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1.0 Introduction

With the publication of a Request for Recommendations and Advance Notice of Intent in the
November 10, 1994, Federal Register (59 FR 56324 and 56325), the Department of Energy
(DOE) initiated a program to assess alternative strategies for the long-term management or use of
depleted uranium hexafluoride (UFg) stored in the cylinder yards at Paducah, Kentucky;
Portsmouth, Ohio; and Oak Ridge, Tennessee. The current management strategy entails
handling, inspection, monitoring, and maintenance activities to ensure safe storage of the
depleted UF,. The alternatives to continuing the current management strategy are strategies
focusing on use, long-term storage, or disposal of the material, or some combination thereof.
Complete management strategies may also involve transportation and, in many cases, conversion
to another chemical form.

All alternative management strategies, including the current management strategy (the “no action
alternative”), are analyzed in a Programmatic Environmental Impact Statement (PEIS) for their
impacts on the natural environment and on human health.! In addition, an accompanying cost
analysis report has been prepared to provide comparative cost data for the options analyzed in
this Engineering Analysis Report and the alternatives analyzed in the PEIS.?> The PEIS, the
Engineering Analysis Report, and the Cost Analysis Report will be used by DOE in the decision-
making process, which is expected to result in a Record of Decision in 1998. This Record of
Decision will complete the first phase of the Depleted Uranium Hexafluoride Management
Program, management strategy selection. During the second phase, site-specific and technology-
specific issues will be determined.

The Engineering Analysis Project for the Depleted Uranium Hexafluoride Management Program
consists of technology and engineering assessments. The technology assessment identified and
assessed the options which were to be considered in developing management strategy
alternatives. Fifty-seven responses were received to a Request for Recommendations, which
asked members of the general public, industry, and other government agencies to submit
suggestions for potential uses for depleted UFy, as well as for technologies that could facilitate
long-term management of the material. The results of the independent review of the

lus. Department of Energy. Draft Programmatic Environmental Impact Statement for Alternative
Strategies for the Long-Term Management and Use of Depleted Uranium Hexafluoride. 1997.

2Elayat, H., I. Zoller, and L. Szytel, L. Draft Cost Analysis Report for Alternative Strategies for the Long-
Term Management of Depleted Uranium Hexafluoride. Lawrence Livermore National Laboratory. 1997.
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recommendations were presented in The Technology Assessment Report for the Long-Term
Management of Depleted Uranium Hexafluoride, published June 30, 1995.}

The goal of the Engineering Analysis Project is to perform a comprehensive technical analysis of
the options and suboptions involved in the alternative strategies being considered for the long-
term management of depleted UF, based on the technology assessment. Preconceptual, non-site-
specific engineering data were developed under the Engineering Analysis Project for this
purpose. Preconceptual data are developed for a project at the time of project identification.
Since these data are developed prior to conceptual design, they are scoping level, order of
magnitude only. As described in DOE Order 4700.1, conceptual design encompasses those
efforts to develop a project scope that will satisfy program needs; assure project feasibility and
attainable performance levels; develop reliable cost estimates and realistic schedules in order to
provide a complete description of the project for congressional consideration; and develop
project criteria and design parameters for all engineering disciplines.* Preliminary or Title I
design continues the design effort utilizing the conceptual designs. Title I design is usually the
first line-item funded design effort for a facility and the design at this point will be site-specific.
In the current phase of the Depleted UF; Management Program, it is appropriate to consider
engineering and cost data at the preconceptual level in order to determine a long-term
management strategy. Following the Record of Decision, conceptual and then Title I design data
would be developed for the specific technology(ies) and site(s) involved in the implementation.

The analysis of options and suboptions includes the development of facility layouts; estimates of
effluents, wastes, and emissions; specification of resource requirements; preliminary hazards
assessments; parametric assessments; development of accident scenario data; and the analysis of
license, permit, and regulatory requirements. The Draft Engineering Analysis Report presents
the results of the Engineering Analysis Project to date. The final Data Requirements Report,
which established the baseline data requirements for the Cost Analysis Project and the PEIS,
served as the basis for preliminary data development. The data developed in the Engineering
Analysis Project supported preparation of both the PEIS and the Cos? Analysis Report. The Final
Engineering Analysis Report is planned to be published concurrently with the final PEIS.

The results of this analysis will assist DOE in selecting a management strategy for depleted UF,
by providing the engineering information necessary to evaluate the environmental impacts and
costs of implementing the management strategy alternatives.

3Zoller, J.N., etal. The Technology Assessment Report for the Long-Term Management of Depleted
Uranium Hexafluoride. UCRL-AR-1203372. Lawrence Livermore National Laboratory. June 30, 1995.

‘us. Department of Energy. DOE Order 4700.1, Project Management System, Change 1: 6-2-92.
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1.1 Overview of the Depleted Uranium Hexafluoride Management Program

The Depleted UF, Management Program consists of two phases. The first phase is management
strategy selection. Activities in this phase include an engineering analysis, an assessment of
environmental impacts, and an estimate of the life-cycle costs of alternative management
strategies. Selection of the preferred long-term management strategy will be documented in a
Record of Decision, which is scheduled to be published in 1998.

The second phase of the Program will focus on implementation of the management strategy
adopted in the Record of Decision. This phase will involve the selection of specific technologies
or uses, and specific site(s) where implementation is to occur. National Environmental Policy
Act (NEPA) review may result in the preparation of one or more documents to assess the site-
specific impacts from transport of materials along defined routes or from the siting of facilities or
the use of specific technologies.

1.2 Source of the Depleted Uranium Hexafluoride Stored at the Gaseous Diffusion Plants

Uranium is a naturally occurring radioactive element containing several different isotopes,
notably uranium-238 (U-238) and uranium-235 (U-235), which is the fissionable isotope. As
found in nature, uranium is about 99 percent U-238, with a U-235 concentration of only about
0.711 weight percent. To produce controlled fission in nuclear chain reactions, uranium must be
"enriched" in the U-235 isotope. Enrichment is a process by which the different isotopes are
separated and their relative concentrations changed. For example, in uranium for nuclear power
reactors, the concentration of the U-235 isotope is typically increased from 0.711 weight percent
to about 3-5 weight percent, with a corresponding decrease in the amount of U-238. "Highly
enriched" uranium can have concentrations of U-235 ranging from 20 to over 95 percent.

The uranium enrichment process used in the United States is called gaseous diffusion, which was
first developed on a large scale in the 1940s as part of the Manhattan Project at the DOE Oak
Ridge Reservation in Tennessee. Two more plants were added at Paducah, Kentucky, and
Portsmouth, Ohio, in the 1950s to help produce highly enriched uranium for defense purposes, as
well as low-enriched uranium for making commercial reactor fuel. In its natural state, uranium
occurs as an oxide ore (U,0y). This oxide ore is concentrated and then fluorinated to yield
uranium hexafluoride (UFy), the input material for the gaseous diffusion process. When heated at
atmospheric pressure, UF, sublimes (i.e., changes from the solid to the gas phase) at 133.8°F and
can be fed into the isotopic separation equipment.

