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1. 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 alternativé stratégies for the long-term

management or use of depleted uranium hexafluoride (UFy) stored in the cylinder yards at

.. Paducah, Kcntucky, 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,. Six long-term management strategy alternatives

are being analyzed in a draft Programmach Environmental Impact Statement (PEIS) (DOE,
forthcoming 1997). These alternatives include the current management strategy (the *No

- Action alternative™), two long-term storage alternatives, two use alternatives, and a  disposal

alternative. Complete management strategies may also mvolvc transportatlon and m many
cases, convcrsron to another chemical form. . _

This Cdst Analysrs Report was deve]opcd to provide comparative cost data for thc .

‘management strategy alternatives being examined. The draft PEIS 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, completing the first phase of the Depleted UF; Management
Program, management strategy selection. During the second phase of the Program site-
specific and technology-specific issues will be addressed.

This report presents life-cycle cost estimates for each of the managcment stratcgy
alternatives. The cost analysis estimates the primary capital and operating costs for the
different alternatives and reflects all development, construction, operating, and
decontamination and decommissioning (D&D) costs, as well as potential off-setting

revenues from the sale of recycled materials. 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 for project budgets or bid-
document costs. The technical data upon which this cost analysis is based is pnncnpally
found in the Engineering Analysis Report (Dubrin et al, 1997).

Section 2 of this report introduces the options and alternative stmtegfeé included in the draft
PEIS. Section 3 presents.the basis for the cost estimates for each of the options
considered. Section 4 presents the cost estimates for the options. Section 5 presents the

© cost estimates for the altérnative management strategies, which were developed by linking

together the cost estimates for individual options. Section 6 discusses the uncertainty in the

- cost estimates for the alternative stralegres and provides an analysrs of the sensr;xvrty of the

cost cstrmates toa vancty of assumptrons
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2. OP'I'IONS AND ALTERNATIVE‘MANAGEMENT STRATEGIES

Six lonO-tezm management stratcgy alternatives are bemg analyzed inthe PEIS including
the current management strategy (the “No Action alternative”), two long-term storage
alternatives, two use alternatives, and a disposal altemative. The disposal alternative leads
to final disposition, while the other alternatives have varying endpomts A management
strategy may include various activities such as transportation, conversion, use, storage
znd/or disposal. The process of constructing each of these management strategy
alternatives entailed the systematic combination of selected options for the various
activities, which formed the logical building blocks for the alternatives, as well as the basis
for the orgamzatxon of lhlS documcnt ‘ .

To analyze the costs of 2 given alternative, thc costs of each option for activities composing
that alternative were evaluated. In cases where different options were availableto - .
implement a particular alternative, the analysis considered several options. After all costs

for the options composing a pamcu]ar alternative were defined, the costs were summedto .

yield a total cost for the alternative.

2.1 Categories of Options

The following option categories are considered in this report:
« Continued cylinder storage at current sites
» Transportation
e Conversion
». Storage
e Manufacture and use
» Disposal

An option category designates a major actmty ina managemcm strategy which can be
accomplished in various different ways. Each of the following discussions includes a brief
examination of the options within that category, along with descriptions of specific
activitiés or requirements associated with each option and reasons for its consideration in
particular contexts. With the exception of continued cylinder storage at current sites, the
technical data are found in the Engineering Analysis Report (Dubrin et al. 1997).

Continued storage activities are described in other programmatic documents, identified in
Section 2.1.1.

Facilities for the conversion, manufacture, storage, disposal, or transfer of depleted UF;
are assumed to be constructed and operated at a generic green field site. For purposes of
analysis, a period of 20 years from the onset of operations is assumed to disposition the
entire depleted uranium stockpile (about 560,000 metric tons [MT] of UF; in 46,422
cylinders). This corresponds to an annual throughput rate of 28,000 MT of UF, or about
19,000 MT of depleted uranium.

\JJ
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2.1.1 Continued Cylinder Storage at Current Sites

Continued cylinder storage refers to the activities associated with the present approach to

- storing depleted UF at the K-25 site at Oak Ridge, the Paducah site, and the Portsmouth

site. Storage of. dep]eted UF, is included under all alternative management strategies
considered, the main difference being the duration of the storage period. In the “No
Action” alternative, all of the cylinders remain in storage mdeﬁmtely In the “action™
alternanves, the cylmder inventory, declmes at five percent (5%) per year begmmng in

2009.. T EE

The survexllance and maintenance activities that would be undertaken from now unul

“September 30, 2002, are described in detail in the UF, Cylinder Program Management Plan
+ (CPMP) that was submitted to the Defense Nuclear Facxlmcs Safety Board in July 1996
“(LMES 1996). Surveillance and maintenance activities are expected to continue beyond

fiscal year 2002, but the scope of the CPMP was limited. Assumptions were developed to_
estimate the impacts and cost of continued storage because the assessment period for the

-draft PEIS and cost analysis extends to 2040. In developing these assumptions, it was _
recognized that the details of the activities actually undertaken in thé future may differ from .- --..

those described in the CPMP. due to unexpected field conditions or budgetary constraints.

_ A membo by Joe W. Parks, Assistant Manager for Enrichment Facilities, DOE Oak Ridge
" Operations Office (Parks 1997), documents assumptions for evaluatmg contmued cyhnder

management activities for the No Action altemative. L

The Parks memo was used as fo]lows to develop the cost estlmates for the altematlves
consxdered in ‘this Teport: ’ : :

L Iﬂo Acuon Alternative’

1999-2039  Continued cylinder storage activities as descnbed in Parks memo
“Action Altematlvg S S T
. 7.271999-2008 . © Continued cylmder storage activities as descnbed in Parks memo
... 2009-2029 _ Continued storage of cylinders awaiting conversion or storage at
e " another location (inventory declining 5% per year). Annual
Y inspections (visual and ultrasonic) and valve . . | L
momtonng/mamtenance activities and cy]mder breaches as ,
.~ . described in the Parks memo, decline proportionally to the reducing
. .. inventory. Repainting of the inventory would occur every ten years
. until 2019, when cylmders would be removed thhm the lO-year
_paint life. .. . ST R SR

" The activities supporting continued chiﬁrler s{orage analyzed in thvis,doeoment iriclude the

following:
* Routine visual and ultrasonic inspections of cylinders
© *...e. Cylinder painting - L
‘ - Cylinder va]ve momtonng ar\d mamtenance
o General storage yard and equxpment mamtenance i

e Yard reconstruction to improve storage conditions .. ©. - . -
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e New storage yard construction
* Relocation of cylmders to new yards orto lmprove access for inspections
. Repalr (patch weldlng) and contents transfer for breached cylmders

= Data tracking, systems planining an_d execuuor), and conduct of operations

The total inventory of 46,422 depleted UF, cylinders is currently stored as follows:
28,351 cylinders (about 60%) are stored in 13 yards at the Paducah site, 13,388 cylinders
(about 30%) are stored in two yards at the Portsmouth site, and 4,683 cylinders (about
10%) are stored in three yards at the K-25 site. . An intensive effort is ongoing to improve
yard storage conditions. This effort includes (1) relocation of cylmders which are too close
to one another to allow for adequate inspections and (2), construction of new storage yards
or reconstruction of exlstmg storage yards to provide a stabilized concrete base and
monitored drainage for the cylinder storage areas. The costs for reconstniction of four

- Paducah yards, construction of a new yard at the K-25 site, and relocation of about. 19, 000"

cylinders at Paducah and all the cylinders at K-25 are included in this report.

Most cylmdcrs are mspected every four years for evidence of damagc or accelerated

- corrosion. Annual inspections are required for cylinders that have been stored previously

in substandard conditions and/or show areas of heavy pmmg or corrosion (about 25
percent of the cylinder population). In addition to these routine inspections, ultrasonic
testing inspections are currently conducted on some of the relocated cylinders. The
ultrasonic testing is a nondestructive method to measure the wall thickness of cylinders.
Valve monitoring and maintenance are also conducted for cylinders that exhibit
discoloration of the valve or surrounding area during routine mspectxons Leaking valves
are replaced in the field. , .

For the No Action altematwe the frequency of routine inspections and valve monitoring is
assumed to remain constant through 2039. Ultrasonic testing is assumed to be conducted
annually for 10% of relocated cylinders; after relocation activities are finished, around the
year 2003, 10% of the cylinders painted each year are assumed to receive ultrasonic testing
inspections. For the action alternatives, the frequency of inspections is assumed to

" decrease with decreasing cylmdcr mventory from 2009 to 2029.

Cylinder pamtmg will be employed atthe three sites to reduce cylinder corrosion. The
paint currently planned for use is assumed to have a lifetime of 10 years. Although
repainting may not actually be required every 10 years, or budgetary constraints may
preclude painting every 10 years, the continued cylinder storage analysis under the No
Action alternative assumes a 10-year cycle for painting. Activities associated with breached
cylinders are also assessed.

2.1.2 Transportation

Transportation involves the movement of materials among the facilities that play arole in
the various alternative management strategies. With the excepnon of the No Action
alternative, transportation occurs under each alternative, in some cases representing two or
three separate steps in the process of managing depleted UF,. Two modes — truck and rail
—are considered. The following elements are included in transportation:

* Preparation of depleted UF; cylinders for shipment




R
wha

Cost Analysis Report for the Long-Terfm'l\lanagemer;t of Depleted Uranium Hexafluoride

May 1997

- Transport of all forms of depleted uranium (i.e., UF from the current storage
sites; U,0;, UO,, and U metal from conversion facrltttes and uranium shields
from manufactunng facilities)

¢ Cylinder treatment (i.e., cleaning the emptied cylmders to remove the depleted
' UF, heel, crushing the cleaned cylinders, and transporting the crushed cyltnders
toa DOE scrap yard)

Preparation for shipment cost refers to the cost associated with the activities ret1urred to

~ prepare depleted UF, cylinders for transportation from the three current storage sites:

Cylinder preparatton 'would be requtred‘for‘altemattves that involve transport of cylinders
to a conversion facility or a long-term’ storage site. The draft PEIS assumes that all
alternatives except “No Action” may require transport —that is, neither long-term storage
nor conversion would occur at the current storage sites. Actual siting of facilities will be
considered during Phase II of the depleted UF, Management Program. Preparation of

cylmders for shipment would occur at each of the sites currently storing depleted UF,.

Although the cylinders currently used for stortng depleted UF were designed and built to
meet U.S. Department of Transportation (DOT) requirements for shipment, some of the

" cylinders no longer meet those requirements. Review of Title 49 of the Code of Federal

Regulations (CFR), the American National Standards Institute’s ANSIN14.1; and the

- U.S. Enrichment Corporation’s USEC-651, along with other documents, has helped
. “identify three categories of cylinder problems overpressured, overfilled, and substandard.

Overpressured cylinders do not meet the requirement that they be shtpped at

- . -subatmospheric pressures. Overfilled cylinders contain an inventory of UF, which exceeds

allowable fill limits for shipping. Substandard cylinders do not meet the "strong, tight"

-requirements for shipment; substandard cylinders include those having corrosion sufficient

for the wall thickness to be below allowable minimums, damaged cylinders, and cylinders -
with plug or valve threading problems or other nonconformances that prevent shrpment

Cylinders that meet DOT shipment requirements would require no specral preparatton and

" could be shipped whenever desired. Depleted UF in cylinders that no longer meet DOT
- requrrements would be prepared for shtpment in one of two ways:

. The placement of the nonconforming cylinder in a cvlmder overcontamer—a
;" " protective metal container sli ightly larger than the cylmder itself and desrgned to
o meet all DOT shtpment requrrements or ‘

e . The transfer of depleted UF from cylmders that no longer meet DOT
. requirements to new cylmders which do meet these requirements, with the
transfer to occur at the storage site in a new facility designed specifically for this
actwrty

The second element of the transportatron category of opttons transport meludes costs for
loading, shipping, and unloading activities.’ Loading/unloading and trip costs ($/kilometer
[km]) were considered to be dependent upon mode (i.e., truck or rail), material packaging,

.-‘and density. These dependencres were the same, regardless of the chemical form of the
-cargo. For example, transport of UF, was assumed to cost the same per railcar per .

ktlometer as transport of U, O . the only drfference being the amount of materral in aload.

- The f inal element of the transportation category of options is treatment and transport of
’ emptted cylinders. Most of the alternatives being considered involve removing the depleted

5
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UF, from the cylmdcrs and converting it to another form. After the cyhndcrs are emptied,
thcy would be washed to remove the residual heel of depleted UF,. It is assumed that the
cleaned cylinders would be crushed and then transported to the gaseous diffusion plant
sites, where they would become part of the scrap metal inventory. Disposition of the
emptied cylinders (46,422) and the residual “heel” of depleted UF, is addressed under
cyhnder treatment (see Section 4.1.2).

2.1.3 Conversion

Conversion of the dcplctcd UF to another chemlcal form is rcqunred for most management
strategy alternatives. The followmg conversion options are considered:

« Conversion to triuranium octaoxide (U,O,)
¢ Conversion to uranium dioxide (UO,) .
. Convcrsnon to metallic uramum

Due to their high chemical stabxhty and Jow solublllty, uranium oxndcs in general are
presently the favored forms for the storage and disposal alternatives. High density UO,
and uranium metal are the preferred forms for spent nuclear fuel radiation shielding
applications due to their efficacy in gamma ray attenuation. It is assumed that the entire

. inventory of depleted UF, could be converted over a 20-year period at a single industrial

plant built for and dedicated to this task. Two different processes for the conversion to
U,0,,. three different processes for the conversion to UO,, and two different processes for
the conversion to metal are considered.

The Engmecrmg Analysis Project developed two suboptlons for the dry conversion of UF,
to U,0,. The first process upgrades the concentrated hydrogen fluoride (HF) by-product
to anhydrous HF (AHF < 1% H,0). In the second process, the acid would be neutralized
with lime to produce calcium fluoride (CaF,).

The conversion of UF to densc UQ, is industrially practxccd in the nuclear fuel fabrication
industry. By either a "wet" or a "dry process, the UF; is converted to a low- -density UQO,
powder under controlled conditions to assure suitable powder morphology for sintering to
high density for use as power reactor fuel pellets. Three suboptions were developed in the
Engineering Analysis Project for the conversion of UF, to UO,. A generic industrial dry
process with conversion (similar to that used for U,0O, ) followed by conventional
pelletizing and sintering to produce centimeter-sized pellets is the basis for the first two
suboptions. The first suboption upgrades the concentrated HF to AHF (< 1% H,0). The
second suboption neutralizes the HF to CaF, for sale. The third suboption, a wet process,
is based on small scale studies and is referred 1o as the gelation process.

As described above, it is assumed that the AHF and CaF, conversion products are of
sufficient purity to be sold for unrestricted usage. Vulncrablhtxcs associated with this
assumption are addressed in Section 6.3.1.

. Two metallothermic reduction routes (batch and continuous) for the productxon of uranium

metal were analyzed. Both processes have the same chemistry: ‘the magnesium metal (Mg)
reduction of uranium tetrafluoride (UF,) to produce uranium metal and a magnesium
fluoride (MgF,) by-product slag. The UF, required for either process would be generated
by.the hydrogen (H,) reduction L of dcpletcd UF; (a standard industrial process), producing
AHF as the by-product The standard mdusmal process for over 50 years has been the

6
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batch meta]lothenmc reduction process. The MgF by-product slag resultmg from this
process is contarninated with appreciable quantities of uranium. Without further treatment,
the slag must be disposed of as a low-level waste (LLW). With the rising cost for LLW
disposal, disposal has become a significant fraction of the total cost for producing uranium

" 'metal. For the batch metallothermic suboption, an acid leachmg step to reduce the uranium
.content in the slag and potentially enable it to be disposed in a sanitary landfill is analyzed.

An exemption would be required since the uranium actlvrty in the treated s]ag would still be
large compared to that in typlcal soils,

The other suboptron analyzed in depth is the contlnuous metallothermrc reduction | process
which is currently under development. The initial expectation is that the level of uranium
‘contamination in the MgF, by-product would be sufficiently low that a post-treatment step

-such as the acid leaching step used in the batch metallothermic process would not be

necessary. - Nevertheless, an exemptron for drsposal in a sanitary landfill would be tequired

“because of the small amount of remaining uranium. Process vulnerabr]mes assocrated with

metal conversion options are further discussed in Section 6.3; 2

2.1.4 Long-Term Storage

Two alternatives analyzed involve long—term storage Emplacement in the storage facrlrty

~would occur over 20 years at a newly constructed consolidated facility and the facility -

would be monitored thereafter. In the'engineering analysis, storage options are defined by
the type of storage facility, and suboptions are defined by the chemical form in which the

B depleted uranium is stored. The types of storage facilities analyzed in the Engineering -
" Analvsis Report and the draft PEIS are (1) buildings, (2) below ground vaults, and (3)

mined cavities. The three chemical forms analyzed are (1) UF; (2) U,0,, and (3) U0,.

" The two long-term storage alternatives considered in the draft PEIS are storage of the |
. depleted uranium as UF, and storage in an oxrde form (either U,0, or UO,). :

In the case of storage as U,Q,, followrng conversion, the U,0, would be storedin » -
powdered form in 55-gal (208 liter [L]) drums. The drums wou]d be placed in buildings,
below ground vaults, or an underground mine for monitored storage. Compared to

" _depleted UF,, U,O, provides greater chemical stability, although storage in the converted
“form may be less flexible, and therefore more costly, for potential future uses. In the case

of storage as UO,, following conversion, the UO, would be stored as dense microspheres

* (the product ‘of the gelation process) or pellets in 30—gal (110- L) drims, with the drums
" placed in buildings, below ground vaults, or an underground mine. As with U 10;, the
UJO.form provrdes greater chemrca] stabrhty compared to UF,. ‘ ,

v\t o
Lono-term storage as UF;in the exrstmo cylinders in either burldmgs or a mined cavity is

also considered. Storage of UF in the exrstmg outdoor yards is addressed in Sectron
2.1.1. .

"2.1.5 Marrufacture and Use

Currently. there exist several potential uses for depleted UF. The manufacture and use
options evaluated in the Engineering Analysis Report and the draft PEIS focus on the use
of depleted uranium to shield radiation. Due to its high density, depleted uranium,
although radioactive itself, can be used to absorb the radiation from other, more highly
radioactive materials. This shielding characteristic could be employed in the manufacture of
casks for the spent nuclear fuel removed from DOE facilities or commercial nuclear power
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plants. Two altematives involving the manufacture and d use of depleted uranium for “\J)

_shielding are consndercd uranium dioxide (DUCRETE )! and uranium metal.

DUCRETE™ is similar to concrete but contains high- dcnsnty U0, in place of conventional
aggregate (typically gravel) as a tempering agent mixed with cement for shielding in spent
nuclear fuel (SNF) storage containers. Due to the high densnty of UO,, achieving a
particular level of radiation shielding using DUCRETE™ requires less than half the
thickness of concrete. Such a dramatic reduction in shielding thickness provxdes both

~weight and size advantages over casks using concrete shielding. DUCRETE™ may also be

an appropriate material for overcontainers for spent nuclear fuel disposal, although this
applicatiori is more speculative than the storage applications because the precise disposal
requirements are not known at this time. Accordingly, the engineerin analysis assumes
that, after the spent nuclear fuel storage period, the empty DUCRETE™ cask would be
disposed as low-]evel waste when the spent fuel is disposed. The cost of disposal of the
DUCRETE™ casks is not included. The timing of such activities is not known but is
assumed to be beyond 2040.

The second use altenative involves using depleted uranium as the metal in the manufacture
of annular shields for a multipurpose unit system. The multipurpose unit concept is a spent
nuclear fuel package that, once loaded at the reactor, provides confinement of spent nuclear
fael assemblies during storage, transportation, and disposal. In this approach, the depleted
uranium is disposed of with the spent nuclear fuel.

For purposes of analysis, it is assumed that (1) casks would be bascd on existing designs,
with the uranium shielding material enclosed between stainless steel (or equivalent) ¢ she]ls
and (2) the shielded casks would be produced over a period of 20 years at a central stand-
alone industrial plant, transported to commercial reactors; and loaded with spent nuclear

fuel. . \J

2.1.6 Disposal

Disposal refers to the emplacement of a material ina manner which ensures isolation for the
indefinite future. Disposal is considered permanent, with no intent to retrieve the material
for future use. The disposal options considered in, the Engineering Analysis Report and
PEIS involve conversion of the UF, and disposal as an oxide — either U 10z or UO,. The
U,0, would be disposed of in 55- gal (208-L) drums, and the UO, would bc dlsposed of in
30-gal (110-L) drums. Both bulk disposal (i.e., the U,04 powder or UO, microspheres
are placed directly into dmms) and grouted d:sposal (i.e., the oxide forms are mixed with
cement before being placed in drums) are analyzed, as well as three types of dxsposal
facility: shallow earthen structures, below ground vaults, and an underground mine. Each
disposal facility would be stand-alone and single-purpose, composed of a waste form
facility and several disposal units, which would vary depending on the type of facility
involved.

! DUCRETE is a trademark of Lockheed Martin Idaho Technologies Company and is licensed to Nuclear
Metals. Inc., Concord, MA.

