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Summaryof the
COST/iNALYSISnPORT

for the Long-Term Management of DepletedUraniumHexafluonde

Note This Summarycondensesand simplifks a number of technical issues and ideaa.To obtain
a fuller understandingof particular issues and ideas, the reader ia urged to consultthe complete
Cost Analysis Report.

1. Introduction

7%sDepartment of Energy is arra~zing the em”ronmental impacts and costs ofpossible strategies
for the long-term management and use of its depleted uranium hexafluoride.

The Department of Energy (DOE) owns about 560,000
metric tons (over a bfion pounds) of depleted uranium ~
hexatluonde (UFJ. This material is contained in steel

(uFJ isa
compound of one part uranium to six

cylinders located in storage yards near Paduc~ Kentucky, parts fhJoMe-At room ternperatn~ it
and Portsmou& Ohio, and at the East Tennessee is a white solidsimilar to rock salt It is
Technology Park (formerly the K-25 Site) in Oak Ridge, usuallymeasured in metric tons (MT).
Tennessee. One MTequals about 2200 pounds.

On November 10, 1994, DOE announced ita new Depleted
Uranium Hexafluoride Management Program by issuing a Request for Recommendations and an
Advance Notice of Intent in the Federal Register (59 FR 56324 and 56325). The tlrst part of this
Program consists of engineefig C@ end enviromnentaI impact studies. Part one w-illconclude with
the selection of a long-term management plq or strategy. Part two will carry out the selected
strategy.

DOE’s depleted UPCis stored in a partial vacuum tilde steel cylinders. Most cy~mders are about
twelve feet long and 48 inches in diameter and hold between nine and twelve MT of sohd depleted
UF&In ~ there are 46,422 cylinders. The current management strategy is to continue safe storage

Depleted UFc is stored in cy[inderyorh like this one
at Portsmouth.
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of the depleted UFG cylinders in the existing storage yards. Activities in this strategy include
inspection handling, monitoring, and maintenance, as needed, to keep the cyIinders in good
condition.

The Drajl Programmatic Environmental Impact Statement (Draft PEIS) looks at six alternative
strategies for the long-term management of depleted UFG.They include the current management
strategy (the “No Action alternative”), two alternatives for long-term storage, two alternatives for
use, and one for disposal. DOE’s preferred alternative is to use 100 percent of the depleted uranhq
either as uranium oxide or uranium me@ or a combination of both. The fluorine in the depleted UFG
would also be used.

The CostAnaZysisReport provides comparative cost data for the management strategy alternatives.
The PEIS and the Cost AnaZysisReprt will help DOE select a management strategy. The Record
of Decisio~ expected in 1998, will complete the first part of the Depleted Uranium Hexafluoride
Management Program. The second part of the Program will look at speciilc sites and technologies
for carrying out the selected strategy.

The Cost AnaZysis Report estimates the primary capital and operating costs for the different
alternatives. It reflects the costs of technology development construction of facilities, operatio% and
decontamination and decommissioning. It also includes potential revenues from the sale of by-
products such as anhydrous hydrogen fluoride (AHF). These estimates are based on early designs.
They are intended to help in comparing alternatives, rather than to indicate absolute costs for project
budgets or bidding purposes. More detailed estimates and specific fimding sources will be considered
in part two of the Depleted Uranium Hexafluoride Management Program.

The technical data upon which the cost analysis is based are mainly located in the En~”neering
AnaZysisReport. Readers are urged to review the EngineeringAnaIysis Report or the Summary of
the Engineering Analysis Report to obtain background tiormation for understanding the cost
analysis.

2. Options and Alternative Management Strategies

The cost analysis looks at the options and suboptions which make up possible management
stiateg”es.

2.1 How Management Strategy Alternatives Were Developed

A cost breakdown structure (Figure 1) was prepared to provide an orderly way to compare the
diflkrent management strategies. The cost breakdown structure is patterned after the work breakdown
structure in the En&”neeringAnaZysis Report, but it adds a sixth module, “continued cylinder
storage/current management.” This activity is in practice at the three current storage sites and is
included in the cost estimates.
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Figure 1. Depleted UFt Cost Breakdown Structure, Showing
Modules (Level 2) and Options (Level 3) “

F~e 1 shows the modules (Level 2) and the options (Level 3) that are the building blocks for the

qem~ ~%w ~t-es. ~ most ~es, a complete m~gement strategy will combine two
or more of the six moduIes: trsnsportatioq conversio~ use, long-term storage, &po@ and
continued cylinder storagekurrent management. For example, continued cylinder storage/current

q~~ ~ ~ ~ SW ~ M -~~t strategies. Conversion of the depleted ~G to another
chemical form is involved in the use and disposal alternatives and in one of the long-term storage
alternatives. Transportation of materials occurs in all strategies except the No Action alternative.
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As shown in Figure 1, Level 3, there are various options within each module. For example, in the
long-term storage module there are three different options for the type of facility in which the
depleted uranium could be stored: building, vault, and mine.