The basis for enrichment by gaseous diffusion lies in the fact that lighter gas molecules move
more quickly than heavier gas molecules. Thus, if both heavier and lighter molecules are present
in a porous container, the lighter, faster moving molecules will strike the barrier wall more
frequently and more of them will pass through the openings; the heavy molecules strike the
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openings less frequently and are more likely to remain behind. Applying this principle to UF,,
molecules containing the lighter uranium isotope (U-235) will diffuse, or pass through the
openings, more easily than the molecules containing the heavier U-238 isotope. (Fluorine has
only one isotope and therefore does not affect the weight difference.)

In a gaseous diffusion stage, a UF, feed stream is pumped into a porous container, or barrier tube.
Aided by large gas compressors, about half the gas diffuses through the tiny holes in the barrier.
This diffused stream is called the "enriched stream" because it will have a slightly higher
concentration of the lighter U-235 isotope than the feed stream had. Conversely, the undiffused
gas will have a slightly lower concentration of U-235 and is therefore called the "depleted
stream."”

Because the weights of U-235 and U-238 are so close, only a very small degree of separation
occurs in a single stage. To achieve significant enrichment, gaseous diffusion plants link large
numbers of stages into interconnected series known as cascades. The typical reactor fuel
enrichment to 3-5 weight percent U-235, for example, requires at least 1,200 stages in series;
highly enriched uranium with a U-235 concentration of over 90 percent has to go through more
than 4,000 stages. At the end of each stage, the enriched stream is fed on to the next higher
stage, and the depleted stream is recycled to the next lower stage. When the UF; is depleted to
0.2-0.4 percent U-235, it can no longer be effectively recycled and is withdrawn from the
cascade. Although ratios may vary in practice, producing 1 kilogram (kg) of UF, enriched to 3
percent U-235 will typically result in about 5 kg of depleted UF; at 0.25 percent U-235. This
depleted UF; is usually put into storage by the gaseous diffusion plants. Customers for the
enriched product could take the depleted UF; however, most of them have chosen not to do SO,
and DOE has historically retained the material.

In 1985, due to a decrease in the need for enrichment services, all enrichment operations at the
Oak Ridge plant ceased. In 1992, in response to the reduced requirements of the U.S. defense
programs, the production of highly enriched uranium at Portsmouth was discontinued. The
Department continued to operate the Portsmouth and Paducah Gaseous Diffusion Plants until
July 1, 1993, when it leased them to the United States Enrichment Corporation (USEC), as
required by the Energy Policy Act of 1992. Uranium is still enriched at the Paducah and
Portsmouth sites by USEC. The USEC Privatization Act (P.L. 104-134), signed into law on
April 26, 1996, provides for the transfer of ownership of USEC from the government to private
investors. Section 3109(a)(2) of the Act provides for a Memorandum of Agreement, which will
allocate liabilities among DOE, USEC, the United States government, and the new private
Corporation, including those arising from the disposal of depleted UF, generated by USEC
between July 1, 1993, and privatization. This Memorandum of Agreement is currently under
discussion by the Office of Management and Budget (OMB), USEC, and DOE. The depleted
UF, produced by USEC after July 1, 1993, will be considered once the Memorandum of
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Agreement is finalized and DOE’s responsibilities are clear, either in the final Engineering
Analysis Report and PEIS or in follow-on reviews, as appropriate.

From 1945 until July 1, 1993, approximately 560,000 metric tons (MT) of depleted UF,
accumulated at the three gaseous diffusion plant sites. This depleted UFg is stored as a solid in a
partial vacuum in steel cylinders, each containing approximately 9 to 12 MT. The specifications
for the majority of these cylinders are 3.7 m (12 ft) long and 1.22 m (4 ft) in diameter, with a wall
thickness of 0.79 cm (5/16 in.). The depleted UF, inventory occupies 46,422 cylinders,
distributed as follows: 28,351 cylinders at Paducah; 13,388 cylinders at Portsmouth; and 4,683
cylinders at Oak Ridge (K-25 Site).> The cylinders are stacked two high, resting on concrete or
wooden storage chocks, in open gravel, asphalt, or concrete storage yards.

The Department is responsible for safely storing and managing its depleted UF,. The activities
supporting continued storage include the following:

. Routine visual and ultrasonic inspections of cylinders

. Cylinder painting

. Cylinder valve monitoring and maintenance

. General storage yard and equipment maintenance

. Yard reconstruction to improve storage conditions

. New storage yard construction

. Relocation of cylinders to new yards or to improve access for inspections
. Repair (patch welding) and contents transfer for breached cylinders

. Data tracking, systems planning and execution, and conduct of operations

The UF, Cylinder Program Management Plan is the controlling document for management and
implementation of program operations.® Safety analysis reports were prepared for the three sites
to define the safety basis for operations.

1.3 Rationale for the Depleted Uranium Hexafluoride Management Program

The goal of the Depleted Uranium Hexafluoride Management Program is to select and
implement a long-term management strategy for DOE’s depleted UF, The current DOE plan for
management of the depleted UF is to continue safe storage of the cylinders. If no uses for the
depleted uranium are found to be feasible by about the year 2010, steps would then be taken to
convert the UF; to triuranium octaoxide (U;0g). The U,O4 would be stored until it was

The K-25 site is now called the East Tennessee Technology Park, but is referred to as the K-25 site
throughout this document.

®Lockheed Martin Energy Systems. UF, Cylinder Program Management Plan. K/TSO-30. July 1996.
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determined that all or a portion of the depleted uranium was no longer needed. At that point, the
U;0; would be disposed of as low-level waste.” This plan was based on assumptions that
supported reserving depleted UF; for future defense needs and other potential productive and
economically viable purposes, including possible re-enrichment in an atomic vapor laser isotope
separation (AVLIS) plant, conversion of UF; to depleted uranium metal for fabrication of
penetrators (anti-tank weapons), and use as fuel in advanced liquid metal reactors.

Since the current plan was put in place, a number of developments have occurred that affect
those assumptions. For example, the Energy Policy Act of 1992 assigned responsibility for the
development of AVLIS to the USEC, the demand for penetrators has diminished, and the
advanced liquid metal reactor program has been canceled. In addition, stakeholders near the
current cylinder storage sites have expressed concern regarding potential environmental, safety,
health, and regulatory issues associated with the continued storage of the depleted UF; inventory.
The Ohio Environmental Protection Agency has issued a Notice of Violation to DOE, and the
Defense Nuclear Facilities Safety Board has provided a recommendation to the Secretary of
Energy regarding improvements in the management of depleted UF;. In addition, DOE is facing
increasing budget pressures with respect to the cost of continued cylinder storage.

The unique properties of depleted UFy, as well as the large volume in storage, suggest that the
evaluation, analysis, and decisions on the fate of this material be separate from those for other
DOE materials which are in storage or awaiting disposition. The Department has determined that
this is a major and “broad” Federal action (40 CFR 1502.4[b]) with potentially significant
environmental impacts and therefore requires the preparation of a Programmatic Environmental
Impact Statement (PEIS) in accordance with the National Environmental Policy Act of 1969.