8
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2.2 ‘Definition of 'Alternative Management Strategies ,

Selected options from the six categories described in Section 2 1 can be combmed to bunld

, the followmg long-term management strategnes being con31dered

, ,-, No Actlon alternative , _
o - " Long-term storage as UF, in btxiidings or a mined cavity
&' Long-term storage as oxide in buildings, vaults, or a mined cavity
"« Use as uranium dioxide in DUCRETE™ for shielding applications
» Use as.uranium metal for shleldmg appllcatlons |

s Disposal as oxide i in shallow earthen structures, vaults or mmed cavrty /

" The draft PEIS studies the potential envnronmental lmpacts of these management strategy

alternatives for the 41-year period from 1999 through 2039, although the strategies could

_continue beyond that date. Accordingly, the Cost Analysis Report analyzes the same time

penod

[

options that fulfill-the functlon(s) necessary to carry out a particular alternative. It is noted

~-- that the alternatives have varymg endpoints. Figure 2.1 shows the different options in
..alternative management strategies. (All figures are located at the end of Chapter 2. )

2 2.1 No Action

The Regulations for Implementing the Procedural Provisions of the National Environmental
Policy Act (40 CFR Parts 1500-1508) require that a “No Action” alternative be considered
when preparing an EIS. Under the No Action altemative, DOE would continue to store its
inventory of full depleted UF cylinders at the three existing sites indefinitely. The
activities involved in contmued storage are described in Section 2.1.1 and shown in Figure
2.2. "Consistent with the PEIS time frame, costs of current managcment activities were
estimated from 1999 through 2039. : .

v

The long—term storage as UF6 alternative mvolves storage of depleted UF in its current
chemical form until 2040. This alternative combines options from four categones
including a transportatlon step to move the matenal from its current Iocatron toa long-term
storage Iocatlon , 4 .
{
o Continued storage as depletcd UF in the current yards from 1999 to 2029 ‘with
.. the amount of depleted UF, in storage decreasmg by 5% per year from 2009 to
2029 unttl tt is gone :

. C) lmder preparatzon for shlpment from 2009 to 2029

. Transportatmn as UF toa consohdated storage facuhty from 2009 to 2029
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. Long -term storage as depleted UF in buildings or a mined cavity. from 2009 to
2040, with the amount of depleted UF, in storage increasing by 5% per year
until all the depleted uranium is stored at a consolidated storage facility by 2029.

(

Under this alternatwe continued storage at the current sites would occur through 2008. In
the ensuing 20-year period, from 2009 until 2029, cylinder preparation for shipment,
transportation to the long-term storage site, and placement in the long-term storage facility
would occur. As the amount of depleted UF, in current storage conditions declines over
this two-decade period, the amount of depleted UF, in long-term storage increases. Once
all of the cylinders have been shipped (2029), the long-term storage facility would enter a
maintenance and monitoring mode until 2040. No decision has yet been made regarding
what will happen to the stored UF, after 2040. Long-term storage as UF, is shown in
Figure 2.3.

2.2.3 Long-Term Storage as Uranium Oxide

The long -term storage as uranium oxide alternative consxders long-term storage of depleted
uranium after it has ‘been converted to either U,0; or UO,. Itis assumed that both the
conversion process and long-term storage would occur at locatlons other than the sites
presently used for depleted UF, storage.

The combination of options making up the long—term storage as oxide alternative fall into
seven different steps, two of which are transportatxon

e .Continued storage as depleted UF, in the current yards from 1999 to 2029, with
* the amount of depleted UF in storage decreasing by 5% per year begmnmg in
2009 until it is gone in 2029

¢ Cylinder preparation for shipment from 2009 to 2029, —
e Transportation as UF from 2009 to 2029;

»  Conversion to oxide from 2009 to 2029;

» Transportation as oxide from 2009 to 2029;

e Cylinder treatment from 2009 to 2029;

*» Long-term storage as oxide in a building, vault, or mined cavity from 2009 to
2040, with the amount of oxide in storage increasing by 5% per year until all the
depleted uranium is stored in this form by 2029.

Once again, continued storage persists through 2029. Most of the activity under this
alternative would occur in the period beginning in 2009 and continuing for 20 years:
cylinders would be prepared for transportation and transported to a conversion facility; the

. depleted UF, would be converted to oxide; and the oxide would be moved to a long-term

storage facxhty The inverse, complementary relationship between current storage and
long-term storage also persists, with the former declining as the latter increases with the
transfer of material from the current sites to a long-term storage facility. Once all of the .
material has been shipped, the long-term storage facility would enter a maintenance and
monitoring mode until 2040. Long-term storage as uranium oxide is shown in Figure 2.4.

10
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2.2.4 Use as Uranium Dioxide in DUCRETE™ for Shielding Applications

One of the two use alternatives considered in the Engineering Analysis Report and the draft
PEIS involves using depleted uranium to make a radiation shielding material known as
DUCRETE™. Under this alternative, UF, would be converted to an oxide form (UO,),
which in turn would be used to manufacturc DUCRETE casks for storing spent nuclear
fuel. =

This alternative consists of the following steps:

" Continued storage as depleted UF, in the current yards from 1999 to 2029, with
the amount of depleted UF in storage decreasmg by 5% ) per year beginning in
2009 until it is gone in 2029 R

e 'C»Imder preparatton for shrpment from 2009 to 2029

. Transpartanon as UF, from ”009 to 2029

. Converszon to UO2 pellets from 2009 to 2029

-:1.5 . Transportanon as uo, from 2009 to 2029;" o r o ‘,: i. )
o Cylinder treatment from 2009 to 2029;
e Manufacture of DUCRETE™ casks from 2009 to 2029;
e Transportauan as DUCRETE“" casks from 2009 to 2029;

e Use as DUCRETE™ casks begmnmg in 2009. : ?*: e a

Storage as depleted UF - would continue to 2029. -Beginning in 2009, cylinders would be
prepared for transponatlon and transported to a conversion facility, where the depleted UF,
would be converted to UO,. The UO, would be transported to a facility that manufactures.

" "DUCRETE™ casks; the casks would bc. manufactured; and the finished casks would be
"+ transported to a commercial or DOE nuclear facility to be filled with spent fuel. Use would

increase between 2009 and 2029 as continued storage decreases, with all of the depleted

. uranium in use in DUCRETE™ casks by 2029 Usc as uranium leXIdC in DUCRETETM

shown in Figure 2.5.

2.2.5 Use as Uranium Meétal for Shielding Applications |

A second long;térrn managcrneht strﬂte‘gy‘ forusmg déplétéd 'UFG‘is'fﬂe use as metal ,
alternative. Under this alternative, depleted UF, would be.converted to metal, which in

turn would be used to manufacture metal casks for spent nuc]ear fucl or hl gh Jevel waste
from commercial or DOE facilities. -~ - . .

The use as mctal alternative cons:sts of thc following stcps C

. Commued storage as depleted UF in the current yards from 1999 to 2029, with
the amount of depleted UF, in storagc dccrcasmg by 5% per year begmnmg in
2009 until it is gone in 2029 . g T

o Cylinder preparation for shipment from 2009 to 2029;

11
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. e Tranisportation as UF, from 2009 to 2029; W
e Conversion to metal from 2009 to 2029;
» Transportation as metal from 2009 to 2029,
. | Cylinder treamment from 2009 to 2029;
e Manufacture of metal casks from 2009 to 2029;
o Transportanon as metal casks from 2009 to 2029;
e Useas metal casks beginning in 2009.

Storage as depleted UF; would continue to 2029. Beginning in 2009, cylinders would be
prepared for transponatlon and transported to a conversion facility, where the depleted UF,
would be converted to metal. The metal would be transported to a facility that - :
manufactures metal casks; the casks-would be manufactured; and the finished casks would
be transported to a commercial or DOE nuclear facility to be filled with spent fuel. Use
would increase between 2009 and 2029 as continued storage decreases, with all of the
depleted uranium in use in metal casks by 2029. Use as uranium metal is shown in Figure
2.6.

2.2.6 Disposal as Oxide

The disposal as oxide alternative considers the disposal of depleted uranium after it has
been converted to U,O, or UO,. It is assumed that both the conversion process and the
disposal would occur at different locations

The combination of options making up the disposal as oxide alternative fall into seven
different steps, two of whlch are transportation:

| Contmued storage as depleted UF in the current yards from 1999 to 2029, with
the amount of depleted UF in storage dccrcasmo by 5% per year beginning in
2009 until it is gone in 2029

e Cylinder preparation for shipment from 2009 to 2029;
e Transportation as depleted UF, from 2009 to 2029;

e Conversion to U;0zor UO, from 2009 to 2029;

e Transportation as U,0Oz0r UO, from 2009 to 2029;

e  Cylinder treatment from 2009 to 2029;

¢ Disposal as oxide from 2009 to 2040, with the amount of oxide disposed
increasing by 5% per year until all depleted uranium is disposed by 2029.

Disposal as oxide is shown in Figure 2.7

12
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Figure 2.1 Options and Alternative Management Strategies
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Figure 2.2 No Action Alternative - Current Management Activities Continue through 2039
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Figure 2.3 Long-Term Storage as UF,
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Figure 2.4 Long-Term Storage as Uranium Oxide
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Figure 2.5 Use as Uranium Dioxide in DUCRETE™
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Figure 2.6 Use as Uranium Metal
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' Figure 2.7. Disposal as Oxide _. _"
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3. COST ESTIMATION METHODOLOGY

3.1 Approach

-Costs were developed in a ‘three- -phase process. In Phase I, the costs of the pnmary

contributors to capital and operating costs were developed. In Phase II, factors for.other
life-cycle costs were analyzed. These two phases were performed concurrently. In Phase
I, the costs and revenues estimated in Phases I and II were integrated into a computer cost
model to determine the life-cycle costs of all the management strategy alternatives being
considered.

3.1.1 Cost Estlmatlon for Prlmary Capital and Operations and Maintenance
Costs

Each of the options described in Section 2.1 (i.e., the pnmary cost contributors) was
analyzed as part of the Engineering Analysis ijcct The costs were developed in
accordance with a cost breakdown structure (CBS) paralleling the work breakdown
structure (WBS) used in the Engmccrmv Analysis Project (Lawrence Livermore National
Laboratory 1996). Figure 3.1 summarizes the CBS modules and options (see Section 2.4
of the Engineering Analysis Report for a discussion of the methodology and the selection
of options for in-depth analysis). The options which were analyzed in detail are the
building blocks for the alternatives. Figure 3.2 shows the CBS at Level 6 for the U,0,
conversion option using the deﬂuormalxon process with anhydrous HF production.

Costs were developed at least one level below that at which they are reported. These costs

were reported in preliminary draft Cost Estimation Reports (CERs) that were prepared

according to preset guidelines.. Rather than revising the individual CERSs to reflect any

subsequent changes, the cost model descnbcd in Section 3.1.5 is being used to capture

updates to the cost estimates. -/

- The capital and operating costs were developed and reported year by year over the life of

the project in accordance with the project schedule. A period of 20 years was assumed to
disposition the entire depleted uranium stockpile (about 560,000 MT UF, in 46,422
cylinders). This corresponds to an annual throughput rate of 28,000 MT of UF,, or about

19,000 MT of uranium.

A cash flow analysis was prepared to establish life-cycle costs. All costs were estimated in
first quarter fiscal year 1996 dollars. In general, a scoping-level combination of vendor
quotes, a factored approach based on historical cost data, and a detailed cngmcermv
(bottom-up) approach were used in estimating costs. A factored approach was Used when
historical data were available for cost elements, for example, for the cost per square foot of
a particular type of building (e.g., Butler). The total cost was estimated using the size of -
the structure and the per-square-foot cost factor. A detailed engineering approach begins
with a specific facility design, and, from this, estimates are made of the quantities of
materials, labor, and other components required. Unit costs were applied to these
estimated quantities to prcparc the direct cost estimates. Additional costs were estimated
using assumptions concerning the type of construction, safety and environmental
regulations, production throughput, and other factors.

In Chapter 4, Cost Esumauon of Options, costs are reportcd to the nearest $10,000,
resulting in some estimates with five significant figures. A maximum of two significant
figures is considered appropriate; however, rounding was reserved for the final totals
(Chapter 5, Cost Estimation of Strategies) and is not used on interim results.
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Figure 3.1 Cost Breakdown Structure (CBS) to i_;evel 3
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Figure 3.2 Cost Breakdown Structure (CBS) to Level 6 for Conversion to
U,0, Using Defluorination with Anhydrous HF Production \J)
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3.1.2 Schedule . -

- -A generic schedule was assumed for conversion (including empty cylinder treatment) and
- - manufacturing facilities in the program. Schedules have not been differentiated for DOE or
privatized facilities at this time. Beginning from the time of the Record of Decision: -

(ROD), technology verification and piloting were assumed to take five years, mcludmg

| - 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. Facility operation and maintenance are assumed to
" begin in the twelfth year and be complete at the end of the thirty-first year of the project.
* Decontamination and decommissioning are assumed to take three years and start :
- - immediately after 20 years of operations and mamtcnancc The generic schcdule is shown
-|nF1gurc33 . L
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3.1.3 Basis for Financial Analysis

There are three alternatives for the ownership and operation of the conversion,
manufacturing, long-term storage, and permanent disposal facilities and transportation

—_ equipment. ‘These alternatives are government, regulated quasi-private (analogous to utility
companies), and fully pnvate What altemative is chosen for ownership and operation has
implications for basic project costs and schedules, permitting and licensing costs, facility
operating requirements, capital structure of the enterprise, and sources of money and,
hence, for cost of funds, profitability requnrements and taxes.. These issues are beyond the
scope of this Cost Analysis Report, whose focus is on how dcsxgn rcqunrcments are
translated into costs for a government enterprise. .

" OMB Circular A-94 Section 4 (OMB 1992) provides guxdancc for internal Executive
branch financial analyses to be submitted to the Office of Management and Budget (OMB).

" In particular, it addresses federal budget preparation and analyses supporting government -
decision making regardmg projects ‘and programs where measurable costs and benefits -

L& extend three or more years into the future.” Management of the Department of Energy S
depleted UF; is'an example of such a program. OMB Circular A-94 (Section 5) -
- ‘rccommcnds use of benefit/cost analysis in the form of discounted costs and benefits. The

Circular (Section 7) also requires that all costs and benefits be in initial-year dollars (that is,
nonmﬂatmg dollars) and that an inflation-free discount rate be used for this analysis.

In this CostAnalvszs Report, the different dcpletcd UF, manavement strategy altematxves
- are evaluated in terms of net present value of all outlays and returns, beginning with
' jcchnology dcvc]opmcnt and ending ‘with facility decommissioning and dcconmmmatlon

3.1.3.1 Rcfercnce Case Return Rate

OMB Circular A-94 recommends a value of seven percent per annum (7% p.a.) for
reference case analysns (Section 8b). This rate is described as approximating the ‘marginal

- pretax return rate for investments in the private sector. The use of this return rate can also’
be supported through examination of return rates in industries similar in nature to those
participating in depleted UF, management projects. Accordingly, the 7% p.a. value is used
for reference case analyses i m this Cost Analysxs Reparr

- _ Inflation-free rates are not regularly reportcd in the financial and busmess press. A crude
_correction can be made by subtracting an inflation rate estimate from the reported cost of
‘funds. The March 25, 1996, issue of Business Week lists the 1000 largest companies in
‘the United States as measured by their value. Subsets of these data were examined to ,
. determine what cxpectauon of return rate the managers and owners may have. The mctnc
" ‘used was a pretax "return on invested capnal " although other metrics are certainly
- possible. The results are presented below in terms of minimum, average, and maximum
- values:
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’ Return on invested
Industry Group ' capital for 1995 (%)

“(Min) Avg. (Max)

Chemicals (5 companies) -(15.5) 22.2 (29.9)
Manufacturing (13 companies) . (1.2) 143 (25.8)
Paper (7 companies) . (34) 12.7 (21.3)
Electric utilities (9 companies) : ()] 9.0 (10.0)

Industry groups in the above tab]e were selected as bcmg representanvc of those which
might be interested in participating in depleted UF, management strategy activities.
Chemical companies have a long history of partxupatxon in the DOE missions. Studies’
comparing industry group characteristics have concluded that uranium enrichment has a
structure similar to that of the paper industry. If the depleted UF, is managed as a quasi-
private enterprise, the electric utility industry would seem to be a Teasonable model touse
for the. purpose of estimating profitability expectations.

Assummg long-term stability of the U.S. economy, the future inflation rate may be in the
range of 2.5-3.0% p.a. In order to estimate the inflation-free return rate, a number in this
range would need to be subtracted from the return on invested capital in the prcccdmg table.
If this is done, the average inflation-free retumn rates range from 10-19% p.a. for private
industries which might be similar in nature to those participating in depleted UF,
management projects and 6% p.a. for a regulated industry.

It is believed that these examples support the OMB Circular A-94 recommendation of a

 reference case value of 7% p.a. if one remembers that 7% does not cover all businesses’
requirements for return on investment. In fact, the 7% p.a. retumn rate seems appropriate
for a licensed monopoly (such as a utility) wherc government regulation, not free
competition, protects the consumer from overcharging.

3.1.3.2 Return Rates for Scnsitivity Studies

It is important to look at the financial analysis from a sensitivity study perspective to ensure
that the ranking of strategles does not depend strongly on the choice of discount rate. In
Chapter 6, the sensitivity of results is tested by reporting net present values of thc

alternative strategies at 4% and at 15% p.a., as well as at the reference case raté of 7% p.a.
The purpose of the next paragraphs is to estabhsh the reasonablcncss and rationale for 4%
and 15% p.a. sensitivity study return rates. -

The table in Section 3.1.3.1 shows the impacts of investment risk certain industries have
become accustomed to as they pursue their customary lines of endeavor. As indicated,
there is a range of returns within an industry group which depends on the details of the
various enterprises and the ability of the managers to forecast and prepare for the future.
Additionally, not shown in the table are the temporal trends or business cycles to which
several industry groups are subject and which affect year-to-year profitability. In this latter
sense, profit margins for 1995 were about 25-40% better for the industry groups shown
than were those of 1994.
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The data in the preceding table support an upper sensitivity return rate in the neighborhood
of 15% p.a. for conventional private industries which operate in a competitive market
where return rates do not have to be restricted by government entities to protect consumers.
The lower bound for sensitivity calculations can be derived from an assumption that

- “depleted UF, management will be a government project since the material was government-

generated and now is government-owned. The guidance of OMB Circular A-94 (Appendix
C)’is to use 3% p.a. for government projects extendmg for 30 years

The business literature provides other measures of retum rite expectatrons Among these

“are the bank prime rate and U.S. Treasury bond rates. The March 13 1997 Wall Street
.Journal quotes the followmg values for these metncs '

'.A'.=:l" o ’ .. :
InE a 1 1]

ane rate (set 2/l/97) o 8 25% pa - 'A L o
US 'I‘reasury bond rate S - - o
2year e T 6.08% pa. . - W
: ‘;. 5 year Y 7
":lbyear 4 ‘ ' /6.58 A
0year . .. 687 Co |

The pnme rate indicates a demand for an inflation-free commercna] retirn rate of 5.25-"..

. 5.75% p.a. when the investment has minimal risk. However, its use is mappropnate for
‘the purpose of developing a lower bound return estimate where the project is postulated to
'be government owned and operated. For this case, U.S. Treasury bond rate dataare

appropriate because the government assumes all the risk. The data in the table above imply
an inflation-free return rate of about 4% p.a. for a loweér bound government project, where
there is minimal business risk. For this analysis we have chosen the 4% p a. fi gure as the

lower sensitivity value. R coe

3.1.4 Other Life-Cycle Costs

Other life-cycle costs and revenues were the subject of their own special studies. Examples
include market surveys to determine the market price for the anhydrous HF and CaF, by-

' products produced from conversion (described in Section 4.2.2). An estimate of the cost
_of regulatory compliance was another study (described in Section 3.2.4). Cost estimates
“for both DOE and Nuclear Regulatory Commission (NRC) requrrements under each option

were estimated. The more costly DOE requ1rements were mtegrated into the computer

" 'model described in Section 3.1.5 and lncluded in the cost estimates for each opﬁon s

(R}

3.1.5 lntegratlon ol’ Costs ’

_'..:r.; ' - ""”'J-..r\

A computer model was developed to mtegrate the’ pnmary caprtal and operatmg costs and

other supporting costs and factors. Unit costs and facility size were used as a base, to -

-which were added appropriate costs for installation, project management, taxes, .

contingency, and other factors; site preparation and utility costs; and decontamination and
decommissioning costs. Cost factors and other cost assumptions described below are input
variables in the cost model As such they may be revnsed as necessary
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3.2 Cost Basis : '
The prcoperatxonal capltal operating, and other lee-cyclc costs are descnbed inthe |
remainder of this section. ‘A median cost reﬂcctmg contingency based on a 50% probability
of overrun and a 50% probability of underrun is reported. Stated another way, there is a
50% likelihood that the as-built costs would be either greater or Iess than those presented.

