RAS 10953

ldaho

National
Engineering
Laboratory

Managed

by thelVS.
Department
of Energy

— U.S. NUCLEAR REGULATORY COMMISSION _
© Mthe Matterot LpulGiew o EposayServic | |
. Bocket No. ZO53/03- M1 L-ofrigial Ex im{kll Z N .

. c ) REN
> ) e .“M‘-.

f1 -5

£Ge ’/’ 7. LES Exhibit 8
a:\{;.ﬂ DS/

EGG-MS-11287 o '; 2\ oL
May 1994 ‘Qg\
w OR" -5 PALYZ
Obfsls - T
DoLK, B
b8
- . . > v' § i
Depleted Uranium Disposal £ = 3
Options Evaluation " & = o
‘ N &8
s i — 2
L 4 =M
o3 R .37
T. .J. Hertzler - 2
25
—

D, O. Nishlmoto

i
: ;
gza
°§

- Action Taken:
Reporter/Clerk

¢"§ EGRG 18ar0

Worx performed undse
DOE Comract
No. DE-ACCT-76:100150

Sewzy

9504120262 9503
BRaDdCK 07003370

N LIS PR
y ok CELTALY N .‘:

A%)S

A} .
Co 1o aN ]
Ny

3
LAC Ao ( Y \.,3.3_

L3

1/"/~./ s

'Y Secyoz

Lad o V.Y


RLL
Text Box
RAS 10953


et

sy

Fuw

EGG.MS.11297

Depleted Uranium Disposal Options Evaluation

T. J. Hertzler
D. D. Nishimoto
M. D. Otis

Published May 1994

Waste Management Technology Division
Science Applications International Corporation
545 Shoup Ave.

Idaho Falls, 1daho 83405-0697

Prepared for EGLQG ldaho, Inc.
and the U.5. Department of Energy
Ofiice of Environmental Restoration and Wasta Management
under DOE ldahe Operations Office
Contract DE-ACG7-76iD01570



Aoy

Depleted Uranium Disposal Options Evaluation

EGG-MS.11297

Prepared by

Timothy J Herzler. Project Engineer
Science Applications Intemational Corporation

st d D ihinae

Date

/';sl

\.\
Oyl

epieted Cranium Recvele Project

Dougfas D. Nisk.moto. Senrar Project Eagineer Date.
Science Applivanons Intemational Corporation
'-// .o ' '_"'- B - o=t
Mark D. Ous. Cerufied Health Physicist Due
Science Applications [aternational Corporation
Reviewed by: /‘,
4 p...c/C /// ZZCV\L‘-"—' 5.5 ?d
Milo M. Larsen. Division Manager Date
Science Apglications Intematianal Corporation
Reviewed and Approved by:
L 280 /23 /74
L L4
am 1. Ouapp./ P»éject Manager DQate



ABSTRACT

This report describes the results of a :mdv avajuaung the disposal of the Department of
Energ: 's (DOE) dcplcted uraniumn (DU) reserves. This report 15 10 no way lmpl\'mg that these
DU reserves are 2 "waste.” but is itended to provide baseline data for comparison with other
management opuons. - The evaluation includes: 1dentification of radiological and chemical
hazards of DU. a quahitauve assessment of various chemical forms of DU 1o establish the
preferred reference form tor disposal. review of the regulatory requirements applicable to the
management and disposal of DU, discussion of DOE and commercial disposal sites potentially
available for DU disposal. and estimation of all appropriate disposal costs.

The results of this evaluation document that:

DU disposal is only technically and cconomlcally feasible at the Nevada Test Site
(NTS) and the Hantord Site.

The preferred chemical form, refersnced in this study. for DU disposal is uranium
oxide (i.e.. U,0,). '

The DU reserves are “source material” solely regulated undar the Atomic Energy Act
(AEA) of 1954, as amended.

The cost to dispose of the current inventory (June 1992) of UF, as U,0, ranges from
a low of $3.4 billion ($9.50/kgU) to a high of $10.9 billion ($30.19/kgU). -

The cost to diSposc of the UF, as uranium metal is estimated to be mote expensive
than U,0, disposal due to higher conversion costs.

The greatest potenual for reduction in disposal costs is in the development of new
conversion technologies.
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'EXECUTIVE SUMMARY

The Depanment of Energy +DOE,. Otfice of Environmental Restoration and Waste
Mamagement. has chartered a srudv to evaluate alternative management stoitegies tor depleted
aransm DU) currently stored 15 strategic reserves throughout the DOE complex. One potennal
management strategy. and the focus of this study. 1s disposal of the DU at 2 DCE or commercial
disposal facilitv  This report 1s in no way declaning these DU reserves a “wasie.” but is
mtended to provice baseline data tor companson with other management options for DU,

Nawrally occumng uranium consists primanly of the stable sotope U-238. with only about
0 7% being the fissile isutope U-235. The U.S. government has been =nriching uranium since
the 1940s. 1nitally for mulitary needs and later for fuel for commerc:al nuclear power plants.
The ennchment process invols #s separating a feed stream of natural uranium hexatluoride (UF.)
into a'U-235 ennched product stream and a much larger by-product stream depleted in U-235.
The depleted siream (i.e.. DUY 15 typically 99 80% U-238 and 0.02% fissiie U-233. Vignually
all of the DU ils {rom the enrichment plants have been saved 4s a resource in :he torm of sotid
UF,. LDOE currently has a DU inventory.of about 402.000 me.ric tons of uranium {MTU). the
majority of which is located at three gaseous diffusion plamts (GDP<- (n Paducah. KY.
Piketon. QH. and Oak Ridge. TN.. As of June 1992, the GDPs were storig 361.000 MTU.
accounting tor about 89.8% of DOE's total inventory.

The primary objective of this report .. to provide cost estimates for a baseline management
* option, which DOE may compare with the costs of alternative uses of DU. The conclusions
drawn are as follows:

Of the two disposal site options identified and evaluated, viz. DOE and commercial sites.
study findings indicate that only disposal at existing DOE sites is feasible. Current
rezujanons at the Nevada Test Site +NTS) and the Hantora Site. borth Federailv-owned and
contractor-operated. allow disposal of the DU as long as it meets the specific site waste
acceptance critena (WAC). WAC. and/or disposal costs. effectively eliminate the potential
tor disposing ot the DU at commercial disposal sites. Site-specific crizenia and descrintions
are given in Chapter 5 of this report.

Because of the reactive namure of UF,, the radivlogical and chemical hazards of various DU
forms were investigated to determine a suitable disposal fcrm. Based upon information
presented in Chapter 3 the uraniumi oxide U,;0, has been used is the preferred reference
form [or disposal in this stuav. However. for comparative purposes. the economics of
disposing of DU as a metal was evaluated and is preseate in Appendix A.

The regulatory investigauon established current regutatory definitions and requicements
appliczble to the UF, in storage and the dJdisposal of U.0,. Conclusions drawn suppent
DOE’s histonical (reatment ot the DU as a “source matenal = solelv regulared under the
Atomic Energy Act tAEA) of 1954, as umended. Addition4lly. numerous federal statutes.
with associated regulationss policies under «he cuspices of the DOE. the U.S. Nuclear
Regulainry Commussion (NRC). anc the U S Environm:2atal Protection Agency {EPA). are

v



applicable ta the disposat.of the U,Q,. The rclcvam statutes. regulations. and‘or policies
are denailed in Chapter 4.

Baseline cost estimates were embhshed for disposing of the DU as U,0, at the NTS and
Hanford as low-level waste (LLW) and Resource Conservation and Recovery Act sRCRA»
nuxad wasa (MW). These disposal scenanos represent the lower and upper bound -of
_ costs at the DOE facilities investigated. The cost estimaies range from a low of
$3.4 billion (59.50/kgU) for direct LLW burial at NTS to a high of 510.9 billlon -
(530.19/kgU) for RCRA disposal as Hanfordd The cost dara are broken down i in detail for
each site and disposal scenario in Chapter 6 of this report.

Based O Curtent conversion process technology and estimared costs associazed with
packaging, transporting, burial, and enviroomental compliance. disposal of the DU a3
U metal is more expensive than disposal as U,0,. This is due to the higher estimated ¢ost
for initial conversion {l.e., 53.618 for U met) versus 3.0B for U,0y).

Conversion cost data obtained 1or the-U metal disposal scanario varied considerably and m
the most oncermin and/or senzitive to clunee

The greatest poential for reduction in overall disposal costs is in developmens uf new

canversion techoologics with Jower conversion costs andnriﬂxou:secotxiarywmpmdw
(i.c., CaF, and MgF.) disposal costs.
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DEPLETED URANIUM DISPOSAL OPTIONS EVALUATION

1. INTRODUCTION

The Department of Ererzy .DOE). Office of Eavironmental Restoraton and Waste
Management. has chartered a study to evaluare alternanve management stratagies for Jdepleted
uranium «DUY currently stored throughout the DOE complex  Historicaily. DU has been
maintained as a strateg:c resourc: because of uses tor DU metal and potenual uses for further
ennchment or for uranium oxide as breeder reactor blanker fuel. This study has focused on
evaluating the disposal opuons for DU if it were considered a waste. This report 15 in no way
declaning these DU reserves a "waste,” but is intended to provide baseline data for comparison
with other management options for use of DU.

1.1 Background

Natwurally occurring uramium consists primarily of the stable 1sotope U-238. with only about
0 7 being the fissile isotope U-235. The U.S. governmen: nas been enriching uranum since
the 1930s. imually for military needs. Dunng the 1960s and 1970s. primary use of the #nriched
product shifted from mulitary applications to providing fuet for commercial nuclear power plants. .
The Oak Ridge Gaseous Diffusion Plant (GDP) was the first operational uranium enrichment
facility. followed by the Portsmouth and Paducah GDPs, which were built in the 1950s. The
enrichment process involves separating a feed stream of natural uranium hexafluoride (UF,) into
a U-235-enriched product stream and a much larger by-product stream depleted in U-235.
Generally. 5 to 10 kg of DU are produced for every kilogram of enriched uranium for
commercial applications, while up to 200 kg of DU are produced for each kilogram of highly
enriched uranium.’ Virwally all of the DU tails from the enrichment plants have bean saved as
a resource in the form of solid UF.. Continued enrichment of uranium ore to suppiy tuel
civilian reactor programs will increase the DU reserves.

