mitigate the
consequences of potential accidents. The facility design uses a defense-in-
depth approach to protect workers, the public, and the environment from a
release of radioactive or hazardous materials.

The facility design includes systems, structures, and components that
serve as the following:

Barriers to contain uncontrolled hazardous material or energy release
* Preventive systems to protect those barriers

6.10-2-11
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e Systems to mitigate uncontrolled hazardous material or energy release
upon barrier failure

e Systems that monitor released material.

Table 2-2 summarizes the significant mitigating design safety features
provided for plant facilities. Section 8.1 describes these features in more detail
for bounding accident scenarios.

Table 2-2, Mitigating Safety Design Features

Structural Design

Building Name HVAC Zoning | Exhaust Filtration Other II
Process Building | Zone 1 - High Zone 1- Single PC-4 for High Water Spray
Hazard Areas HEPA Filters Hazard Areas System for UFg
Zone 2 - Moderate | Zone 2-Double g);;l)gn for DBE & | Reactor a.nd HF
Hazard Areas HEPA Filters Condensation Areas
PC-3 for Moderate
Hazard Areas
PC-2 or 1 for Low
Hazard Areas
Uranium Product | Zone 2 - Moderate | Single HEPA PC-3 for DBE &
Storage Building | Hazard Building | Filters DBT
HF Storage Zone 1 - High Conventional PC-4 for High Automatic water
Building Chemical Hazard Hazard Areas spray and shutdown
of HVAC system
upon HF leak
Outgoing, Empty | NA NA PC-2 for Low Restricted Access
Cylinder Storage Hazard Areas
Building
NH3 Storage NA NA Per ANSI Std. Vehicle Barriers,
Tanks (Located K61.1, Section 5.2 | Diked Area,
Emergency Equip.,
Outdoors) etc. per ANSI Std.
K61.1
Overall Site NA NA NA Site Environmental

221

The following natural phenomena are considered applicable to the facility

Natural Phenomena

design and are treated as design basis events:

¢ Earthquake
Tornado
* Flooding.

6.10-2-12
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Other natural phenomena such as volcanic activity or tidal waves are not
considered likely to be credible for the generic site. Such events would be
addressed in the future if warranted by the site selected for the facility. All
safety class structures, systems, and components (SSCs) must withstand the
consequences of all of these natural phenomena.

2211  Earthquake

The design basis earthquake (DBE) for the plant facilities will be chosen in
accordance with DOE-STD-1020-94 and UCRL-15910. All safety-class
structures, systems, and components (SSCs) will be designed to withstand the
DBE. Earthquakes exceeding the magnitude of the DBE are extremely
unlikely accidents as defined in DOE-STD-3009-94. Earthquakes of sufficient
magnitude to cause the failure of safety-class SSCs are considered incredible
events as defined in DOE-STD-3009-9%4.

2.2.1.2 Tornado

The design basis tornado (DBT) for the plant facilities will be chosen in
accordance with DOE-STD-1020-94 and UCRL-15910. Tornadoes exceeding the
magnitude of the DBT are extremely unlikely accidents as defined in DOE-
STD-3009-94. Tornadoes of sufficient energy to cause the failure of safety-class
SSCs are considered incredible events as defined in DOE-STD-3009-94.

2213 Flood

The design basis flood (DBF) for the plant will be chosen in accordance
with DOE-STD-1020-94 and UCRL-15910. Buildings housing hazardous
materials will be designed to withstand the DBF. Floods exceeding the
magnitude of the DBF are extremely unlikely accidents as defined in DOE-
STD-3009-94. Floods of sufficient magnitude to cause the failure of safety-class
SSCs are considered incredible events as defined in DOE-STD-3009-94.

2.2.2 Fire Protection

The requirements for fire protection for the facility are contained in DOE
6430.1A, General Design Criteria; DOE 5480.4, Environmental, Safety and
Health Protection Standards; and DOE 5480.7, Fire Protection.