The next level of detail afler optiona is called auboptions. For example, the long-term storage facility
types are firrther broken down by the forms of depleted uranium which might be stored in each. The
auboptions for each option are shown in Table 1.

Table 1. Options and Suboptions for the Various Modules

(Notwshadedboxessreprincipaloptionsand suboptionsamJyzeciin lessdetail)
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Figures 2 through 7 illustrate the management strategy alternatives analyzed in the PEIS. They show
how options and auboptions ftom the various modules can be combmed to build complete
management strategies. Note that these figures provide examples only, rather than exact description

of how the alternatives would be carried out.
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Figure 2. No Action Alternative - Current Management
Activities Continue through the Year 2039
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2.2 Descriptions of Options and Suboptions

This section briefly describes the options and wboptions listed in the unshaded boxes in Table 1. The
module for continued cylinder storagekurrent management at existing sites is also described.

ed Depleted IJF$ C- St
.

~ Continued cylinder storage at the
current sites is the first activity fir all alternatives. In the No Action alternative, it is the only activity.
Figure 2 lists the major actions which occur during continued cylinder storage.

.
~ Except for the No Action alternative, all alternatives involve transportation. The
analysis assumes that cylinders of depleted UFGwill be transported from their uent locations and
that conversio~ w long-term storage and disposal will take place at dii%erentsites. Transportation
activities may occur at various points in a management strategy. Facility locations will be determined
in part two of the Progr~ therefore, this analysis assumes a representative distance of 1000
kilometers (km), or 620 miles, per trip.

Cylinder preparation for shipment refers to the work required to prepare the depleted UPCcylinders
for transportation from the three current storage sites. Offsite transportation of cylinders is regulated
by the Department of Transportation (DOT). These regulations involve (1) the amount of depleted
UFGinside the cylinder, (2) the pressure inside the cylinder, and (3) the condition of the cylinder,
especially the thickness of the steel walls. Cylinders that meet DOT requirements would need only
minimal preparation and could be shipped whenever desired. Some cylinders, however, would require
additional work to meet the DOT regulations. Two preparation suboptions for these nonconforming
cylinders are analyzed: either the cylindermight be placed inside an overcontainer or the depleted UFG
might be transferred to anew cylinder.

Emptied cylinder treatment refers to what is done to a cylinder after the depleted UFc has been
removed, usually for conversion. The inside of the cylinder is washed with water and the water is
evaporated. The uranium in the remaining depleted ~d is converted to solid uranium oxide and the
fluorine is converted to calcium fluoride (CaFJ fir disposal. It is assumed that these cleaned cylinders
will be added to the scrap metal at the current storage sites.

IhmmQIL
.

Inmost of the management strategy alternatives, the depleted UFbwould be converted
to another chemical form. The analysis considers three options: (1) conversion to triuranium
octaoxide (U~08) powder, (2) conversion to uranium dioxide (UOJ ceramic, and (3) conversion to
uranium metal. A number of technology suboptions are analyzed. They are briefly described below.

Two “dry” processes, which use steam instead of water, are analyzed fbr conversion to U@g powder.
Large quantities of hydrogen fluoride (HP) are produced during these processes. The difference
between the two suboptions is that one converts the HP into anhydrous HP (AHF) and the other
combines the HF with lime (or neutralizes it) to form calcium fluoride (CaFJ.
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Three suboptions are analymd for conversion to ceramic U02. Two of these are dry processes which
produce pellets of about two centimeters (3/4 inch) in diameter. In one of these suboptions AHF is
produced, and in the other the HP is neutralized, as above. A third suboption for conversion to
ceramic UOZuses a wet process known as “gelation.” Gelation produces Very tiny spheres of about
one millimeter (about 1/20 inch) or less in diameter.

The two processes analyzed for converting depleted UFGto uranium metal both use magnesium (’Mg).
Afler depleted UFc is converted to depleted uranium tetmfluoride (UP,), magnesium is used to
remove the fluorine atoms from the depleted UP, (known as “reduction”). One process uses batch
reduction (the standard industrial process); the other uses a continuous process.