DOE currently has a DU nventory of about 402.000 metric tons of uranium «(MTU) The
majority of DOE’s DU is in the torm of UF, stored at the three GDPs in Paducah. KY: Piketon.
OH 11.¢.. the Portsmouth GDP): and Oak Ridge. TN. (NOTE: The K-125 GDP in Oak Ridgee
has been shut down since 1985.) As of June 1992, the GDPs were storing 361.000 MTU
(corresponding to approximately 534,000 metric tons of UF,). accounting for about 89.8% of
DOE'’s total inventory of DU.? Because of the limited near-term demand for DU and the large

quantities of DU presenty available, DOE is evaluating DU disposal options as well as other
uses of DU.

1.2 Objective and Approach

The ubjective ur this report :s to provide DOE with baseline information that may he used
o compare the custs or disrasal with the costs of alternanve uses of DU, Empiasis has ~e¢2n

a.  Trygve Mvhre. Depleted Uraniuin Inventorv--June 30, [99:
TCM.EXCEL:DUDETAIL.XLS. September 29. 1992.

1



B Iy

placed on the uisposal alternatives determuned to be viable vpuons based upon existing
environmental. polincal:public dpiion. and economic condiuons. Three primary Jdisposal

- options were idenufied and sudied 1n depth: burial at 3 commercial sice. bunal at 2 DOE site.

and retnievable disposal in vaults at a DOE sue. However. disposal cost estimates were
Jetermined only tor the DOE Jdisposal site opttons because ot «ae current limited avcessibility
of commercial disposal sies 1see Section 5.2).

Because of the reactive aarure of UF., it has been assumed that the DU must first be
converted to a form more suntable for disposal. Based upon information presented in Chapter 3
of this report. the uramum oxide (U,0,) has been used as a reterence form for disposal.
Furthermore. cost estimates are based on disposal of DOE's DU inventory at the three GDPs
as of June 30, 1992. Again, it should be emphasized that these assumptions 1n no way imply
that any of this material will be declared waste and disposed of. but are only intended to outline

- a "worst-case™ baseline for comparison t0 other potenual DU management options and costs.

The costs are presented in 1993 dollars even though conversion and disposal operations would

probably not start for at teast [U vears since there 1s presently littde capabilicy within the U S
to convert UF, to U,0,.

This'_documem reports the tollowing findings: DOE’s current inventory of DU. radioiogical
and chemucal hazards of the various DU forms and the preferred chemical form for disposal.

rregulatory requirements applicable to DU disposal, and dsscriptions and preliminary costs for

the primary disposal cases.

14



2. DU INVENTORY DATA

DOE's current inventory ot DU. as of June 30. 1992. 1s given in Table 1.* which provides
Jdata on quantit.es of DU stored at six different locations within the DOE complex. representing
91 35 of DOE’s total inventory of 402.000 MTU as of June 1992. The majority of DOE's
DU s currently mn storage at the three GDPs in Paducah. KY; Piketon. OH; and
Oak Ridge. TN  The 361.000 MTU of DU currently stored at the GDPs is in the form of UF,
1334.00C MT) and represents approximately 90% of the total DOE inventory of DU. Therefore.
tn an effort to develop a consistent baseline for comparison to other options that will ultimately
- need {0 account for conversion costs. which vary depending on the initial DU form (¢.8. UF,.
U0,). this report wili focus strictly on the DU stored as UF, at the GDPs as of June 30.-1992.

The UF, at the three GDPs is typically stored outdoors in painted steel cylinders with either
10- or 14-ton capacities. The majority of the storage containers are the 14-ton vessels, which
are designated as thun-wall cylinders and coded as pressure vessels (working pressure rating of
100 psig, with a wall thickness of 516 in.). These cylinders currently qualify as “strong-tight
contawners” for transport of low-specitic-activity (LSA) radioactive materials under Depantment
of Transportation (DOT) regulations. The storage cylinder inventory at the end of FY-90
included 34.400 standard 14-ton cylinders at the three GDPs. with 22,300 at Paducah, 8.900 ac
Portsmouth and ~.200 at Oak Ridge. In addition, over 7.000 cylinders of other types are also
being used for DU storage. This includes thick-wall (5/8-in. thick) 14-ton cylinders, thin-wall
and thick-wall 10-ton cylinders, and other miscellanecus cylinder types.'

Table 2 shows the quantities of DU expected to be generated by the diffusion plants through
FY 2021.° During this time period, the Portsmouth and Paducah GDPs are projected to continue
generating DU at a rate of about 15.700 MTU per year. As a result, by the end of FY 2021,
the inventory ot DU art the GDPs is anticipated to increase to about 317,000 MTU (or about
1.210.000 MT of UF,). As discussed in Section 4.1.3, the DU generated by the GDPs after
July 1. 1993, is expected to be the responsibility of the newly-formed U.S. Enrichment
Corporation. Therefore, for purposes of this report, only the DU in storage as of June 1992 at
the GDPs is being coasidered for the disposal baseline case. Assuming that the preferred
disposal form will be U,0, (see Chapter 3), the current inventory at the GDPs of 361.000 MTU
of DU (or 534.000 MT of UF,) corresponds to 426,000 MT of U,0,. Using the reported
density of U, O, after compaction. of 3 g/cm’,® this represents a volume of U;0, of 5 million ft’.

b. Carl Cooley. DOE-HQ/EM-50. Personal Communication with Tim Herzler. SAIC.
January 21, 1993.

[P¥]



Table I. DOE Depleted Uranium Inventory as of 6/30/92

Lasation
Paducah GDP MIMES. UEA

Portsmouth GDP MMES. UEA

Oak Rudge GDP. MMES, UEA

Wesunghouse Env'i Myt Co. of

" Ohwo

Wesnunghouse E!eci Cou.
Cotumbia

West Hantord. Defense Ops

[+ g ™)

- G

U238 Assay Wy %)

<01}
ND3lw<0se
03¢0 <N 26
02810 <0 )}
060 0 <01}

<02
0.26 10 <0.28
02lw«<04
0.50 0 <0.60

023w <026
0.J1 w <0.50
<021
028w <.}t
0310 <y
026110 <028

<0.21
0.2¢ 10 <026
0.21 w <0.24
0.28 w <0.31
0.26 v <0.28

<021
<0.2¢1*
<021
<0.2{

<Q.21*

060 w0 <0 7II"

Padu?th GDP Total:

Porumouth GDP Total:

Ok Ridge GDP Total:
GDP TOTAL (39.82%):

WEMCO Total:

GRAND TOTAL
91.85%

Weight gL}
73.873 820
49 585.050
51.882.729
28.269 806
~.930.985

1.831.499
i.128.53
751.960

: "Qﬁ 41
230461812

I9.634.865
15.299.439
20.628.143
4.953.079
=606 25
1.670 330
104.513.740

=2.750.900
9.546.478
1.822.514
1.573.650

—fi2 i
36,375,806
%1351.350

1.716.373
1.360.413
$28.196
832730
4,447,732

3.035.8590

\&"-u—-gm

369.508.68

All DU materals histizd ate from the ennching program. excepe those noted w footnotes b to §

Hex-w-Tetralluoride.

Unsrradiated scrap material awasing recovery

Reducuon

DOE program material computer generated produnt
Irradiated mateniat awamng processing




Table2. Projected DU Inventory at the GDPy:

_Fiscal Year DU laventors 1MTU) ~donual DU [ncrease MILY
Szpt 30, (992 363043
993 3340083 K%L
vod 398.979 14.396
1993 413301 16.322
1996 430,192 14.39}
1997 446.358 16.166
1998 162.386 16.028
1999 _ 478.399 16.013
2000 491.971 13,572
2001 506.984 15.013
2002 522.093 15.109
2003 538.261 - '16.168
004 334755 16.494
2005 572.005 17.250
2006 539.659 17.694
007 . 606,349 16.750
2008 624.162 17.713
2 638.554 14.392
2010 651.079 12,525
2011 660,901 : 9.822
2612 674,318 13.417
2013 689.736 15.418
2014 706,280 16.544
2015 722771 16.491
2016 738.445 15.674
017 “34.578 15.953
2018 , 70512 16.134
2019 786.142 15.630
r20 301.773 15.631
2021 317.403 15.630

\

As 3 result of the Energy Policy Actot 9912, it 13 expected that depleted uranium generated aner July t. 1993, will
bevome the responsibilicy of the U S Eanchment Curporation.
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3. RADIOLOGICAL/CHEMICAL HAZARDS OF DU

This section provides an overview of the radiological and chemical hazards ot uranium as

- they artect the choice of management options for DU There are two related aspects to this

discusston. ¢ 1) hazards associated with handling DU tor uisposal and.«2) the benavior of

~ uranwum in the envirconment  The differences in environmental behavior ot the various caenucal

torms O uranium are ot ~artucular importance since they prox ide a basis for selecting thc
vpumum chemicaf romm for Jdisposal.

The azceptability of any disposal method for radioactive materials. including DU. must be
demonstrated using 2 detatled performance assessment. These assessments must include a
site-specific pathways analysis to estimate potential radiation doses to inadvertent intruders and
off-site members of the general public. These analyses are required whether the radioacuve
material 1s disposed of as low-level radioactive waste in a2 commercial facility under 10 CFR 6!
or at a DOE faciliy undér DOE Order $480.2A.

In euher case. the performance objectives tor the disposal method are defined by hmits on
the potennal annual radiation dose of 25 mremvyear to any member of the general public from
all pathways. In addition. any disposal site must also meet the requirements or the Clean Atr
Act 1CAA) and the Clean Water Act (CWA). These limits are 10 mrenvyear by aumospheric
pathways and 4 mrem/year by the drinking water pathway. The required analyses include
detailed modeling of releases from the disposal facility; transport through the environment by
air. surface water, groundwater, and the food chain; and doses to people from inhalation,
ingestion. and external exposure. Typically, the time period for which these estimates must be
made is quite long, up to 10,000 years for some assessments.