3.2.1 Technology Development

The cost of technology development mcludcs the costs for venf cauon and piloting
necessary before detailed design and engmecnng Design work’ perfon'ned prior to Title I
design and funded out of the DOE operating or new owner’s budget falls in this category.
Usually, this work is performed by an architect/engineering (A/E) firm or by the resident
engineering staff ata management and operatlons (M&O) contractor site. Such a design is
usually the first "bottom-up"” design using take-offs from drawings and equipment .
specifications and includes a cost estimate. Technology development is shown on the
generic schedule (Figure 3.3) as technology verification and piloting during years 1-5.

Initial projections of technology development costs, including pilot scale testing, are
provided in the cost tabulations found in subsequent chapters. The cost estimates were
primarily based on engineering judgment, following review and ranking of the subsystem
uncertainties. The focus is on relative costs. The reader is referred to Chapter 3 of the
Engineering Analysis Report for the Long-Term Management of Depleted Uranium
Hexafluoride, Rev. 2. It was implicitly assumed that the development and testing would be
conducted in existing facilities capable of handling large quantities of depleted uranium and
having suntable infrastructure. .

Definitive engineering development costs will be estabhshed ina subsequem phase of the
Depleted UF, Management Program.

3.2.2 Capital Costs

This section defines the terminology used in the discussion of facmty capxtal costs, lists the
components of a capital cost, and outlines the approaches used to estimate these costs.

3221 ArchitectlEngineering ; ’
Archltect/engmeenng design costs were estxmated at 25% of total field cost. This includes
conceptual, Tltle I, Tltle II and Title DI desngn and engmeermg '

kN

Title I is the prehmmary desngn and is usually the first line-itern funded design effort for a
facility. It includes detailed drawings, bills-of-material, and craft labor requxrements A
Title I cost estimate is usually also produced. An architect/engineering firm is often used
for this level of design effort. The design at this point will be site-specific. Title Il design
produces the final preconstruction drawings; bills-of-material, and other specifications.
The same A/E firm as for Title I design is often used. Title III is engineering that takes
place primarily during construction and involves verification that the Title II final design is
being implemented. Inspection activities and quality assurance (QA) are included in this

category.

Architectural and engineering costs are incurred during the design period shown on the
generic schedule. The AJE costs for process equipment, process facilities, and balance of
plant are found at CBS Level 6. Conceptual design costs are 10% of total A/E cost spread
evenly over the first two years. Eighty-five percent of the remaining 90% of A/E costs
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(76.5% of the total A/E cost) was a]located io preliminary (years 3-4). and final (years 5-7)
design. The final 15% of the rcmammg 90% (13.5% of the total AJE cost) was allocated to
the design oversnght of construction (years 8-11)

3 222 Construcuon )

f tThe initial site selected for costing purposes was a hypothetical green field site in Kenosha,
WI. This is the standard description for an east/west central site and is typical for electric
power generation facilities, having access to water and rail transportation. It was used for
thc engmcenng analysns and cstabllshcs the basic manual labor rates-and statc sales tax.

¢
Dav1s-Bacon manual labor rates for Kenosha WI, the Workers Compcnsauon TInsurance
rates for Tennessee, and a standard 40-hour work week were used, plus an allowance of
1% for casual overtime. If costing involved an existing or a different site, Davis-Bacon
manual rates for that specific area were used. For example, labor rates at Portsmouth, OH,
.Paducah, KY, and Oak Ridge, TN, were used to estimate the cost of contmucd storagc of
depleted uranium hcxaﬂuondc in yards. -

For process equipment cost element (CBS Level 5), capital costs for matcnals and tax on
materials are captured under fabrication at CBS Level 6, as shown on Figure 3.2. After
engineering and process equipment are subtracted, the remaining capital costs for process
equipment are captured under installation at CBS Level 6. For process facilities and
balance of plant (CBS Level 5), these costs are captured under construcnon at CBS

Level 6.

Dnrect construcuon costs include the cost of craft labor, construction materials (such as
concrete forms, rebar, concrete, structural steel, piping, electrical raceway and cable) and
installed equipment (such as process equipment and service cqmpment) Costs were
estimated as follows: S

.. .Cost Element B - Basis. Assumption, Value Rahg

‘Major equipment: = Vendor quotes; historical data; or a factor

approach based on complexny, 51ze mass, and
technical maturity

Process support equipment: ' ~ Same as major equipment or percentage of major
St e o equipment cost, dcpendmg on the type of support
' _ - equnpmcnt ‘

Process support systems: © . Actual cost or percent of major equlpme\nt cost

- «depending on the support system -,

Major facilities: Quantity take-offs or “bottom: up estxmates or
factored approach ,

Support facilities: ~ ¥/square foot or $/cubic foot dependmo on thc
Co : : c]assnf' cauon of the facxhty :

Facility‘ support systems: . $lumt or percent of total facxhty cost, dcpendmg
" v ‘on typc of fac1llty support system

State sales tax: . “‘ Sales fax on materials (mcludmg dxstnbutab]c
field costs on materials) -'6%

- .
ot

29




Ll

Cost Analysis Report for the Long-Term Management of Depleted Uranium Hexafluoride
May 1997

Indirect costs are distributables (general conditions), overhead, and profit. These include

support to direct construction for temporary construction facilities, construction equipment, \)
construction support, field office expenses, and craft supervision. Construction facilities

include on-site offices, warehouses, shops, change rooms, construction roads,

construction parking lots, etc. Construction support includes such items as construction

tools and consumables, safety equxpment material handling and warehousmg, and general

cieanup. These costs were estimated as follows:

Distributable field (general Distributable field costs for materials are 28% of
conditions) costs: the direct labor costs. Distributable field costs for
labor are 75% of the direct labor costs.
Contractor’s bond: 1% of total'contracto'r’s contract value
Contractor's overhead and profit: 5% for materials and 15% for labor, taken as a

percentage of both total direct costs and
distributable field costs.

Initial spares are major and crucial extra equipment items purchased out of the project
capital budget. These are items needed to ensure process operation in the event of the
failure of a major piece of installed equipment. The nature and cost of these items are
technology-dependent.

Initial spare parts: 10% of process equipment, exclusive of piping,
: instrumentation, and installation

3,2.2.3 Balance of Plant

The balance of plant CBS includes the costs of site xmprovemcnts, utility buildings, \J
services, and support buildings. Site improvement costs include roads, parking areas,

fencing, landscaping, and railroad spurs. Support buildings include an administration

building, a utility building, a site warehouse, maintenance shops, an entry control building,

and sanitary and industrial waste treatment facilities.

Once a site for a facility is recommended, it must be certified that the site geology,
infrastructure, and meteorology are capable of safely accommodating the facility and any
wastes or emissions generated therefrom. For geologic disposition options, this can be a
lengthy and expensive step. Much of the work invélves environmental and geologic
sampling and documentation of findings. Although no specific sites were selected during
Phase I of the Depleted UF, Management Program, generic snc selection and site
qualification costs were developed.

3.2.2.4 Cost Estimating Contingencies

Engineering contingencies which reflect the level of the preconceptual designs, the
engineering data available, and the experience base were determined for the various
options. It was assumed that a development program would verify process feasibility,
demonstrate successful equipment operation and integration, and generate enginecring data
for scale-up to production size equipment. These cost estimating contingencies were
applied to capital costs as follows:

¢ Process and manufacturing facilities: 30%
» Balance of plant: 20%
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e Process and manufactunng equlpment variable (~30 50%, depending on option)

The vanable process and manufaclunng cost estimating contmgencxes do not consider -
process feasibility or performance risk, which is described in Chapter 6 (the sensitivity
analysis) of this report. In particular, factors that indicated a higher process and
manufacturing contmgency included (1) little or no operational experience with similar -
processes or equipment, (2) first-of-a-kind and custom-designed equipment, (3)
uncertainty regarding the selection of materials of construction, and (4) conceptual nature of
equipment or lack of good definition.® Factors that indicated a lower process and . ,
manufacturing contingency included (1) industrial experience with similar proccsses and
equipment, (2) standard unit opcranons with well recogmzed de31gn methods, and (3)
standard or off-the-shelf equipment.

3 2.3 Cap1tal Costs - Project’ Management

For govcmmem-owned facilities, DOE usually hires a construction manager (normal]y an
AJE firm) to handle the subcomractmg of craft labor and to interact with the design A/Es-
and equxpmcnt vendors.

Construction management: 10% of contractor’s ﬁeld cost after taxes

Project management: 6% of total capital costs, mcludmg both dlrect and

mdlrect costs

"3 2 4 Regulatory Comphance

Scopmg-levcl estimates were developed as a separate study for the cost of pcrmmmg,
licensing, and environmental documentation under both public and pnvate OWnershxp and
operation. The following were considered: .

-, . Atomic En:e;'gy ‘ActINuclcalr. chulqtory Commission (NRC) regulations
e Department of Iéncrgy Orders . | o
| _»  Clean Air Act

¢ National Envxronmenlal Policy Act

* Resource Conservation and Recovery Act

e Clean Water Act | | ~ | N '

» Packaging and Transportation of Radioactive Material/NRC regulatidns ‘

+» . .Hazardous Materials Transportation Act ‘

. e Safe Dnnkmg Water, Act ‘

e
[

e Emergency Planmng and Commumty nght to-Know Act

"Under the Atomic Energy Act DOE Orders would apply to DOE-owned facilities whlle

NRC regulations would apply to privately owned commercial facilities. Both costs were
estimated, but only costs for regulation under DOE Orders is mcludcd in the Cost Analysis
Report since this is the more costly" scl of reqmrements
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Regulatory compliance includes preparation of the sne-spemf ¢ EIS (which follows the
more generic PEIS) and state, local, and federal permits related to air and water quality.
Construction permits are also included in this category, which covers the legal and technical
work needed to obtain the NRC license required to begin construction. Some technical
work, such as safety documentation, would be performed by vendors new owners, or
national laboratories.

3.2.5 Operations and Maintenance - Materials
Operations and maintenance costs are captured at Level 5 of the CBS.
Chemical or feed costs: Cost of consumable materials for process
operations such as chemicals, cements, and

additives are based on vendor quotes, Chemical
Market Reporter magazine, or similar sources.

Facilities and equipment maintenance 4% of the total direct facility capital cost -
and spares: i

3.2.6 Operations and Maintenance - Labor

Direct Operations Staff

This category includes salaries plus fringe benefits for those persons directly associated
with operations, such as chemical operators, foremen, and technicians, plus their line
supervision. Clerical and health physics support in the process area are also included here.

Number of shifts: One, two, or three, dcpcndmg on engineering
design

Breakdown of staffing and Davis-Bacon wagc ratcs for Kenosha, WI, for

cost/person-hour: nonexempt employees and current national average.
wage rates for exempt employees

Production rate: Based on 20 years of operation, 28,000 MT of
depleted UF, per year

Plant availability: 80% of operating days/year, unless engineering

data reports specifically prescribe otherwise

Direct Maintenance Staf’

This category includes salaries plus fringe benefits for those persons dxrectly associated
with maintenance.

Indirect Staf

This category includes salaries plus fringe benefits for other personnel needed to run the
facility in a safe and environmentally compliant manner meeting all federal, state, and local
regulations. Among the indirect staff would be medical personnel; engineers; research and
development (R&D) staff (for post-startup, process 1mprovement R&D); human resources
personnel: fire fighters; stores clerks; travel clerks; in-house environment, safety, and
health (ES&H) oversight personnel; and the secretarial pool. Some of these functions may
be shared with other facilities on a DOE reservation and their costs allocated on a fair basis.

Prior to commencing normal operations, the operator of a faéility (presumably an M&O
contractor/owner) must become familiar with the facility processes. Technology and
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information transfer from vendors to the M&O contractor/owner is required. DOE Orders
and NRC requirements also necessitate extensive training of M&O staff, not only on

_technical operations, but also on the ES&H aspects of facility operations. Start-up costs
" were estimated to be 65% of the first year’s operating labor, mcurred the year before
‘operanons begm

Current regulatory regimes require complete documentation of operauona] procedures pnor
to facility start-up. As part of this activity, manuals for various process equipment items
must be prepared, which may involve both vendors and M&O contractors/owners. The

facility project office must also prove to the NRC or DOE that the facility is readyto
‘commence operations in a safe and environmentally benign manner. Considerable time on
" the part of the contractor and regulatory staff may be requrred to prepare for and carry out

these revrews

T

3.2.7 Operations and Mamtenance - Utllmes

Utilities include annual costs for e]ectno power, natural gas, fuel oxI water, purchased ]
steam.’ telephones and other nonelectrlc utrlmes Utility costs depend on the ]ocanon of the

~ facility. .
Utilities and services costs: . 10% of total operatmg Iabor or based on current
rates and power requrrements whrchever is
greater . .

3.2.8’:0perlati'ori§ and Mainténance'f - Waste Managerrrent and D.ieposal

Depending on the characterization of wastes by engineering studies, the cost of disposal
will be determined by the approaches defined below. Packaging and transportation costs
will be added where applicable. Disposal costs were based on Murray (1994). The cost
per ung golume for waste disposal is an input variable in the cost model and may therefore
be modified

. Mixed Wacte . a

stposal costs for mixed (radioactive/hazardous) waste were reported in this category A
cost of $100/cubic foot was used.

Hazardous Waste
Disposal costs for hazardous waste were reponed in this category. A cost of $20/cub1c
foot was used. : o o .

Low-Level Radnoactive Waste S Y

Waste of this type is sent to DOE sites or special burial sites covered under reglona] LLW

compacts. The cost is typically levied on a $/cubic foot basis. “A cost of $100/cubic foot
was used. . .

l\_lonhazardOU§ Waste

Nonhazardous sanitary liquid wastes generated in facilities are transferred to an on-site
sanitary waste system for treatment. Nonhazardous solid waste disposal costs (e.g., CaF,)

T

. are assumed to be $2/cub1c foot.

33




B2 I,

Cost Analysxs Report for the Long-Term Management of Depleted Uranium Hexafluoride
May 1997

3.2.9 Révenues

Some of lhe conversion processes result in markctab]c by- products such as the anhydrous
hydrofluoric acid (AHF) produced in the defluorination process and the calcium fluoride
from the neutralization process. The use module in the engineering analysis anticipates
direct use of the depleted uranium shielding forms. These products or by-products will
generate revenues which partially off-set the conversion and manufacturing costs. An

* initial market survey was conducted to determine the size of markets for the major by-

products (AHF and calcium fluoride) of the various conversion processes. Issues
addressed included annual sales of product, price, growth or reduction forecast for the
markets, and the capacity of the market to absorb additional supply without undue effects
on price. The effect of shielding cask values is presented in Section 6.1.3, while the
revenue from sale of AHF and CaF, is presented in Section 4 2.2,

3.2.10 Decontamination and Decommissioning (D&D)

It was assumed that a DOE M&O contractor and perhaps an-A/E would shut down and-
decontaminate the facility and remove contaminated and junk equipment. It was assumed
that facility demolition. would not be required. The D&D cost includes disposal of
contaminated or junked equipment at licensed disposal sites.

Decontamination and 10% of the total costs for process equipment,
decommissioning: process facilities, and balance of plant (i.e., the
plant capital cost)

This estimate is based on historic and projected D&D costs for facilities thh similar
complexity, size, and hazardous waste characteristics.

3.2.11 Transportation

All costs for transportation of depleted uranium were tabulated. An engineering cost
analysis of transportation alternatives was conducted and a submodel developed to assess
the cost per unit quantity per unit distance traveled and the loading/unloading operation .
performed.

3.2.12 Exclu.sions

The following items have been excluded from the estimates during Phase I, but may be
included during Phase II of the Program, when there is a basis for defining these costs:

e Fees earned by M&O contractors : v
* Royalties to third parties

¢ Payments in lieu of property taxes

¢ DOE oversight costs

e Cost of land

Land requirements for each option were estimated in the Engineering Analysis Report. The
cost of land was excluded, however, because land prices are highly dependent upon
location, which will be determined in a later phase of the Program. In addition, it would
neither discriminate between alternatives nor significantly affect the total cost of an
alternative, as illustrated in the following paragraph.
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The estimated land area required for the conversion options ranges from about 13 to 20
acres, Assuming that land in an industrial area costs $5,000 per acre, this would add up to
$100,000 (a few hundredths of a percent) to the cost of implementing a conversion option.

. Estimated land requirements are greater for the use, storage, and disposal options than for
. the conversion options. Shielding fabrication facilities occupying 90 acres would add |
about $450,000 (again, a few hundredths of a percent) to the total cost. Land requirements

for storage facilities are estimated to range from 74 acres for mined cavity storage of UO, to
212 acres for vault storage of U,0, with corresponding land costs of $370,000t0 . -
$1,060,000, based on a unit cost of $5,000 per acre. Inclusion of the cost of land would
add less than one-half of one percent to the total cost of each option and wouldbe
insignificant when comparing storage options (e. g., building, vault, or mined cavity). A
similar comparison may be made for disposal options, where the greatest land requirement
is for dlsposal of grouted U,O; in a mined cavity (1141 acres).” Including the cost of land
for this opnon would increase the cost by less than one-half of one percent.

.....
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- 4. COST EST _{MATIO_N OF OPTIONS

All costs reported in this document are median costs (50% probability of overrun and 50%
probability of underrun) and are given in millions of first-quarter 1996 dollars discounted
to the beginning of the project. The discount rate used for the reference case was 7% p.a.

4.1 Transportation
Transportation costs include the following elements:

¢ Preparation of depleted UF, cylinders which meet DOT requirements (i.e.,
conforming cylinders) for shipment from the three sites to a conversion or
storage facility ‘ : '

¢ Preparation of depleted UF cylinders which do not meet DOT requirements
(i.., nonconforming cylinders) for shipment from the three sites to a conversion,
or storage facility

o Treatment of emptied cylinders

. Lo:iding, shipping, and unloading of depleted UF,, emptied cylinders, U,Q,,
UO,, uranium metal, uranium metal shields, and oxide (DUCRETE™) shields

Cost for shipping other materials such as input reagents for chemical conversion processes
(e.g., ammonia, sodium hydroxide, hydrochloric acid) and output by-products (e.g., -
AHF) are included in the cost of purchasing the reagents or in the revenues generated from
selling the by-products. : :

4.1.1 Preparation for Shipment

Preparation for shipment includes the cost of preparing conforming cylinders plus the cost
of preparing nonconforming cylinders. The preparation cost for the latter is the cost of
placing nonconforming cylinders in cylinder overcontainers or the cost of transferring
depleted UF, from cylinders that no longer meet DOT requirements to new or conforming
cylinders.

The number of cylinders that will not meet transportation requirements over the shipping

time frame is not precisely known. The costs for preparing the cylinders for shipment are
based upon the reference case of approximately 29,000 nonconforming cylinders and
17,000 conforming cylinders. Other cases are presented in Section 6.2.1.

The cost of preparing conforming cylinders for shipment is presented in Table 4.1. Tables
4.2 and 4.3 present the costs of the two options for preparing nonconforming cylinders for
shipment, the cylinder overcontainer option and the transfer facility option. The
overcontainer option has a much lower estimated cost because process facilities are not
necessary and the operations and maintenance activities are simpler and therefore less
costly. However, if development and fielding of an overcontainer (which currently does
not exist) is adversely impacted by changes in transportation regulations or other factors,
the transfer facility provides another option for preparing nonconforming cylinders for
shipment.

Three facilities would be required for the transfer option—one at Paducah for transferring
19,200 cylinders, one at Portsmouth for transferring 5,200 cylinders, and one at K-25 for
transferring 4,683 cylinders. Table 4.3 shows the combined cost for the three transfer
facilities. The costs for the transfer facility option were evaluated by combining the costs
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of engineering development, process equipment, process facilities, balance of plant,
regulatory compliance, operations and maintenance, and decontamination and
"decommissioning.? Process facilities for the transfer facility include the engineering and
construction of a two-story reinforced concrete process building to house autoclaves and
other process equipment. Most of the transfer facility process building is special .
construction with area perimeter walls and ceilings assumed to be 1-ft thick concrete,
interior walls assumed to be 8-in. thick concrete, and base mat assumed to be 2-ft thick
concrete. .~ . - T : ' o
4.1.2  Treatment of Emptied Cylinders AN

Most of the management strategy alternatives involve removing the depleted UF, from the
cylinders and converting it to another form, which would generate 46,422 emptied *
cylinders for disposition. Transfer of the depleted UF, into new or conforming cylinders
for future storage is another option requiring treatment of emptied cylinders. A _
Jpreconceptual design for a stand-alone facility for removal of the depleted UF, heel from
the emptied cylinders is included in the Engineering Analysis Report. After the heel is
washed from the cylinders, the wash solution is neutralized for disposal and the cylinders
are crushed for shipment to DOE scrap metal facilities. -

The qualitative and quantitative impacts of collocating the treatment facility with either a
metal or oxide conversion facility were analyzed. The collocation would lead to a
significant reduction in the required infrastructure, including labor, storage yards for
temporary storage of incoming/outgoing emptied cylinders, support buildings, roadwork,
grounds, and piping. In addition, the cylinder treatment function would become a
processing module within the conversion facility. Table 4.4 presents the incremental costs .
for integrating the cylinder treatment function into a conversion facility.- The estimates for a
treatment facility collocated with an oxide conversion facility are about one-quarter the
stand-alone costs, while the estimate for a treatment facility collocated with a metal
conversion facility are about one-third the stand-alone costs. The cost of a collocated
treatment facility is the basis for emptied cylinder disposition costs for the management
strategy alternatives.