~ The PEIS includes two long-term storage alternatives: the first is storage as
depleted UPCand the second is storage as depleted uranium oxide. Options in the long-term storage
module are the types of storage fkcility.Suboptions are the chemical forms of depleted uranium which
might be stored in each type of facilky. The following list shows the three storage facility options and
the chemical forms of depleted uranium which are analyzed for each option

1. Storage in a building: U-F,,u~o,,UO*
2.Storage in a below ground vault: U~O~and UOZ
3. Storage in a mine: UF6,U,O*,U02

~e - Use of the depleted UFGwould require converting the material to an oxide or
a metal and rnanufiwtwing an end product. Two alternatives for using depleted UFc are included in
the PEIS. In both of them depleted uranium would be used to shield workers from the radiation
from used-up, or spent, nuclear fiel (SN’P)from power reactors.

In one use alternative, depleted UF~ would be converted to dense UOZ pellets, which could be
substituted for the gravel in conventional concrete. Depleted uranium concrete, sometimes called
DUCREm, would serve as a shielding material in SNF storage casks. The second use alternative
would convert the depleted UF~to metal and then make the depleted uranium metal into cylindrical-
shaped shields for a multi-purpose unit system. The multi-purpose unit would contlne SNF during
storage, transportatio~ and disposal.

Radiation shielding is just one of several possible uses of depleted uranium. Others are shown in
Table 1 and are discussed in the En&”neeringAnaZysisReport and the Summsry of the En~”neering
Analysis Re~rt. Radiation shielding is representative of a number of potential uses. In addition to
use in storage casks, there are other possible Waysdepleted uranium concrete might be used, for
example, in a repository for spent nuclear fiel.

=fiD$o# of a material means that it should be isolated from the environment for the
ranium oxide, either U308 or U02 is the only chemical form of depleted uranium

analyzed for disposal. The oxide may be mixed with cement before disposal, or disposed of in bulk
form inside drums.
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The disposal options analyzed are (1) disposal in an engineered trenck (2) disposal in a below ground
vault, and (3) disposal in a mine. Each disposal facility option is evaluated for the same four waste
form suboptions: (1) cemented U~Og,(2) cemented U~, (3) bulk UQ, and (4) bulk UQ. The range
of cases reflects differences in the climate and geology of possible disposal sites. Differences in the
chemical stability and release rates of the waste forms and the degree to which they would dissolve
in water or disperse in air are also considered.

3. Cost Estimation Methodology

Cost estimates are based on en~”neeringahtafiom the Engineering Analysis Project and a set of
consistent assumptions.

cost@imates were developed for the options and suboptions in the unshaded blocks in Table 1, and
for mntinued cylinder storagckurrent management at the existing storage yards. Some technologies
(for example, the batch process for conversion to metal) are currently used by industry others (for
exampl~ the gelation process for conversion to oxide and the continuous process for conversion to
metal) are being developed or have been tested only on a small scale. Most technologies would
require signihnt engineering development.

3.1 Schedule and Throughput Assumptions

~ The Draft PEIS examines the time period from the year 1999 to the year 2039. The Cost
AnaZysisReprt assumes the same time period, although activities could continue beyond 2039. A
generic schedule was created for conversion and manufacturing facilities, with operations beginning
about eleven years after the Record of Decision (expected in 1998). After the period of operatio~
which is assumed to last 20 years, decontamination and decommissioning would take three years.
Table 2 summarizes the schedule for the activities in the alternatives. Relative costs of the various
alternatives would be undfkcted by a shift in the starting time.

~ Throughput ref= to the rate at which matmial is processed. Processing all 560,000 MT
of depleted UF~was assumed to take 20 years. Therefore, the throughput or production rate, of the
processing and manufacturing facilities was assumed to be 28,000 MT (60 million pounds) of
depleted UFbper year. The de&redthroughput defines the required size and capacity of the fwilities.
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Table 2. Assumed Activity Schedule for Alternatives

II No

Trans@?
Colwersion I

Emptied
cylinder

Treatment u
Transportc

Mamlfscturing $

=

T #
Long-Term

Stora e
use’

Long-
Term

Storage as
Depleted

UF.
1999-2028’

2009-2028

2009-2028
2009-2039

Long-Term
Storage as
Depleted
Uranium

Oxide
1999-2028’

2009-2028

2009-2028
2009-2028
2009-2028

2009-2028
2009-2039

Use as Use as Disposal as
Depleted Depleted Depleted
Uranium Uranium Uranium

Oxide Metal Oxide
1999-2028’ 1999-2028’ 1999-2028’