1.4 Program Elements

The first phase of the Depleted Uranium Hexafluoride Management Program, management
strategy selection, is composed of three elements: engineering analysis, cost analysis, and a PEIS.
The relationship between these Program elements is shown in Figure 1. Lawrence Livermore
National Laboratory (LLNL) and its subcontractor, Science Applications International
Corporation (SAIC), have been tasked by DOE to conduct the Engineering and Cost Analysis
Projects, while Argonne National Laboratory (ANL) is developing the PEIS. Bechtel National,
Inc., and Lockheed Martin Energy Systems have also contributed to the Engineering Analysis
Project as subcontractors to LLNL. Selection a preferred long-term management strategy will be
documented in a Record of Decision, which is anticipated to be issued in 1998.

"Sewell, Phillip G. Memorandum to Leo P. Duffy. Subject: Plans for Ultimate Disposition of Depleted
Uranium. February 20, 1992.
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Public participation is an essential part of the Depleted Uranium Hexafluoride Management
Program. Both NEPA and DOE policy call for public involvement in DOE decision making, and
the Depleted Uranium Hexafluoride Management Program has included that involvement from
its early stages. The Request for Recommendations and Advance Notice of Intent published in
the Federal Register began the public involvement process. The factors that were used to
evaluate the responses were also developed with input from the public. Public information
forums were held at Portsmouth, Ohio; Oak Ridge, Tennessee; and Paducah, Kentucky, in
December 1994, July 1995, and November 1996.

The Department announced that it would prepare a PEIS on selection of a strategy for the long-
term management and use of depleted UF, on January 25, 1996, with the publication of a Notice
of Intent (61 FR 2239). Public scoping meetings were held at the three sites during February
1996 to provide an opportunity for the public to comment on the proposed action, the proposed
alternatives, and the range of impacts to be considered in the PEIS. The public was also invited
to comment by using a mail-in or fax-in response form, a toll-free telephone number, or the
e-mail link on the depleted UF; Management Public Scoping Homepage on the Internet.
Additional public meetings are planned for the PEIS preparation process, including a workshop
focused on industry and public hearings on the draft PEIS. The public will also be able to
comment on the draft PEIS through the same means as were used during scoping. The intention
is to provide multiple opportunities for public involvement in the DOE decision-making process
and to ensure effective two-way communication between DOE and its stakeholders.
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Figure 1 - Elements of the Depleted UF; Management Program
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1.4.1 Engineering Analysis/Technology Assessment

Technology assessment was the precursor to the Engineering Analysis Project. The goal of the
technology assessment was to identify and assess options that could be used in the development
of alternative strategies for the long-term management of depleted UF,. To facilitate
identification of options, the Department issued a Request for Recommendations in the Federal
Register on November 10, 1994 (FR 56324), asking individuals, industry, and other government
agencies to submit suggestions for potential uses for depleted UF, as well as for technologies
that could facilitate long-term management of the material. Fifty-seven responses were received,
resulting in 70 recommendations (some responses contained more than one recommendation).
The total recommendations also included five options that DOE was already considering, but that
were not suggested in any of the other responses.

Using evaluation factors that were developed with input from the public, independent technical
experts reviewed and evaluated the recommendations received before the submission deadline
(January 9, 1995). Responses received after the submission deadline were evaluated by the
Independent Technical Reviewers as time allowed, or by Lawrence Livermore National
Laboratory and Science Applications International Corporation staff. The results of the review
were presented in The Technology Assessment Report for the Long-Term Management of
Depleted Uranium Hexafluoride, published June 30, 1995.°

As a result of the technology assessment process, the Department’s efforts to seek and consider a
wide range of options have been successful. Many of the options recommended in response to
the Request for Recommendations were already known, while other responses contained
information on unique technologies and potential uses which had not been evaluated previously.
The feasible recommendations fall into four broad categories—conversion, use, storage, and
disposal—which, along with transportation, comprise the five “modules” or building blocks for
constructing management strategy alternatives. The Engineering Analysis Project, discussed in
detail in Section 2, has developed the engineering data for representative options in each of these
modules.

1.4.2 Cost Analysis

Cost is one of the factors that has an important bearing on the selection of a long-term
management strategy for depleted UF,. The Cost Analysis Project estimated the life-cycle costs
of the depleted UF, management strategy alternatives being considered by DOE. The Draft Cost

870oller et al., 1995.
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Analysis Report’ presents life-cycle cost estimates for each of the options analyzed in the Draft
Engineering Analysis Report and the management strategy alternatives included in the PEIS.
The costs are estimated at a scoping or preconceptual design level and are intended to assist
decision makers in comparing alternatives. The focus is on identifying the relative differences in
the costs of alternatives for purposes of comparison, not on developing absolute costs or bid-
document costs.

The technical data upon which the cost analysis is based are principally found in this Draft
Engineering Analysis Report. Some factors that contribute to and affect the primary capital and
operating costs include the following:

Research and development

Contingency for cost uncertainty

Potential revenue from sales of products or by-products
Permits, licensing, and environmental documentation
Production rate

Title I, II, and III engineering, design, and inspection
Construction management

Waste handling and disposal

Decontamination and decommissioning

1.4.3 Programmatic Environmental Impact Statement

A PEIS is a type of Environmental Impact Statement (EIS) that deals with broad strategies and
decisions, such as those that are regional or national in scope. The impacts analyzed are generic
rather than site-specific. The PEIS on selection of a strategy for the long-term management or
use of depleted UF evaluates the impacts of reasonable alternative strategies and supports the
selection of a strategy for implementation. The alternatives are analyzed for their potential
impacts on the human environment, including risks to worker and public health and safety. The
analysis includes the impacts of the current management activities for depleted UF cylinders at
the Department’s three gaseous diffusion plant sites, technologies for converting the depleted
UF; to other chemical forms, long-term storage, transportation of materials, use, and disposal.
The specific process(es) and the site(s) for conversion, manufacturing, disposal, or storage
facilities will be determined in the second phase of the Program. Additional NEPA documents
will be prepared as necessary to consider these specific impacts.

The Advance Notice of Intent to prepare an EIS published in the Federal Register on November
10, 1994 (59 FR 56325), included a preliminary list of four alternatives for consideration:

’Elayat et al. 1997.
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(1) continuation of current storage and management practices; (2) modification of depleted UF;
storage facilities and procedures; (3) use of depleted UF;; and (4) disposal of depleted UF.
These alternatives were further defined in the Notice of Intent, published in the Federal Register
on January 25, 1996 (61 FR 2239). The preliminary management strategy alternatives, as
described in the Notice of Intent, included the current management plan (the “no action
alternative”), two storage alternatives, two use alternatives, and one disposal alternative. At the
time of public scoping, the no action alternative was based on the course of action outlined by
Sewell (1992). After public scoping and DOE internal review, the no action alternative was
modified to be indefinite storage of depleted UF, cylinders at the three sites.