4.1.3 Loading, Shipping, and Unloading

Loading, shipping, and unloading full depleted UF, cylinders, emptied depleted UF,
cylinders, drums of U,QO;, drums of UO,, boxes of uranium metal, uranium metal shields,
.and oxide (DUCRETE™) shields are included in this cost element. Table 4.5 and Figure
4.1 compare the shipping costs, including loading and unloading, by truck and rail for all
the management strategies. Other than shipments originating from the current storage sites,
origins and destinations are unknown at this time. For the reference case, a distance of
1000 km was assumed for all shipments. Other cases are considered in Section 6.1.2.

Estimated costs per kilometer traveled and for loading and unloading are lower fdr truck
than for rail ($1.79/km, $100/load, and $100/unload per truckload versus $1.86/km,
$1000/load, and $1000/unload per railcar). However, at the assumed distance of 1000 km,

- the total cost of transport is lower by rail. In general, more material can be placed on a

railcar than a truck (approximately a factor of 3 by weight), resulting in a lower cost per
kilometer per kilogram of material moved. For distances greater than around 500 km, this
outweighs the higher loading/unloading costs and rail is less expensive, but for shorter

* Due 1o the'discount effect, costs occurring late in the campaign, such as decontamination and
decommissioning, appear to be quite small compared with those such as technology development, which
occur early in the campaign.
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dxstanccs, truck transport would have the lower costs. It is noted that rail costs are
-influenced by location more than trip distance and therefore have a much hi gher associated J
uncertainty than truck transportation costs since locations have not been determined. )

4.1.4 Total Transportation Costs

The total transportation costs are presénted in Tables 4.6 and 4. 7 and are computed as the
sum of the costs described in Sections 4.1.1 through 4.1.3. Table 4.6 and Figure 4.2
present the estimate for the low-cost transportation options (i.e., overcontainers for
nonconforming cylinders and rail for transport mode). Table 4. 7 and Figure 4.3 present
the estimate for the high-cost transportation options (i.e., a transfer facility for
nonconforming cylinders and truck for transport mode).
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Table 4.1 Cost Breakdown- (in Millions of Dollars) for Preparation of (17,339)
Conforming ‘Cylinders for Shipment

..,
Suils

Inspection and retrieval equipment o .
Engineering 0.17 i
Fabrication 1.39
Certification ‘.. 007

Subtotal i .1.63 3

Handling fixtures v "
Engineering 0.06 :
Fabrication 047
Certification ¢ -0.02

Subtotal 71 0.55

Shipping fixtures St
Engineering . 0.02 -
Fabrication ;016
Certification P...0.01

Subtotal 0.19

Facilities S -
Engineering * i..0.00 .
Construction . 0.00
Project management 0,00

Subtotal 10.00 - ' !"

Regulatory compliance 113 e

Operations and maintenance
Materials 1.64
Utilities . 0.01
Labor . 44,27
Waste Management & Disposal o 0,19

Subtotal " 46.11
Decontamination & decommissioning 0.00
TOTAL 49.61
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Table 4.2 Cost'Breakdown (in Millions of Dollars) for Preparation of (29,083)
Nonconforming Cylinders for Shipment - Overcontainer Option

o

St
A

e

P
W

Engineering Technology 0.82
Inspection and retrieval equipment
Engineering 0.23
Fabrication 1.93
Certification 0.09
Subtotal . 2,25
Overcontainers
Engineering 0.54
Fabrication 2.39
Certification 0.15
Subtotal 3.08
Handling fixtures '
' Engineering 0.06
Fabrication 0.47
Certification 0.02
Subtotal 055
Shipping fixtures . ‘
Engineering 0.03
Fabrication 0.24
Certification 0.01
Subtotal 0.28
Facilities
Engineering 0.00
Construction 0.00
Project management 0.00
Subtotal 0.00
Regulatory compliance 1.13
Operations and maintenance
Materials 6.60
Utilities 0.03
Labor 96.03
Waste Management & Disposal 0.33
Subtotal 102.99]
Decontamination & decommissioning 0.00
TOTAL 111.10
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Table 4.3 Cost Breakdown (in Millions of Dollarsj for -Preparation of (29,083)
Nonconforming Cylinders for Shipment - Transfer Facility Option

LB

W oo

202,
S

S

Engineering Development "~ 2.46|
Process Equipment.
Engih_e_e_ripg 3.70
Fabrications 8.0l
Installation - 5.24
Certification & ‘Test - 0.35
Subtotal 1730
Process Facilities . . Con
Engineering -16.86
Construction 49.04
Proj. Management 10.97
Subtotal '76.87
- Balance of Plant
Engineering . 12.46
Construction 36.26
Proj. Management 8.11
Subtotal ' 56.83
Regulators' Compliance 56.20
Operations and Maintenance
Material ' 82.78
Utilities 28.17
Labor 278.51
Waste Management & Disposal 4.70
Subtotal 3194.16
Decont. & Decom. 2.71
TOTAL- 604.07
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Table 4.4 Cost Breakdown (in Millions of Dollars) for Em

Technology Development
Facility Capital Cost
Engineering
Construction
Project management
Subtotal ° :
oO&M
Labor
Utilities
Materials
Waste Management & Disposal
Subtotal

D&D
TOTAL

May .1997

Disposition

Integration into
Oxide Conversion

Integration into
Metal Conversion

Facility Facility
1.64 1.64
0.94 1.52
3.43 5.54
0.63 1.01
5.00 8.07
0.89 1.24
0.09 0.12
0.04 0.04
0.49 0.49

. 1.5 1.89
0.11 0.1
8.26 11.71
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Table 4.5 Loadiﬁg, Shipbing, and Unloa}dhing Cost Breakdown (in Millio}.m of Dollars) by Truck and Rail

43 .

DUE, Ul WIAHF ~- YU, Gelation UU; WAHE o .
No Action  |Long Term Storage |Production/Neutmlization Production/Neutralization ~ UQ, Gelation | Batch Metal Reduction [Continuous Metal Reduction
Storage/Disposal Starage/Disposal]l  Storage/Disposal Use ~ Use ' Use
tuck | rail | tuck | il truck | rail ruck | il | tuck | mil “truck | rail ruck | il tuck | mil
FFrom Current Site to 0.00 0.00 . - 23.25 11.28 23.25  11.28 23.25 11.28 2325 11.28 23.25 11.28 23.25 11.28
Conversion Facility ‘ - ' C 4 ’
From Conversion Site tof 0.00  0.00 - - 12.76 8.70 13.14 855 - - - - - - - -
Storage/Disposal Site )
From Conversion Site to| - - . - - - - 13.41 8.24 13.14 8.55. . - . .
DUCRETE™ Comainer R
Manufacturer .
rail rail
From DUCRETE™ - . - . - - - < 933 933 . - 933 9.33 - - - .
- Container Manufacturer o S
to SNF Container User . . )
From Conversion Site to - - - - - . . . . - 10.43 715 10.76 7.30
Metal Annulus ' . : .
Manufacturer .
. rail - rail .
From Metal Annulus - . - . - - . . - - 8.86 ~ 8.86 8.86 8.86
Manufacturer to SNF : . )
Container User . . . :
From Conversion 0.00 0.00 - - 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00
Facility to Cylinder ' o '
Treatment Pacility
Prom Cylinder Treatment| 0.00  0.00 - - .87 2.51 3.87 2351 3.87 251 .87 2,51 3.87 2.51 3.87 251
Facility to DOE Yards . .
(crushed cylinders) :
From Current Site 1o - . 23.25 11.28 - - . . - . . R . .l . .
Storage .
TOTAL 0.00 | 0.00 | 2325 | 11.28 3988 | 2249 4026 | 2234 | 4986 | 3136 4959 | 3167 | 4641 | 29.80 1674 | 2095
rd .
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May 1997
M
M
w/AHF AHF Redu AHF
Produ
Preparation of 0.00 111.10 111.1U 11110 11L1U 11110 1119} 11L10 11110 111,10 111,10 ‘11110 111U
Nonconforming : 1o
Cylinders for
Shipment ] . . g i
Emptied Cylinder 0.00 0.00 8.26 8.26 8.26 8.26 8,26 2.26 11.72 S 11,72 8.26 8.26 8.26
Disposition - : - ) . . - . S N . ] _
Total Loading, 0.00 11.28 22.49 22,49 2234 31.36 31.36 31.67| C29.80 29.95 2249 22.49 22.34
Shipping, Unloading : ) . T "
- for
rail ) . ) ] ; J - . .
TOTAL - 0.00 171.99 191.46 191,46 191.31 200.33 200.33| * 200.64 - 202.23 202.38] - .. 19146 - 191.46] . 191.31
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Figure 4.2 Total Costs for Transportation Using Overcontainer and Rail
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Table 4.7 Cost Breakdown (in Millions of Dollars) for Transportation Using the Transfer Facility Option for the Preparation of (29,083)
Nonconforming Cylinders and the Truck Option for the Mode of Transportation

No Action

DUF, Long

Metal Batch

U 0% UL, . UU, | UL, Dry uo, Dry uo, Metal U0, . U0, uy,
Term Storage | Defluorination | Defluorination { Gelation | Process with| Process with | Gelation [Metallothermic| Continuous | Defluorination | Defluorination | Gelation
w/AHF with HF Storage AHF HF Use Reduction |Métallothermic |- with AHF with HF Disposal
Production [ Neutralization Production |Neutralization Use . Reduction Production | Neutralization
. Storage Storage Use Use Use -Disposal. Disposal
Preparation of 0.00 49.61 49.61 49.61 49.61 49.61 . 49,61 49.61 49.61 49.61 49.61 49.61 49.61
Conforming
Cylinders for
Shipment N
Preparation of 0.00 604.07] - 604.07 604.07| 604.07 604.07 604.07| 604.07 604.07] - 604.07 604.07|° 604.07 604.07
Noncenforming .
Cylinders for
Shipment .
Emptied Cylinder 0.00 0.00, 8.26 3.26] - 8.26 8.26 8.26 8.26 11.72 11.72 8.26 8.26 8.20
Disposition i - - .
‘Total Loading, 0.00] - 23.25] 39.88 39.88] 40.26 49.86 49.86]  49.59 46.41 46.74 39.88 39.38 40.26
shipping, Unloading 1-- - " - : - R T
for
truck ) S
TOTAL 0.00 © 676.90 701.79 701.79) 70217 71177 711771 7111.50 J11.78] . 712,11 . 701719 701.79 702.17
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‘igure 4.3 Total Costs for Transportation Using Transfer Facility and Truck
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Cost Analysis Report for the Long~Term Management of Depleted Uranium Hexafluoride
. May 1997 '

4.2 Conversnon

Conversion of the depleted UF to another chemical form is requtred for most management strategy
altemattves The followmg conversion opuons are consndered A 3
. Conversnon to triuranium octaoxide (U,O,)

. Con'version to uranium dioxide o, -

Conversxon to metalhc uramum Gl . . .

Two dxfferent processes for the conversion to U, 08, three drfferent processes for the conversion to
UO,, and two different processes for the conversion to metal were analyzed .

S

The costs of the conversion options are summarized in Table 4.8, which reflects costs at CBS
Level 6. These costs were evaluated by combining the costs for technology development, process
equipment, process facilities, balance of plant, regulatory compliance, operation and maintenance,
and decontamination and decommissioning. The process eqmpment estimate provxdes costs for the
major process equipment, as well as costs for process piping and instrumentation. Costs are based
on vendor quotes (where available), historical costs of similar equipment in similar service, current
estimating/pricing manuals, or estimated costs of equipment of the same complexnty and materials
of construction.

1

“'Process facilities inclade costs for bmldtngs and supporting equxpment Al major buxldmgs are

structural steel frame of standard construction, with the following exceptions: Ca

K “The process buxldmg is a two- story reinforced concrete structire.’ "Most of this bulldmg
" is “special construction,” with “standard constructton" support areas, as shown on the
 layout figures in the Engineering Analysis Report.’ The *'special construction” area
" perimeter walls and ceilings are assumed to be 1-ft thick concrete; interior walls are
_assumed to be 8-in. thick concrete; and the base mat is assumed to be 2-ft thick concrete.
The “standard construction” area walls are assumed to bé 8-in. thick concrete; ceilings
and elevated floor areas are assumed to be 6-in. thick concrete on metal deck and the

ﬂoor slab on grade is assumed to be 8-in. thick concrete.

'

L3 The AHF storage building for options producmg AHF by-product is a remforced
~ concrete structure, designed and constructed as *“special construction.” The walls are
" assumed 1o be 8-in. thick concrete; ceilings are assumed to be 6 inches of concrete on
o ‘metal deck; and the floor slab is assumed to be 2-ft thick concrete
The operatlon and maintenance costs include labor materials, utilities, and waste management and
disposal costs necessary to operate the facility at design capacity for 20 years. Conversion to metal
produces the salable by-product AHF and waste MgF,, which is assumed to be disposed as -
sanitary waste at a cost of $2/cubic foot. Section 6.3.2 discusses the cost tmpacts if disposal as
LLW were required. Conversion to oxide produces either AHF or, when the HF is neutralized,
CaF,. It is noted that neutralization of the HF produced by conversion processes results in higher
estimated costs than production and sale of AHF. Section 4.2.2 describes the ‘assumptions
régarding the sale of AHF and CaF, by-products. Section 6.3.1 describes vulnerabilities.
associated with sale of these by- products and estlmates the cost lmpacts if dxsposal were necessary

Figure 4. 4 compares the costs of the vanous conversion options.’ With the exceptton ‘of the *
aelauon process for producing UO,, conversion costs are lowest for conversion to U,Ogand -
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highest for conversion to uranium metal. Conversion to UO, using the dry process is higher than
conversion to U,0,, while gelation process costs are shghtly more than double the dry process
costs for conversion to UO,._ Costs for all conversion options are dominated by the operations and
maintenance costs. Operatxons and maintenance costs for the gelation process, particularly
materials (which is a factor of almost 4 higher), are more than double the operations and
maintenance costs for other options for the conversion to UQ,.

. The gelation process produces UO, microspheres with a bulk density about 50% higher than the

dry conversion processes, which producc pellets. This leads to a reduction in storage and disposal
volumetric requirements, and therefore the gelation process minimizes costs for the storage and
disposal options involving the oxide. These considerations are further discussed in Section 6.1.4.
There are also a number of technical uncertainties with respect to the gelation process, including a
practical recovery and recycle process for major process reagents.’ In the absence of such a’
process, the effluent stream containing these reagents was assumed to be discarded as a sanitary
waste. Recycling these reagents would significantly improve the economics and viability of the
gelation process.

The batch metallothermic reduction option for producing metal is estlmatcd to cost significantly
more than the continuous metallothermic reduction option. Batch reduction is a mature process
with decades of industrial use. The continuous reduction process is still in development. These
differences are further dxscussed in the Engineering Analysis Report, Section 3.2.3.

4.2.2 Revenue from Sale of By-product AHF and CaF,

All of the conversion options produce potentially salable by- products—either AHF or CaF,. Three
of the oxide conversion options and both of the metal conversions options produce AHF.
Defluorination with AHF production is superior to defluorination with HF neutralization in terms
of by-product value and waste avoidance. In the unlikely event that the recovered AHF (because
of the small [< | ppm] uranium concentration) could not be sold for unrestricted use or the even
more unlikely event that it could not be recycled in the nuclear fuel industry, the concentrated HF

.would be neutralized with lime (Ca0) to form CaF,. Neutralization of HF may also be undertaken
.to avoid storage and transportation of large quantmcs of hazardous AHF. Neutralization would

further reduce the already small concentration of uranium in the by-product. In the absence of
regulatory constraints regarding the uranium content, the CaF, could be sold as a feedstock (i.e., a
high-quality fluorspar substitute) for the commercial producuon of AHF. The by-product value of
CaF, is significantly less than AHF and major quantities of hme would be required for
neutralization, adding to the cost of input reagents.

The largest use of AHF is in the manufacture of ﬂuorocarbons Thc ﬂuorocarbon market accounts
for about 65-70% of AHF demand and is thus the primary dnvmg force in hydrogen fluoride -
demand. Forecasting fluorocarbon demand is still a very uncertain exercise. Although the
replacement fluorocarbons use ‘more hydrogen fluoride per unit than the chlorinated flucrocarbons,

* representatives of the major North American fluorocarbon producers are divided in forecasting

demand. It should be noted that the annual production of by- product AHF from an oxide :
conversion facility (28,000 MT/yr. UF,) is about 9,200 MT. This is approxlmately 5% or less of
the estimated U.S. annual capacity for HF production.

In addition to the uncertain market, there is concern about possible public reaction to uranium
contaminants. If the fluorine chemical is to be sold in North America, it may be subjected to higher
purity standards due to the source material. Allied Signal has proposed to overcome this potennal
problem by using the AHF in nuclear reactor fuel production. The aqueous HF produced by
Cogema in France as part of their defluorination process is viewed by potential European
purchasers outside the nuclear fuel cycle as very pure and highly desirable. It is marketed to
outside buyers in the glass and steel industries. The uranium content of this high purity HF is
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below the 0.1 ppm uranium instrument detection lcvels well within the 5 ppm specification for
aqueous HF sales in Europc P ,

The major potential buyers for AHF negotiate prices. The price pubhshed in thc Chemxcal Market
Reporter (formerly Chemical Marketing Reporter) (CMR) of $1 5125/kg was used in this analysis,
although the actual price would be negotiated at the time of sale. Prices in the CMR were checked
between June 30, 1995, and March 29, 1996, and there was no change. It should be notéd that
chemical prices quoted in the CMR come with a disclaimer to the effect that they are based on price
information obtained from suppliers and do not ncccssan]y rcprcscm levels at whlch transacuons

actually may havc occum:d

Calcium fluoride is a potenual major feed stock for HF production as a substitute for mmcd
fluorspar. If a market could be found, possible fluorspar prices are $97.66/ton ($.10736/kg)
(U.S. Department of Interior). In the previous three years, fluorspar prices had declined slightly
and steadily to the current level. This is partly due to an increase in Chmesc ﬂuorspar and
mcrcased U.S. govemmcnt lxcensmg for ﬂuorspar mmmg -

€~ 5

-’I'ablc 4.9 shows the annual revenue from sale of AHF and CaF, by-products produced from

conversion of depleted UF, to other uranium forms.” The prices quoted above were used to

. calculate these revenues. Thc discounted values (7% p.a.) of thc revenue stream over thc 20- ycar

conversuon campalgn are shown in Table 4.8.
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Tech. Development
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Engineering
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Installation
Certification & Test
Subtotal
Process Facilities
Engineering
Construction
Proj. Management
Subtotal
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Enginecring
Construction
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Subtotal

Regulatory Compliance
Operations and Maintenance
Material '
Utilities
Labor
Waste Management & Disposal
By-product Revenue
Subtotal
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Table 4.8 Cost Breakdown (in Millions of Dollars) for Conversion Options
U,0, uo, Metal
With AHF| With HF |With AHF With HF { Gelation Batch Continuous
Production|Neutralization|Production] Neutralization Metallothermic|Metallothermic
Reduction Reduction
9.84 5.74 13.94 9.84 24.60 4.92 '20.501] -
4.74 4.43 7.4 713} 21.98 7.80 - 6,52
11.91 10.93 18.96 17.41 51.81 17.98]" 15.22
"5.19 5.04 8.91 8.27 27.18 10.03{ . - 8.20
0.52 0.48 0.83 0.76 2.26 0.79 0.66
22.36 20.88 36.44 33.57) 103.23 36.60f 30.60] -
10.16 9.98 14.91 13.58 23.89 | 18.27 ‘l6.09 :
29.56 29.05 43.39 39.50} 69.51 53.14 46.82
6.61 6.50 9.71 8.84 15.55 11.89 10.47
46.33 45.53 68.01 61.92 108.95 83.30 ~.73.38)
6.40 6.63 1.76 7.66 13.08 8.33 8.22|
18.63 19.30 22.57) 22,29 38.04 24,22 2391
4.17 4.32 4.1 4.99 _ 8.51 5.42 " 535
29.20 30.25 34.45 34.94 "59.63 37.97] 37.48
22.70 22.70 22.70 22.70 22.70) 22.70 22.70
52.71 55.96 66.12 66.45 1261.94 189.74 171.76] .-
12.83 13.10 14.55 14.82 46.05 23.84 13.30
134.68 137.44 152,72 155.48 242.1} 250.19 139.57
11.86 2.92 12.47] 3.47 24.45] - 39.14 6.14
7132 -11.02 -71.31 -11.02 -77.32. -26.11 -26.11
13476 198.40 168.55) 229.20 497.23 476.80 304.66
1.76 1.73 2.51 2.34 4.87 2.83 4 2.54
266.95 325.23 346.60 394.51 821.21 665.12}] 491.86]
52
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Table 4.9 Annual Revenue from Sale of AHF and CaF, By-products from Conversion
Optmns in Mllhons of Dollars

Option Quantity (MT) Reference Case
U,0, w/AHF Production | 9,237 AHF - Revenue from AHF: 13.97
419 CaF, - Revenue from CaF,: 0.045
U,0, w/HF Neutralization Cak, 18,600 :- | Revenue from CaF,: 1.99
U0, w/AHF 9,237 AHF Revenue from AHF: 13.97
421 CaF, . . Revenue from CaF,: 0.045
UO, w/HF Neutralization - | CaF, 18,600 Revenue from CaF,: 1.99
UQ, Gelation 9,237 AHF Revenue from AHF: 13.97
421 CaF, . Revenue from CaF,: 0.045
Batch metaliothermic 3,121 AHF Revenue from AHF: 4.72
‘reduction to uranium metal 118 CaF, Revenue from CaF,: 0.013
Continuous metallothermic | 3,121 AHF - Revenue from AHF: 4.72
reduction to uranium metal 118 CaF, . Revenue from CaF,: 0.013

4.3 Manufacture and Use

There is a potential use for depleted uranium in radiation shielding applications, specifically for storage,
transportation, or disposal containers for s TMpcnt nuclear fuel (SNF). Two manufacturing options were
considered: oxide shielding (DUCRETE™) and uranium metal shielding. In the oxide shielding
application, dense UO, would be substituted as the aggregate in standard concrete for the construction of
containers for the dry storagc of SNF. In the metal shielding application, molten depleted uranium metal
would be cast into a component of a multipurpose unit suitable for the storage, transportation, and disposal
of SNF.