2009-2028 2009-2028 2009-2028

2009 2009 I
12009-2028

a. The amountofdepletedUFJn storageatthe currentsitesdecreasesIlvepercentperyearbegixminginthe
year2009 untilit is all gone in 2029.

b. Tranaportof (k@etedWCto COllVelSiOIlfadity.
c. Transpmtofdepleteduraniumoxideor metalto a manufimturingfacility.
d. TranaportofdepletedUF~,oxide,or metalto storage,use,or diapoaalsites.Tranaportandplacementfor

the storageanddisposalalternativeswouldoccurbetween2009and2028;2029to 2039is a smveillance
period.

e. Useaa SW storagecasksbeginsin 2009.

3.2 Cost Basis

As noted in Section 2.1, the cost breakdown structure closely follows the work breakdown structure
used in the engineering analysis. Figure 8 gives a close-up of the cost breakdown structure to Level
6 for one conversion suboption. Level 2 is the module (conversion); Level 3 is the option (U~OJ;
Level 4 is the technolo~ suboption (dry process with AHF by-product); and Level 5 breaks out
seven major elements, tlom “technology development” to “decontamination and decommissioning”
of the facility after operations are finished. Level 6 shows cost categories such as engineerin~
constructio~ materiak, and labor for the Level 5 elements.
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Figure 8. Cost Breakdown Structure to Level 6 for Conversion
U308 Using the Dry Process with Anhydrous HF Production

to

All of the management strategy alternatives were evaluated in terms of the net present value of all
money outlays and returns, from technology development through decontamination and
decommissioning. A discount rate of seven percent per annum was used for the reported costs.

For each management strategy alternative, there is a range of costs, depending on the costs of the
particular options and suboptions which might be chosen to carry out the alternative. The following
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WHATISADISCOUNT RATE?

For long-termprojects,it is convenientto translate
costs andbenefitswhichwilloccurat dl%rent times
into a commonunitofmeamrement.A~
translates the futurevalue of moneyinto its_
*. Stwenpercentperammmisthediscountrate
=gommmdti bythe Ofticeof Management

paragraphs discuss the cost elements which
were analyzed. These cost elements relate to
the elements in Figure 8, Level 5. In additio~
potential revenues from the sale of by-
products are discussed.

~ The cost of
technology development includes the costs for
design verification and pilot tests before
detailed design and engineering begin. The
cost estimates are primarily based on
en@neer@judgment. ~-e focus-is on relative

costs. Development and testing were assumed to take place in existing facilities which are able to
handle large quantities of depleted uranium.

, This category includes the costs for the elements “process equipmen$”
“process fhcilities~ “balance of p~’ and “regulatmy compliance” in Figure 8. Architect/engineering
design cats are also included. The site cost was developed for a hypotheti@ previously unused site.
Labor rates and state sales taxes are based on a generic site. Direct construction costs include the cost
of craft labor, construction materials, and installed equipment. Balance of plant costs include the costs ,
of improvements to the site, utility and support buildings, and services.

Engineering contingencies which could tdliect costs were determined for the various options. It was
assumed for all cases that there would be a development program which would confi.nn the feasibility
of the process, demonstrate successfi.d equipment operatio% and produce the engineering data for
scale-up to production size equipment. Contingencies reflect such factors as how developed the
designs are and how much experience already exists with similar processes or equipment.

The cost estimating contingencies were applied to capital costs as follows:

● Process and manufacturing facilities: 30 percent
● Balsnce of plant: 20 percent
● Process and manufacturing equipment: variable (30-50 percent depending on

technology)

Regulatory compliance includes preparing a site-specific environmental impact statement following
the PEIS and acquiring state, locI& and federal permits for air and water. Construction permits are
also included in this category.

. .
~ The “materials” block under the operations and maintenance element
in Figure 8 refers to all consumable materials used in process operations, such as chemicals and
cements. Labor costs include salaries plus fringe benefits for the direct operations and maintenance
staffk and the indirect stafF (for example, medical personnel). Utility and general service costs for
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routine replacement items are taken as 10 percent of the total operating labor cost, or the actual cost
if greater.

Waste handling and disposal costs are based on the following rates:

b Nonhazardous waste: $2cubic foot
● Hazardous waste: $20/cubic foot
● Low-level radioactive waste: $100/cubic foot
● Mixed (radioactive/hazardous) waste: $100/cubic foot

Deco~
. . . . .