Two long-term storage alternatives are considered in the PEIS. These are storage as depleted
UF, and storage as an oxide—either triuranium octaoxide (U;O;) or uranium dioxide (UQO,).
Storage for up to 40 years is analyzed. The options for storage as UF, include (1) storage in
yards, (2) storage in enclosed buildings, and (3) deep underground retrievable storage (in a
mined cavity). Storage as U,0, or UO, would involve transport of the depleted UF; to a
conversion facility, conversion to the chosen oxide form, and transport of the oxide to a storage
facility. The storage facilities analyzed for U,O, or UO, are (1) buildings, (2) below ground
cement vaults, and (3) deep underground retrievable storage (in a mined cavity).

Of the various uses for depleted UF, proposed in responses to the Request for Recommendations,
two use alternatives are analyzed in the PEIS: the production of radiation shielding from UO,
(DUCRETE™) and the production of radiation shielding from uranium metal.’® The basic steps
which make up a use alternative are (1) transport of the depleted UF, from current storage to a
conversion facility, (2) conversion of the depleted UF, to UO, or uranium metal, (3) transport of
this new material to a fabrication plant, (4) manufacture into radiation shielding, and (5) transport
of this product to the user.

The disposal alternative for depleted UF, includes conversion to U,0;, or UO, and three different
disposal facility configuration options. Because it is chemically stable and insoluble, the oxide
form is generally regarded as the most appropriate form for permanent disposal. In this scenario,
the material would be disposed of as a low-level radioactive waste. The steps in the disposal
alternative are (1) transport of the depleted UF, from current storage to a conversion facility,

(2) conversion to U,O4 or UO,, (3) transport of the oxide to a disposal facility, and (4) disposal.
The facility designs analyzed in the disposal alternative will include drums placed in

(1) engineered trenches, (2) below ground concrete vaults, and (3) a mined cavity. Both bulk
disposal and grouted disposal forms are considered. Bulk disposal consists of placing the U,Oy
or UQ, directly in the drums. Grouted disposal involves first fixing the oxide in a cement-type

"DUCRETE™ is a trademark of Lockheed Martin Idaho Technologies Company and is licensed to
Nuclear Metals, Inc., Concord, MA.
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medium. General facility configurations are assessed for both humid and arid hypothetical
locations to provide the full range of potential impacts.

In addition to preparing the PEIS, Argonne National Laboratory is responsible for collecting and
developing the data necessary to analyze the continuation of current storage and management
practices (i.e., the no action alternative). Under the no action alternative, cylinder management
activities (handling, inspection, monitoring, and maintenance) would continue indefinitely.
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2.0 Engineering Analysis Project
2.1 Purpose

The goal of the Engineering Analysis Project is to perform a comprehensive technical analysis of
the options and suboptions involved in the alternative strategies being considered for the long-
term management of depleted UF,. The data developed in this project supported preparation of
both the PEIS and the Cost Analysis Report. This is a top-level analysis, projecting the
processes, facility size, and quantities of materials which would be involved in each of the
various options. The generic, non-site-specific data (preconceptual, scoping level) are being
documented in a series of engineering analysis reports (EARs). The first, the Interim
Engineering Analysis Report, was completed November 30, 1995. The data from the interim
EAR were revised in response to comments from Depleted Uranium Hexafluoride Management
Program personnel, and the Predecisional Draft Engineering Analysis Report was completed on
March 22, 1996. Additional accident analyses and another option for preparing the cylinders for
shipment were included in the March 22, 1996, document.

The Predecisional Draft Engineering Analysis Report was updated on November 15, 1996, in
response to comments from Depleted Uranium Hexafluoride Management Program personnel, to
maintain compatibility with the PEIS, and to incorporate new information such as the regulatory
and parametric analyses. The current report reflects the latest revisions to the engineering data.
The Final Engineering Analysis Report, incorporating comments on the draft EAR, will be made
available to the public concurrently with the final PEIS.

With the exception of the no action alternative, long-term management strategy alternatives for
depleted UF, consist of options and suboptions from two or more of the following five
“modules”: use, storage, disposal, conversion, and transportation. Conversion to another form,
such as U,0q, UO,, or metal, is needed to implement most of the alternatives. Likewise,
transportation of materials is an integral part of constructing the complete pathway between the
current storage sites and ultimate disposition for all alternatives except no action The analysis of
options and suboptions includes the development of preconceptual designs; estimates of
effluents, wastes, and emissions; specification of resource requirements; preliminary hazards
assessments; parametric assessments; development of accident scenario data; and the analysis of
license, permit, and regulatory requirements. The results of this analysis will assist DOE in
selecting a strategy by providing the engineering information necessary to evaluate the
environmental impacts and costs of implementing the management strategy alternatives.

2.2 Work Breakdown Structure

A work breakdown structure (WBS) was prepared to provide a disciplined basis for analysis and
comparison of depleted UF; management strategies. The Engineering Analysis Project analyzed
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the alternative strategies by their components (modules). Figure 2 summarizes the WBS

modules and the top-level options that are the building blocks for any alternative. The depleted
UF, work breakdown elements and levels were chosen to facilitate the preparation of complete
management strategy alternatives from a common database. While certain WBS elements will be
alternative-specific, many are applicable to a range of alternatives. For example, those WBS
elements that pertain to transportation and conversion apply to most alternatives. The WBS
levels are briefly described as follows:

Level 1 Depleted UFy Management Program (general).

Level IT Modules.
— The basic building blocks for constructing complete management
strategies.

Level IT Options.
— The general options for implementing modules and global actions
related to individual modules.
— Characteristic actions, material forms, applications, and end points that
capture basic differences in environmental risks.

Level IV Suboptions (e.g., technology-specific or application-specific).
— A breakdown of implementation alternatives.
— Data to support environmental risk analyses will be developed from
this level, as will flowsheets.

Level V Cost elements or accounts.
— Cost data will appear at this level.

Level VI Cost subaccounts, where necessary.

As shown in Figure 2, there are five modules in the WBS—transportation, conversion, use,
storage, and disposal. Conversion of the depleted UF, to another form is needed to implement
most of the alternatives. Three chemical forms have been identified as options within the
conversion module: U,Oq, UO,, and uranium metal. A number of technologies are possible for
each of these conversion options, and, likewise, there are multiple possibilities under each of the
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Figure 2 - Depleted UF; Management Work Breakdown Structure,

Showing Modules (Level II) and Options (Level III)
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other module options. This next level of detail in the WBS is referred to as suboptions.
Suboptions provide the technology and application definition necessary for the engineering
analysis and determination of environmental risks. The WBS for the U,O, conversion option is
graphically presented in Figure 3. Note that this figure illustrates the defluorination with
anhydrous hydrogen fluoride (HF) by-product suboption, one of two representative processes for
conversion to U;O, examined in the engineering analysis.

2.3 Data Requirements

A document entitled The Preliminary Depleted Uranium Hexafluoride Program Data
Requirements Report was developed jointly by the Engineering Analysis Project and PEIS teams
to specify the preliminary data requirements."" This preliminary Data Requirements Report was
forwarded to DOE on November 30, 1994, and signed by LLNL and ANL on December 13,
1994. The Final Depleted Uranium Hexafluoride Program Data Requirements Report, which
was forwarded to DOE on June 15, 1995, and signed by LLNL and ANL on July 18, 1995, is the
basis for data development for this Engineering Analysis Report."?