The total shielding cost was evaluated by combining the costs of engineering development, manufacturing
equipment, manufacturing facilities, balance of plant, regulatory comphance operanons and maintenance,
and decontamination and decommissioning. The cost of the depleted uranium is excluded from this
estimate because the cost of converting depleted UF; to depleted uranium metal or dense UQ, is captured
in the conversion options and is part of any use altemauve The operations and maintenance costs include
the labor, materials, utilities, and waste management and disposal costs necessary to operate the facility at
design capacity for 20 years.

No credit has been taken in the reference case for either the metal or the DUCRETE™ casks. Use of the
DUCRETE™ casks for dry storage of spent nuclear fuel would avoid the cost of the standard vertical
concrete containers currently available. Similarly, use of metal casks would avoid the cost of other
options. In addition, these applications could delay costs associated with disposal of depleted uranium. If
the depleted uranium casks are also used for the disposal of the spent nuclear fuel, future depleted uranium
disposal costs could be avoided altogether. Cases which consider a cask credit are found in Section 6.1.3.

The manufacturing equipment estimate provides costs for the major process equipment, including proccss
piping and instrumentation. Costs are based on vendor quotes (where available). historical costs Cof similar
equipment in similar service, current estimating/pricing manuals, or estimated costs of equipment of the
same complexity and materials of construction.

Manufacturing facilities include costs for buildings and supportmg equipment. The main processing
buildings for the two applications differ due to the types of shielding materials produced and the forming
operations required. The main processing building for the metal shielding apphcanon is a reinforced
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. concrete, high-bay structure, while the main processing building for the oxide shielding application is

based upon standard construction concrete block and spread footers.

The costs for oxide and metal shielding are summarized in Table 4.10 and compared in Figure 4. 5. The
estimated costs for the metal and oxide shielding applications are similar. The majority of the costs for
both options are operations ‘and maintenance costs. For metal shielding, operations and maintenance costs
account for 87% of total shielding cost. For oxide shielding, they account for 89% of tota] shielding cost.

ey
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Table 4.10 Cost Breakdown (in Millions of Dollars) for Manufacture of Metal and.
Oxlde Shielding Options

. ' Metal Shielding | Oxide Shielding
Engineering Development 16.40 6.56
Manufacturing Equipment ,

Engineering 4.11 - 3.94
Fabrication 11.55 11.06
Installation 3.19 3.06
Certification and Test 0.51 0.49
Subtotal 19.36 . 18.55
Manufacturing Facilities
Engineering 7.64 6.87
Construction 22.26 20.02
Project Management . 4.99 4.49 . .

Subtotal 34.89 .31.38

Balance of Plant
Engineering : - 5.95 : 4.94
Construction ) 17.31 14.36
Project Management 3.88 3.22

Subtotal 27.14 22.52
Regulatory Compliance 17.43 17.43
Operations & Maintenance

Materials 311.49 296.05
Utilities 42.30 4241
Labor 415.13 416.18
Waste Management 3.70 3.92
Cask Credit 0.00 0.00

Subtotal 772.62 758.56
Decontamination & Decommissioning 1.46 1.30

TOTAL 889.30 856.30
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Figure 4.5 Total Costs of Manufacture of Metal and Oxide Shielding
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4.4 Long-term Storage : \-J)

Storage of depleted uranium is predicated on its use at some later date. In the engineering analysis,
storage options are defined by the type of storage facility, and suboptions are defined by the
chemical form in which the depleted uranium is stored. The types of storage facilities analyzed are
(1) buildings, (2) below ground vaults, and (3) a mined cavity. The three chemical forms analyzed
are (1) UF, (2) U,04, and (3) UG,, with corresponding assumed bulk densities of 4.6 gram per
cubic centimeter (g/cc), 3.0 g/cc, and 9.0 g/cc at ambient temperature.® The area required to store
depleted uranium depends on the uranium content in the storage form, the bulk density of the
compound stored, the type of storage containers used, and the configuration of the storage

* containers. UF, would be stored in Type 48 cylinders, while U,0, and UO, would be stored in

55- and 30-gallon drums, respectively. Total storage area requirements are greatest for U,0O, and
least for UO,, based on the preconceptual de§igns in the Engineering Analysis Report.

The storage cost was evaluated by combining the costs of technology development, equipment,
facilities, balance of plant, regulatory compliance, and operations and maintenance. Facility costs
include costs for the storage facilities (i.e., buildings, vaults, or a mined cavity), the receiving
warehouse and repackaging building, and the cylinder washing building for the UF, storage

- options. Balance of plant costs include site improvements and utilities, the site support buildings

such as the administration building and the workshop, and mobile yard equipment. Costs for site
improvements and utilities are based on preliminary estimates for site clearing, grubbing, and mass
earthwork, as well as other information provided in the Engineering Analysis Report. Operations
and maintenance costs are based on emplacement over 20 years followed by surveillance and
monitoring until 2040. Surveillance and monitoring will likely continue beyond 2040, but this is

the period assumed for purposes of analysis. .

There is considerable variation and uncertainty in costs associated with excavation and maintenance
for the mined cavity. Available data from the Yucca Mountain and Waste Isolation Pilot Plant \J
(WIPP) projects were used for estimating these costs.

Table 4.11 provides a summary of the costs of the various long-term storage options considered.
Itis evident from Table 4.11 that the lowest-cost storage option for UF,, U,0,, and UO, is above
ground (buildings), while the highest-cost storage option is a mined cavity. Significantly greater
operations and maintenance (materials) and facility costs are estimated for the mined cavity than for
the building or vault options. Storage in the oxide forms differs from storage as depleted UF, in
six key areas:

o Lesser weight rating of the depleted uranium handling equipment due to the lower
storage container weight (the weight rating is higher for UO, than for U0y

« Different equipment used for cylinder repackaging than for drum repackégin g(e.g.,
autoclaves versus hoppers and vibrating platforms)

« Greater number of storage buildings required for storing U, 0O, fewer for storing UOQ,
o Larger site required for storing U,0O,, smaller for storing UO,
¢ Absence of a cylinder cleaning building

* Higher material and staffing requirements for storing U,O,, lower for storing UO,

 The density of depleted UF, decreases dramatically when it is heated to a maximum working cylinder temperature of
250°F. Cylinders are filled so that they are about 62% full at ambient temperature,
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Figure 4. 6 comparcs the long-term storage costs for all opuons consxdered For above ground
storage (buildings), the facilities cost accounts for 52%, 57%, and 43% of the total storage cost for
UF, , U,0,, and UOQ,, respectively, while the operations and maintenance cost accounts Tor 32%,

- 29%, and 37% of lhc total storage cost. For the mined cavity option, the facilities cost accounts for.

58%, 59%, and 57% of the total storage cost for UF,, U,0,, and UO,, respectively, while the
operations and maintenance cost accounts for 36%, 36%, and 37% ot; the total storagc cost. In all
cases, facxlmes costs are dominant, making up nearly half of total costs. ,

P
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Table 4.11

Tech. Development
Equipment
Engineering
Fabrication
Installation
Certification & Test
Subtotal
Facilities
Engineering
Construction
Proj. Management
Subtotal
Balance of Plant
Engineering
Construction
Proj. Management
Subtotal '

Regulatory Compliance
Operations and Maintenance
Material
Utilities
Labor _
Waste Management & Disposal
Subtotal

Decont. & Decom.
TOTAL

] ]

] l

May 1997

N

Hexufluoride

Cost Breakdown (in Millions of Dollars) for Long-term Storage Options

Aboveground (Buildings) Vault Mincd Cavity
UF, U,0, uo, U,0, U0, UF, U,0, U0,
0.82 0.82 0.82 1.64 1.64 3.28 3.28 3.28
0.95 0.42 0.38 0.24 0.23 0.47 (.30 0.30
1.39 1.01 0.94 0.68 0.65 1.33 0.93 0.90
2.68 0.79 0.71 0.36 0.34 0.68 0.36 0.38
0.07 0.05 0.05 0.03 0.03 0.07 0.05 0.04
5.09 2.27 2.08 1.31 1.25 2.55 1.64 1.62
21.30 24.30 11.91 26.17 12.59 71.18 81.50 1N
77.45 88.37 43.32 95.17 45.79 258.82 296.38 188.27
14.13 16.13 7.91 17.37 . 8.36 47.24 54.09 34.36
112.88 128.80 63.14 138.71 66.74 377.24 431,97 274.40
1.58 1.62 1.34 2.72 1.93 1.20}- 1.43 1.13
©5.74 5.91 4.88 9.89 7.01 4.37 5.21 4.121
1.05 1.08 .89 .80 1.28 0.80 0.95 0.75
8.37 8.61 7.11 14.41 10,22 6.37 7.59 6.00
18.61 18.61 18.61 18.61 18.61 18.61 18.61} 18.61
19.41 12.37 8.05 10,38 6.46 185.26 211.38 128.53
2.12 2.41 1.63 1.98 1.36 1.78 1.99 1.47
47.03 50.83 45.02 49.80 45.97 49.08 54.48 48.90
0.15 0.27 0.13 0.27 0.13 0.08 -0.27 0.13
68.71 65.88 54.83 62.43 53.92 236.20 268.12 179.03
ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
214.48 224.99 146.59 237.11 152.38 644.25 731.21 482.94
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4.5 Disposal

Disposal opuons and subopuons are defined by the type of disposal facility and the nature of the
waste form. The engineering analysis considered three disposal facility options: (1) engineered
trench, (2) below ground vault, and (3) mined cavity. Each option was evaluated for the same four
waste form suboptions: (1) grouted (cemented) U,Oy, (2) grouted UO,, (3) bulk (i.e., not grouted)
U,0,. and (4) bulk UO,. The area required to dispose of the depleted uranium depends on the
uranium content in the dnsposal form, the bulk density of the compound stored, the type of storage
containers used, and the configuration of the storage containers. Both grouted and bulk U,O,
would be disposed of in 55-gallon drums; grouted and bulk UO, would be disposed of in 30-
gallon drums. The following list ranks the four waste forms from least to greatest number of
dnsposal containers and disposal area required: (1) bulk UQ,, (2) grouted UO,, (3) bulk U,0,, and
(4) grouted U,0,. A

The disposal cost was evaluated by combmmg the costs of technology development, equipment,
facilities, balance of plant, regulatory compliance, operations and maintenance, and
decontamination and decommissioning. Facility costs include costs for the disposal facilities (i.e.,
trenches, vaults, or mined cavity) and waste form preparation facilities (i.e., the cementing
building and the curing building for grouted waste form preparation). Balance of plant costs
include site improvements and utilities and the site support buildings such as the administration
building, the product receiving warchouse, and the supply and shipping warehouse. Costs for site
improvements and utilities are based on preliminary estimates for site clearing, grubbing, and mass’
earthwork, as well as other information provided in the Engineering Analysis Report. Operations
and maintenance costs include the labor, utilities, materials, and waste management costs necessary
to operate the waste form facility for 20 years. Emplacemem and closure and surveillance and
maintenance costs are incurred over the same 20-year period. All operations of the waste form and
disposal facilities would be completed in 2029.

As with the option for storagc in a mined cavity, there is consndcrable variation and uncertainty in
costs associated with excavation and maintenance for disposal in a mined cavity. Available data
from the Yucca Mountain and WIPP projects were used for estimating these costs.

Dlsposal costs for bulk oxides vary from storage costs for the same oxides in vaults or a mined
cavity due to the differences listed below. Most of these differences are the result of providing
accessibility in order to allow the survcnllancc and maintenance necessary for storage options.

e A waste form preparation facnhty is needed for dlsposal options, but not for storage
options.

¢ Disposal vaults are covered with concrete and earth, while storage vaults.arc not.
o Disposal vaults are smaller and contain interior concrete walls.

* Disposal drifts are shorter, narrower, and shallower than storage drifts because access
for inspections after emplacement is unnecessary. Access to drifts is by shafts for
storage facilities and by ramp for disposal facilities.

e Drums are packed more tightly into disposal facilities than in.storagc facilities.

o Disposal facilities are not monitored for 20 years after emplacement as storage facilities
are. A

» Regulatory compliance costs for disposal options are more than double the regulatory
compliance costs for the long-term storage options.
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' Table 4 l” provides a summary of the costs of the various disposal options considered. Waste

form preparation costs are given first, followed by d:sposa] facility costs and total costs. Itis
evident from Table 4.12 that the lowest-cost disposal option is disposal as bulk UO, in an
engineered trench, while the highest-cost disposal option is disposal as grouted U, O in a mined
cavity. -‘Mined cavity disposal may be desirable, however, due to environmental 1mpact -
considerations since this option provides the greatest isolation of the waste form. Addmona]
discussion may be found in Section 6.13 of the Engineering Analysis Report. - . ;

Figure 4. 7 compares the dxsposal costs for all options considered. It is noted that dxsposa] costs
(excluswc ‘of waste form preparation costs) vary directly with the number of disposal containers
and the disposal area required for each waste form and are, from least to greatest thhm each:
facility type: (1) bulk UQ,, (2) grouted UOz, (3) bulk U,0,, and (4) grouted U,O,. ‘When the
preparation costs are added, the order shifts and disposal of bulk U,O, has a lower cost than
disposal of grouted UQ, because the waste form preparation costs associated with the bulk U O8
are about one- thxrd of those assomated w:th grouted Uo,.

Fora gwen ‘wase form (e £. bulk U O8 or grouted UO,), preparatnon costs are constant

‘regardless of the type of dxsposal facility (e.g., engineered trench), except for the technology

developmenl cost. For a given type of dxsposal facility, waste form preparation costs vary in the
same manner as disposal facility costs, with bulk UO, having the least cost and grouted U,O;
having the greatest cost.-Preparation costs are higher than other cost elements for all trench -
disposal options, making up about one-half the total costs for bulk disposal forms and three-
fourths the total cost for grouted waste forms. Facility costs dominate total costs for the more
complex waste dlsposal facnlmes

For purposes of this analysis, rcgulatory comphance costs were assumed to be constam regardless N
of facility or waste form. Accordingly, regulatory compliance is a significant factor at the lower
end of the spectrum, making up 34% of total disposal costs for bulk UQ, in an engineered trench B
Compliance costs make up only about 3% of total costs for the hlghest-cost option, grouted U0 .
ina 'mned cavuy. o
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Table 4.12 Cost Breakdown (in Millions of Dollars) for Disposal 'Options

Preparation

Technology Development
Process Equipment
Engineering
Fabrication
Installation
Certification and Test
Subtotal
Process Facilities
Engincering
Construction
Project Managcement
Subtotal
Balance of Plant
Engineering
Construction
Project Management
Subtotal

Regulatory Compliance
Operation & Maintenance
Materials
Utilities & Consumables
Labor
Waste Management
Subtotal

Decont. & Decom.
Total Preparation Cost

U,0, Bulk U,0, Grouted U0, Bulk U0, Grouted
Engineered| Vault | Mined | Engineered | Vault | Mined |Engineered| Vault | Mined | Engineered| Vault | Mined
Trench . Cavity Trench Cavity Trench Cavity| Trench ' Cavity
6.56 6.50 8.20 8.20 8.20 9.84 6.5 0.56 8.20 . ‘ 8.2( 8.20 9.84
0.00 0.00 0.00 5.61 5.61 . 5.61 0.00 0.00 0.00 432 432 432
0.00 0.004 0.00 16.78 16.78 16.78 0.000  0.00 0.00 12,98 1298 1298
0.00 0.00 0.00 4.65  4.65 4.65 0.0( 0.00] - 0.00 353 353 3.53
0.00 0.00 0.00 0.60 0.60 - 0.60 0.000 0.00 0.00 046 . 0.46 0.46
0.00 0.00 0.00 27.64| -27.64 -27.64 0.00 0.00f . 0.0({: 2129y 21.29] - 21.29
0.00 0.0t 0.00 6.27]  6.27, 6.27 0.0¢ 0.00] " 0.00 K 31 I W £ | R T §
0.00 0.00 0.00 17.39]  17.39] 17.39] "0.00 0.00 0.00 10.28]". 10.28 10.28
0.00 0.00 0.00 4.01 4.01 4.01 0.0 0.00 0.00 2371 2371 23
0.00 0.00 0.00 27.67 21.67 _27.67 0000 0.00 0.001 16.36 16.36]  16.36
6.01 6.01 6.01 10.90] --10.90 10.90% 3.63] 3.63 3.63] - 7.68 768 .7.68
16.56 16.56 16.56 30.05] '30.05 30.05 9299 9.99 9.99 21170 21.17 21.17
3.86 3.86 3.86 7.00 700 - 7.00 233 233 233 4931 . 4.93] 493
26.43] 2643 26.43 4795 47.95 47.95 15.95] 15.95 15.95 33.78) 33.78 33.78
2,02 2.021 2.02 2.02 2.02 2.02 203 2.02f ~ 2.02 2.02 M2.02 2,02
0.14] 0.14 0.14 122.86] 122.86 122.89 0.08 0.08 0.08 13.26 -“13.2_6 13.26
3.51 3.51 3.51 6.04 6.04 ©  6.04) 1951 . 195 " 1.95 3.3 .. 332 N
28.41 28.41 28.41 75.60f 75.60 75.608 28.36 28.36] 28.36 70.87. 70.87 70.87
1.17] 1.17] 1.17 1.98 1.98 1.98 0.7 0.72 0.72 .19 L9 1.19
33.23] 33.23 33.23 206.48| 206.48] 206.48 3Ly 3L 3L 88.647 RH.04| ° B8.64
0.60-  0.6( 0.60 1.83] " 1.83 1.83 0.38 0.38 0.38 1.2 1.26 - 1.26
68.84]  68.8 70.48 321.79] 321.79) 323.43 56.02) 56.02f 57.64 171.55| 171.55] 173.19

{Table 4.12 is continued on the next page]
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Table 4.12 Cost Breakdown (in Millions of Dollars) for Disposal-Options (Continued)

- U,0,. Grouted

'U;0, Bulk . -U0, Bulk U0, Grouted
Engineered| Vault | Mined | Engineered | Vault | Mined |Engineered] Vault | Mined | Engineered] Vault | Mined
Trench Cavity Trench -] Cavity ] Trench > . | Cavity|{ Trench Cavity
Facility . B ‘ - NE ‘ ]
Engineering 373 29.33 87.05 7.12] 61.85] 119,08 1.8¢ B8.42 72.I(~J 2500 12.81 79.56]
Construction 7.200. 56.62] . 271.44 3731 11941 371,21 3.59 16.25). 225.01 4.8’2'1 24.73] 248.07
Project Management 1.290 - 10.13 50.53 2.46] 213 69.11 0.6 291 41.89 0.8 4.43 46.18
Subtotal 1222 96.08] 409.02 2331 202.63] 559.37 © 6.09 27.58] 339.06 8.18 41.97] 373.81
Site Prep: & Restoration - T : ‘ . : ' : .
Engineering 0.17, 03 - 3.62 027f 055 . 378 - 01N 0.4 3.55 013 017 3.59
Construction ~0.61 1.15 13.18 0.97 1.99 13.75)- - 0400 049 12.91 0471 0.63 13.05
Project Management 0.1} 0.21 2411 0.18 0.36 2.51 0071 0.09]. 236 0.09 0.12 2.38
Subtotal . 0.8% 1.68 19.21 1.42 2,90, 20.04 0.58] 0.72]: 18.82] 0.6 0.92 19.02
Emplacement & Closure - _ ’ . . s
Materials - ' 1.40 2,15 28.49 © 245 0 AT 47.31| 085 0.79]. 24.76 1.0  1.50 35.06
Equipment 3.63 3.84 183.46 5.16] - 5.24] 357.60 233 2.23];103.23 244 276 143.39
Labor 25.58 33.21 36.93 3582 66.26 44,30 1443} 23,711 ' 33.30¢ *18.55) 30.06 43.28
Subtotal 30.61 39.20| 248.88 43.43] 74.671 449.71 17.6} 26.73| | 161.29] 22.04 34321 221.73
Regulatory Compliance 40.35]  40.35 40.35 40.35] 40.35 40.35 40.35% 40.35| - 40.35 40.35 40.35 40.35
Surveillance & Maintenance , ' : o :
Materials 0.79 1.36 0.58 1.03 2,76 0.75 0.671 0.44 042 T 0714 0.63 0.58
Labor 1.50 1.5 1.63 1.50 1.50 1.63 .50 1.50 1.63] 1.500  1.50 1.63
~ Subtotal 229 2.8 2.21 2.53]  4.26 2.38 2171 194 205 221l 2131 2.2
Total Facility Cost. 86.3 180.17]  719.67] 111.04] 324.81). 1,071.85 66.800 97.32] 561.57 73.47) 119.69] 657.12
- U,0, Bulk - U,0, Grouted UO, Bulk U0, Grouted
Engineered| Vault | Mined | Enginecred | Vault | Mined |Engineered| Vault | Mined | Engineered| Vault | Mined
Trench. - Cavity Trench Cavity | Trench Cavity| Trench Cavity
{ GRAND TOTAL 155.201  249.0)] 790.15 432.83] 646.600° 1,395.28 122.82) 153.34] 619.23 245.02) 291.24] 830.31
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Figure 4.7 Total Costs for Disposal Options
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4.6 Continued St'orag”eﬁét Current Sites

Storage of depleted UF,in the current cylinders and yards would continue for several years

-under-all alternatives. For all alternatives except the No Action alternative, storage as

depleted UF in the current yards would continue from 1999 to 2029, with the amount of
depleted UF in storage decreasing by 5% per year beginning in 2009 until it is gone by
2029. Under the No Action alternative, storage as depleted UF; in the current yards -
would continue from 1999 to 2040, without reducuon of the amoum of deplcted UF, in

. storage.