The facility fire protection systems design will incorporate an “improved
risk” level of fire protection as defined in DOE 5480.7. These criteria require
that the facility be subdivided into fire zones and be protected by fire
suppression systems based on the maximum estimated fire loss in each area.
Fire protection systems and features are designed to limit this loss as specified
in DOE 6430.1A. A fire protection design analysis and a life safety design
analysis will be performed in accordance with DOE 6430.1A and 5480.7 to
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determine fire zoning requirements and fire protection systems required for
the facility. Redundant fire protection systems are required to limit the
maximum possible fire loss and to prevent the release of toxic or hazardous
material. All fire protection systems are designed in accordance with
National Fire Protection Association (NFPA) Codes. The following fire
protection systems and features are provided:

* All buildings are subdivided by fire-rated barriers to limit the
maximum possible fire loss and to protect life by providing fire-rated
escape routes for operating personnel

* Fire detection and alarm systems are provided in all buildings

* A site-wide fire water supply system with a looped distribution main
and fire hydrants for building exterior fire protection is provided.

* Automatic fire sprinkler systems are used throughout the facilities,
except in areas where magnesium metal is stored and handled, per
NFPA 480.

* The Mg Metal Storage Building includes suitable fire extinguishing
agents, such as approved Class D agents per NFPA 480. Automatic
sprinkler systems are prohibited in areas used to store magnesium
metal per NFPA 480.

2.2.3 Materials Accountability and Plant Security

Measures will be provided for depleted uranium materials accountability
(per DOE Order 5633.3), and to protect the plant radiological and hazardous
materials from unauthorized access and removal, including depleted
uranium material accounting and reporting procedures, facility fencing,
guard posts, and security surveillance and alarm systems.

2.24 Confinement and Containment

The design of facilities housing radioactive uranium and hazardous
chemicals includes a system of multiple confinement barriers to minimize
releases of radioactive and hazardous materials to the environment.

The primary confinement system consists of the uranium and HF
containers, process vessels, piping, gloveboxes, and the facility ventilation
systems. Gloveboxes are provided where uranium powders or hazardous
chemicals pose a potential for release (i.e,, UF4 handling, uranium casting,
container loading operations, and UFg sampling stations).

The secondary confinement system consists of the structures that
surround the primary confinement system and the facility ventilation
system.

The final hazards classification, performance categories, and zone
designation of these systems and associated design details will be determined
during later design phases in accordance with DOE-STD-1020-94 and UCRL-
15910.

6.10-2-14



Draft Engineering Analysis Report for the Long-Term Management
of Depleted Uranium Hexafluoride - Rev. 2

2.2.5 Ventilation Systems

The HVAC systems will use a combination of dividing the buildings into
zones according to level of hazard, space pressure control, and filtration of
building air to isolate areas of potential radiological and hazardous chemical
contamination.

The buildings will be divided into three ventilation zones according to
potential for uranium contamination: zone 1 for areas of high potential
contamination hazard, zone 2 for areas of moderate to low potential for
contamination, and zone 3 for general areas with no potential for
contamination. All areas of the building will also be classified as having
high, moderate, or low potential for hazardous chemical contamination.

Zone 1 areas of the Process Building will utilize autoclaves for
confinement of DUF if a cylinder is breeched or a leak develops during the
transfer, once-through ventilation systems to prevent recirculation of
contaminants, single filtration for building exhaust air through HEPA filters
to prevent the release of radioactive particulate, and pressure control to
assure air flow from areas of low hazard to areas of higher hazard.

Zone 2 areas include rooms containing gloveboxes and other uranium
processing areas. The ventilation system for these rooms use once-through
air flow to prevent recirculation of contaminants, single filtration of exhaust
air through HEPA filters, and pressure control to assure air flow from areas of
low hazard to areas of high hazard. The Uranium Product Storage Building
will also be treated as a zone 2 area.

The remainder of the Process Building will be zone 3, including MgF»
areas, waste processing areas, chemical feed storage and preparation rooms,
and support system areas. These rooms will be maintained at a higher
pressure than the rest of the building. The HVAC for the Process Building is
based on six air changes per hour and once-through ventilation. The
ventilation systems for certain small areas (personnel change rooms and
offices) will use conventional recirculating air conditioning systems sized
based on cooling and heating loads.

The UFg reactor and HF condenser areas and the off-gas scrubbing area of
the Process Building have high chemical hazard potential, and will be served
by a separate once-through air conditioning system. HF monitors in these
rooms will automatically shut down the ventilation system and isolate the
room in the event of a leak of HF.