The Data Requirements Report established the baseline data requirements for the Cost Analysis
Project and the PEIS and served as the basis for preliminary data development prior to
completion of the Technology Assessment Report or scoping of the PEIS. The following
elements are included in the final Data Requirements Report:

® Definition of top-level pathways. This element involves definition of the pathway
between the current storage state and the end state for each option.

® Definition of technology modules. This element includes the work breakdown structure,
flowsheets, process descriptions, material and energy balances, and top-level design and
layouts.

® Definition of transportation requirements. This element includes identification of
material quantities, characteristics, transportation packaging, transport mode, and number
of shipments.

® Parametric analysis. Schedule and throughput impacts are considered in this element.

"Letter from J.N. Zoller to C. Bradley. Subject: Preliminary Depleted Uranium Hexafluoride Program
Data Requirements Report. UP-DUF-G-95-011. November 30, 1994,

2 etter from J.N. Zoller to C. Bradley. Subject: Final Depleted Uranium Hexafluoride Program Data
Requirements Report. UP-DU/95-06-G-053. June 15, 1995.
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Figure 3 - Work Breakdown Structure for the U,0; Conversion Option, Showing
Detail to Level VI for the Defluorination with Anhydrous HF By-product Suboption
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® License, permit, and regulatory analysis. This element considers regulatory impacts upon
design and construction; licensing, permitting, and operations; and management of by-
products and waste.

® Preliminary definition of hazards. Potential radiological, chemical, and industrial hazards
from normal operations and from accident conditions are considered under this element.

® Personnel radiation exposure. This element includes estimates of the number of workers,
the approximate distance of the workers from the radiation source, and the approximate
thicknesses of construction materials.

2.4 Methodology

Individual Engineering Data Input Reports were developed for the various options (WBS Level
IIT) and suboptions (WBS Level IV) that make up the depleted UF, management strategy
alternatives. These Data Input Reports included process flowsheets, top-level facility layouts,
resource requirements, emission and waste data, and preliminary hazards assessments. The basis
for the selection of these options is described in Section 3, which is largely derived from the
report entitled Characterization of Options for the Depleted Uranium Hexafluoride Management
Program, Basis for the Interim Engineering Analysis Report.® Figure 4 shows the options and
suboptions that are being analyzed in depth. Shaded blocks indicate principal options not
analyzed in depth and their suboptions. Additional suboptions not analyzed in depth are
discussed in Section 4.

Preliminary draft Engineering Data Input Reports were furnished to DOE and ANL for review
and comment. Comments were resolved during Engineering Analysis Project team meetings and
by the use of comment response documents. The Data Input Reports were revised and are
included in Section 6 of this report.

l'3Dubrin, James W., and J.N. Zoller. Characterization of Options for the Depleted Uranium Hexafluoride
Management Program, Basis for the Interim Engineering Analysis Report. November 1995.
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Figure 4 - Table of Options

Transportation module Conversion module Use module Storage module Disposal module
po ge po
Option | Suboptions | Option [ Suboptions | Option |Suboptions | Option | Suboptions | Option | Suboptions
« Current * Defluorina-
. tion with
cylinders AHF** * U;04 grouted
Cylinder o Over- U308 by-product Preparation ¢ U02 grouted
preparation container Buildi * DUF, « U;04 bulk
* Transfer * Defluorina- UHANg 1+ U404 * UO, bulk
facihty tion with HF * U02
neutralization
Emptied | .« Treatment . . * U;Oy grouted
cylinder facility . Cf:ramm uo, Engineered | . UO, grouted
disposition with AHF trench | . y,0, bulk
by-product .
« DUF in current uo, yP U0, bulk
or new cylinders| (ceramic) | « Ceramic uo, Vault
Truck ) D‘i:;i:;ove" with HF * U0
. lcjoo n rl neutralization + U0,
38
* UO, pelletsin . . « U;04 grouted
drums Gelation Vault - UO, grouted
+ UO, micro- » U;04bulk
" spheres in drums » UO, bulk
Rai * Metal billets in « Batch
boxes metallo- * U metal
* Metal shields . shielding for
. thermic - 4
* Ducrete shields mgtal reduction R;dllz:itil:n spent Mined - DUF,
S| lel. g nuclear fuel CaVity . U308 Mined . U308 grouted
« Continuous applhica- | «UO . » UO, grouted
tions uo, 2 cavity 2
metallo- hieldi f . U3Os bulk
thermic shie t 1ng for » UO, bulk
. spen
reduction nuclear fuel

* Shaded areas indicate principal options not analyzed in depth and their suboptions
** Anhydrous hydrogen fluoride (HF)

2-7




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

In the responses to the Request for Recommendations, a significant number of conversion
technologies were recommended that, with minor exceptions, are less technically mature, but
potentially offer unique features in the areas of environmental and cost benefits. Because these
recommendations are either in the early stages of conceptualization or development, or else
contain key design aspects that are proprietary, Engineering Data Input Reports were not
generated for these options and/or suboptions. These recommended options/suboptions are
nonetheless preserved for later decision making during the second (implementation) phase of the
Depleted UF; Management Program, when more narrowly focused issues such as specific siting,
technology, and transportation issues will be analyzed. Section 4 of this Engineering Analysis
Report summarizes the set of key recommendations for which Engineering Data Input Reports
are not being generated.

2.5 Assumptions

For the purpose of developing engineering data, assumptions were made regarding throughput,
isotopic composition, bulk density, operational availability, scheduling, packaging of materials
for transportation, and lag storage of materials. These assumptions are stated in each
Engineering Data Input Report and are somewhat dependent upon the option or suboption being
analyzed. Following are some of the major assumptions used in the reports.

¢ The depleted uranium is assumed to be chemically pure, with an average isotopic
composition of 0.001 percent U-234, 0.25 percent U-235, and 99.75 percent U-238 and a
corresponding specific activity (alpha) of 4 x 107 curies per gram (Ci/g) depleted uranium
(one curie equals 3.7 x 10'° nuclear disintegrations per second). In the filled UF, cylinders,
the short-lived daughter products of U-238, thorium (Th)-234 and protactinium (Pa)-234, are
in the same equilibrium with the U-238; therefore, these beta emitters each have the same
activity as U-238 (i.e., 3.3 x 107 Ci/g)

* Itis assumed that the depleted UF, will be transported in 14-ton cylinders like those
currently used for storage and that emptied cylinders will be shipped off site for treatment,
disposal, or use. Facilities provide three months’ onsite storage for outgoing emptied
cylinders (to allow for the decay of radioactive daughter products in the heel).

¢ U;0q will have a final bulk density of 3.0 g/cubic centimeter (cc) and will be transported in
55-gallon (208-liter) drums.

* UQ,, in sintered pellets (0.82 in. x 0.82 in.) or microspheres (1200 micron and 300 micron)
will have a final density of about 10 g/cc and will be packaged for transportation in 30-
gallon (113-liter) drums.

*  Metal derbies from the batch reduction process will be about 20 in. in diameter and 6.7 in.
high and will be packaged in wooden boxes.