- The continued storage cost was evaluated by combining the costs of equipment, cylinder .

placement, facilities, and surveillance and maintenance. Equipment costs include the costs
of capital equipment required to store the depleted UF, cylinders in yards. Cylinder -
placement costs include estimates of the cost of stackmg and restacking cylinders in the
storage yards, including the newly constructed or modified yards. Facilities costs include -
estimates for constructing new storage yards at the three existing facilities. Cylinder -
placement and facilities costs occur in the first snx years and are therefore 1dcnncal for the
action and No Action alternatives. :

Surveillance and maintenance costs include repainting, management of substandard
cylinders (including breach repair and transfer of contents), general cylinder maintenance
(including valve/plug replacemcnt and paint touch-up), general yard and equipment
maintenance, cylinder inspections, data tracking, systems planning and execution, conduct
of operations, and engineering development. These costs decline for the action alternatives
until they are zero by the year 2029 when all the cylinders are gone. ‘Surveillance and
maintenance costs continue at a steady rate for the entire time period under the No Action
alternative and are therefore higher. There are no decontamination and decommmslomng
costs for the No Action alternative bccausc storage of the depleted UF, cylinders is .
assumed to contmue indefinitely. a ,

Unlike the other cost cstlmates which are based on data contained in the Engineering
Analysis Report, this cost estimate was derived from the Fiscal Year 1997 Baseline Plan
for the sites and information provided by Lockheed Martin Energy Systems.

Table 4.13 and Figure 4.8 show the cost of continued storage for al] alternatives. The first
column gives the cost of continued storage for all alternatives other than the No Action
altemmative. The second column gives the No Action costs. Surveillance and mmmcnancc
account for more than 80% of the total cost for both.

\
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Table 4.13 Cost Breakdown (in Millions of Dollars) for Contmued Storage :
at Current Sites: \J)
Continued | Continued
Storage Storage
(Action) |(No Action)
Equipment _ 6.60 9.3]
Cylinder Placement
Materials 0.31 0.40
Utilities , . 0.00 . 0.00
Labor ’ 6.89 6.89 .
Waste Management & Disposal. 0.00 0.00 ;
Subtotal . 7.20 1.29
Facilities (Site) . .
Engincering 3.89 3.89 ;
Construction . o 14.71 147
Proj. Management 2.99 2.99
Subtotal 21.59 21.59
Surveillance and Maintenance :
Material 37.82 74.78
Utilities 1.78 .3.93
Labor : 118.63 204.98
Waste Management & Disposal 3.03 5.13
Subtotal 161.26 288.82
Decont. & Decom. , 0.00 0.00] : \J
TOTAL 196.65 327.01 :
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Figure 4.8 Total Costs for Continued Storage at Current Sites
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- 5. COST ESTIMATION OF MANAGEIV‘IENT STRATEGIES

Six long-tcrm management strategy altcmauves are being consndercd Thcsc strategies,
which are described in Section 2.2, are listed below. The conversion options associated
with each alternative are also identified. ~

« No action alternative )
e Long-term storage as UF in buildings or'a mined cavity
» Long-term storage as oxiﬁc in buildings.,vaults, or amined cavity
- U,0, Defluorination with AHF production
- U,0; Defluorination with HF neutralization
-Uo, Gclation
e Use as uranium dioxide in DUCRETE™ for shleldmg applications
- UO, Dry process with AHF producuon
- UO, Dry process with HF neutralization
- UO, Gelation
e Use as Me;al for shielding applications
* - Batch metallothermic reduction
- Continuous metallothermic reduction
* Disposal
- U,0; Defluorination with AHF production
- U,0; Defluorination with HF neutralization
- UO, Gelation

The total cost for each management strategy is reported twice in this section by, considering
the lowest- and highest-cost options within each category included in 2 management
strategy alternative. First, a low-cost scenario was considered that assumes (1) shipping is
done by rail; (2) nonconforming cylinders are placed in a cylmdcr overcontainer in
preparation for shipment; (3) storage of UF, U;0,, and UO, is carried out in a building;
and (4) disposal of U,0, and UO, is in the bulk form in an cngmecrcd trench. Second, a
high-cost scenario was conS|dcrcd that assumes (1) shipping is done by truck; (2) depleted
UF in nonconforming cylinders is transferred to new or conforming cylinders which meet
the DOT requirement; (3) storage of UF, U,0,, and UOQ, is carried out in a mined cavity;
and (4) disposal of U,0, and UO, is in the grouted form i in a mined cavity. By selecting
the lowest- and hlghest cost opuons within each category, a range of costs for
implementing each management strategy alternative is developed. For the remainder of this
report, the low-cost scenario is addressed unless otherwise specified.

The costs of the altemnatives, for both low- and high-cost scenarios, are summarized in
Tables 5.1 and 5.2. As in the preceding sections of this report, the discount rate used is
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" is by a dry process. Additionally, taking crednt for the cask can further reduce the cost of
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7% p.a. Table 5.1 represents the lower-cost range for all the alternative strategies, while
Table 5.2 represents the higher-cost range. Table 5.1 indicates that the lowest-cost
management strategy is the No Action alternative and the second lowest-cost alternative is
long-term storage of depleted UF,. Unlike the other alternatives, these do not involve. .
conversion to another chemical form. Table 5.1 also indicates that the hlghcst-cost
alternative management strategy is use as DUCRETE™ if the UO, conversion is by the .
gelation process; however, the cost of use as DUCRETE™ falls significantly if conversion

this alternative (refer to Section 6.1.3).

Table 5.2 indicates that disposal in a mined cavity as groutcd U, 0, using the dcﬂuormatnon
with HF neutralization conversion option is the most costly alternative using the high-cost

. scenarios. It is noted that the No Action alternative is still the lowest-cost alternative and
long-term storage of deplcted UF, is still the second lowest-cost alternative., The No
Action alternative is unique in that the low- and the high-cost scenarios are cqual since it is
simply continued storage of depleted UF, in the existing yards, and options for preparat:on
for shipment, transportation, and conversion do not apply. ; .

Flgurcs 5.1 and 5.2 compare the total costs of each alternative management strategy for - -
- both the low- and high-cost scenarios.- Figures 5.3 to 5.28 present the percentage of cost '
attributed to each option category (continued storage, transportation, conversion, use, long-
term storage, and disposal) for each alternative strategy for both the low- and hlgh-cost
scenarios.

NiE
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Table 5.1 Cost Breakdown (in Millions of Dollars) for the Low-Cost Alternative Management Strategies

wDUF;:‘Alternatives: | Continucd Stotage | | “Transportation- +| 1. Conversion | 55 2 25 Use W HL 23 Eong- tetin Storage| 2135 Digposal i+ - w4 ETOTAL S -

No Action 327

DUF, Long Term 197 172 214
Storage ’ :

Long-Term Storage as - 197 191 267 . 225
Oxide (U,0,
Defluorination w/AHF
Prod.)

"|Long-Term Storage as 197 191 325 . 225

Oxide (U,0,
Defluorination. w/HF
Neutralization.)

Long-Term Storage as 197 191 821 147
Oxide (UO, Gelation)

Use as Oxide (UO, Dry 197 200 347 856
Process w/AHF Prod.)

Use as Oxide (UO, Dry 197 200 395 856
Process w/HF
Neutralization)

Use as Oxide (UO, 197 201 821 856
Gelation)

Use as Metal (Baich 197 202 665 889
Met. Reduction)

Use as Metal (Cont. 197 202 492 889
Met. Reduction)

Disposal (U,0, 197 191 267 155
Defluorination. w/AHF
Prod.)

Disposal (U,0, 1971 - 191 325 155
Defluorination. w/HF T
Neutralization.)

Disposal (UO, Gelation) 197 191 821 123

1,356

327
583

880

938

1,600].

1,648

2,075
1,953
1,780

810

868

1,332
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Table 5.2 Cost Breakdown (in Millions of Dollars) for the High-Cost Alternative Management Strategies

“DUF, Altérnatives :-

Coatiniied Storage

#Transportation -

“x; Conversioni: | masz:Use£izizay

Lhugitenm:Siorage.

=YiDispodaliiest

50 TOTAL 2

No Action

DUF, Long Term
Storage

Long-Term Storagc as
Oxide (U,0,
Defluorination. w/AHF
Prod.) '

Long-Term Storage as
Oxide (U_\Og
Defluorination. w/HF
Necutralization.)

Long-Term Storage as
Oxide (U0, Gelation)

Use as Oxide (UO, Dry
Process w/AHF Prod.)

Use.as Oxide (UO, Dry
Process w/HF
Neulralization.)

Use as Oxide (UO,
Gelation)

Use as Metal (Batch
Mel. Reduction)

Use as Metal (Cont.
Mel. Reduction)

Disposal (U.0,
Defluorination. w/AHF
Prod.) '

Disposal (U,0,
Defluorination, w/HF
Necutralization.)

Disposal (U0, Gelation)

327
197

197
197

197
197

197

197
197
197

197
197

197

677

702

702

702
712

712

T
712
712

702

702

702

267

325

821
347

395

821
665
492
207

- 325

821

856

" 856

856
889

889

644

731

731

483

1,395

1,395

327
1518

1.897
1,955
2,203

2,112

2,160

2,585).

2,463

2,290

2,561

2,619

830

2,550

74
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Cost Analysis Report for the Long-Term Mansgement of Depleted Uranlum Hexafluoride
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Figure 5.3 Low-Cost Breakdown for No Action ($327 Million)

N
Continued
Storage

Figure 5.4 High-Cost Breakdown for No Action ($327 Million)
Storage i
100%
NS |
\
N
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S B © May 1997 '

Figure 5.5 Low-Cost Breakdown for Long-Term Storage as DUF‘ ($583 Million)

Long-term )
Storage Continued Storage
36% : 34%

Transportation
30%

. Figure :5.6 'High-Cost Breakdown for Long-Term Storage as DUF, ($1518 Million)

Continued Storage
13%

Long-term Slorage
42%

" Transportation
45%
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Figure 5.7 'Low-Cost Breakdown' for Long-Term Storage as Oxide - U,0, .
Defluorination w/AHF Production ($880 Million) g

Long-term Continued
siorage' SKOI'BQB
26% . 229%

) " Transportation
Convarsion poe,

30% : -

Figure 5.8 High-Cost Breakdown for Long-Term Storage as Oxide - U,O,
Defluorination w/AHF Production ($1897 Million)

Continued Storage ' ,
10%. &J

Long-term Storage
39%

¢ Transportation
37%

Convaersion
14% '
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Cost Anslysis Report .for the Long-Term Management of Depleted Uranium Hexafluoride

r May' 1997
’ ‘Figure 5.9 Low-Cost Breakdown for Long-Term Storage as Oxide - U,0,
" . Defluorination w/HF Neutralization ($938 Million)
r " Long-term Cs'otntlnu_ed'
' - Storage - Slorage
24% . 21%
r‘ = s&g‘;{:;":’ﬁ:{wo P
d:“b""‘ B gt 150l d
‘ .
. e Y Transportation
i : . 20%
-Conversion , B -
35% - -
o~ Figure 5.10 High-Cost Breakdown for Long-Term Storage as Oxide - U;0,
Defluorination w/HF Neutralization ($1955 Million)
s
s Continued Storage -
: 10%
. . Long-term Storage -
r Lo "37%
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Transportation
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Cost Analysis Report for the Long-Term Management of Depleted Uranium Hexafluoride
May 1997

Figure 5.11 Low-Cost Breakdown for Long-Term Storage as Oxide - UO,
Gelation ($1,356 Million) : i

N
Long-term Storage Continued Storage
11% 15%
. e Transportation
14%
Conversion
680% : .
Figure 5.12 High-Cost Breakdown for Long-Term Storage as Oxide - UO,
Gelation ($2,203 Million)
5 N
' Continued: Storage
Long-term Storage 9%
" Transportation
l 32%
Lg- *: * i = - e
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- *Cost Analysis Report for the Long-Term Management of Depleted Uranium Hexafluoride

Figure 5.13 Low-Cost Breakdown for Use as Oxide - UO, Dry Process w/AHF
: ' " /Production ($1,600 Million) ‘

.Continued Storage

12% .
Transporiation
13%
Use
53% o 5 -
S -k Conversion
.22% s -

Figure 5.14 High-Cost Breakdown for Use as Oxide - UO, Dry Process w/AHF
‘Production ($2,112 Million)
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Cost Analysis Report for the Long-Term Management. of Depleted Uranium Hexafluoride
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Figure 5.15 Low-Cost Br’cakdéwn‘for Use as Oxide --UO, Dry Process w/HF
Neutralization' ($1,648 Million) .

Continued Storage

Transportation

12%
Use STy p g Lo R S WY, v 2
N ~ Conversion
’ 24%

Figure 5.16 High-Cost Breakdown. for Use as Oxide - UO, Dry Process w/HF
 Neutralization '($2,160 Million)
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18%
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Cost Analysis Report for the Long-Term Mnnagement of Depleted Uranium Hexafluoride

p May 1997 '
' Figure 517 Low-Cost Breakdown for Use as Oxide - UO, Gelation ($2,075
.. ’ oo ‘Million) .
N
- Contmued Storage

Transportation

. 10%
r )
r~
~ Conversion’ )
40%
t ™ -
. Figure 5.18 High- Cost Breakdown for Use .as Oxide - UO Gelatxon
) e Lo ($2 585 Mllllon)
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Figure 5.19 Low-Cost Breakdown for Use as Metal - Batch Metallothermic
Reduction ($1,953 Million) ‘ N
Gontinted Storage
- : 10% Transportation
e3[R 10%
Use : —t}.fjﬁgl‘:.‘:'t‘t:—
r 46% '
.v' -
Conversion
. 34%
(!
n . .
Figure 5.20 High-Cost Breakdown for Use as Metal - Batch Metallothermic
- Reduction ($2,463 Million)
o
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" May ‘1997

Figure 521 Low-Cost Breakdown for Use as Metal - Continuous Metallothermic
: Reduction ($1,780 Million)

*Cbntiriued Storage-

11% Transbortaﬁon:
3 11%
Use -
50%
e Conversion
o 28%

e - . . . ‘. . .
ot - .

~ Figure 522 High-Cost Breakdown for Use as Metal - Continuous Metallothermic

Reduction ($2,290 Million)
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Figure 5.23° Low-Cost Breakdown for Disposal as Oxide - U,0, Defluorination w/AHF
* Production ($810. Million)

N\
Continued
Dlsposgl Storage
19% . 24%.
Converslon T ransportation
33% 24% .
Figure 5.24 High-Cost Breakdown for Disposal as Oxide - U,0, Deflucrination w/AHF
Production ($2,561 Million)
—/
Continued Storage
Transportation
35 27%
i
. Disposal t:.'
55%
\
" Conversion
10%
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Cost_Analysis Report for the Long-Term .Man‘qgement of Depleted Uranium Hexafluoride
: o May 1997 . o .

Figure 525 Low-Cost Breakdown for Disposal as Oxide - U,0, Defluorination w/HF .
.Neutralization ($868 Million) '

B -Continued
.,Di;zg?;@'., - - ... Storage
| | , = D3%

) "Co'nv‘ersion Transportation
3are% - - - Lo 229%

Figure 5.26 High-Cost Breakdown for Disposal as Oxide - U,0, Defluorination wHF
Neutralization ($2,619 Million)
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Figure 5.27 Low-Cost Bfeakdowﬁ"for' Disposal as Oxide - UO, Gelation
($1,332 Million)

Transportation
4 14%

Conversion ) )
82%

Figure 5.28 High-Cost Breakdown for Disposal as Oxide - UO, Gelation
($2,550 Million)
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Transportation
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Disposal
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6. ANALYSIS OF SENSITIVITIES, RISKS, AND VULNERABILITIES

In addition to the reference cases treated in Chapters 4 and 5, there are sensitivity cases, ;
performance risks, and vulnerabilities that need to be considered because they can make the cost
outcomne substantially different from that found for the reference cases. - Sensitivity analyses were
performed in accordance with OMB Circular No. A-94 guidance to determine how sensitive the
costs of the alternative strategies were to changes in assumptions for various lnput paramcters
The results are presentcd in Section 6.1. . S

- l

In Section 6.2, Performance Risk, uncertamtrcs in facrlrty operatmv condmons and their potcnual
cost impacts are discussed. For purposes of this discussion, performance risks are defined as

‘failures of equipment and systems to perform up to the levels specified by their designers and

causing them to operate below desrgn spccrﬁcatrons or to require additional proccss equrpmcm in
order to meet product quality rcqurrcments

Process vulnerabilities to changes in thc ‘external environment in whrch the facrlrly opcrates are the
focus of Section 6.3. The facrhty may exactly meet its design goa]s for example, but may not be
allowed to dispose of a major processing waste as planned. Cost impacts due to external -,
rcgulauons affecting the use of major by-products or the disposal of largc waste streams arc
discussed in Secuon 6.3. s

Performance risks and vulnerabrhtres are alike in that they result from insufficient mformanon
being available to the facility designers. They differ in that performance risks can be reduced to as
low a level as desired by early expenditures on developing and demonstrating the technology and
the equipment. Vulnerabilities, since they result from changes in the legal and regulatory
environment, cannot be controlled by the process designer or facility operator.

6.1 Sensitivity Analyses

Sensitivity to variations in discount rate, transportation distance, shielding cask values, product
density, and facility throughput are presented in this section.

6.1.1 Effect of Discount Rate

All costs were estimated in first-quarter 1996 dollars and discounted to the start of the project
according to OMB guidance:

constant-dollar benefit-cost analyses of proposed investments and regulations
should report net present value and other outcomes determined using a real discount
rate of 7 percent. This rate approximates the marginal pretax rate of return on an
average investment in the private sector in recent years.