2.2.6 Effluent Release Points

Facility effluent release points include both liquid and gaseous releases to
the environment.

Due to the generic nature of the site, a single hypothetical liquid release
point has been shown on Figure 3-1, Site Map. This figure also identifies the
effluent air release points (ventilation and boiler stacks).
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Table 2-3 summarizes the characteristics of the effluent air release points.

Table 2-3, Facility Air Release Points

6.10-2-16

Temperature | Flow Velocity
Stack Height (ft) | Diameter (in) (°F) (ft/sec)
Bldg. Exhaust 100 104 80 60
Boiler 100 26 500 60
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3.0 Site Map and Land Use Requirements

SITE MAP

The facility site map is shown in Figure 3-1. The site is surrounded by a
facility fence with a single entry control point for normal access of personnel
and vehicles. A rail spur is provided for shipment of DUF¢ cylinders to the
facility and Uranium Product, HF, and MgF; from the facility. Air emission
points are shown from the Process Building ventilation exhaust stack and the
facility boiler stack. The site liquid effluent discharge point is shown for the
assumed generic greenfield site. The location of these site discharge points
will require adjustment during later site-specific EIS studies. Though not
always shown in the figures, buildings have truck bays and access roads as
needed.

LAND AREA REQUIREMENTS DURING OPERATION

As shown in Figure 3-1, the total land area required during operations is
approximately 670,000 ft2 or about 15.4 acres.

LAND AREA REQUIREMENTS DURING CONSTRUCTION

Figure 3-2 shows the site map during construction. Land area
requirements during construction are approximately 26.4 acres. Construction
areas required in addition to the site structures and facilities are as follows:

* A construction laydown area for temporary storage of construction
materials, such as structural steel, pipe, lumber for concrete forms, and
electrical conduit

e Temporary construction offices for housing onsite engineering
support, construction supervision, and management personnel

e Temporary parking for construction craft workers and support
personnel

e Temporary holding basins for control of surface water runoff during
construction

e Area for installing required temporary utilities and services, including
construction service water, sanitary facilities, electrical power, and
vehicle fuels.

Note that the estimated construction area is based on a generic site
(Kenosha, WI) and will require adjustment for the actual site selected.
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4.0 Process Descriptions

Depleted uranium hexafluoride (UF) is reduced with hydrogen and
magnesium in a two-step, continuous process to produce uranium metal
alloy containing 3% iron, anhydrous hydrofluoric acid (HF), and magnesium
fluoride (MgF2). The uranium content of the MgF; is judged to be sulfficiently
low for the MgF> to be disposed of in an ordinary landfill. The process is
shown in Figures 4-1 and 4-2. The material balance is in Appendix A.

The UFg is first converted to UF4 in a continuous process. The UFg is
vaporized using steam-heated autoclaves and fed to the reactor, where it is
mixed with hydrogen and nitrogen. Solid UF4 and gaseous HF are produced.
The UFy is discharged from the reactor, cooled, and collected. Off-gas
containing HF, unreacted hydrogen, and nitrogen is cooled in a condenser to
recover HF. Uncondensed off-gas is sent to the HF scrubber system. The
anhydrous HF recovered is stored and then loaded into railcars for shipment
offsite to customers.

The remaining traces of HF in the off-gas are removed by scrubbing with a
potassium hydroxide (KOH) solution. The off-gas is then filtered and
discharged to atmosphere. The spent scrub solution is treated with hydrated
lime (Ca(OH);) to regenerate the potassium hydroxide and to remove the
fluoride by precipitating calcium fluoride. The potassium hydroxide filtrate is
evaporated to remove excess water and is reused as scrub solution. The CaF;
precipitate is dried and packaged in drums for sale.

The UF; is reduced to uranium metal in a continuous reactor in which
UF4 is blended with magnesium, iron, and sodium chloride (NaCl) solids.
The solids are continuously fed to a reduction reactor operating at 1000°C to
produce the uranium metal alloy and MgF, by an exothermic reaction. The
molten uranium metal drains into a continuous casting machine to produce
2in. by 3 in. by 20 in. long billets. The billets are cooled, packaged, and sent to
storage and shipping.