*  Metal billets from the continuous reduction process will be 2 in. x 3 in. x 20 in. and will be
packaged in boxes.

’
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» Itis assumed that wastes will be compacted and shipped off site for treatment and disposal.
Hazardous wastes will be hauled to a commercial waste facility for treatment and disposal
according to Environmental Protection Agency (EPA) Resource Conservation and Recovery
Act (RCRA) guidelines.

e Depleted uranium, including depleted uranium waste forms, is subject to regulation by the
Atomic Energy Act (AEA), rather than by RCRA.

* A period of 20 years is assumed to disposition the entire depleted uranium stockpile (about
560,000 MT UFq in 46,422 cylinders). This corresponds to an annual throughput rate of
28,000 MT of UF; or about 19,000 MT of uranium.

*  Operations are assumed to be continuous for 24 hours/day, seven days/week, 52 weeks/year;
annual operating time would be 7,000 hours, based on a plant availability factor of 0.8.

»  Allowance for onsite storage space generally assumes one month’s supply of incoming
materials (e.g., cylinders), product, and other outgoing materials (with the exception of three
months’ storage for emptied cylinders).

A generic schedule was assumed for conversion (including empty cylinder treatment) and
manufacturing facilities in the program. Schedules were not differentiated for DOE or privatized
facilities. Beginning from the time of the Record of Decision (ROD), technology verification
and piloting were assumed to take five years, including preliminary assessments.

Simultaneously, design activities and the safety approval/NEPA processes would be proceeding,
both of which were assumed to be completed within seven years. Site preparation, facility
construction, procurement of process equipment, and testing/installation were assumed to require
four years, which would have plant start-up occurring about 11 years after the ROD. Following a
20-year period of operation, decontamination and decommissioning would require three years.

All facilities were assumed to be constructed and operated at a generic green field site. The
general design basis was DOE Order 6430.1A, General Design Criteria."* DOE-STD-1027-92,
Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order
5480.23, Nuclear Safety Analysis Reports,"” was used as a guide to develop preliminary hazards
classifications and related design features. DOE-STD-1020-94, Natural Phenomena Hazards
Design and Evaluation Criteria for Department of Energy Facilities,'® was also used.

These categories were assigned based on engineering judgment and require additional analyses
before final hazards categories can be defined.

"*U.S. Department of Energy. DOE Order 6430.1A, General Design Criteria. April 6, 1989.

'5U.S. Department of Energy. DOE-STD-1027-92, Hazard Categorization and Accident Analysis
Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports. December 1992.

y.s. Department of Energy. DOE-STD-1020-94, Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities. April 1994,
p .
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The size, number, and arrangement of facility buildings and equipment are preconceptual and can
change significantly as the design progresses. Facilities and processes would require
optimization during subsequent design development.

2.6 Accident Analyses

Each Engineering Data Input Report found in Section 6 includes an accident analysis.
Preliminary radiological and nonradiological hazardous accident scenarios that bound and
represent potential accidents for each facility are described in each report. Accident descriptions
include the following elements:

* A description of the accident scenario.

* An estimate of the frequency of the scenario.

* An estimate of the effective amount of material at risk in the accident, based on the
equipment sizes.

* An estimate of the fraction of the effective material at risk that becomes airborne in
respirable form.

* An estimate of the fraction of material airborne in respirable form released to the
atmosphere, taking into account the integrity of the containment system.

A supplemental accident analysis was prepared for externally initiated events with very low
probabilities and significant hazardous or radiological material releases. Several plausible
accidents in the frequency range between below 10 and above 107 are considered, and each
accident is applicable to several of the options and suboptions described in the Engineering
Analysis Report. In addition to the low-probability/high-consequence accidents, accidents
involving depleted UF; in cylinders in temporary storage or involving onsite handling are
analyzed in the Supplemental Accident Analysis. This analysis is found in Section 7.0.

2.7 Parametric Analyses

A parametric analysis, considering throughput impacts, was performed for the cylinder transfer
facility option before the completion of the predecisional draft EAR. The need for parametric
analysis of other options being considered for the long-term management of depleted UF, was
determined after the end of the scoping period for the PEIS (March 25, 1996). The following
options were selected for parametric analyses:

*  Conversion to U,Oy: defluorination with anhydrous hydrogen fluoride (AHF)
*  Conversion to UO,: ceramic UO, with AHF

*  Conversion to uranium metal by continuous metallothermic reduction

*  Manufacture and use as shielding (metal and DUCRETET™)

*  Storage in buildings as UO, and UF,
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« Disposal in a mined cavity as bulk U,Oq

Data requirements and a schedule for performing these analyses were finalized in early June
1996, and the analyses were completed in October 1996. Key data elements for throughput
variations that are 50 percent and 25 percent of the reference capacity case (28,000 MT/year of
depleted UF) were evaluated. The results of the parametric analyses are presented in Section
8.0.

2.8 Regulatory Analyses
2.8.1 License, Permit, and Regulatory Analysis

A brief study was conducted to identify the major federal legislation and implementing
regulations that would apply to the options discussed in the EAR, the main compliance
requirements (e.g., permits, licenses, monitoring, and record keeping), and any regulatory
uncertainties or potential major regulatory compliance issues. For purposes of this analysis, a
“major issue” is defined as having one or more of the following characteristics: (1) there is little
or no previous experience in meeting the requirement; (2) similar activities in the past have
encountered problems; (3) an above-average amount of time would be required for compliance;
(4) there is likely to be controversy. The license, permit, and regulatory analysis will assist in the
evaluation of the different options for conversion, use, storage, disposal, and transportation, as
well as in eliminating or reducing potential problems related to regulatory issues in the design for
a particular option.

The following federal statutes/regulations were analyzed in the report (the order reflects the
number of potential regulatory compliance issues addressed):

»  Atomic Energy Act (AEA) - Nuclear Regulatory Commission (NRC) regulatiéns
e Atomic Energy Act - DOE regulations

e Clean Air Act (CAA)

e National Environmental Policy Act

* Resource Conservation and Recovery Act (RCRA)

¢ Clean Water Act (CWA)

*  Hazardous Materials Transportation Act (HMTA) and NRC transportation regulations
e Safe Drinking Water Act (SDWA)

e Occupational Safety and Health Act (OSHA)

¢  Toxic Substances Control Act (TSCA)

*  Emergency Planning and Community Right-to-Know Act (EPCRA)

Additional federal laws and regulations whose provisions deal with the protection of site-specific
resources (e.g., the Endangered Species Act) were not analyzed because the options in this EAR
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are for generic facilities only. For the same reason, state-specific laws and regulations were
beyond the scope of this study. State- and site-specific regulatory issues will be addressed in the
second, implementation, phase of the Program.

In addition to the assumptions used in the EAR, other assumptions were also used in analyzing
the regulations and determining if major issues exist. Following are some of the major
regulation-related assumptions:

*  Depleted UF; in any form will retain its classification as “source material” and will continue
to be regulated under the AEA.

¢ Depleted UF is not considered a hazardous waste; it is considered a resource with future use
applicability.

»  All of the options assume green field facilities.