It was assumed that facilities would be cleaned and left
standing at the end of their opemting period. The decontamination and decommissioning cat is taken
as ten percent of the total i%cilitycapital costs.

By-~*R@W!lW& All of the conversion processes produce potentially salable by-products, either
AHF or calcium fluoride (C+@).Sale of these by-products would partially off-set the costs described
above. Revenu~ or credits, of approximately $1500 per MT of AHF and $100 per MT of Cal?zare
used in the cost analysis.

3.3 Reference Case Assumptions

So thattheresults for the many different options and suboptions could be compared, cost estimates
were based on a sample case, or “reference case.” Some of the major assumptions for the reference
case are listed in Table 3.

Table 3. Major Assumptions for Reference Case

●

●

●

●

●

●

●

●

TotalamountofdepletedVI$: 560,000 MT (overa billion pounds)

Tot.idnumberof cglinderain
currentstorage 46,422 cylinders

Annualthroughput 28,000 MT (6Omillionpounds)of
depletedUFcperyear

Discountrate: sevenpercentperannum

Numberof nonconfodng
Cylindersmqukingspecial
pmpamtionforshipment 29,083 cylindem

Transportationdistance: 1000Ian (620 miles)pertip

By-producta(AHPandC@ wouldbe sold

Potentialrevermetim saleofabieldingcaskaiaconsideredseparately.
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To provide a more complete cost analysis, estimates using dif%erentassumptions were also calculated
for some options (see Section 6.1 of his Summary).

4. Cost Estimation of Options

Costs were estimated for all the options and suboptions analyzed in akpth in the Engineering
Analysis Report.

The CostAna@ Report provides costs according to the CQStbreakdown structure. Table 4 presents
a summary of the projected costs for options and suboptions (organized by tie modules in the cost
breakdown structure). This information is discussed in the paragraphs following Table 4.

The costs in Table 4 are median estimates (that is, there is a 50 percent chance that the costs will be
higher and a 50 percent chance that costs will be lower than the estimates). Estimates are @en in
millions of first-quarter 1996 dollars discounted to the beginning of the project. The discount rate
used for the reference case is seven percent per annum.

Table 4. Summary of Cost Estimates for Options and Suboptions

OWions/SuboPtions
.~incurrentyards

- No Mien akernative
- other alternatives

- “Low”:overcontainersuboptionforcylinderpreparation
optionandrailtmnsportationoption
- “High”:transkrfacilitysuboptionforcylinder
Preparationoptionandtrucktransportationopa“on

~b

-USOSoptiomdryprocesswithM3FProduction
suboption
- UQ optio~ @ processwithHFneutrakation
suboption
- U02option chyprocesswithAHFproductionsuboption
- UOZoption&y processwithW ~on
-On
- UO1option wetprocesswithAHFproduction
suboption
- Umetaloption batchprocesswithAHFproduction
suboption
- U metaloption continuousprocesswithAHF
productionsnbo@“on

w
- Radiationshieldingoption:uraniumoxi& soboption
- RadiationshieldingOI)timuraniummetalmboutl“on

Discounted Cost (in $ million}

327
197

172-202’

677-712’

267

325
347

395

821

66s

492

856 (withoutcreditsforsale of casks)
889 (withoutcreditsforsale of casks)
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OPtions/SuboPtions Discounted Cost {in $ million)

- Building option UOa auboption 147°
- Building option UJOan2boption 225
- Vault optiom UOZ@option 152’
- Vault option U30B mboption 237
- Mine option UOZmboption 483”
- Mine option U308SUbOption 731

QkQQiA
- Engimxred trenchoption bulkUO1suboption 123d
- Engineered trenchoption cementedU308 suboption 433
- Vaultoption:bulkUOZsuboption 153d
- Vaultoption cementedU30Sauboption 647
- Mineoption bulkUOZsuboption 61@
- Mineoution:cementedUIO,* -on 1395

a. Range retlectaMRmmcesin ~ .on m@emeMs amongthevariousmanagementstrategy
Sltematks.

b. Ml conversioncosts includecreditforthe sale of AHFproducedby the AHFproductionsuboption
orthe Ca.Fzresultingfiomthe HFnemrakation suboptio2L

c. BaaedonU~ prodwxibythe wet (gelation) conwrsion suboption.Storagecost fordepletedUFc(in
a buildingormine)lies betweenthe coatsforU02andU308.

d. BasedonU~ prodwedbythe* (gelation)conversionauboption.DisposaloostsforbulkU~Qand
cementedU02lie betweencostsforbulkU02and cementedU~08for eachof the disposaltlwility
options.