A molten MgF>-NaCl salt drains from the reactor into a water-filled
quench tank, where the salt solidifies and shatters. The salt slurry is size-
reduced in a grinding mill and then transferred to a dissolution tank, where
additional water is added to dissolve the NaCl. The MgF, , which is not
soluble in water, is removed by filtration, dried, and packaged in drums for
storage and disposal.

The dissolved NaCl solution is fed to a forced-circulation, mechanical
recompression crystallizer to recover the NaCl. The crystallizer evaporates
water from the solution to cause NaCl crystals to form. The NaCl product
slurry flows from the crystallizer to a centrifuge, which separates and recycles
the liquid to the crystallizer. The NaCl solids cake is dried, cooled, and
recycled to the reduction reactor. The vapor from the crystallizer is
compressed, condensed to heat the crystallizer, cooled, and reused in
quenching and dissolution.

6.10-4-1
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The facility has two reactor trains for the conversion from UFg to UF4, and
three reactor trains for converting UF4 to U metal. The MgF> and NaCl
recovery systems are single train. Critical equipment, such as blowers or
filters, have spares installed in parallel. The conversion of UFg to UFy is
similar to a process currently used in the uranium industry. The conversion
of UF4 to U metal in a continuous reactor has been demonstrated in
laboratory and engineering-scale equipment. The crystallization of NaCl is
similar to processes used in the salt industry.

UF¢ REDUCTION AND HF RECOVERY

The UFg Reduction Reactor converts UFg feed into UF4 and HF in a tower
reactor. The chemical reaction is UF¢ + Hp ---> UF4 + 2HF. This system is
shown in Figure 4-3.

Depleted UFg is received primarily in 14-ton cylinders, which are inspected
and stored in the yard. Cylinders are transported into the Process Building,
where they are placed in steam-heated autoclaves and hooked up to the
reactor feed line. As necessary, the contents of a cylinder are sampled and
analyzed. The solid UFg is heated and vaporized (sublimed) at 140°F.
Gaseous UFg flows out of the cylinder and is fed by a compressor into a reactor
tower. Eleven UFg cylinders feed simultaneously to provide the required feed
rate of 8,800 Ib/hr. Hydrogen reacts with the UFg to form solid UF4 and
gaseous HF. The reaction is exothermic, with the temperature in the tower
ranging from 800 to 1150°F. The tower has electric heaters that keep the walls
hot and has vibrators that intermittently dislodge UF4 buildup on the walls.

Solid UF; is discharged from the reactor, cooled, and conveyed to a storage
bin. There is also a drum loading station to provide interim storage of UFy in
drums as necessary. After cooling, empty UF¢ cylinders are removed and
transported to the Empty Cylinder Storage Building.

The off-gas stream containing HF, unreacted hydrogen, and nitrogen flows
through a cyclone and sintered metal filter to remove UF4 particles. The off-
gas is cooled to 100°F in a heat exchanger and flows through a refrigerated
condenser operating at about -90°F to recover HF. Uncondensed off-gas flows
to the HF scrubber system. The anhydrous HF condensate, which contains
about 200 ppm water, is collected and sampled in a hold tank that is cooled
with chilled water. Upon satisfactory analysis, the anhydrous HF is
transferred via pipeline to a storage tank cooled with chilled water in the HF
storage building. The HF is loaded into railroad tank cars or tank trucks for
delivery to customers.

Hydrogen for the reactor is provided from a packaged ammonia
dissociator unit. The chemical reaction is 2NH3 ---> N2 + 3Hj. Liquid
ammonia is vaporized and fed to the dissociator, which decomposes the
ammonia at 1600°F in a catalyst bed. The hydrogen/nitrogen mixture is fed to
the reactor.
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Preliminary major equipment includes 14 autoclaves and UFg
compressors, two 21 in. top dia by 35 in. bottom dia by 27 ft high Monel tower
reactors, a 1 ft 6 in. dia by 6 ft long 200 ft2 Monel off-gas cooler, a 2 ft dia by 6 ft

long 250 ft2 Monel off-gas condenser, two 5 ft dia by 8 ft long 1,100 gal steel HF
hold tanks, four 8 ft dia by 48 ft long 18,000 gal steel HF storage tanks, three 8 ft
dia by 40 ft long 15,000 gal steel ammonia storage tanks, and three 83 kW
ammonia dissociators.