*  For compliance under the AEA, it is assumed that all privately owned and operated facilities
would be regulated by the NRC and that DOE-owned and -operated facilities would be
regulated by DOE.

*  All facilities that generate hazardous waste are considered small quantity generators under
RCRA.

*  All transportation of radioactive materials would take place within the continental United
States.

The overall conclusion of the regulatory analysis is that no particular option stands out, either
positively or negatively, in terms of regulatory compliance, nor do there appear to be any
regulatory issues that would preclude an option from being chosen. A number of options for
storage and disposal present major issues in terms of AEA licensing or compliance and NEPA
compliance; options for conversion and use present major compliance issues in terms of CAA
permitting and potentially for CWA permitting. The reclassification of depleted UF; as other
than a source material could have major impacts on both RCRA and CWA compliance, affecting
the permitting requirements for both regulations. Compliance at green field sites appears to be
more problematic for a number of regulations in comparison with compliance at existing DOE or
private facilities, where permit modifications may be all that are needed under the AEA, the
CAA, the CWA, and RCRA. The time and uncertainty for such modifications is significantly
less than for new permits. Ownership of materials and facilities has implications for regulatory
compliance under the AEA and NEPA. In general, DOE’s compliance burden is reduced
whenever a private entity is the owner or operator.

2.8.1.1 Conversion
RCRA could involve some major compliance issues and uncertainties with regard to hazardous
waste generation from conversion processes. Like the use and disposal facilities included in this

EAR, the conversion facilities would ship mixed waste off site to a RCRA-permitted facility for
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treatment, storage, and disposal. However, treatment and disposal options for mixed wastes are
currently limited. Because conversion, use, and disposal facilities would be considered small
quantity generators under RCRA, RCRA permits would not be required. However, if onsite
storage of hazardous or mixed waste becomes necessary for longer than the period allowed for a
small quantity generator, a RCRA storage permit would have to be obtained.

Preparing the depleted UF; cylinders for transport from the current storage sites to offsite
conversion facilities presents a potential major compliance issue because a number of the
cylinders do not currently meet Department of Transportation (DOT) requirements for offsite
shipment. Options for preparing cylinders for shipment are analyzed in Sections 6.1 and 6.2 of
the EAR. Preparation of nonconforming cylinders for shipment is also addressed.

2.8.1.2 Use

Like conversion facilities, manufacturing facilities could potentially have to comply with RCRA
storage and permitting requirements if adequate offsite treatment and disposal options for
hazardous or mixed waste are not available.

2.8.1.3 Storage

Licensing under the AEA for private, long-term storage facilities is unprecedented and inherently
controversial. Convincing regulators that storage options do not constitute disposal, especially in
the case of the below ground vault or mine options, could be a major regulatory compliance
issue. This would require extensive negotiations and demonstration that there is a defined term
for storage and likely use of the material at the end of the storage period.

NEPA compliance represents a potential major issue because of the likelihood of controversy.
Previous DOE NEPA documents on long-term storage facilities have often taken much longer
than anticipated and have sometimes resulted in litigation. Options involving vault and mine
storage may be perceived by both regulators and the public as disposal. Site-specific EISs for
these options would take longer to develop (between three and six years) than a typical EIS.

Like the conversion options, storage as depleted UF, could present major regulatory compliance
issues related to the shipment of existing cylinders. Many of these cylinders currently do not
meet DOT requirements for offsite shipment.

2.8.1.4 Disposal

The licensing of new low-level waste (LLW) disposal facilities under the AEA would be a major
compliance issue. Licensing under the AEA by NRC or authorized states may be difficult due to
the extensive regulatory requirements and the inherently controversial nature of the subject.
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Approvals under the AEA by DOE for new LLW disposal facilities may be difficult due to
extensive performance assessment requirements. Disposal facilities could potentially be required
to comply with RCRA storage and permitting requirements if offsite treatment and disposal
options for mixed waste continue to be limited.

2.8.2 Transportation Regulatory Analysis

A study was made to identify recent and potential future changes in the regulatory requirements
for depleted UF cylinder transportation and their possible effects on activities related to the
implementation of a long-term management strategy. The results of the analysis are summarized
below."”

2.8.2.1 49 CFR and ANSI N14.1

The final rule amending the regulations in 49 CFR pertaining to the transportation of radioactive
materials which was published in the Federal Register on September 28, 1995 (60 FR 50248),
and took effect on April 1, 1996, and the 1995 revision of American National Standards Institute
(ANSI) N14.1 did not significantly change the regulatory requirements for UF shipments.
Depleted UF is still defined as a low specific activity (LSA) material, allowing it to be packaged
and transported in a strong, tight or Type A packaging. The biggest change is the authorization
of industrial packagings (IP-1) for use in transporting depleted UF.

2.8.2.2 Proposed Revisions to IAEA Safety Series No. 6

The regulatory basis for UF; transportation appears poised to undergo changes which could
significantly impact offsite transportation options. Of several proposed changes to the
International Atomic Energy Agency (IAEA) Safety Series No. 6 (Regulations for the Safe
Transport of Radioactive Material)," the most significant is the thermal test, which would
require UF cylinders to be able to survive a 1475°F (800°C) fire for 30 minutes. The United
States is not in concurrence with the necessity for this requirement, except for cylinders
containing UF enriched to more than 1 percent; however, 49 CFR has generally incorporated
IAEA regulations in the past. It is therefore reasonable to assume that a thermal testing
requirement could be in effect in this country by the time transportation activities associated with
the implementation phase begin (estimated to be around 2008).

17Messimorc:, Jason. Depleted Uranium Hexafluoride Transportation Regulatory Analysis, UCRL-AR-
125086. Lawrence Livermore National Laboratory. August 22, 1996.

®International Atomic Energy Agency. Safety Series Number 6: Regulations for the Safe Transport of
Radioactive Material, 1985 Edition (As Amended 1990). Vienna, 1990.
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Thermal testing studies in France indicate that a protective covering of some sort may be
necessary for all cylinders, including 5/8 in. thick-walled cylinders. It is not known whether thin-
walled (5/16 in.) cylinders could pass the test even with thermal protection like that used in the
studies (96 percent of the U.S. cylinder population is thin walled). These developments will need
to be closely monitored, as they could potentially have a major effect on the implementation of a
long-term management plan for the Department’s depleted UF.
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3.0 Summary of Options Analyzed in Depth

As stated in Section 1.4.1, the Engineering Analysis Project developed the engineering data for
representative options which were determined to be feasible in The Technology Assessment
Report for the Long-Term Management of Depleted Uranium Hexafluoride. The feasible
recommendations fell into four broad categories—conversion, use, storage, and disposal—which,
along with transportation, comprise the five “modules” or building blocks for constructing
management strategy alternatives. The options that were analyzed in depth are summarized here.
The complete data for these options are contained in Section 6, where the individual Engineering
Data Input Reports are found. Other options which were considered but not analyzed in depth
are summarized in Section 4.

3.1 Transportation Module

This element includes options for cylinder preparation, emptied cylinder disposition, and
transport. Transport of all forms of depleted uranium by both truck and rail is included in the
individual Engineering Data Input Reports for the various conversion, use, storage, and disposal
options. No specific transportation technologies were described in the responses to the Request
for Recommendations.