Continued cylinder storage in the current yards occurs over the entire time period for the No Action
alternative. For other alternatives, faer cylinders are stored over a shorter period of time (see Table
2, footnote “a”). Therefore, the “continued cylinder storage” cost for the No Action alternative is
higher.

Transportation cost is the sum of the cylinder preparation cost (using an overcontainer or a transfer
f-for nonconforming cylinders), loading and unloading costs, the actual shipping costs (by truck
or by rail), and the emptied cylinder treatment cost. The substantkd diil’erence between the “low” case
and the “high” case primarily reflects the much higher cost of the transfer facility suboption compared
to the overcontainer suboption. The transfer facility suboption would involve the construction and
operation of major new facilities.

Both transportation cases assume that there will be approximately 29,000 nonconforming cylinders
and approximately 17,000 conforming cylinders. For costs based on different numbers of
noncotiorming and cotiorming cylinders, see Table 6.

The cost of using the dry process option for converting depleted UFc to either depleted U~08 or
depleted U02 is estimated for two suboptions for each oxide form. One suboption produces an AHF
by-product and the other neutmlizes the HF to produce a CaF2 by-product. The higher market value
of AHF compared to CaF2 explains the cost difference between the two suboptions. Dry process
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conversion to U02 requires more steps than dry process conversion to U~O*and therefore has higher
costs.

Gelatio~ the wet process analyzed for conversion to small U02 spheres, is more complex than dry
process conversion and therefore has a higher estimated cost. However, recycling the chemicals used
in the process would significantly improve the economics of the gelation process.

The batch process suboption for producing depleted uranium metal is estimated to cost significantly
more than the continuous process suboption. This is primarily because the batch process has a lower
processing rate and requires more equipment. However, batch reduction is a mature process, while
the continuous process is currently being developed.

The differences in the costs of suboptions for both long-term storage and dispossl primarily retkct
the difFerent densities of the depleted uranium storage and disposal forms. A denser form generally
costs less because it requires less space. The tiny, dense spheres of depleted UOa produced by the wet
process have highest bulk density of the oxides. For the disposaI options, a cemented waste form
takes up more space because concrete is added to the depleted uranium oxide. Cementing also
requires the construction and operation of a special facility.

5. Cost Estimation of Management Strategies

l’he&“matedc& of management strate~ alternatives are obtained by aaiiing together the costs
of the options which make up the Strategies.

Table 5 presents the cost ranges for the six alternatives analyzed in the PEIS. Two cost ranges are
given for the four alternatives involving conversion to reflect the cost ~erences between conversion
suboptions.

Table 5. Summary of Cost Estimates for Alternatives

Alternative Discounted Cost (in $ million)
1.No SCtiOIl 327
2. Long-Tarn $toragess UFd 583-1518
3. Long-Term Storage as Oxide

-using dryprocess(uqoJwhh AHFpmduction 880-1897
- Using wet process (UOJ with AHF production 1356-2203
4. Use as (hdde (UOJ in Shielding Casks
- Using dry pro&s tith AI-IFpro&ction 1600-2112
-UsingwetprocesswithAHFproduction 2075-2585
5. Use as Metal iu Shielding Casks

- UsingcontinuousprocesswithAHFproduction 1780-2290
- Using batch processwith AHFproduction 1953-2463
6. Disposal ss Oxide
- DV process(U30J withAHFproduction 810-2561
- Wetprocess(UOJ with AHFproduction 1332-2550

.
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In Table 5, the lower cost estimates in the ranges assume the following:

(1) Transportation is by rail.
(2) Cylinder preparation for shipment uses the overcontainer suboption.
(3) Long-term storage of depleted UF~,Uq08, and U02 is in a building.
(4) Disposal of UJO*and U(32is in the bulk form in an engineered trench.

The higher cost estimates in the ranges assume the following:

(1) Transportation is by truck.
(2) Cylinder preparation for shipment uses the transfer facihty suboption.
(3) Long-term storage of depleted UFe U~O*,and UOZis in a mine.
(4) Duposal of U308 aad UOZis in the cemented form in a mine.

When comparing the costs of alternatives in Table 5, the following should be kept in mind.

● The alternatives have difl’erent end points. Only the disposal alternative results in final
disposition of the depleted uranium.

● Wkh the exception of the No Action alternative, all alternatives have significant transportation
costs. The size of this cost depends primarily on whether the overcontainer or the transfer
fkcility suboption is selected for preparing noncotiorrning cylinders for shipment.