CoNTINUOUS UF4 REDUCTION TO METAL

UF, is reduced to uranium metal using magnesium metal. The chemical
reaction is UF4 + 2Mg ---> U + 2MgF5. Iron is added to produce a uranium
alloy with 3% iron. The system is shown in Figure 4-4.

UF4, magnesium, iron, and sodium chloride solids are fed into one of two
weigh bins for feed makeup. Iron is added to lower the melting point of the
uranium metal. Sodium chloride is added to lower the melting point of the
MgF,. The batched solids are discharged into a continuous-ribbon mixer for
blending and conveyed to the reactor area.

A weigh belt feeder meters the solids feed into a reduction reactor
operating at 1000°C to produce uranium metal product and MgF; by an
exothermic reaction. The reactor is an insulated, graphite-lined vessel with
electrical heating elements that supply heat for startup of the reactor and
supplemental heat during normal operation. During operation, the reactor
contains three layers of material: a molten magnesium layer floating on top, a
molten salt zone with dispersed uranium metal, and a molten uranium
metal layer at the bottom. Underflow baffles and overflow weirs allow for
drainage of the molten uranium metal stream and the molten salt stream
from the reactor. Off-gas from the reactor, which is primarily water vapor,
argon purge, and particulates, is filtered and discharged to the Process Stack.
The molten salt drains to the NaCl dissolution system.

The molten uranium metal drains into a continuous casting machine that
consists of water-cooled iron molds linked together on a moving chain. The
uranium is cast in an argon atmosphere to produce 2 in. by 3 in. by 20 in. long
billets that weigh about 75 Ib. The argon is recirculated through a cooling and
cleanup unit. Billets are ejected from the mold by tipping, and are transferred
to a conveyor for additional cooling. The billets are packaged in boxes, each
containing 19 billets, and sent to storage and shipping.

The service life of a continuous reduction reactor is limited by
erosion/corrosion of the graphite liner. It is assumed that the reactors have
an 8 month service life, after which they are drained and disposed of as low
level waste.

Preliminary major equipment includes an 8 ft dia by 23 ft high 1,000 ft3
steel UF4 bin, a 7 ft dia by 23 ft high 800 ft3 steel NaCl bin, a 6 ft dia by 22 ft

high 550 ft3 steel Mg bin, a 4 ft dia by 6 ft high 60 ft3 steel Fe bin, two 6 ft dia by
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8 ft high 150 ft3 steel weigh bins, a continuous-ribbon solids mixer, three 6 ft
dia by 8 ft high reduction reactors, off-gas filtration equipment, three 4 ft by
10 ft by 4 ft high uranium casting machines, and a uranium billet packaging
station.

NACL DISSOLUTION AND MGF; DRYING

The molten MgF>-NaCl salt from the reactor is cooled and processed to
separate the MgF, from the NaCl. The system is shown in Figure 4-5.

The molten MgF>-NaCl salt drains from the reactor into a quench tank,
where it mixes with a salt water slurry and fresh water. The molten salt cools,
solidifies, and shatters into small pieces. The slurry recirculates through a
heat exchanger for cooling. The slurry flows to a vertical stirred mill
containing ceramic or metal balls that grind the salt into small particles to
expose the NaCl for dissolution.

The ground slurry flows to a dissolution tank, where additional water is
added and the slurry is agitated to dissolve the NaCl. The MgF, does not
dissolve because it is not soluble in water. The MgF; is separated from the
NaCl solution and washed with water in a rotary drum vacuum filter, then
dried in a steam-heated rotary tube dryer. After cooling, the MgF» is packaged
in drums and sent to the storage building. The NaCl solution from the drum
filter is sent to the NaCl crystallization system.

Preliminary major equipment includes three 4 ft dia by 6 ft high 350 gal
Monel quench tanks, three 2 ft dia by 6 ft long 350 ft2 Monel quench coolers, a
6 ft by 17 ft by 25 ft high 50 hp vertical stirred grinding mill, a 11 ft dia by 13 ft
high 9,000 gal Monel NaCl dissolution tank, two 8 ft dia by 12 ft long Monel
rotary drum filters, a 4 ft 6 in. dia by 30 ft long 955 ft2 MgF, rotary steam tube
dryer, and a MgF, drum loading station.