However, 7% may be too high if the long-term management of depleted UF, is viewed as an
“internal” government investment that takes the form of decreased federal costs. Conversely, it
may be too yTow if the management of the depleted UF; is privatized and private industry views the
financial return as riskier than normal. Therefore, the ‘effects on the present value of discount rates
as low as 4% and as high as 15% were analyzed and the results summarized in Table 6.1 and
Figure 6.1 (the low-cost scenario is addressed, as described in Chapter 5). Examination of Table
6.1 and Figure 6.1 shows that the ranking of strategies according to their cumulative discounted
net costs is essentially unaffected by the choice of discount rates used for sensitivity analysis.
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Cost Analysis Report for the Long-Term Management of Depleted Uranium Hexafluoride

Table 6.1 Cost Breakdown (in Millions of Dollars) Based on Discount Rate-

May 1997

Discount Rate

. Strategy 4.00% 7.00% * 15.00%
No Action, 432 327 193
Long Term Storage as UF, 903 583 241
Long-Term Storage as Oxide
U,0, Deflucrination w/AHF Production 1,357 880 365
U,O, Defluorination with HF Neutralization 1,462 938 3718
VO. Gelation 2,099 1,356 554
Use as DUCRETE™
UO. Dry Process with AHF Production 2,553 1,600 598
UO, Dry Process with HF Neutralization 2,643 1,648 " 607
U0, Gelation . 3,309 2,075 775
Use as Metal '
Metal Batch Metallothermic Reduction 3,154]- 1,953 " 705
Metal Continuous Metallothermic Reduction 2,850 1,780 661
Disposal :
U.0. Defluorination with AHF Production 1,221 810 357
U.0, Defluorination with HF Neutralization 1,327 869 370
UO. Gelation 2,043 1,332 558

% Values in this column are for the reference case; they were taken from Table 5.1

90

Lo

-/

N4




Dollars (in Millions)

u.s.

e o

Figure 6.1 Total Costs for Given - Rates

3.500

o

.1.: "A

B KL AL
3000 T R
[ty , risld.ct e
2,500 ot 1  Eriimre ST
- UL A0 BN Rt m el
iy &‘-3?"’ R yﬁ..;f&,
2.000 S PEMS Joginyt ii‘ R ER R 3
it LA N 5] A B T AR S AT A e R 7y i .
ali-]n FEi o] B0Y LSyl o A L SRt s e
1,500 s £4 b3 b
, 7’1&3}5}‘ ) i 2 ¢ ;3‘*:; 0 4% Discount Rat
1 000 J R 3l s 1 |@ 7% Discount Rat
. 194 5 7 |0 15% Discount Re
‘4," ’ v
500 N Nt )
184 )
0 =y

with HF

Neutralization

U3os
orina

Deflu

w/AHF

Production

© with AHF
Prodiction ~ |-
uaos 3
“Defluorination

uoe
Deffuorination
Metallothermic
Reducti

U308 -
Defluorination

with HF
Neutralization

Metal Bakh
'Metallothermic
1
Metal
Continuous

: i .
Long-Term S!ot‘ngc as Oxide dioxide in DUCRETE™ Use - Disposal

91



Cost Analysis Report for the Long-Term Management of Depleted Uranium Hexafluoride
May 1997

6.1.2 Effect of Transportation Distances

The Cost Analysis Report and the draft PEIS assume a transportation distance of 1000 km
whenever facilities are not collocated. The actual transportation distance may be more or less. In
order to provide insights into the impacts of different transportation distances, the transportation
cost components of the altemnative management strategies for different distances are presented in
Table 6.2 and Figure 6.2. All values presented in this table reflect the rail and overcontainer
options.

The loading, shipping, and unloading costs represent less than one quarter of the transportation
costs. Changing the shipping distance does not change the ranking of strategies by cost.” Distance
affects only the shipping component of transportation costs, which will vary linearly with the
distance between facilities. Total transportation costs are therefore relatively insensitive to
distances between facilities. There is significant flexibility, therefore, in choosing off-site locations
for convérsion, manufacturing, storage, and disposal facilities. On-site locations, which would
eliminate transportation costs, would require additional consideration. These cases would require
site-specific analysis of distinctly sized facilities. The cost savings from avoiding transportation

~could readily be exceeded by the costs incurred from deploying multiple facilities.
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Cost Analysis Report for the Long-Term Management of Depleted Uranimm Hexafluoride
. May 1997

Table 6.2 Transportation Cost Breakdown (in Millions of Dollars) based on
Distance Between Facilities using Rail and Overcontainer Options

- Distance Between Facilities
. ‘ : o } (in kilometers)
Strategy " 500 . 1000 * 2,000

- No Action 0 0 0

Long Term Storage as UF, 169 172 177
. Long-Term Storage as Oxide .

- U0, Defluorination w/AHF Production 186 191 202
U0, Defluorination with HF Neutralization 186 191 202
U0, Gelation 186 191 202
Use as DUCRETE™ : : }
UO. Dry Process with AHF Production 193 200 215
UO, Dry Process with HF Neutralization 193 200 215

- UO. Gelation o : + 193 201 216
Use as metal :
Mecial Batch Metallothermic Reduction 195 202 217

- Metat Continuous-Metallothermic Reduction. 195 202 217
Disposal o .
1%.0, Dcfluorination with AHF Production 186 191 202y

- U.0. Defluorination with HF Neutralization 186 191 202
EXE L'0. Gelation 186 191 202

k?
B
]

i

l(

> Vzlues in this column are for the reference case; they were taken from Table 4.6.
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s

6.1.3° Effect of Shielding’ Cask Values

As described in Section 2.1.5, the Engineering Analysis Report and the draft PEIS

- consider two alternatives mvolvmg the manufacture and use of depleted uranium for

shielding: -uranium dioxide (DUCRETE™) and uranium metal. The first option involves

. the manufacture of DUCRETE™ casks for dry storage of spent nuclear fuel disposal. The
.second involves the use of depleted uranium metal in the manufacture of annular shields for

a multipurpose unit system for the storage, transportation, and disposal of spent nuclear
fuel. The cost of these options was presented in Sectton 4.3 without taking any credtt for

the cask.

- Both the Cost Analysis Report and the Engmeermg Analysis Report were based on the

assumption that the demand for casks would match the supply, working off the inventory
over 20 years, Based upon a throughput of 28,000 MT of depleted UF, per year, 480
DUCRETE™ and 453 depleted uranium metal casks would be produced annually “This
approach is supported by the literature:

" The total quanttty of DU metal needed for fabrication of 9500 containers is
approximately 437,000 MTU. This total demand for DU metal exceeds the current
DOE-owned inventory. . . (Herztler and Nishimoto, pp 33-34).

and’

Placing all of the U.S. spent fuel (about 86,000 metric tons) in DUCRETE casks
would require about 9,500 casks and use most of the current DOE depleted uranium
inventory (Powell p. 2).

If depleted uranium or DUCRETE™ were manufactured into shielding casks for the storage
of spent nuclear fuel, some price could be charged to the power reactor operator for such
casks. This charge would off-set a portion of the costs incurred by management strategies
for using depleted UF, whose end product is a cask. The revenue to the depleted UF,.
management enterpnse from this charge should be taken into account, just as revenues
from by-product AHF or CaF, sales are folded into the present-value evaluations presented
in Chapters 4 and 5.

Casks made from depleted uranium metal or DUCRETE™ may have benefits to reactor
operators that would make them more atractive 1o use (and thus command a higher price)
than conventional concrete casks. These benefits might include potential reductions in
transportation costs and cask handling operations. For example, a DUCRETE™ cask
could be loaded directly in the spent nuclear fuel pool, whereas the current plan is to'use a
separate transfer cask because a conventional concrete cask is too large to fit into the |,
storage pool. Additionally, it is possrble that the depleted uranium cask could eventually be
dtsposed with the spent fuel at the repository. However, these added benefits are
speculative at the present time. The focus of this section is to make an initial assessment of
the off-setting revenues resulting from cask production. This estimate will then be used in

- -the hfe—cycle cost analysis for strategies leading to manufactured depleted uranium metal or
DUCRETE™ casks to test the sensruvnty of hfe-cycle costs to the cask value

The economic différences between a DUCRETE™ spent ‘nuclear fuel storage cask and a
conventional concrete storage cask arc summarized in the report, Comparative Economics

 for DUCRETE Spent Fuel Storage Cask Handling, Transportation, and Capital -

Requirements. The conventional concrete cask system considered in the report is the NRC-
licensed Sierra Nuclear Corporation Venulated Storage Cask w1th an estimated cost for
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materials of about $200,000, excluding such elements as engineering design and project
management (Powell 1995).

Another NRC:licensed concrete cask is the Vector Fuels Division’'s NUHOMS concrete
horizontal storage module. In the Depleted Uranium Concrete Container Feasibility Study
(Haeslig 1994), the estimated cost for the concrete module of this storage system is
$150,000. It is noted that an inner metal multipurpose canister system is needed to contain
the spent nuclear fuel stored in any of the dry concrete storage systems. Similar economic
data for the multipurpose unit system were not discovered. - Accordingly, a sensitivity
analysis assuming a cask credit of $150,000 and $200,000 per cask for both the.
DUCRETE™ and metal shielding applications was conducted.

As shown in Table 6.3, a cask credit of $150,000 and $200,000 per cask would reduce the

life-cycle costs of the shielding options by about 40-60%. The cost of complete
management strategy alternatives is presented in Chapter 5 of this Cost Analysis Report.
These costs range from about $1,600 to $2,600 million (7% p.a. discount rate) for the
shielding alternative without the cask credit.. Total management strategy alternative costs
would be reduced about $370-$550 million (7% p.a. discount rate) or 14-34% with the

assumed cask credit.

Table 6.3 Sensitivity Analysis for Depleted Uranium Shielding
Applications - Cask Credit

* Values in this row are for the reference case; they were taken from Table 4.10.

DUCRETE™ Shiclding Metal Shielding
Applications Applications

Number of casks manufactured

per year 480§ 453

total, in 20 year project 9,600% 9.060
Annual credit from sale of casks (millions)

@ $0.15 million/shield $72.00 $67.95

@ 50.2 million/shicld $96.00 $90.60}

- Cumulative present value credit from sale of casks (millions)

@ $0.15 million/shield $362.39 $342.00

@ $0.2 million/shield $483.18] $456.00
Cumulative present value of shielding option (millions)

With no credit for sale of casks (reference case)* $856.3 $889.30

With credit of $0.15 million/cask $493.91 $547.30

With credit of $0.20 million/cask $373.12 $433.30)

6.1.4 Effect of Density on UO, Storage and Disposal Optio.ns

The costs for the UO, storage and disposal options (Chapter 4) and their associated
strategies (Chapter 5) are based on the gelation process for the conversipn of UF; to dense
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UO,. The gelation process produces small spheres with a higher bulk density than the
conventional UO, process, which produces pellets. This leads to a reduction in storage and
disposal volume requirements, and therefore the gelation process minimizes the costs for
the storage and disposal options involving the oxide. However, the gelation process is -
substantially more expensive than conversion to UQ, pellets or U,O,; powder. Because the
higher conversion cost of the gelation process does not off-set its lower storage and
disposal option costs, the storage and disposal strategies based on U,O, have a
significantly lower cost (Chapter 5).

Bottom-up storage and disposal costs were not determined for UO, pellets, which have a
bulk density and a conversion cost between that for U,0, powder and that for UO,
produced by the gelation process. An approximate scaling analysis was used to estimate the
storage and disposal option costs for ungrouted UO, pellets. Within the estimating
uncertainties, no significant differences were found in the strategy costs for storage and
disposal of ungrouted UQO, pellets and ungrouted U,O, powder. Thus, storage and
disposal of UQ, peliets as a variation on the long-term management strategies for storage
and disposal as an oxide are suitably contained within the options analyzed.

6.1.5 Effect of Facility Throughput

A period of 20 years was assumned to disposition the entire depleted uranium stockpile
(about 560,000 MT UF, in 46,422 cylinders). This corresponds to an annual throughput
rate of 28,000 MT of UF, or about 19,000 MT of uranium. Each option was evaluated at
this rate, assuming that a single alternative would be selected. It is possible, however, that
a hybrid of alternatives will be implemented. 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:

e Conversion to U,0,: defluorination with anhydrous hydrogen fluoride (AHF)
» Conversion to UO,: ceramic UO, with AHF
¢ Conversion to uranium metal by continuous metallothermic reduction
e Manufacture and use as shielding (DUCRETE™ and metal)
e Storage in buildings as UO, and UF;
e Disposal in a mined cavity as bulk U,0,
Key engineering and cost data elements for facilities that are sized for 50% and 25% of the

reference capacity case (28,000 MT/year of depleted UF,) were evaluated. These smaller
facilities are assumed to be deployed on the same schedule as the reference facility and

. operate at throughputs of 14,000 MT/year and 7,000 MT/year, respectively, for 20 years.

A summary of the results of these analyses is presented in Tables 6.4 to 6.11, and Figures
6.3 to 6.6. A discount rate of 7% p.a. is assumed. ‘

As shown by these tables, reducing the throughput does not result in-a corresponding cost
reduction of the same magnitude. This is expected, on the basis of economy of scale
considerations; however, the magnitude of this effect depends strongly on the specific
option. For the conversion options, the present-value cost drops about 16%, on average,
when the throughput is halved from the reference capacity. For the storage options, the
equivalent reduction is about 34% on average. This significant difference reflects the
greater modularity of the storage facility designs. These studies of throughput variations
show that hybrid altematives would likely have a higher total cost than a single alternative.
For example, a hybrid which involves converting the depleted UF, to UO, and using half
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in DUCRETE™ shielding applications and storing half would have a hi ghcr cost over the
time frame considered than storing it all as oxide. Likewise, the cost could also be \_J)
significantly higher for an alternative involving multiple sites for the same module. For

example, the increase in conversion costs from converting the depleted UF, to UO, at two

sites may not be off-set by the decrease in avoided transportation costs.
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" Table 6.4 Parametric Analysis of Conversion to U;0,: Defluorination
w/AHF (in Millions of Dollars)
AN
25% 50% 100% __*
- Tech. Development 9.84 9.84 9.84],
Process Equipment - N
Engineering 3.26 3.64 4.74
- Fabrications™ : 7.96 8.88]. 11.91
Installation’” ™ - . 3.78 421 5.19
Certification ‘& Test : 0.35 0.39 0521 . -, .
— Subtotal P . 15.35 17.12 22,36
Process Facilities : . A .
Engineering = : 6.88 *8.29 10.16] .- - -
-~ Construction - } 20.01 24.12 29.56 .
. Proj. Management i 4:48 .5.40 6.6 .. -
i Subtotal L ‘ 31.37 37.81 46.33
Balance of Plant : 1
—_ Engineering - o 422 4.96 . 6.40] -
Construction™ : 12.28 14,44 18.63 L
Proj. Management , 275 3.23 SEEY- 10 b | I
— Subtotal g - 19.25 22.63 29.20 oL
Regulatory -Compliance 22.70 22.70 12270 -
Operations and {Maintenance . SR £
- Material ¢ 3 29.85 37.79 52.71
i Utilities 11.73 12.12 12.83
- ) . Labor . L 123.09 127.16 134.68 -
N Waste Management & : 435 6.92 . 11.86) ¢ P
- Disposal L :
R By-product Revenue ' -19.33 -38.66 - =77.32
_ Subtotal A ' 149.69 145.33 134.76
Decont. & Decom. .- . .. - 1.18 139 1.76
TOTAL - . -. .- 249.38 256.82 266.95
* Values in this column are for the reference case; they were taken from Table 4.8
— \
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Table 6.5 Parametric Analysis of Conversion to UO,: Ceramic UO, w/AHF
(in Millions of Dollars) -

—/
25% * 50% - 100% *
Tech, Development 13.94 13.94 13.94
Process Equipment
Engineering 5.50 6.26 71.74
Fabrications’ B 13.10 15.05 18.96
Installation 6.70 -7.47 8.91
Certification & Test 0.57 0.66 . 0.83
Subtotal 25.87 29.44 ’ 36.44
Process Facilities
Engineering - 9.83 12.52 14.91 -
Construction 28.61 36.44 43.39
Proj. Management 6.40 8.15 9.71
Subtotal 44.84 57.11 68.01
Balance of Plant .
Engineering i 5.10 6.18 71.76
Construction 14.85 17.97 22.57
Proj. Management 271 3.28 4.12
Subtotal 22.66 27.43 34.45
Regulatory Compliance 22.70 22.70 22,70
Operations and Maintenance
Material 38.85 49.67 66.12
Utilities 13.45 13.84 14.55
Labor ' 141.13 145.20 152.72
Waste Management & 4.81 7.01 12.47 N
Disposal
By-product Revenue -19.33 -38.65 -77.31
Subtotal 178.91 177.07 168.55
Decont. & Decom. 1.69 -2.06 2.51
TOTAL ) 310.61 329.75 346.60

* Values in this column are for the reference case; they were taken from Table 4.8
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Table 6.6 Parametric Analysis of Conversion to Metal by Continuous

May 1997

Metallothermic Reduction (in Millions of Dollars)

Tech. Development
Process Equipment
Enginceering
~Fabrications
_Installation

Certification & "Test
Subtotal -
Process Facilities
Engineering
Construction
Proj. Management
Subtotal
Balance of Plant
Engineering
Construction
Proj. Management
Subtotal

Regulatory Compliance
Operations and Maintenance
Material
Utilities
Labor
Waste Management & Disposal
By-product Revenue
Subtotal

Decont. & Decom.
TOTAL

25% 50% 100% *
20.50 20.50 20.50]
472 - 5.55 6.52
10.63 12.75 15.22
629 7.19| 8.20|
0.46 0.56 0.66
22,10 26.05 30.60
11.59 13.47] 16.09
33.70 39.18 46.82
7.54 8.77| . 10.47
52.83 61.42| - 73.38
532 6.39 8.22
15.48 18.59 23.91
3.46 4.16 535
24.26 29.14 37.48
22.70 22.70 22.70
70.74 108.86 171.76
12.00 12.39 13.30
125.91 129.98 139.57
3.25 4.30 6.14
-6.53 -13.05 -26.11
211.90 255.53 330.77
1.78 2.09 2.54
349.54 404.38 491.86

* Values in this column are for the reference case; they were taken from Table 4.8
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Figure 6.3 Parametric Analysis of Conversion Options
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“Table 6.7 Parametric Analysis of Manufacture and Use as Metal
Shielding (in Millions of Dollars) .

N’ _
: . 25% 50% 100%  *
Engineering Development 16.40 - 16.40 16.40
Manufacturing Equipment
Engineering : 24 3.14 4.11
Fabrication , 6.93 8.80 11.55
Installation . 194 2.45 3.19
Certification and Test 0.33 0.39 0.51
Subtotal 11.67] 14.78 19.34
Manufacturing Facilities ' . 4{
Engineering 5.43 6.41 7.64
Construction 15.81 18.68} . 2226 s
. Project Management 3.54 4,18 T 4,99
Subtotal 24.78 29.27] 34.89
Balance of Plant ]
Engineering 5.81} 5.88 5.95
Construction 16.89] 17.10 17.31
Project Management 379 3.83 3.88
Subtotal . 26.49 26.81 27.14
Regulatory Compliance 17.43 17.43 J 1743
Operations & Maintenance . : o
Materials 93.97 166.49) 311.49
Utilities . 307 36.11 42.30
# Labor . '301.37 354.37 415.13) .
’ Waste Management 1.29 1.96 3.70
N Cask Credit 0.00 0.00 0.00
" Subtotal 427.34 558.93 772.62
Decontamination & Decommissioning 1,13 1.27 1.46
“TOTAL . - ' - 525.24 664.89 889.30) .

R A

* Values in this column are for the reference case; they were taken from Table 4.10
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Table 6.8 Parametric’ Analysis of- Manufacture and Use as Oxide

May 1997

Shielding (in Millions of Dollars)

Engineering Development

Manufacturing Equipment
Engineering’
Fabrication
Installation -
Certification and Test

Subtotal

Manufacturing Facilities
Engineering -
Construction
Project Management

Subtotal .

Balance of Plant -
Engineering
Construction
Project Management

Subtotal

Regulatory. Compliance
QOperations & Maintenance
Materials
Utilities
Labor
Waste Management
Cask Credit
Subtotal

Decontamination & Decommissioning

TOTAL

25% 50% 100% *
6.56 6.56 6.56
2.41 3.05 3.94
6.76 8.56 11.06
1.89 2.38 3.06
0.32 0.38 0.49

11.38 14.37 18.55
5.05 5.79 6.87
14.72 16.86 20.02
3.30 3.78 4.49
23.07 26.43 31.38
4.83 4.88 4.9&j
14.06 14.21 14.36
315 3.18 3.22
22.04 22,27 22.52]
17.43 17.43 17.43
88.41 157.59 296.04
30.49 31.35 42.41
299.19 307.60 416.18
1.37 2.08 3.9
0.00 0.00 0.00
419.46 498.62 758.56
1.01} - 1.13 1.30
500.95 '586.81 856.30

= Values in this column are for the reference case; they were taken from Table 4.10
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Figure 6.4 Parametric Anélysis of Use Options
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Table 6.9 Parametric Analysis of Storage in Buildings
as UF, (in Millions of Dollars)

.Technology Development

Equipment
Enginecr.ing
Fabrications
Installation
Certification & Test

Subtotal

Facilities
Engineering
Construction
Proj. Management

Subtotal

Balance of Plant
Engineering
Construction
Proj. Management

Subtotal

Regulatory Compliance
Operations and Maintenance
Material
Utilities
Labor
Waste Management & Disposal
Subtotal

Decont. & Decom,
TOTAL

* Values in this column are for the reference case; they were taken from Table 4.11

25% 50% 100%  *
0.82 0.82 0.82
0.42 0.59 0.95
0.62 0.87 1.39
1.20 1.67 2.68
0.03 0.04 0.07
2.27 3.17 5.09
6.47 11.03 21.30

23.54 40.10 71.45
4,30 7.32 14.13}-
34.31 58.45 112.88
1.00 1.26 1.58)
3.65 4.59 5.74
0.67 0.84 1.05
5.32 6.69 8.37
18.61 18.61 18.61
8.80 12.00 19.41
0.90 1.33 2.12
24.46 31.88 47.03
0.15 0.15 0.15
34.31 45.36 68.71
0.00 0.00 0.00
95.64 133.10 214.48
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Table 6.10 Parametric Analysis of Storage in Buxldmgs
S as UO (in Millions of Dollars) ‘
. 25% 50% 100% *
Technology Development 0.82 0.82 0.82
Equipment o o .
Engineering 0.27 -0.30{ - 10.38
Fabrications 0.65 " 0.73] 0.94] .
" Installation 0.49 0.55 0.7
Certlﬁcahon & Test 0.03 0.04 0.05] :
Subtotal ° 1.44 1.62 2.08]
Facilities : ' '
Engineering 4.57 7.04 1191
Construction - - 16.62 25.61 4332
Proj. Management : ~3.03 '4.67 ©7.91
Subtotal 24.22 . .37.321 . 63.14
Balance of Plant ’ ‘
Engineering 1.04 1.19 1.34
Construction 3.78 4.33 4.88
Proj. Management 0.69 0.79 0.89
Subtotal 5.51 6.31 7.11
Regulatory Compliance 18.61 18.61 18.61
Operations and Maintenance
Material 5.35 6.15 8.05
Utilities 112 1.23 1.63
Labor 22.83 29.85 45.02
Waste Management & Disposal 0.13 0.13 0.13
Subtotal 29.43 37.36 54.83
Decont. & Decom. 0.00 0.00 0.00
TOTAL 80.03 102.04 146.59

> Values in this column are for the reference case; they were taken from Table 4.11
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Figure 6.5 Parametric Analysis of Storage Options
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Table 6.11 Parametric Analysis of Disposal in a Mined Cavity as

May 1997

Bulk U,0, (in Millions of Dollars)

Preparation

Technology Development
Equipment
Engineering
Fabrications
Installation
Certification & Test
Subtotal’
Facilities
Engineering
Construction
Proj. Management
Subtotal
Balance of Plant
Engineering
Construction
Proj; Management
Subtotal .