● Wkh the exception of the No Action alternative and the long-term storage as depleted UFc
alternative all alternatives include significant costs for the construction and operation of new
facilities to convert depleted UFc to an oxide or a metal form.

● Wti the exception of the No Action alternative, all alternatives include significant costs for
the construction and operation of facilities for storage, manufacture, or disposal.

● Credits for the sale of shieldingcasks manufactured in the use alternatives will be included in
later estimates. In the meantime, estimates (discounted) of potential revenues were made and
are located in Section 6.1 of this Summary. These estimates indicate that there could be a
significant reduction in the net cost for the use alternatives.

6. Analysis of Sensitivities, Risks, and Vulnerabilities

In aakiition to the reference cases, cases based on al~erent assumptions were also analyzed

6.1 Sensitivity Analysis

This analysis examines how the cost estimates might be affected by changes in the discount rate,
transposition distance, shielding cask values, product density, and facility throughput.

.
~ The reference cases use a discount rate of seven percent per ~um. The effects of
discount rates of four percent per annum and 15 percent per annum are also analyzed. The absolute
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values change substantially from the reference case, but the cost ranking of the strategies is largely
utiected by the use of these dii%erentdiscount rates.

.
Q The Cost AnaZysis Reprt and the Draft PEIS assume a standard

q~on *W Of 1000 km (620 ~es) between facilities located at ~erent sites. The cost
ranking of the management strategies remains the same, even if this distance is changed to 500 km
or 2000 km (using rail transportation with the overcontainer suboption for cylinder preparation). This
is consistent with the tiding that loading, shipping, and unloading account for less than one quarter
of total transportation cost. A much greater portion of transportation cost is due to cylinder
preparation which is independent of shipping distance.

. .
~ Ifdepletd uranium metal or oxide were manufactured into shielding casks for
storing SNF, some price could be charged for the casks. This charge would off-set some of the costs
of the use alternatives. This potential revenue should be taken into accoung just as revenue from the
sale of AHF and CaFz is taken into account.

There are a number of uncertainties, but an initial analysis was based on current estimated costs for
two types of ccmventionrdconcrete casks. These estimates are $150,000 and $200,000 per cask. The
present value of these potential credks in millions of dollars would be 362 and 483 for the oxide
shielding alternative and 342 and 456 for the metal shielding alternative. Other potential cost benefits,
including eventual disposal with the SNF, are speculative at this time.

U(2, produ~ D-
.

The costs for the UOZ storage and disposal options, and their associated
management strategy alternatives, are based on a wet process (gelation) for converting depleted Ul?c
to dense U02 The gelation process produces tiny spheres with a higher bulk density than other
industrial prom including the UOZdry process, which produces pellets. The smaller particle size
minimizes the storage and disposal costs for the oxide. However, as shown in Table 4, the wet
process has a much higher cost than the dry processes. Thus, the overall costs for the storage and
disposal alternatives based on U~O*can be significantly lower.

Approximations were used to estimate the long-tam storage and disposal costs for UOZpellets. UOZ
pellets have a bulk density and conversion cat between those for U~O*and those for U02 spheres
produced by the wet process. The costs for bulk UOZpellets and bulk U~Ot powder are essentially
the same for the storage and disposal alternatives.

Thr_ Each option was evaluated at the same annual throughput rate of 28,000 MT
(about 60 million pounds) of depleted UP@assuming that a single alternative would be selected. It
is possible, however, that a combination of alternatives maybe selected, or that multiple sites may
be used for the same option. Therefore, several options were analyzed assuming facilities sized for
50 percent and 25 percent of the reference case. These smaller facilities were assumed to operate on
the same schedule as the reference case and over the same 20-year period.
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The resulting cost reductions were less than the throughput reductions. For example, for the
conversion options, a 50-percent reduction in throughput resulted in an average cost reduction of
only about 16 percent. This general result would be expected on the basis of economy-of-scale
considerations alone; however, the size of the difl’erencedepends strongly on the specific option or
suboption.

6.2 Performance Uncertainties

This analysis estimates the cost impacts of uncertainties in the number of nonconforming cylinders
and in process and facility designs.

. .
er of N~ The number of depleted UPb cylinders that will need special

preparation to meet DOT regulations for offsite transportation is uncertain. Changes in the numbers

of noncotiorming cylinders would tiect the costs of cylinder preparation for shipment.