NaCl CRYSTALLIZATION AND DRYING

Solid NaCl is recovered from solution by crystallization and recycled to the
reduction reactor. The system is shown in Figure 4-6.

The dissolved NaCl solution from MgF, filtration is fed to a forced-
circulation, mechanical recompression crystallizer for NaCl recovery. The
crystallizer, operating at about 228°F and atmospheric pressure, evaporates
water from the feed solution to form a slurry containing about 30% NaCl
solids. A pump recirculates the crystallizer slurry through an external heat
exchanger to supply heat for vaporizing the water. The NaCl product slurry
flows from the crystallizer to a centrifuge for dewatering. The liquid is
recycled to the crystallizer. The NaCl cake is dried in a rotary steam-heated
dryer, cooled, and sent to the reduction reactor for feed makeup.
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The vapor from the crystallizer is compressed in a motor-driven,
centrifugal compressor to about 25 psia. The vapor is condensed in the heat
exchanger to provide heat to the crystallizer. The majority of the heat (>95%)
is provided by the compressed vapor, with the remainder provided by boiler
steam. The condensate is flashed, cooled, and reused in the NaCl dissolution
system.

It is assumed that the NaCl solution does not contain significant
impurities that could build up in the crystallizer or in the NaCl being
recycled. To remove impurities, a purge stream would be periodically drawn
from the crystallizer, evaporated, and dried or grouted for disposal.

The NaCl crystallization operation is energy-intensive. Depending on the
cost of electrical power, steam, and other factors at the actual plant site, other
types of crystallizers, such as a steam-heated, triple-effect crystallizer, may be
more economical.

Preliminary major equipment includes an 18 ft dia by 17 ft high 32,000 gal
Monel crystallizer feed tank, a 15 ft dia by 30 ft high Monel crystallizer, a 6 ft
dia by 20 ft high 10,000 ft2 titanium tube crystallizer heat exchanger, a 30,000
gpm 500 hp Monel crystallizer circulation pump, a 1,500 hp crystallizer vapor
compressor, a 100 hp Monel NaCl centrifuge, an 11 ft dia by 11 ft high 7,500 gal
steel condensate tank, a 16 ft dia by 20 ft high 30,000 gal steel recycle water

tank, and a 4 ft 6 in. dia by 35 ft long 1,120 ft> Monel rotary steam tube dryer.
HF SCRUBBING SYSTEM

Off-gas from HF condensation is treated in a scrubber to reduce
atmospheric releases of HF to acceptable levels. The system is shown in
Figure 4-7.

The off-gas enters a packed column, where it is contacted with a potassium
hydroxide (KOH) scrub solution. The HF is removed by the reaction
HF + KOH --> KF + HyO. The treated off-gas is filtered, mixed with
ventilation exhaust air to dilute the hydrogen to a safe concentration, and
discharged to atmosphere. The spent scrub solution is collected in a
precipitation tank, where hydrated lime is added to remove the fluoride and
regenerate the KOH by the reaction 2KF + Ca(OH); --> CaF> + 2KOH. A
minimum level of KF is maintained in the scrub solution by adding less than
the stoichiometric quantity of lime. This ensures all the lime reacts, which
keeps solid lime out of the CaF; product and the packed bed scrubber.

The scrub solution slurry is filtered in a rotary drum vacuum filter or a
pressure filter to remove the solid CaF; precipitate. The CaF; is washed with
water to remove impurities and dried in a steam-heated rotary tube dryer.
After cooling, the CaF; is packaged in drums and sent to the storage building.

The KOH and wash water filtrate are collected, and a side stream is
withdrawn and evaporated to remove the water formed by the scrubber
chemical reaction and the water added for CaF; washing. The filtrate is then
cooled and pumped back to the scrubber as scrub solution.
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Preliminary major equipment includes a 1 ft dia by 15 ft high Monel HF
scrubber with plastic packing, 4 ft dia by 5 ft high 500 gallon Monel
precipitation and filtrate tanks, a 3 ft dia by 3 ft 6 in. long Monel rotary drum
filter, a 1 ft 6 in. dia by 4 ft Monel evaporator/condenser unit, a 2 ft dia by 6 ft
long steel rotary dryer, and associated tanks and pumps.