3.1.1 Cylinder Preparation Option

This element refers to the preparation of the depleted UF, cylinders at their current storage sites
for transportation to an offsite facility, generally for conversion. A number of the cylinders
currently do not meet Department of Transportation (DOT) requirements for offsite shipment.
The cylinder problems are of three types: (1) overfilled cylinders, (2) overpressured cylinders,
and (3) substandard cylinders (e.g., cylinders with below the minimum value wall thickness or
other characteristics that render them unsafe or unserviceable according to ANSIN14.1)." There
are no definitive data on the number of cylinders affected by any of these problems, so the basis
for the engineering analysis is empirical data provided by site personnel. It is anticipated that
these estimates may be revised as the issues are further examined, including additional cylinder
data. It should be noted that these cylinder conditions are problems only for offsite transportation
and do not restrict onsite transport or storage.

In accordance with the 49 CFR 173.420(a)(4) transportation requirements for UF, the volume of
solid depleted uranium hexafluoride at 20°C (68°F) may not exceed 62 percent of the certified
volumetric capacity of the packaging. Overfilled cylinders are those in which the amount of

19 American National Standards Institute. ANSI N14.1-1995, American National Standard for Nuclear
Materials - Uranium Hexafluoride - Packaging for Transport. December 1, 1995.
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depleted UF; exceeds the fill limit. Prior to 1987 there were no fill limits in 49 CFR—only in
ORO-651 and ANSIN14.1, and these limits, with one exception, were below 61 percent. The
exception was the fill limit for the 48G cylinder, which was given as 28,000 1b, or 63.4 percent
of the minimum volume (139 ft*) at 20°C. Cylinders filled before 1987 were filled up to this
limit.

Overpressured cylinders are those in which the vapor space above the solid UF; contains excess
gas (non-UFy), causing the total pressure to be above atmospheric. These contaminants are
mostly air, HF, or other light constituents (with a density less than that of UF,) that were drawn
into or became trapped within the cylinder. At ambient temperatures, these cylinders do not meet
the DOT requirement that UF cylinder pressures be below atmospheric pressure for shipment.
When liquid depleted UF; was initially withdrawn from the cascades into the cylinder, this liquid
contained dissolved impurities, including gases. When the depleted UF, solidified, these gases
became trapped in the solid depleted UF, and as the solid continually sublimes and desublimes
over the years, these gases are released. The other mechanism that can increase light gases in a
cylinder is leakage of air into the cylinder through a leaking valve or plug or a breach. Moisture
in the air then reacts with UF; to form HF in the vapor space, which subsequently increases the
cylinder pressure.

Substandard cylinders are those that do not meet shipping criteria for other reasons. It is
anticipated that cylinders whose wall thickness has dropped below the minimum required
thickness would make up the largest component of the substandard cylinder population. Damage
or defects would also put a cylinder into the substandard category. For thin-walled cylinders,
which had a nominal original thickness of 312.5 mils (5/16 in.), the minimum required thickness
for transportation is 250 mils (1/4 in.). Most of the cylinders in storage are thin walled. Other
cylinder models have different wall thickness requirements.

Preliminary estimates of the numbers of cylinders which are overfilled, overpressured, or
substandard have been made, but they are very rough and are associated with many uncertainties.
For purposes of this analysis, the number of nonconforming cylinders projected for the year 2020
is used as the reference case to define the activities necessary to prepare the cylinders for
shipment. It is recognized that this preliminary estimate may change over time as estimates of
the number of nonconforming cylinders are refined and as cylinder conditions and regulatory
requirements change. Accordingly, additional cases are considered as shown in the following
table.
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Table 3.1

Preliminary Estimate of the Number of Depleted UF, Cylinders Conforming to Off-Site
Transportation Criteria

Reference Capacity Low-Capacity Case High-Capacity Case
Case

Number of Number of Number of | Number of Number of Number of
Non- Conforming Non- Conforming Non- Conforming

conforming cylinders conforming | Cylinders conforming Cylinders

Cylinders Cylinders Cylinders

Paducah 19,200 9,151 9,600 18,751 28,351 0
Portsmouth 5,200 8,188 2,600 10,788 13,388 0
K-25 4,683 0 2,342 2,341 4,683 0
Total 29,083 17,339 14,542 31,880 46,422 0

Lockheed Martin Energy Systems identified a number of methods for addressing each of these
problems, including the following: :

® Obtaining a DOT exemption
® Administratively raising the allowable fill limit
® Transferring excess depleted UF, from an overfilled cylinder into another cylinder using a

transfer facility
® Venting overpressured cylinders to new or empty cylinders or through a UF/HF cleanup

system

® Transferring the depleted UF, from all substandard cylinders into new cylinders using a

transfer facility
® Administratively lowering the wall thickness requirements
® Shipping the cylinders as they are within a protective overcontainer

In the cylinder preparation option, two distinct suboptions are evaluated to address
nonconforming cylinders: the overcontainer suboption and the transfer facility suboption. The
overcontainer appears to be an optimal solution because handling is minimized, construction and
operation of facilities to transfer material to new cylinders are avoided, waste is minimized, and
operational risk is anticipated to be similar to current cylinder handling operations. The transfer
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facility suboption provides an alternative to the overcontainer. The probability of obtaining a
DOT exemption or administratively lowering fill limits or wall thickness requirements is
unknown.

3.1.1.1 Overcontainer Suboption

Lockheed Martin Energy Systems has developed an initial design concept for a protective
overcontainer approach that would address all three problems in meeting DOT shipping
requirements. The overcontainer would be suitable to contain, transport, and store the cylinder
contents, regardless of cylinder condition, and could be designed as a pressure vessel enabling
volatilization of the depleted UF for transfer out of the cylinder. Thermal design analyses are
required to establish heat transfer rates for volatilization. Wall thickness and other design details
would be determined during conceptual design.

One of the technology concepts analyzed for this suboption involves placing the depleted UF,
cylinder in a horizontal “clamshell” vessel for shipment. Two other concepts were also
investigated— up-ending the depleted UF, cylinder and placing it into a vertical overcontainer or
inserting a cradle-mounted cylinder horizontally into an overcontainer using a loading ramp and
rollers. Each of these concepts would require a bolted sealing flange on one end of the
overcontainer to effect closure. Handling and support equipment for onsite movement and
loading the cylinder into the clamshell overcontainer would be of the same type that is currently
used for cylinder management activities. This is a major advantage in terms of minimizing
design and fabrication costs.

Based on the Cost Analysis Report and the PEIS, the overcontainer suboption appears to have the
lowest potential environmental impacts and the lowest potential costs. However, it may not
bound impacts if other options were implemented.

The Engineering Data Input Report for the overcontainer suboption is located in Section 6.1.
3.1.1.2 Transfer Facility Suboption

The second suboption for cylinder preparation is to transfer the depleted UF from
nonconforming cylinders to new cylinders. Unlike the overcontainer suboption, the transfer
facility suboption would appear to bound potential environmental impacts. Not only would a
building containing autoclaves be constructed (no faciliti