In addition to radiological hazards, there are two categories of chemical hazards of concern
in DU Jisposal. First, some chemical forms of uranium are sufficienty reacuve that they can
present hazards while handling for storage or disposal. Secondly. for all compounds ot uranum.
the potenual risk from chemical toxicity is equal to or greater than that from radiotoxicity

The relative performance of different chemical forms of DU. their hazards and
environmental behavior, may be evaluated in a qualitative manner without conclucunz detailed
analyses. The relative hazards of handling for disposal can be determined du-ccuv from the:r
chemical properties [heir behavior in the environment is much more difficult to anticipate but
dara are available to support selection of an optimum chemical form for disposal.

3.1 Hazards Affecting Disposal Alternatives

Th- radiological and chemical toxicuty hazards associated with the isotopes and chem:cii
<haracter .stics of DU are Jiscussed below Additonally. the behavior of the various forms .«
DU n the environment are presented in Sectuon 3.2.  This informaton estaoushes. o 3
yualitauve basis. the rorm of DU least toxic o man and the most stable 1n the eavironment
Combining this information with the regulatory requirements tfor disposal of DU -provides the
basis for determining the preferred chemical form for disposal.

4



@

3.1.1 Radiological Toxicity of DU

The radiological hazards ot DU are a consequence of the properties of three isotopes of
uramum: U-238, U-235. and U-234. The relauve abundances of these three isotopes in
narurally occurning uramum are 99 27% (U-238). 0.72% (LU-235). and 0.0037% (U-234). Their
abundances 1n DU vary somewhat but are typically 99.80% (U-238), 0.20% (U-235). and

0.0005< 1U-234) Uranium ennched in U-235 can sustain a nuclear chain reaction (i.e.. “go
sntical™ under certain conditions of geometry and the presence of neutron moderanng materials

- such as water DU 15 safe against cniucality under all conditions.’

The daughter products of these isotopes of uranium are also radicactive and form “decay
chains™ that contain many possible radionuclides. Uranium ore and its concentrates can confain
a large number of these radionuclides including some, such as Ra-226. that present significant
radiological hazards. However. the production of DU by gaseous diffusion results in essentially
pure urantum without any decay products. Subsequem dccay of initially pure uramum causes

ingrowth™ of decay products.

The ingrowth of decay products in a senal decay chain dcpends on the rate of decay of the
parent radionuclide into its daughter product and the subsequent decay of the daughter producr
into other radioactive isotopes in the series. This rate of ingrowth of decay products is based
on the half-lives of the isotopes in the series. Generally, the time it takes for ingrowth of a
decay product to reach an equilibrium activity with its predecessor depends on their half-lives.
For a long-lived predecessor, the decay product will reach 99% of its equilibrium activity in
about seven half-lives. When radionuclides in a decay series have long half-lives, such as
U-238, U-234 and Th-230 (see Table 3 for half-lives), the resulting ingrowth of isotopes further
along the decay chain (¢.g.. Ra-226) occurs very slowly. Applying this understanding of the
rate of ingrowth to the U-238 decay chain for DU, the abundance of Ra-226 will be insufficient
to produce a sigmilicant radiological hazard for tens of thousands of years.

Therefore. the only radionuclides that occur in sufficient abundance to have an impact on
radiological hazards are Th-234 and Pa-234" from U-238 and Th-231 from U-235.} Within a
few months following production of DU. these isotopes will have built up 0 their maximum
concentration. Thereafter, they will be produced by decay of uranium at the same rate as they
decay. so their concentrations will remain constant. The radiological properucs of these uranium
isotopes and decay products are presented in Table 3.

The radiological hazards of any radioactive material are proportional to the amount of
radioactivity present. The various uranium isotopes, and mixtures of those isotopes. can be
characterized by their "specific activity”. defined as the amount of radioactivity (in Cunes) per
unit of mass (in grams). Radionuclides with longer half-lives have smaller specific activities.
Because of its very long half-life. U-238 has lintle radioacuvity per gram. In contrast. Ra-226
with a half-life of 1602 vears has a specific activity of 1 Ci/g. The specific activities ot various
mixwures of uranum 1sotopes are presented in Table 4

There are some beta and gamma emissions from the isotopes of uranium and their decay
products that require control in the work place. However. the extenal radiation hazards
associated with uranium handling and storage are generally not a major concern. Whether n
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Table 3. Radiological Properties of Uranium Isctopes and Decay Products

Radionuclide Half-hfe Principal
Radianon Types

Uramum lsotopes-

L-238 45x 10" years alpha _

L-235 7.1x 10" years alpha. gamma

U-234 2.5x 10° years alpha

Decay Products.

Th-234 (from U-238) 24.1 days beta, gamma

Th-231 (from U-235) 1.17 minutes beta, gamma -

Th-230 (from U-23%) 8.0 x 10* years alpha. gamma

Pa-233" (from U-238) 25.5 hours beta. gamma

Table 4. Uranium Specific Activities

Mixrure % U-235 Specific Activity
(Ci/g)
Pure U238 0 333 x 107
Depleted 0.20 4 xlI0’
Nartural 0.72 7 x107
Enriched 2.0 1 x10*
Enriched 20 9 x10* \

the work place or in the environment. the radiologica! hazards from DU are primanly due to
alpha particle emission. This means that the internal radiation dose from ingestion or inhalation
of uranium compounds is the limiting hazard under almost all circumstances.

How inhaled or ingested materials will be distributed and retained in the body depends on
their chemical properties. Therefore. radiation doses are different for inhalation of different
chemical compounds of uranium even when the amount of radioactivity inhaled is the same. The
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less soluble chemucal torms are retained in the lungs for a longer period of ttme and are able w
Jeliver 2 ereater radiation dose than the soluble forms which clear from the lungs more rapidis .
Three inhalauon classes have been established  Uramum compounds such as UF. are rapidly
absorted from the lung and have been assigned to class D with lung retention nmes 1 days
Leass soluble compounds such as UO- and UF, have been assigned to class W with lung retenten
umes in weeks. Highly insomuble uramum oxides such as LO; and U.Q, have been assigned o
<lass Y w:th lung retention times o vears.®

The soludiluy ciasses tor various chemucal forms ot uramum are histed w Table 5. This
zable also lists the air concentrations at which continuous exposure 0 DU wll result in radiation
Joses that excead the annual occupational limit.* For mixrures of uranium isotopes with higher
specitic actvines i e., greater ennichment of U-235), the limiting air concentranons for
radiowoxicaty would be more restricuive. ‘

For ingesuon of uramum. radiation doses are also different for different chemical
- compounds of uramuum even when the amount of radioactn ity ts the same.  The less soluble
chemical forms are raken up by the Kidney in smaller arrnunts than are the more soluble
compounds.® Table 5 lists the concentrations of different chemical forms of DU that would
result 1o the EPA dnnking water radianon dose limit of 4 mremy year. '

Table 5. Chemotoxicity Versus Radiotoxicity for Varions Chemical Forms of Depleted Uranium

Limiung Aiwr Concentration Limuting Water Concentrauon
Chemica Chemotouciiv? Radiotosicy” Chemotoxicity” Radiownein”
Compeund  Class rmg m pCim)  tmgrm®) gLy pCirlly  uyrls
©.0, Y 743 139 047 ) 229 330
0. Y ) 68 139 347 60 220 350
LF, w 028 270 0.63 60 n 55
Lo, w 0.28 270 0.68 60 - 22 55
UF, D 0.07 530 1.35 60 n oS

3 lzhalatson solubility classes established by the International Commussion on Radiological Protection.

5  Air concentration at which constant exposure results in a steady state kidney burden of 0.330 mg +about
. ug-g of Kidney ussuer. The ISHA occunational humt for conunuous exposure 15 0.05 mg-m- based
v chemtcal toxicity

< Arr concentration at which constant exposure results in 3 radiation ¢ose equal to the annual eccupationas
it af 3 -zmevear  Conversion irom pCrm: 0 mg m* 15 based un 3 DU specitic acuviey s = .
Ly

Jd  Froposed EPA >iandard ror naturay occurring uramum in danking ater based on chemuca tonct

Dninking water conceatrauon which would result 10 an annual Jose equalling the EPA drinxing aates

standard of 4 mremuvear. Coaversion from pCi'L to ugrL is based on a DU specific acuvity or 4 1 i1 )

C1:g. 32 BEHAVIOR OF URANIUM IN THE ENVIRONMENT
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'3.1.2  Chemical Toxicity of DU

His sally. the chemical toxicity of uramum has been a primary concern in establishing
occupat: . and environmental himuts for DU. [n occupational siruations. uranium is considered
only shy. _ less toxic than lead.” Table 6 indicates the relauve wxiciy of uranium and other
metals.” The thresheid limut value (TLV) in air for occupatonal exposures is used nere for
purposes of comparison.

Uranum is toxic to the kidneyvs and high exposure 1o soluble compounds can result in renal
wmjury A concentration of about 1 ugrg of kidney tissue -has been used as a guideline for
controlling the chemical toxicity of uranium. Since the average adult male has a Kidney mass
of about 330 g. this 1s equivalent to a total kidney burden ot 0.330 mg.

‘Table 3 lists the air concentration at which constant exposure results in a steady state Kidney
burden of 0.350 mg tor various chemical forms of uranwum. The ditferences among the

‘chemical forms listed are attributable to their relative solubilities and the degree to which they

are taken up by the kidneys. The Occupational Safety and Health Admunistrauon (OSHA)
standard® for continuous occupational exposure is 0.05 mg-m-. which is slightly more restrictive
than the 0.07 mg:m’ calculated for the most soluble chemical form listed. UF,. Table § also
lists the proposed Environmental Protection Agency (EPA, drinking wates limit for nawrally
occurring uranium based on chemical toxicity. The derivations of both the OSHA and the EPA
drinking water limits are based on the most soluble chemical forms of uranium. Since these
limits are based only on the chemical properties of uranium, they would be the same for all
mixtures of uranium isotopes regardless of specific activity (i.e., for all enrichments).