UF¢ CYLINDER HANDLING SYSTEMS

Incoming, filled DUFg cylinders will be off-loaded from either rail cars or
flatbed trucks by a yard crane. The crane will place the cylinder on a cart,
which is towed to the storage area. The crane will then lift the cylinder off the
cart and place it into a storage position. When a cylinder is to be transported
to the Process Building, the yard crane will again load the cylinder on a cart,
which is towed into the Process Building. Once the cylinders are in the
autoclave area of the Process Building, the cylinders will be handled by an
overhead bridge crane.

Because of the potential radiation exposure to workers, the outgoing,
empty cylinders will be removed from the autoclaves by the use of remote
handling equipment to disconnect the cylinders from the autoclaves and
attach it to the overhead crane. The crane will remove the cylinders and
position them for pick-up by a shielded straddle carrier. The shielded straddle
carrier will transport the cylinders to the Outgoing, Empty Cylinder Storage
Building.

In the course of normal operations, the only personnel that will enter the
Outgoing, Empty Cylinder Storage Building will be the straddle carrier
operators, who will be in an enclosed and ventilated operator's cab. After the
daughter products have decayed to acceptable levels, the straddle carrier will
retrieve the cylinders from the storage building and transport them to the
crane facility for shipment. The yard crane will load all cylinders for
shipment off-site.

WASTE MANAGEMENT

The primary wastes produced by the process are empty UFg cylinders,
failed continuous metal reduction reactors, and nonhazardous MgF;. For this
study, it is assumed that the empty DUF cylinders are shipped off-site for
treatment, disposal, or reuse without on-site treatment.

Radioactive or hazardous material liquid waste includes decontamination
liquids, laboratory liquid wastes, contaminated cleaning solutions, lubricants,
and paints. Other radioactive or hazardous material-contaminated solid
waste from the process includes failed process equipment, failed or plugged
sintered metal filters, dust collector filter bags, and HEPA filters. Other
contaminated solid waste includes laboratory waste, wipes, rags, operator
clothing, packaging materials, etc.
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The waste management operations are in accordance with DOE Order
5820.2A and the Resource Conservation and Recovery Act.

Low-level radioactive waste will be shipped to an off-site disposal facility.
Hazardous waste will be shipped off-site for final treatment and disposal.
Waste processing/packaging systems have been provided for minimal
pretreatment prior to shipment (e.g. size reduction, compaction, grouting).

Liquid and gaseous effluents are treated as necessary to meet effluent
standards and discharge permit limits. A decontamination waste treatment
system and an industrial waste treatment system are provided. Domestic
sanitary waste is treated in an onsite treatment facility. Nonhazardous solid
waste is sent to a sanitary waste landfill.
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5.0 Resource Needs

MATERIALS/RESOURCES CONSUMED DURING OPERATION
5.1.1 Utilities Consumed

Annual utility consumption for facility operation is presented in Table 5-1,
including electricity, fuel, and water usage. This is followed by Table 5-2
showing consumable chemical and process material annual usage. An

assumed average or normal throughput is the basis for the data.

Table 5-1, Utilities Consumed During Operation

Annual Average
Utilities Consumption Peak Demandl
Electricity 44 GWh 6.0 MW
Liquid Fuel 6,500 gals NA
Natural Gas? 100 x 106 scf NA
Raw Water 55 x 106 gals NA

1 Peak demand is the maximum rate expected during any hour.
2 Standard cubic feet measured at 14.7 psia and 60 °F.

5.1.2 Water Balance
Figure 5-1 is a preliminary conceptual water balance for the facility. This
balance is based on the greenfield generic midwestern U.S. (Kenosha, WI) site

as described in Appendix F of the DOE Cost Guidelines for Advanced Nuclear
Power Technologies, ORNL/TM-10071/R3.

5.1.3 Chemicals and Materials Consumed
Table 5-2 shows annual chemicals and materials consumed <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>