Regulator:y' Compliance' )

Operations ‘and Maintenance

Material

Utilities -

Labor

Waste Management & Disposal
Subtotal S

Decont. & Decom.

Total Preparation’ Cost .

000

25% 50% 100% *
8.201 8.20! 8.20
0.00! 0.00
0.00! 0.00 ° 0.00
0.00 0.00 0.00
0.00 ., 0.00 . 0.00
0.00! 0.00 -0.00
0.00 0.00!

0.00 0.00 0.00
0.00 0.00| - 0.00
o.oq 0.00! 0.00
3.11 4.19 6.0
8.58 11.55 16.56
2.00 2.69 3.86)
13.69 18.43 26.43
2.02 202 2.02
0.07 0.10 0.14
1.69 2.4) 3.51
1598 21.38 28.41
0.54 0.74 1.17
18.28 24.63 33.23
037 0.46 -0.60
42.56, 53.74] 70.48

* Values in this column are for the reference case; they were taken from Table 4.12

[Table 6.11 is continued on the next page.]
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Table 6.11 Parametric Analysis of Disposal in a Mined Cavity as Bulk U,0,
(Continued) : ,
25% 50% 100%  *
Facility
Engineering 66.74 74.17] 87.0%
~ Construction 208.11 231.28 271.44
Project Management 38.74 43.06 50.53
Subtotal 313.59 348.51 409.02]
Site Preparation & Restoration ’
Engineering 3.4 3.54 3.6
Construction 12.57, 12.88 13.18
Project Management 2.24 2.35 241
Subtotal 18.32 18.77 19.21
Emplacement & Closure
Emplacement 12.44 18.12 28.49
Emplacement Support 63.03 103.1 183.46
Closure .~ ' 26.78 29.67] 36.93
Subtotal 102.25 150.95 248.88
Regulatory Compliance 40.35 40.35 40.35
Surveillance & Maintenance .
Materials 0.58 0.58 0.58
Labor 1.63 1.63] 1.63
Subtotal 2.2) 2.21 2.21
Total Facility Cost 476.72 560.79 719.67
25% 50% 100%
I GRAND TOTAL 519.28] 614.53] 790.15

*. Values in this column are for the reference case; they were taken from Table 4.12.
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6.2 Performance Risk

The cost effects due to uncertainties in the number of nonconforming cylinders and process
and facility design are presented in this section.

6.2.1 Number of Nonconforming Cylinders

The number of depleted UF cylinders that will not meet transportatlon requirements over

the shipping time frame is unccrtam Changes in the number of such cylinders impact the -
costs of preparing the cylinders for off-site shipment. The preliminary estimate of the -
number of nonconforming cylinders is 19,200 at Paducah; 5,200 at Portsmouth; and 4,683
(the entire inventory) at K-25. The unccrtamty in the number of nonconforming cylmders
ranges from a low of one-half of these preliminary estimates to a high of all cylinders. It is
anticipated that the range of uncertainty will change over time as estimates of the numbers
of overpressured, overfilled, and substandard cylinders are refined and as cylinder ~
conditions and regulatory requirements change.

Reference Low High
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
Portsmouth 5200 8188 2600 10788} 13388 0
Paducah 19200 9151 9606 18751 28351 0
K-25 - 4683 0 2342 2341 4683 0
Total 29083 17339 14542 31880 46422 0

In order to analyze the impact of this uncertainty, the engineering analysis developed
preconceptual designs for transfer facilities to handle three different throughput rates. The
low-capacity case was 320 cylinders per year; the reference case was 960 cylinders per
year: and the high-capacity case was 1,600 cylinders per year. The largest facility would
be capable of transferring all the cylinders at Paducah, the site with the most cylinders
(28,351). The smallest facility would be appropriate for transferring all the cylinders at K-
25 (4,683) or all the projected nonconforming cylinders at Portsmouth (5,200) in fewer
than 20 years. The cost of each of these three throughput rates was evaluated and used to
interpolate or extrapolate costs for the low, reference, and high numbers of nonconforming
cylinders. .

. A
Costs for preparing cylinders for shipment are, of necessity, site-specific. Based upon the
cases analyzed above and the assumptions made concerning the number of nonconforming
cylinders, the present value (7% p.a. discount rate) of the total costs for preparing the
cylinders for shipment is presented in Tables 6.12, 6.13, and 6.14.. The cost of preparing
conforming cylinders for shipment is presented in Table 6.12. Tables 6.13 and 6.14
present the costs of the two options for preparing nonconforming cylinders for shipment,
the cylinder overcontainer option and the transfer facility option. Since labor costs
dominate the preparation for conforming cylinders (Table 6.12) and the overcontainer
option (Table 6.13), for initial purposes all other costs for the low and high cases (where
applicable) were equated to the reference values. The total cost for each option is the sum
of the cost for preparing conforming cylinders for shipment and the cost of preparing
nonconforming cylinders for shipment. For the overcontainer option, there is a slight
variation in labor costs and costs for the overcontainers (which are reusable). For the
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transfer facility option, a transfer facility sized according to the number of nonconforming
cylinders is needed at each site.

There is a significant difference between the cost of preparing cylinders for shipment using
the overcontainer and preparing them for shipment using the transfer facility. Total costs
using the overcontainer for problem cylmders range from about $147 million (low-cost
column in Table 6.12 plus low-cost column in Table 6.13) for 14,542 nonconforming and - .
31,880 conforming cylinders to about $171 million (high-cost column in Table 6.13) if all
46,422 cylinders were nonconforming. "The number of nonconforming cylinders has a-
greater dollar impact on the transfer facility option, where total costs range from $609 .
million (low-cost column in Table 6.12 plus low-cost column in Table 6.14) to $706

million (hxgh-cost column in Table 6.14). Clearly, what is most significant from acost .
pcrspectwe is which option is chosen—thc overcontainer or the transfer facility. .-
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Table 6.12 Cost Breakdown (in Millions of Dollars) for Preparing Confoi‘ming

Inspection and retricval equipment
Engineering
Fabrication
Certification

Subtotal

Handling fixtures
Engineering
Fabrication
Certification

Subtotal

Shipping fixtures
Engineering
Fabrication
Certification

Subtotal

Facilities
Engineering
Construction
Project management

Subtotal

Regulatory compliance
Operations and maintenance
Materials
Utilities
Labor
Waste management and disposal
Subtotal

Decontamination & decommissioning
TOTAL

May 1997
Cylinders
Reference Low High
0.17 0.17 0.00
1.39 1.39 0.00
0.07 0.07 . 0.00
1.63 1.63 0.00
0.06 0.06 0.00
0.47 0.47 0.00
0.02 0.02 0.00
0.55 0.55 0.00
0.02 0.02 0.00
0.16 0.16 0.00
0.01 0.01 0.00
0.19 0.19 0.00
0.00 0.00 0.00
0.00]. 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
1.13 1.13 0.00
1.64 1.64 0.00
0.01 0.01 0.00
44.27 81.35 0.00
0.19 0.19 0.00
46.11 83.19 0.00
0.00 0.00 0.00
49.61 86.69 0.00
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Table 6.13 Cost. Breakdown (in Millions of Dollars) for Preparing
Nonconforming Cylinders - Overcontainer Option

Engineering Technology .

Inspection and retrieval equipment
Engineering
Fabrication
‘Certification

Subtotal

Overcontainers
Engineering
Fabrication
Certilication

Subtotal

Handling fixtures
Engineering
Fabrication
Certification

Subtotal

Shipping fixtures
Engineering’

Fabrication
Certification
Subtotal :

Facilities .
Engineering -
Construction ,

Project mahagement
Subtotal '
i

Regulatory combliance

Operations and maintenance
Materials
Utilities
Labor
Waste Management & Disposal

Subtotal

Decontamination & decommissioning

TOTAL

0.00| " -

Reference Low High

"0.82 0.82 0.82
0.23 023 0.23)
1.93 © 193 193
0.09 0.09 0.09]

225 2.25 2.25|
‘0.54] 0.28 0.86
2.39 1.22 '3.80
0.15 0.08 024
3.08 1.58 '4.90}
0.06 0.06 0.06|
0.47 0.47 047
0.02 0.02 0.02
0.55 0.55 0.55|
0.03 0.03 0.03
0.24 0.24 0.24
0.01 0.0 1001
0.28 0.28 0.28]
0.00 0.00 - 0000
0.00 0.00 0.00
0.00 0.00

0.00 0.00 0.00
1.13 1.13 1.13
6.60 5.88 7.47|
0.03 0.03 . 0.03
96.03 48.02 153.36
0.33 033 0.33

102.99 54.26 161.19
0.00 0.00 0.00

11.10 60.87 171.12
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Table 6.14 CoAst'Bi'eakdown (in Millions of Dollars) for Preparing Nonconforming
Cylinders - Transfer Facility Option

&R

et
|

s

Reference Low High
Engineering Development 2.46 2.46 2.46
Process Equipment
Engineering 3.70 2.20 5.49
Fabrications 8.01 ~ 4.61 12.08
Installation 5.24 3.27 7.59
Certification & Test 0.35 0.20 0.53
Subtotal 17.30 10.28 25.69
Process Facilities
Engineering 16.86 13.76 20.55
Construction © 49.04 40.03 59.79
Proj. Management 1097 8.96 13.38
Subtotal 76.87 62.75 93.72
Balance of Plant
Engineering 12,46 10.72 14.55
Construction 36.26 31.18 42.32
Proj. Management 8.11 6.98 9.47
Subtotal 56.83 48.88 66.34
Regulatory Compliance 56.20 56.20 56.20
Operations and Maintenance
Material 82.78 58.75 111.46
Utilities 28.17 25.46 31.41
Labor 278.51 251.68 310.53
Waste Management & 4.70 4.17 5.33
Disposal
Subtotal 394.16 340.06 458.73
Decont. & Decom. 2,71 2.19 3.33
TOTAL 606.53 522,82 706.47
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6.2.2 Process and Faciliiv Uncertaiﬁties

Uncertainties in facility and process scope cover those factors lhat are usually beyond the
contractor’s or the architect/engineer’s control or outside the scope of the original design,
schedule, and cost estimate. The project owner (e.g., DOE) must have funds available to
cover the cost effects of these factors, or allocate the process development and

' dcmonslratlon nmc and funds up front to rcduce these uncertainties.

Cost 1mpacts were estimated for various cquxpment additions and enhancements to address
potential performance risks. It was assumed that equipment additions would mitigate
possible throughput deficiencies or product/by-product quality issues.  The reader is .
referréd to Chapter 3 of the Engineering Analysis Report for the Long- Term Managemenr
of Depleted Uramum Hexaﬂuorxde, Rev 2. . ‘

For the lransfer facxllty and selected conversion facxlmes the potennal increase in the
process equipment costs and the resulting increase in the associated process facxhty costs-
were estimated. Table 6.15 lists the facility cases addressed, summarizes the equipment
sensitivity cases evaluated, and for these provides the sum of the process.equipment.and-
process facility cost increases relative to the same for the reference case cost (no r
performance risks) tabulated in previous sections. The impacts on balance of plant and
operations and maintenance costs were not estlmated .

, Table 6.15 Performance Risks .

-1 HF Neutralization

Facility | Equipment Additions % Cost Increase* .

Cylinder Transfer - - Double no. autoclaves - 37

U,0, Conversion: AHF Double no. defluorination lines; | 16 .
S : enhance distillation system

U,0, Conversion: _| Double no. defluorination lines 14

UO, Conversion: AHF :}] Double no. defluorination lines; |24 - '
: : : * | enhance distillation system;
double no. sintering furnaces

U0, Conversion: Double no. deflucrination lines; | 23 -

HF Neutralization ' - . double no. sintering furnaces )

U- Mclal Conversion: ’ Double no. UF, to UF, reactors; | 6

Bach © " - - | double no. leach stages -

U-Metal Conversion:. | Double no. UF, to UF, reactors; | 29 )
Continuous \ Doublc no UF, to U lines; add ) ’

LR

leach system . : 3

* Total increase in process eqmpment and process facility costs (balance of plam lmpacts
not evaluated)

Autoclave transfer of UF, is a well- estabhshed lechnolooy The comparauvely hxgh cost
risk assigned to the cylmder transfer facility reflects the unavailability of precise heat ~
transfer data for air-heated autoclaves. Air-heated autoclaves were used in the cngmeenng

* analysis for the transfer facility due to the assumed condition of the cylinders being =

transferred and the increased llLehhood that a cylmder would breach

- For all oxide conversion cases, there are engineering scaling uncertainties, mcludmg

tesidency times, associated with the rezctors (kilns) for converting UF to oxide powder
(U,0, and UO,). For the oxide conversion cases in which anhydrous hydrogen fluoride is
produced therc is a small likelihood that there would be an unacceptable level of uranium
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contaminant carryover into the distillation system. Therefore, the reference distillation

system was modified to an extractive distillation system using sulfuric acid addition.

Finally, for conversion to densified UO,, there is engineering uncertainty associated with \J
the scaling of the hrgh-temperaturc smtermg furnaces.

The batch metallothermic reduction to uranium metal is a well-estabhshed industrial
technology. The estimated cost risk reflects (1) the scaling associated with the use of higher
throughput tower reactors for the conversion of the UF to the process feed (UF,), and (2)
the possibility that added leaching capacity would be requrred for the by product (MgF,)
decontamination for its dxsposal as a nonhazardous sohd waste.

The continuous mctallothenmc reduction to uranium mctal is not an industrial process and .
requires extensive engineering development and testing. The assigned performance risk
reflects the following: (1) the scaling associated with the use of higher throughput tower
reactors, as in the case of the batch process, (2) the engineering uncertainties associated
with the scaling of the reduction reactors and continuous casters, and (3) the significant
possibility that a leaching system would be required to decontaminate the by- product
(MgF,) for its disposal as a nonhazardous solid waste.

6.3 Process Vulnerabllmes

- This section describes the vulnerability of the oxndc conversion process producing CaF,

and the metal conversion processes producing MgF to changes in disposal requlremcnts

6.3.1 Disposal of CaF, By-product from HF Neutralization Options

As stated in Section 4.2. 2, all of the conversion opnons produce potentially salable by-

products—either AHF or CaF,. Defluorination with'AHF production is superior to

defluorination with HF neutrahzatxon in terms of by-product value and waste avoidance. In

the unlikely event that the recovered AHF could not be sold (because of the small [<I ppm] |
uranium concentration), the concentrated HF would be neutralized with lime (CaO) to form —
about 18,600 MT (13,895 cubic yards) of CaF,. In the absence of regulatory constraints )
regarding the uranium content, the CaF, could be sold as a feedstock for the commercial

producuon of AHF. :

I neither the AHF nor the CaF, could be sold, then the CaF is assumed to be drsposed of
as nonhazardous solid waste. ThIS case would resultin a large waste stream
tapproximately 1 kg waste per kg uranium) that would bound the waste for defluorination
(U0, or UO,). The relatively small amounts of CaF, which are produced by the
conversion options without neutralization are not consndered in this vulnerability analysns
Neutralization of the AHF with lime (Ca0) to form CaF, is also a reasonable variation for
the metal conversion options and the gelation options. Howcvcr the impact of adding a
neutralization step to the metal and gelation conversion opnons has not been quantified
from cither an engineering or a cost perspective.

AN potential vulnerability is that disposal as low-level waste (LLW) would be necessary
hecause of the small uranium content in the CaF,, and the disposal costs would rise
significantly. The pessimistic case then assumes that the by- product must be disposed as a
LLW .\The cost xmpacts of CaF, disposal are summarized in Table 6.16. Assumed
disposal costs are $2/ft* for nonhazardous solid waste and $100/ft* for LLW, as defined in
Section 3.2.8.
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Table 6.16 ' Cost Impacts of Disposal of CaF, Resulting from Conversion
Optlons with" HF. Neutralization (Ml"lOl‘lS of Dollars)

-“-Opuon CaF, - Cost of Cost of . - Total
(M'I‘/yr ) Disposal as Dnsposal as Conversion
Nonhazardous LLw Cost”
Sohd Wastc . .
U,04 w/HF 18,600 $0 75/yr | $38/yr. $340 -
'Neutrahzatlon : ($15 total) (§750 total) (Nonhazardous)
1T - 1. IR $544 - -,
: . ' ; | {(LLW)
UO,w/HF | 18,600 - 1 $0.75/yr. [ $38/yr. ' $409
Neutralization =~ |~ = 1 ($15 total): ($750 total) ; (Nonhazardous)
e e o . Y v _ ‘-‘f 5614 .
_,' A4 @Lw) ’

* Discounted costs (7% p-a. ratc) See Table 4 8 for rcfercncc cascs mvo]vmg salc of
CaF,.

The neutralization reference cases have total conversion costs of $325M and $395M for
U,0, and UOQ,, respectively; therefore, CaF, disposal as a nonhazardous solid waste would
rcsult in a minor cost increase relative to its sa]c /However, CaF, disposal as a LLW
would result in a major cost increase relative to its sale or dlsposal asa nonhazardous solid
- wastc LI .

6. 3 2 LLW Dlsposal of MgF By-product from Metal Comersxon Optlons

The metal conversion proccss produccs MgF in substantial quantmcs (about 10* MT or
slightly under 8,000 cubic yards annually) which must be disposed as'a waste. The batch
metallothermic process includes a decontamination step for the MgF, by-product, resulung
in < 90 ppm uranium. The by-product from the continuous mctallothcrmlc process is
assumed to have a low enough uranium concentration (< 90 ppm) that decontamination
would not be necessary. For both cases, it is assumed that the MgF, would be granted a
free release exemption for disposal as a nonhazardous solid waste. Thls is the assumption
for all the cost estimates in Chapters 4 and 5.

Exemptions for decontaminated MgF, have been granted, but the quantities were
substantially smaller. The practical limitations on MgF, decontamination are presently
unknown, but it is likely that the residual levels of uranium will be at least 10-fold greater
than the levels in CaF, from the HF neutralization options (Section 6.3.1). Accordingly,
and in the absence of a de minimus value, MgF, is judged to be more vulnerable for
disposal as a LLW than CaF,. The cost lmpacts for MgF, disposal are summarized in
Table 6.17. Assumed dlsposal costs are $2/ft* for nonhazardous solid waste and $100/ft’
for LLW, as defined in Section 3.2.8.

119




(XY
e
Guy

“Tate sl

Cost Analysis Report for the Long-Term:Management of Depleted Uramum Hexafluoride
‘May 1997

Table 6 17 Cost Impacts of Dlsposal of MgF, Resultmg from Metal
Conversnon Options’ (Millions of Dollars)

Option MgF, | Costof . Costof . | Total Conversion Cost Cost
(MT/yr) Disposal as | Disposal as Increase
*ae Nonhazardous LLW for
Waste Disposal
(Reference asLLW
Case) - . ¥
Batch . 9,663 | $0.41/yr $20.7/yr $665 (Nonhazardous) | $80
metallothermic |’ (58.3 total) (%413 total) | $745 (LLW)**
reduction . ' :
Continuous 10,097 | $0.43/yr $21.6/yr | $492 (Nonhazardous) | $108
metallothermic | . ($8.6 total) (3431 total) | $600 (LLW)
reduction . '

* Discounted costs (7% p.a. rate). See Table 4.8 for reference cases.

** Takes into account increase in nongrouted MgF,

*** Ungrouted weight.

Disposal as a LLW would result in a major increase in the metal conversion costs. The
reference case assumes disposal as nonhazardous waste in bulk form. If grouting were
required, there would be additional costs for the grouting operation and the increased

disposal volume. In moving from the reference case to the LLW disposal case, the increase
in option cost is less for the batch than for the continuous process. This is primarily due to
the elimination of the decontamination system for the batch process. This reduces capital

costs (process equipment and process facility) and eliminates the operations and

maintenance cost associated with the decontamination system.
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