3.1.3 Comparative Toxicity of DU
For DU, the chemical and radiological toxicuties of all compounds of uranium are genetaily

of the same order of magrutude. Table 3 ailows a companson of the radiological and chemical

Table 6. Threshold Limit Values In Air for Selected Metals

TLV-TWA® TLV-STEL®

Metal rmg/m’) (mg/m?)
Uranium 0.2 ' 0.6
Beryvilium , 0.002 -~
Lead 013 045
Arsenic N2 S
Vercury : D 1) -

a. Threshold Limit Value - Time Weighted Average
o. Threshold Limut Value - Short Term Exposuce Limst




toxicities of various compounds. Whether radiotoxicity or chemotoxicity is limiting depends on
the measure used and the uranium compound of interest,

In occupational siruations. where inhalation 1s the primary concern and the radiation dose
limuts are high. chemical toxicity 1s limiung for the more soluble compounds and radiotoxicity
is lmiung for the insoluble compounds. This 1s because insoluble compounds are retained by
the lungs for a longer period of time and result in higher radiation doses. [n environmental
struauons. the reverse 1s true because drinking water is the primary concern and radiation dose
limus are very restrictive.  Thus chemical toxicity is limiting for insoluble compounds and
radiotoxicity is limiting for the soluble compounds.

_ Thc environmental ‘behavior of the various compounds of uranium is controlled by their
physical and chemical properties. The complexity of uranium chemistry and the strong influence
- of site-specific conditions make prediction of precise environmental behavior extremely difficult.
In general. however, the more reactive compounds and the more soluble compounds have the

least desirable behavior in the eavironment. Table 7 lists the physical properties of selected
uranium compounds.*

_ Of the compounds listed in Table 7, UF, is the most reactive. It 1s a solid at standard
tetnperature and pressure, but is volatile and sublimes at 36°C. It reacts with water to form
sotuble urany! fluoride (UO,F,) and hydrogen fluoride (HF) gas. Uranium tetrafluoride, UF,

“ reacts slowly with moisture at ambient temperature to form uranium dioxide (UO,) and HF.

UO, will slowly convert te U,0, in air at ambient temperature. U,0Oy is the most inert chemical

Table 7. Physical Properties of Selected Uranium Compounds

Chemucal Meltng point Densitv (z:cm’) Solubility in
Compound —Q —Covsual Bulk Water, neytral pH
UF, 64 4.7 1.6 Soluble.
Decomposes to
UO.F.
UF, 960 6.7 20-45 Very slightly
soluble
Lo, Decomposes to 7.3 1.5-45 Insotuble
U)O’ when
heated
(SHON Decomposes to 83 1.5-40 Insoluble
UO. at 1300
LO, 2878 A 119 20-5.0 Insoluble

U 1132 191 190 _lnsolublc
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form of uranmum: 1t has low chemical reacuvity and low solubility. All other torms tabulated
above will convert to U,O, under most environmental conditions.'

The chcmlsuy of uranwim is quite comple~: wanium can exist in valence states of 3.4.5.
or 6. Uranum in the environment commonly exists in one of two chemical states: the
oxidized ~6 valence state and the reduced +4 valence sate. Hexavalear uranium (U°°)
compounds are kr.own to have significantiy greater solubility and are much more mobile in the
environment than tetravalent (U™*) compounds. Typical solubility limits in groundwater of
neutral pH are in the range of 6 x 10~ mg/L for hexavalent ccmpounds and 7 x 10° mg/L for
the tetravalent oxides of uranium.’ : :

Solubility is one measure of environmental mobility. However, the behavior of uranium
in the environment is strongly influenced by environmental conditions. This is illustrated by the
wide range of measured values for the distribution coefficient, K,. The K, is a measure of how
tightly bound a compound is 1o individual soil particles. A high K, indicates a compound that
remains assoclated with soils and sediments in the environment and is not easilv moved by
groundwater. A low K, indicates a compound that can be expected to move rapidly through
groundwater systems {0 become available for later uptake by plants, animals. or people.[ Table 8
presents several measured v: . . of the distribution coefficient for hexavalent and tetravalent
uranium n differeat soils.® These values range over a factor of more than 10,000 {from 62,000
to 3), indicating a very large dependence on local soil conditions.ﬂ

Uptake of uranium by plants, animals, and people is generally quite low. Uranium serves
no nutritional function and is not chemically similar to any required nutrient, so there are no
active metabolic processes to concentrate uranium in the food chain.” For most waste disposal
assessments, transfer by groundwater and ultimate contamination of drinking water sources will
be the limiting pathway for human exposures.

3.2 Preferred Chemical Fo.m for Disposal

With respect to the radiological and chemical characteristics of DU and the potential impact
1o man, the choice of a preferred chemical form for disposal of DU is based on three
considerations: (1) potential for release (i.e., solubility and dispersibility). (2) eavironmental
behavior (i.e., reactivity, solubility, and K,s), and (3) relative toxicity in drinking water. The
foregoing summary of uranium toxicity and environmental behavior indicates that U,Qy is one

Table§. Raange of Measured Values for Uranium Distribution Coefficients

K, tmL'g) Conditions
62.000 . Silt loam. U=*, pH 6.5
1,400 Clay soil. U™, pH 6.5
2.000 Clay soil. LO™*. pH 10
300 Clay soil. UO~*. pH 5.5

3 Limestone, UO™*, pH 6.9
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of the best choices for a final form It is chemicaily stable. insoluble. and of low foxicity
drinking water-—desirable properues for shallow land disposal. This choice of a final waste form
parallels the practice currently being followed by the French 1n converung their depleted uramum
hexafluoride (o U.O, for disposal -

[n addition to the toxicuty aspects of the various forms of DU. established regulatory criteria
_restrict certaun forms of DU from disposal. As previously stated. UF, is reactuve when exposed

- 10 mosture.  Reactive waste forms are specifically restricted from disposal by the Nevada Test

“Sute 1NTS) and Hanford waste acceptance criteria (WAC) and DOE orders. [n c.idition. finely
divided DU metal is pvrophoric and is restricted from disposal by site-specific WAC. However.
in himited cases ‘bulk” DU metal has been accepted for disposal at the NTS as mentioned in
Appendix A of this report.

Based on the qualitauve assessments in Sections 3.1 and 3.2 and specific regulations
restricung various forms of DU from disposal, the remainder of this report will evaluate the
general requirernents and costs for the disposal of DU as U.0,. However, the chowce of U.0,
as the referenced wastz form n tus study Jdoes not preclude the disposal of DU in another
formus) (e.g.. UO.. U metal) if 1t can be shown.to be environmentally stable. acceptable per alt
regulatory critena. and more econonucal.



Prior 1o 1954, nuclear energy activities were largely confined to the federal government.
The AEA amendments of 1954 encouraged private commercial firms 0 enter 1o the
development and utihzation ot ruclear 2nergy for peaceful purposes by allowing non-federal
ownership of nuclear production and utilizaton facilities 1f an operating ficense was obtained
from the Atomic Energy Commussion (AEC). Licensing requirements {now controlled by either
NRC or states that have formal agreements with NRC to assume regulatory authority) are still
applicable to the dispesal of DCE’'s DU in commercual disposal sites. Any DU tzrgeted for
disposal at a commercial LLW disposal site must satisty all requirements and conditions
specified in the site’s radioacuve matarials license. Si:c‘specxﬁc license requuements for
exisung commercial facilines are discussed further in Sections 4.2.2 and 5.2.

Of even greater importance to DOE’s management of its DU. 1s the fact that source material
tas previously defined) is subject to rczulauon under the AEA. Section 61 of the AEA. as
amended. gave the Atomic Energy Commussion the following authority-

- The Commission may determine from ume to tme thar other material Is source
material 1n addition to those specified in the definition of source material. Before
making such determinauon. the Commission must find that such matenal is essential
to the production of special nuclear material and must find that the determination that
such matenal is source matenal is in the interest of the common defense and security,
and the President must have expressly assented in writing to the determination.

As a result. the Atomic Energy Commission promulgated the following regulatory definitions
in 10 CFR § 40.4:

Source material means: (1) Uramaor- or thorium, or any combination thereof, in any
physical or chemical form or (2) ores which contain by weight one-twentieth of one
percent (0.C5%) or more of: (i) Uranwum, (ii) thorium or (iii) any combination thereot.
Source matenal does not include special nuclear material,

Depleted uranium means the source material uranium in which the isotope uranium-235
i1s less than 0 711 weight percent of the total uranium present. Depleted uranium does
not include special nuclear material.

Consistent with these definitions, DOE has historically treated DU as source material subject
to regulation under the AEA of 1954, as amended. For purposes of this report. it has been
assumed that DU will continue to be solely under AEA jurisdiction 1f disposed of as LLW waste
at some point in the future—i.c.. subject to DOE orders at DOE disposal sites and subject to
NRC licensing criternia at commercial disposal sites. This assumption may not be valid in the
future. based upon recent developments within the hazardous waste regulatory arena. as
discussed in the following section.