The preliminary -estimate of the number of noncotiorming cylinders today (the refwence case) is
about 19,200 at Paducalq 5,200 at Portsmou@ and 4,683 (the entire inventory) at the East Tennessee
Technology Park. For the purpose of the analysis, the “low” case is one-half of the prehninary
estimate and the “high” case is all the cylinders. The En~”neeringAnalysis Reprt includes early
designs for cylinder transfer facilities with dill’erent production rates. Table 6 presents the estimated
total costs for cylinder preparation for the reference, low, and high cases for both the overcontainer
and the transfer facility suboptions.

Table 6. Cylinder Preparation for Shipment Costs ($ million)*

w ~‘“’
Reference Case “Low” Case ‘High” Case

(29,083Nonconforming (14,S42 Nonconforming (46,422 NOnCOtiOX

de Cvlinderd C!vlinders)
overco* 161 148 171
TranskrFacili 656 610 706

* Sumof costsforprepdng both-orming andnonconfmmingcylinders.(Thehigh caseassumesthatall
cylindersarenonconforming.)

. . . .
~ Unmrtainties in facility and process scope cover those factors that
are usually beyond the contractor’s or the architect/engineer’s control or outside the scope of the
original desi~ schedule, and cost estimate. Costs have been estimated for various equipment
additions and improvements that might be needed in the fhture to correct deficiencies in processing
rate or the quality of products or by-products.

The potential increases in process equipment costs and associated facility costs are estimated for the
transfer facility and for selected conversion facilities. Potential increases range horn less than 10
percent of the original cost to nearly 40 percent of the original cost, depending on the technology.
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6.3 Process Vulnerabilities

The impact of changes in assumptions about what would be done with by-products is estimated for
the oxide conversion processes producing major quantities of Cal?zand the metal conversion processes
producing major quantities of magnesium fluoride (MgFJ.

. . .
of CaFJlv-Product fkm HP Neutrah7~ on Subop_ All of the conversion options

produce potentially sslable by-products, either AHF or CaFz Of the two, AHF would bring the higher
price. However, in the unlikely event that the AHF were unsalable, the concentrated HP would be
neutralized with lime to form CaFz. The reference case assumes that the CaF2 could be sold as a
fedstock for producing AHF. The reference case cost estimate appears in Table 4.

Barring sale, the CaF2 is assumed to be disposed of as a nonhazardous solid waste. This case would
result in a large waste strewq approximatdy equal to the amount of depleted UFf converted. A major
potential vulnerability is that the small amount of uranium in the Cal?zmay require it to be disposed
of as a low-level radioactive waste.

Table 7 compares the costs of oxide conversion with HF neutralization for cases in which the Cal?,
is sold
waste.

(the reference case), disposed of as nonhazardous solid waste, and disposed of as low-lev~

Table 7. Cost Impacts of Disposal of CaF’zon Conversion Suboptions with HF
Neutralization ($ million)

❑ ~~

Reference Case: Disposal of CaFz as Disposal of CaFz as
Subo tion Sale of CaF Nonhazardous Solid Waste Low-Level Waste

u30*withI-IF
Neutrakation 325 340 544
LQwithm
Neutmlimtion 395 409 614

Disposal of CaF2 as nonhazardous solid waste would result in a modest cost increase over sale.
However, disposal of CaF2 as low-level waste would result in a major cost increase over both sale
and duposal as a nonhazardous solid waste.

al of M@, Bv-Prod@ from Metal Conversion _
. .

The metal conversion process
produces major quantities of MgP2 (equal to approximately one-halft.he amount of depleted UFG
converted). The reference case assumption for both metal conversion processes is that the MgF2 could
be disposed of as a nonhazardous solid waste. The reference case cost estimates appear in Table 4.

Exemptions for MgFzwith low levels of uranium have been granted, but the quantities of MgF2 were
much smaller than the quantities expected here. The extent of MgF2 decontamination possible is
uncerta@ but the levek of uranium remaining in Mgl?z are likely to be at least ten times greater than
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those in the CaF2from H.Fneutralization. Therefore, MgF2 is considered more vulnerable than CaF2
to a requirement for disposal as low-level waste.

Table 8 shows the elfect of disposal of MgF2as low-level waste on the costs for the metal conversion
suboptions. f% with CSF= disposal as low-level waste results in a major cost increase over disposal
as nonhazardous solid waste.

Table 8. Cost Impacts of Disposal of MgFz on Metal Conversion Suboptions
($ mWlon)

Disposal of Mgl?z as Non- DispOSd of MgFz as hW-
hazardous Solid Waste Level Waste

Batchreductionprocess 745
.

CQmmwus@uctkmplucess 1492
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