4.1.2 The Resource Conservation and Recovery Act

In 1976. Congress remodeled a law that pnmarily addressed tk.: disposal of nonhazardous
waste. the Solid Waste Disposal Act. building 1nto it 2 major new program on hazardous waste
The new law was meant 10 encourage more than pollution control—Congress intended &

-
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discourage the preduction of hazardous waste in the first place and encourage the development
of advanced forms of marerial recycling and recovery. The purposes of the comprehensive new
law. the Resource Conservation and Recovery Act (RCRA). were t0: protect human health and
the environment. expeditiousiy reduce or ehinunate the generaion of hazardous waste. and
conserve energy and ratwural resources. RCRA enforcement 1s the responsibility of the EPA.
whicn issues regulations concerning generat:on. (ransport. treaiment. storage. ard disposal of
hazardous waste (pnimarily found in 40 CFR parts 260 through 272). However. Section 3006
of RCRA authonzes states to Jevelop and enforce thewr own hazardous waste programs in place
of the federal program admumstered by the EPA. State hazardous waste programs must be

reviewed and approved by EP.'. before the state is given authoruty to implement and enforce its
OWn program. :

In general, RCRA regulates “solid waste.” which mncludes both ordinary garbage generated
in households and otfices and the nore hazardous chemical wastes produced by industry. These
two categones of waste are h.ndled very differently n both the law itself and in its
implementing regulations. Subtitle D of the starute deals with nonhazardous municipal solid
wastes. which are currently regulated almost entirely by the states under minimal federal
guidelires. Subutle C addresses the management of hazardous waste, For a wasté to be
hazardous within the meaning of RCRA. 1t must first meet the definsuon of a solid waste. A

waste that does not meet the solid waste definition cannot be defined as a hazardous waste.
RCRA defines solid wasts and hazardous waste as follows:

The term “solid waste™ means any garbage, refuse, sludge from a waste treatment
plant. water supply treatment plant, or air pollution contro! facility and other discarded
material. including solid. liquid, semnisolid, or contained gaseous material resulting
from :ndustnal, commercial, mining, and agricultural operations, and from community
activities, but does not include solid or dissolved material in domestic sewage, or solid
or dissolved materials in irrigation return flows, or industrial discharges which are
point sources subject to permits under section 402 of the Federal Water Polluuon
Contiol Act. as amended {86 Stat. 880). or source, special nuclear. or byproduct
material as defined by the Atomic Energy Act of 1954, as amended (68 Stat. 923).
{RCRA § 1004027)]

The term "hazardous waste” means a solid waste. or combination of solid wastes,
which because of its quantity, concentration. or physical. chemical or ‘infectious
characteristics may: (1) cause. or significantly contribute t0 an increase in mortality
OT an increase in serious irreversible. or incapacitating reversible. illness: or (2) pose
a substantial present or potential hazard to human health or the environment when

improperly treated. stored. transported, or disposed of, or otherwise managed.
RCRA § 1004(5))

In regulatons implemenung RCRA (30 CFR 261.4(a)]. the EPA states the following
exclusion:  “"The following materials are not solid wastes for the purpose of this pan
...(4) Source. special nuclear or byproduct material as defined by the Atomic Energy Act of
1954, as amended, 42 U.S C. 2011 er ceq.”
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Consistent with- these dJefimuions and regulatory exclusions. the depleted uramum -

-hexatluonide at the GDPs has tradiionatly been managed as material that was exempt from the

regulatory junisdiction of both the federal EPA and state agencies wiath respect 10 hazardous
waste requirernents under Subutle C of RCRA. This practice was based upon the position that
since the DU consists solelv of UF. 1t meets the defimton of source material and should te
reguiated strictly under the AEA  The gaseous Iiffusion process uses UF., contaiming 0.71 %
LU-235 as feed maenial  The feed material. which amves in ¢y linders in solid torm. 1s heated
in is cyhinder 0 a gaseous state and fed into a cascade consisting of a series ot compressors and
separauon barriers. By physical separation ondy. the cascade increases the percent of U-235 in
the ‘enriched” UF, product stream and decreases the U-235 content in the much larger
‘depieted” UF, ruls steeam. Tlus latter stream consuitutes the DU thae 1s currently stored at the
three GDPs as 3 résource. primarily because 1t is stll capable of being used as feed material to
produce enriched uranmmum No chemicals o1 other matenials are added to the UF, during the
enrichment process or prior to storage of the depleted UF, in cylinders.~ Therefore., the DU
does not contain any extraneous “non-AEA” matenal that wou!d qualify as cuther a characteristic
or histed hazardous waste.

In recent years. the issue of the applicability of hazardous waste regulations to DOE's UF.
inventories in storage has been raised by the Ohio EPA. specitically concerning the DU stored
at the Portsmouth GDP 1n Piketon. OH. The Southeast District Ottice of the Ohio EPA notitied
the DOE in October 1990 that cylinders of DU at the Portsmouth GDP were no longer exempt
from regulation as a hazardous waste under Ohio Administrative Code (OAC) 3745-51-04.¢ This
section of the Ohio Waste Management Regulations contains the solid waste exclusions
comparable to the federal solid waste exclusions of 40 CFR 261.4(a). The federal exclusion for
source. special nuclear. or byproduct material has been omitted from OAC 3745 51 04.
However, the Ohio Solid and Hazardous Waste Dlsposal Law, Ohio Revised Code 3734.01()).
does contain the following:

Hazardous waste means any waste or combination of wastes in solid, sermusolid. or
sontained gaseous form that 1n the determmination of the directer because of its quantity.
concentration. oc physical or chemical charactensucs. may: 1) cause or signuficantly
contribute to an increase in serwous irreversible or incapacitating reversible illness: or
12) pose a substantial present or potential hazacd to human health or safety or 1o the
environment when improperly stored. treated. transported. disposed of. or otherwise
managed  Hazardous waste includes any substance identified by rcgulauon as
hazardous under the Pesource Conservation and Recoverv Act of 1976, 90 Stat. 2806.
42 U.S8.C. 6921. as amended. and does not include any i ject to the

“Atomj tof 1954, 68 Star. 919, 42 U S.C. 2

< Joe La Grone. Manager DOL Ouk Ridge Operaticns. letter to Richard Shank. Dizector Ohiwe
EPA. Jated October 29. 1990.

d. Donna Goodman. Inspector Ohio EPA. Division of Solids & Hazardous Waste Management.

ol

teter te & W, Gillespie. Site Manager U S. DOE Portsmouth. Ohio. dated September 27. 1990

-
!
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The DOE responded in an October 29. 1950 letter from tae manager of the DOE-Oak Ridge
Operatons to the Director ot the Ohio EPA.-* staung that. "The cylinders of depleted uranum
are exempt from regulation because uranium hexafluonde is “source material” under the Atomic
Energy Act of 1934, as amended ° In an autached regulatory analysis. DOE s position was
supported by citing the statutory And regulatory defimtions and. exclusions withn the AEA.
RCRA. und the Ol Revised Coue. Additionally. the analysis contained the following:

Source matenal clearly 1s a substance that 15 subject 0 the AEA. Theretore. depleted
drantum. having been detined ty the Atomic Energy Commission as a source material
15 not a hazardous waste under Ohio law.

The depleted uranium stored at PORTS also is not a mixed waste subject (o requlation
as a hazardcus waste, because the depleted uramum is not mixed with a2 RCRA
- hazardous waste. There s no other material, waste or otherwise, in the. storage
c.\lmder of uranium hexafluonde.

USEPA announced its mixed waste policy in the Federal Register on July 3. 1986
151 FR 24504). Thar policy and subsequent clanfications 1ssuea by USEPA mdcate
that USEPA intended to regulate as 'mixed wastes” those radivactive materials that
become mixed with a non-AEA material that ,s a hazardous waste. Radioactive
materials. such as the depleted uranium stored at our Portsmouth tacility, that have not
been mixed with a non AEA material that is a hazardous waste are not considered

"mixed wastes” regulated by RCRA. See Guidance on Identification of Low-Level
Radioactive and Hazardous Waste, 52 FR 11147.

In summary, the UF, tails qualify as "source material” under the AEA. Source
raatenals are exempt from regulation under RCRA and Ohio law by statute. USEPA’s
“mixed waste " policy Joes not apply to depleted uramum. because this material has not
been mixed with a listed hazardous waste or non-—\EA material which exhibits a
hazardous waste charactenisuc.

This issue remains unresoived. On January 13. 1993. the Ohio EPA reuerated their position
to DOE that UF,, i their view, was a radioactive mixed waste regulated under Chio hazardous
waste \aws because it qualifies as a discarded material/waste and is not excluded under any
Atomic Energy Act exemption or the Ohio Revised Code 3745-51-04. The DOE Office of
Chiet Counsel in the Oak Ridge Operauons Office is currently handling the legal analysis and
negotiations concerning this marter. The outcome of this legal action may greatly impact any
furure disposal options for DOE’s DU. If the depleted uranium hexafluonde is ulumately
caregorizad as a hazardous waste. disposal requirements for DU may become much more
complicated. D.sposal in a RCRA-permatted facility and compliance with RCRA land disposal
restriciions and wwearment levels methods. depending on the hazardous waste designation. would
then appiv it shouid be noted that the states of Kennucky and Tennessee have not vet raised
sinutiar :ssues for e DU stored at the Paducan and Oak Ridge GDPs. respectiveiy

e.  Beverly Stephens. DOE:OR Office of Chiet Counsel. Persoral Communicauon with
Doug Nishimoto. SAIC, Miarch 4. 1993.



For purposes of this report. it has been assumed that any disposal of DU by DOE in the
future will remain subject strictly 1o AEA jurisdiction as source material/low-level waste.

4.1.3  The Energy Policy Act

The Energy Policy Act of 1992 (Public Law 102-486—Oct. 24, 1992) included provisions
~ tor amending the Atomnic Energy Act of 1954 with respect to DOE's uranium enrichment
- acuvines. Specifically. Titles IX. X. and XI of the Energy Policy Act address establishment of
the U S. Enrichment Corpcration: remedial action at active processing sites and uranium
revitahizat:on: and uramum enrichment health. safety, and environmental issues. In summary.
these portions of the Act atfect the DOE by: (1) assigning DOE’s uranium enrichment activities
10 a private corporation as of July 1. 1993. (2) maintaining DOE as the responsible party for DU
generated prior to July 1, 1993, and for remedial action and decontamination and
decommussioning activities at the GDPs, and (3) assigning responsibility for the development and
commercialization of alternative enrichment technologies such as Atomic Vapor Laser Isotope
Separauon (AVLIS) to the Corporation.

Sections 1202 and 1301 of the Erergy Policy Act contain the following:
The Corf,-oration {U.S. Enrichment Corporation] is created for the following purposes:
l. To operate as a business enterprise on a profitable and efficient basis.

2. To maximize the long-term value of the Corporation to the Treasury of
the United States.

(VY]

To lease Department uranium enrichment facilities, as needed.

4. To acquire uranium for uranium enrichment, low-enriched uranium tor
~ resale. and highly enriched uranium for conversion into low-ennched
uranum, as needed.

3. To market and sell its enriched uranium and uranium enrichment and
related services to—

\

A. the Depantment for governmental purposes: and
B. domestic and foreign persons, as provided in Section 1303(6).
6. To conduct research and development as required to meet business

objectives for the purposes of identifving, evaluating, improving. and
testing alternauve technologies for uranium enrichment

7. To conduct the business as a self-financing corporauon and eliminate the

need for Federal Government appropriations or sources of Federal
financing other than those provided in this title.
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To help mawntain a reliable and economical domestic source of uranium
anrichment services.

To comply with the laws, and regulauons promulgated thereunder. 1o
protect the public health, safetv. and the environment.

To continue at all times to meet the objectives of ensuring the Nauon's
common det :ns¢ and security. including abiding by United States laws and
policies concerning special nuclear materials and nonproliferation of
atomic weapons and other nonpeaceful uses of atomic energy.

To take all other tawful actions in furtherance of these purposes.

In order to accomplish its purposes, the Corporation—. ..

3

shail enrich uranium. provide for uranium to be enriched by others. or
acquire enriched uranium (including low-enriched uranium derived from
tughly enriched uranium provided under section 1408);

may conduct, or provide for conducting, those research and development
activities related to uranjum enrichment and related processes and
activities the Corporation considers necessary or advisable to maintain the

Corporation as a commercial enterprise operating on a profitable and
efficient basis;

may enter into transactions regarding uranjum, enriched uranium, or

depleted urapium with—

A. persons licensed under section 33. 63. 103, or 104 in accordance
with the licenses held.by those persons;

B. persons in accordance with. and within the period of. an
agreement tor cooperation arranged under section 123: or

C. persons otherwise authorized by law to enter into such
transactions;

\
may enter into contracts with persons licensed under sections 33, 63. 103,
or 104, for as long as the Corporation considers necessary or desirable,
to provide uranium or uranium enrichment and related services;

may enter into contracts o provide uranium oOr uranium enrichment and
related services in accordance with. and within the period of. an
agreement for cooperation arranged under section 123 or as otherwise
authorized by law: and

shall sell to the Department as provided in this title, without regard (0

section 37e. the amounts of uranium enrichment and related services that
the Department determines from ume to time are required for it to—
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A carry . - osidental directions and  authorizations under
section o Lnd
B. conduct other Deparument programs.

For purposes of this report. it has heen assumed that DOE wiil retain responsibility tor al)
depleted uramum hexatluoride generated and ‘n storage at the GDPs prnior to July 1. 1993.
Theretore. this study uses the total DU sweveiu: s at the GDPs as of June 30. 1992. ot
361.000 MTU we. 334.000 MT of UF. ure:ponding to 426.000 MT of U.O, after
conversion—see Chapter 2), as a basis for the swuay cases. However, since the dztails of the
transition of uranwum enrnichment responsibilities are still bewng negotiated, the DU quantities
used 1n this report should be considered preliminary figures for establishing baseline projections.
Future negotiations berween DOE and the Corporation may involve the sale of part of DOE’s
DU inventory to the Corporation for ennchment purposes.

$.1.4 The Clean Air Act

The Clean Air Act of 1970. as amended 1CAA--Public Law 91.604.
42 U.S.C 7401 et seq.). federalized aic pollunon control regulations and made human health
protection the basis for much of that regulation. The Act was amended sigmificantly n 1977 and
again in 1990. Title [ of the Act regulates “stanonary sources™ (e.g.. treatment and disposal
facilities). while Titles II and III regulate “mobile sources™ and “citizens suits/judicial review
standards”, respectively. Tie primary elements of the CAA that apply to the disposal of the
DOE DU are conmained in Part A § 112, National Emission Standards of Hazardous Air

Pollutants (NESHAP), and Part C §§ 160-165 Prevention of Significant Deterioration (PSD) and
Permit to Construct (PTC).

The NESHAP standards for emissions of radionuclides other than radon Yrom DOE facilities
are codified in 40 CFR Subpart H § 61 92. This standard states that "emissions of radionuclides
to the ambient air trom DOE facilities shall not exceed those amounts that would cause any
member of the public to receive 1n any vear an effective dose equivalent of 10 mrenvyr.” The
NESHAP limit for radon emussions from DOE facilities is 20 pCirm*-s of radon-222 as an
average for the enure source {Subpart Q § 61.192).

4.1.5 The National Environmental Policy Act \

The National Environmental Policy Act (NEPA) of 1969. as amended (NEPA—Public
Law 91-190, 42 U.S.C. 4321 et seq.), established procedures to ensure that information on
environmental consequences of proposed actions is available to public otficials and citizens
before decisions. are made 1o proceed with implementation of said actions. For all proposed

- major federal acuons significantly affecting the quality of the human environment. NEPA calls

for a process focusing on preparation ot an environmental impact statement (EIS) and on review
and comments by the public and by government agancies. Specitically. § 102(2)c) of the Act
specities that for major federal acuons that may atfect the quality of the human environment.
the responsible ortictal shail prepare a detailed statement on:

the environmental impact of the proposed action.
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any adverse environmental effects that cannot be avowded should the proposal be
implemented.

altemauves to the proposed action.

the reationsnip betwezn local short-erm uses of man’s enviroament and the
maintenance ard enhancement of long-term productivity. and

any wreversiole and cretrievaple COMmMIMEnts Of rasources th:u would be mvolven in
the proposec action should it be impiemented.

Prior to making any detailed statement, the respon-ible Federal official shall consult with and
obtain the comments of any Federal agency that has jurisdiction by law or special expertise with
respect 1o any envirsnmental impact involved. Copies of such statement and the comments and
views of the appropriate Federal, State, and local agencies. that are authorized to develop and
entorce environmeneal standards. shall be made available :0 the President. the Council vn
Eavironmental Quality and to the public.

The Council on Environmeatal Quality ‘s regulations implemenung NEPA are contained in

40 CFR Parts 1500-1508. Section 1500.2 establishes the policy that Federal agencies shall
the fullest extent possible:

1.

+J

(V7]

W

Interpret and administer the policies, regulations, and public laws of the United States
in accordance with the policiss cet forth in the Act and these regulations.

Implement procedures to make the NEPA process more useful to decision makers and
the public: 1o reduce paperwork and the accumulation of extraneous background data:
and to ¢mpnasize real environmental issues and alternatives. Environmental impact
statements shall be concise, clear, and to the point. and shatl be supported by evidence
that agencies have made the necessary environmental analyses.

Integrate the requirements of NEPA with other planning and eavironmental review
procedures required by law or by agency practice so that all such procedures run
concurrently rather than consecutively.

\
Encourage and facilitate public involvement in decisions which atfect the quality of
the human eavironment.

Use the NEPA process to identify and assess the reasonable alternatives to proposed
actions that will avoid or mimmize adverse etfects of these acuons upon the quahity
ol the human eavironment.

Use all practicable means. consistent with the requirements of the Act and other
essential considerations of nationat policy, to restore and enhance the quality of the
human environument and avoid or minimize any possible adverse etfects of their actions
upon the quality of the human envirorunent.
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For this study. costs for preparation of the required environmental documentation have been
included in Chapter 6. : '

4.2 Disposal Regulations

This section describes the DOE orders and NRC regulations currently applicable to DU
disposal. The DOE orders are primanly integrated into DOE disposal site operations through
thewr sue-specific WAC requirements and radiological performance assessments. The
radiological performance assessments for DOE disposal sites discussed in this report are still in
the draft phase, although some changes have already been incorporated into thesr WAC
requirements based upon preliminary results of the performance assessments. When these
performance assessments ace finalized and approved. additional changes can be expected in the
site-specific WAC requirements. NRC regulations are applicable to commercial disposal sites
and are largely reflected in the radioactive materials licenses for such sites.

The following sections discuss the general requircmcms' specified in DOE orders and NRC
regulations. The sue-specnﬁc requirements that are in place to comply with these orders and
regulations are discussed for each individual disposal site in Chapter 5.

4.2.1 DOE Orders/Policies

Depleted uranium. if ever declared a waste, would currently be classified as low-level waste
(see Section 4.1.2). Disposal within 2 DOE low-level waste facility would be subject to DOE -
Order 5820.2A, Chapter ITI. As prescribed in this DOE Order, the disposal technology is
required to meet the following performance objectives (specified under paragraph 3a):

1. Protect public health and safety in accordance with standards specified in
applicable EH orders and other DOE orders.

2

Assure that external exposure to the waste and concentrations of radioactive
material that may be released into the surface water, ground water, soil, plants
and animals results in an effective dose equivalent that does not exceed
25 mrem/yr to any member of the public. Releases to the amnosphere shail meet
the requirements of 40 CFR 61. Reasonable effort should be made to mainuin
releases of radioactivity in effluents to the general environment as low as is
reasonably achicvable.

3. Assure that the committed effective dose equivalents received by individuals who
inadvertently may intrude into the facility. atter the loss of active institutional
control (100 years), will not exceed 100 mrem per year for continuous exposure
or 500 mrem for a single acute exposure.

4. Protect ground water resorrces. consistent with Federal., State. and -local
requirements.



Addiuonally. DOE 5820.2A. Chapter II1. specifies that DOE disposal sites must maintain a
site-specific radiological performance assessment demonstrating compliance with these
Jerformance objectives (under paragraph 3b) as follows:

1 Field orgamizations with disposal sites shall prepare and maintain a site-specitic
radiological performance assessment for the disposal of waste for the purpose of
Jemonstraung comphance with the performance objectives stated in paragraph 3a.

14

Each field orgamization shall. for each DOE reservation within 1ts cognizance.
prepare and maintain an overall waste management systems pertformange
assessment supporting the combination of waste management practices used in
generauon reduction. segregation, treatment, packaging, storage. and disposal. -

(7]

Where practical. monitoring measurements o evaluate acrual and prospective
perfrrmance should be made at locations as required, within and outside each
facility and disposal site. Monitoring should also be used 10 valxdatc or modify .
the models used in performance assessments.

The preceding requirements and specifications are generally reflected in the WAC prepércd by

cach DOE disposal site in accordance with paragraph 3d of DOE 5820.2A. Chapter 3, as
follows:

1.  Waste shipped from one field organization to another for treatment, storage, or
disposal shall be done in accordance with the requirements established by the
operations office having responsibility for operations of the receiving facility.

tJ

Waste acceptance criteria shall be established for each low-level waste treatment,
storage. and disposal facility, and submitted to the cognizant tield organizauon.

3. Generators of waste shall implement a low-level wasta certification program to
provide assurance that the waste acceprance criteria for any low-level waste
treatment. storage. or disposal facility used by the generator are met. Generators
and facilities receiving the waste are jointly responsible for assuring compliance
with waste acceptance criteria. Generators are financially responsible for actions
required due to nonconformance. .

4. Generator low-level waste centification programs shall be subject to a penodic
audit by operators of facilities to which the waste is sent by the generator.

n

The waste acceprance criteria for sterage, treatment, or disposal facilities shall
address the following issues:

A Allowable quantities;concentrations of specific radioisotopes w0 be
handled. processed. stored or disposed of;

B Criticality safety requirements {waste forms and geometries):

C. Restrictions regarding low-level waste classified for security reasons.

D External radiation and internal heat generation;

24



Restrictions on the generation of harmful gases. vapors. or higwmds
waste: '

Chemical and structural swability of waste packages. radiation erfects.
microbial activity. chemical reactions. and moisture:

Restnictions for chelaung and complexing agents having the potental for
mobilizing radionuchides: and

H. Quantny of r'rce liquids.

o m m

The DOE orders that ensure compltance with the procedural provisions of NEPA are as
follows:

DOE 5400.1. General Environmenta! Protection Program of 11-9-88. which
establishes environmental protection program requirements. authorities. and
responsibilities for DOE facilities to assure compliance with all applicable Federal.
State. and local environmental protection laws and regulations.

Secretary of Energy Notice SEN-15-90, Nation.| Environmenzal - Policy Act. of
2-5-90. which expresses cenain Secretarial policies and goals. and commits DOE to
full compliance with NEPA.

10 CFR Part 1021, DOE National Environmental Policy Act Implementing Prccedures
{DOE NEPA Regulations), which establish Departmental procedures for implementing
the procedural provisions of NEPA pursuant to 40 CFR Parts 1500-1508. These

regulations were published on April 24, 1992, (57 FR 15122) and became effective
on May 26. 1992.

DOE 5140.1E. National Environmental Policy Act Compliance Program of 11-10-92,
which stabiishes DOE responsibilities and nrocedures to implemeat the Nauonal
Environmental Policy Act of 1969.

DOE 5400.5. Radiarion Protection of the Public and the Environment. contains the primary
DOE standards for the protection of members of the public. This Order replaces DOE 3480.1A
and incorporates standards derived from the EPA in 40 CFR 61 (National Emissions Standards
for Hazardous Air Pollutants). and 40 CFR 141 (National Interim Primary Drinking Water
Standards). The performance objectives of DOE 5400.5 are as follows:

Routine DOE activities shall not cause any individual member of the public to receive.
in a year. an effective dose equivalent greater than 100 mrem. These limits applv tor
all exposure modes.

The airborne etfluent pathway shali not result in any member of the public receiving.
n a vear. an effective dose equivalent greater than 10 mrem 40 CFR 61).

An annual effective dose equivalent of no more than 4 mrem shall be received by anv
person through ingestion of water from a drinking water supply operated by or for
DOE (40 CFR 141)
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Radicacuve materials in liquid etfluents reteased from DOE tacilities shall not cause
public or private drinking water systams downstream of the racilisy discharge to result
in any member of the publi. receiving an annual dose equivalent exceeding 4 mrem
to the whole body or to a::- ‘rzan (40 CFR 141).

4.2.2 NRC Regulations

NRC regulations are published under 1O CFR Parts 0 to 199  The DOE and its prime
subcontractors are. In most instances. exempt from the requirements for a license
{10 CFR §§ 50.12.40.11. and 70.11}. Disposal of DU/low-level radioactive wastz by the DOE
at its own facility would, theretore, not be subject to NRC licensing. However. disposal of
DOE’s DU art a commercial facility would be subject to the NRC requirements imposed on the
facility as a licensee. (Licensee is used to refer to the holder of a radioacuive materials license
1ssued by either the NRC or an "Agreement State” delegated authority by the NRC.)

Regulanons tn 10 CFR 61 establish the procedures. critena. and terms and conditions upon
which the NRC issues licenses for the land disposal of radioactive wastes containing byproduct,
source. and special nuclear material received from other persons. 1Disposal or waste by an
individuat licensee 1s addressed under 10 CFR 20.) Per 10 CFR § 61.59. disposal of radioactive
waste received from other persons 1s permitted only on land owned 1n f2e by the Federal or a
State government. An application to receive, possess, and dispose of wastes conuining or
contaminated with source, byproduct, or special nuclear material by land disposal must contain
the information specified in 10 CFR 61, Subpart B, including sections on general information,
specific technical information. institutional information. and financial information. An
environmental report (i.e., EIS) prepared in accordance with 10 CFR 51, Subpart A. must also

accompany the application. Part 51 contains NRC’s regulations and procadures for complying
with § 102(2) of the NEPA.

Extensive technical analyses. sncluding pathway analysis. inadvertent intruder protection
analvsis. worker protection analysis. and long-term disposal site stability analysis. are required
in the permut applicanon to demonstrate that the disposal faciity will meet the Commission’s
pertormance objectives. The technucal analyses must demonstrate that the fand Jdisposal tacilic
will be sited. designed, operated. closed, and controlled atter closure so that exposures o
humans are within the limits specified below:

Concentrations of raJdioactive material that may be released to the gc‘neral environment
in ground water. surface water, air, soil, plants. or animals must not result 1n an
annual dose exceeding an equivalent of 25 mrem to the whole body, 75 mrem 10 the
thyroid. and 25 mrem io any other organ of any member ot the public
(10 CFR § 61.4])

Design. aperauon. and closure of the iand disposal facility must ensure proteciion
any indwvidual inadvertently intruding into the disposal site and occupying the site oz
contacting the waste at any time atter active insucutional controls over the disposal s.t¢
are removed (10 CFR § 61.42).



Operations at the land disposal facility must be conducted in compliance with the
standards for radiation protection set out in 10 CFR 20. except for releases of
radioactivity in effluents from the land disposal facility. which shall be governed by
10 CFR § 61.41 (10 CFR § 61.43).

The disposal facility must be sited. designed. used. operated. and closed to achieve
long-term stability of the disposal site and to eliminate, to the extent practicable, the
need for ongoing active maintenance of the disposal site following closure so tharonly
surveillance, monitoring, or minor custodial care are required. (10 CFR § 61.44)

If the application is approved. a radioactive materials license is issued, which in most cases
specifies maximum quantities or concentrations of radioactive materials allowed in the waste and
conditions for authorized use: packaging; waste form: receipt, acceptance, and mspcction of
waste; burial operations: site design and construction: environmental momtormg and surveying;
and financial assurances.

Disposal of DOE’s DU in a commercial low-level waste disposal facility would. therefore.
have 1o satisfy all conditions and requirements specified in the facility's license. However. as
discussed in Section 5.2, the availability of commercial disposal sites to DOE waste is extremely
limited based upon current conditions.



5. DISPOSAL STUDY CASES INVESTIGATED

This chapter presents information on the current status of the disposal options sites that were
investigated.  Attention was primanly focused on existing disposat facilities within the DOE
compiex and the commercial sector

5.1 DOE Disposal Sites

Descriptions of two DOE disposal facilities. the Nevada Test Site and the Hanford Site. are
given in this section. Emphasis has been placed on the NTS because its economic and
hydrogeologic factors are more favorable than those of the Hanford Site. Information on the
Hanford Site has been included for comparison. and to allow for the possibility that
political/regulatory issues may arise at either of the DOE sites. Detailed disposal cost daua are
prcsented in Chapter 6 for both the NTS and the Hanford Site.

3.1.1 Nevada Test Site

Information presented in this section on the NTS. low-level waste disposal areas was
primarily obtained from the following four sources:

Site Book for Waste Managemens, Reynolds Electrical and Engineering Co. I ..,
December 1991.7

Radiological Performance Assessment, U3ah/at Low-Level Waste Disposal Unit,
Nevada Test Site, Revision 1, Oak Ridge National Laboratory Pollutant Assessments
Group (Grand Junction. CO), September 1991.°

Radiological Performance Assessment for the Area 5 Radioactive Waste Management
Site ar the Nevada Test Site, Revision 1, EG&G Idaho. Inc.. February 1992."

Nevada Test Site Defense Waste Acceptance Criteria, Cenification, and Transfer
Requirements, NVQ-325 (Rev. 1). DOE Nevada Field Office (DOE/NV) and Reynolds
Electrical & Engineering Co., Inc., June 1992.*

5.1.1.1 NTS Description

The NTS is a DOE nuclear weapons testing facility on approximately 1,350 square miles
of federally-owned land in southeastern Nevada's Nye County (see Figure 1). The NTS is
situated about 55 miles northwest of Las Vegas. The site is bordered to the west. north. and
east by Nellis Air Force Range. a restricted-access. government-owned area. Since il was
established in 1952. the primary mission of the NTS has been to serve as a proving 2round for
the testing and development of nuclear weapons. Through 1987. there were in excess of 685
announced nuclear detonations at the NTS. All tests conducted at the NTS since late 1962 have
been below ground. with a total of 34 tests conducted at land surface prior to 1963. This
extensive testing of nuclear weapons has created significant amounts of radioactive materials at
various depths beneath the land surface and some residual radioactive material at land surface
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Figure 1. Genera! Location Map of the Nevada Test Site (DOE 1989)
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Waste management acuvaties were ymtiated 1n 1961 to dispose of low-level waste produced
by the DOE weapons testing program. Disposal acuvities have expanded trom the original
burial ot atmosphesic weapons testing debris. and today the NTS serves as a major disposal
tacility far low-tevel radioactive waste gersrated by numerous installations througnout the DOE
compiex  Other operations include a storage facility 1or transuramic waste from Lawrance
Livermore Navonal Laboratory. Jdeselopment of a mixed waste management un:t. and collection
o NTS-generated hazardous waste for disposal. These operations are adminstered by the DOE
Nevada Field Office. and performed by Revnolds Electrical & Engineering Co.. Inc. {REECor.
Waste Management Department (WMD). There are two principal defense waste management
sites at the NTS~—the Area 5 Radioactive Waste Management Site (RWMS) and the Area 3
RWMS 1see Figure 2). Descriptions of both disposal areas are provided below. as they
currently exist. NTS personnel indicate that disposal of DOE’s DU would likely take place.in
dedicated trenches/craters within these areas.

Area 3. The Area 3 RWMS s located in the southeastern portion of the NTS sbuout
13 mules north of Mercury. NV. on the nonthern area ot Frenchman Flat. Frenciuman Flat is
one of 'he three main desert basins on the NTS. consisting of an oval-shaped basin with a large
dry iake bed in the center with no external drainage tor water. Average daily temperatures
range from 2°C in January 10 24°C in August. Valley tloors such as Frenchman Flas average

about 4 in. of precipitation per year. The top of the alluvial aquifer is approximately 770 ft
below land surface.

The Area 5 RWMS encompasses a total of 732 acres on the Frenchman Flat. The
Low-Level Waste Management Unit (LLWMU) comprises 92 acres in the southeast comer of
the RWMS. The LLWMU comains two types of disposal cells: (1) shallow land disposal
trenches and pits for low-specific-activity waste, and (2) greater confinement disposal (GCD)
borenoles for hign-specific-activity waste. The majority of the low-level waste disposed at the
exisung facilities consists of contaminated laboratory waste. soil. process waste. and construction
debris. Common radioactive constituents of this waste are depleted and enriched uranium.
mixed fission products. high-specific-activity tritium. and transuranics at less than 100 nCi/y
concentrations. The total volume of low-specific activity waste disposed of in pits and trencnes
through 1990 consisted of approximately 5.3 million ft’ and 4.2 million Ci (undecayed). Most
of the waste is buried in 55-gallon metal drums and plywood boxes. An additionai 4.600 ft* and
2.9 mullion Ci of high-specific-activity waste were disposed of in the GCD boreholes.

Currently, Pit 4 and Trenches 2. 3. and 3 of Area 5 are open to accept waste. Pit 4 accepts
low-level waste and is 1,000 ft tong, 200 ft wide, and 20 ft deep, with an initial capacity ot
3.200.000 ft’ and a remaining capacity of 1.536.000 t¢ (as of early 1992). Trench 2 is used for
classified waste and 15 approximately 254 ft long, 60 ft wide. and 205 ft deep. with an imwal
capacity of 243.840 ft’ and a remaining capacuy of 157,143 f*. Trench 3 is approximately
630 tt.ong. 43 ft wide. and i3 0t Jeep. with 4 capacity of 314.138 (. Trench 8 is reserved for

[ Gene Kendall. Manager REECo Waste Management Department. Personal Communicauon
with Douy Nishimoto. SAIC. January 26. 1993.
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future thorum low -level waste and 15 approximately 6.320 1t Jong. 100 ft wide. and 24 ft deep.
with a capacity of 1.008.000 fr’

Pud of Area § is used for the disposal of low-level waste from cutrendy approved
generators. Put 4 was opened June 21. 1988 and as of early 1992 was approximately one-half
tull. The waste 1s stacked by weight with the heaviest packages on the bottom and the lightest
on wp  Waste 15 stacked within four ft of the enginal land surface and then covered with
approximately 8 ft of narural soil

Area J. The Area 3 RWMS 1s located on Yucca Flat in the northeastemn section of NTS
1about 21 mules nonh of Mercury. NV) and covers an area of approximately 50 acres. At
Yucea Flat. the average annual daily minimum temperature is 3°C. and the average annual daily
maximum temperature is 22°C. The mean annual rainfall is approximately 7 in. Depth to the
water wable is approximately 1,600 ft. ‘

~ Yucca Flat has been 1.sed extensively for testing nucleac weapons. Subsidence craters
resylting from these tests have been pnimarily used for the disposal of bulk low-level waste. Use
of the Area 3 RWMS started around 1980 when the Waste Consolidation Project began with the
primary objective of cleaning up radicacuvely contaminated debris from aboveground nuclear
tests from 24 debnis disposal sites. Packaged bulk low-level waste from offsite DOE facilities
has also been buried here. The subsidence craters are selected for dispesal cells based upon site
geology and the depth at 'vhich the nuclear device was detonated. Area 3 RWMS waste
management Cells are comprised of two adjacent subsidence craters, with the area between the
two craters excavated to make one large. oval-shaped landfill cell. To date, all disposal
operations have taken place in four craters, U3ax, U3bl, U3ah, and U3at. The U3ax/bl craters
were used to dispose of consolidated waste from the Aumnospheric Testing Debris Disposal
Program until the craters were closed in 1987.

Disposal operations at the U3ah/at craters began in 1988 and the craters are currently being
used for consolidated waste and packaged bulk LLW from offsite. The U3ah crater resulted
from a test detonation at a bunal depth of 1191 ft in December 1961; it is 49 ft deep. 600 ft in
diameter. and has a volume of approximately 13.8 million fi’. The Ulat crater resulted from
a test detonation 987 ft below the surface in March 1963 and is 78.5 ft deep, 610 ft in diameter.
and has a volume of approximately 22.9 million f*. The entire U3alvat disposal site is
surrounded by a 39-ft wide by 4-ft high earthen runoff control dike.

Currently, waste disposed at U3al/at is in nonstandard containers such as sea-land
containers and bales or in bulk form. During disposal operations, ¢ach subsidence crater is
divided into waste tiers. Each waste tier is about 8 ft high and is covered with about 3 ft of
clean fill before the next tier is started. Seven tiers of waste are planned for disposal, with the
seventh ter covered with 4.5 ft of soil to bring the disposal crater to grade before the closure
cap is emplaced. The mululavered cover will consist of a backfill layer. a low permeability
layer. a biointrusion layer to impede the intrusion of plants and animals, a rooting layer to
support vegetation. and a final layer of gravel mulch and native vegetation.
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5.1.1.2 NTS Waste Acceptance Criteria

The DOE Nevada Field - Ottice estanlishes radioactine waste acceprance criena and
requirements for waste certiticauon. characterization. and transter for atl wastes recesved for
Jdisposal at the NTS. n either Area 3 or Area 5. These requirements are contaned mn the

Nevada Test Swe Defense Wuste Acceptance Crirena. Certiricatu.n. and Transfer Reyutrements.
NVO-323. Revision |

Prior to new off-site generarors being considered for shipping waste to the NTS, they must
comtact DOE headquarters to obtain an official written designation ot the waste as detense waste.
Once official designation is obtamed. off-site generators must then contact the DOE/NV
Manager for approval to submit an application to ship waste to the NTS. This application form
consists of six main parts: generator information. waste characterization program. wasie stream
information. waste certification program. exemption requests. and procedures and supporting
documentauon. It an application 15 found to be sdequate by DOE:NV. an audit will be
scheduled and the app-:cauon review comments will be discussed dunng that audit. Waste
stream approval will be granted after the generator has demcr.irrated comphiance with any audse
findings and any necessary revisions (o the application have been made.

The following WAC requirements are specified in Section 5.5 of NVO-325 for LLW:
1. The package closure (e. g., metal clips or banding) must be sturdy enough that it will

not be breached under normal handling conditions and will not serve as a weak point
for package failure.

(%]

LLW disposed at the NTS shall contain as linle free liquids as is reasonably
achievable. but in no case shall the liquid equal or exceed 0.5 percent by volume of
the external waste container. Absorbent will be added as a precaunionary measure o
absorb any moisture that may form due to condensation attributed to the vanations in
temperature and humidity from state-of-generation 1o NTS. Packages will aiso be
reviewed by real-time radiography prior to package cenification.

3. 'LLW must have a transuranic nuclide concentration less than 100 nCi/g. The mass
of the waste container. including shiclding, shall not be used in calculating the specific
activity of the waste. \

4. LLW offered for disposal at NTS shall not exhibit any characteristics of. or be listed
as. hazardous waste as identified in 40 CFR 261 or state-of-generation hazardous
waste regulations. '

L

Fine pamiculate wastes shall be immobilized so that the waste package contains no
more than 1 weight percent of less-than-10-micrometer-diameter purtcles. or
15 weight percent of less-than-200-micrometer-diameter particles. Wasie that s
known to be in a parniculate form or 1n a form that could mechanically or chemically
be transtormed to a particulate during handling and interim storage shall be
inmobilized. When immobilization is impractical. other acceptable waste packaging
shall be used such as. overpacking (i.e.. 53-zallon drum inside 83- or 35-galien

-
J
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11.

drum). steel box with no liner, wooden box with a mummum of 6-mut sealed plastic
liner. or steel drum with @ minimum of 6-mul sealed plasuc liner.

LLW gases shall be stabilized or absorbed so that the pressure 1 the wase package
Joes not exceed 1 5 atmospheres at 20°C.

Where pracucal. wastz shall be treated to reduce volume. premote waste
minmizanon. and provide a more structurally and chemicaily stable waste form.
Strucrural stability can be accomplished by crushing, shredding. or placing a smaller
piece inside an operung of a larger piece. such as nesting pipes. Chemical stability
must be documented to show that significant quantities of harmtul gases. vapors. or
liquids are not generated. Wastes shall not react with the packaging during storage..
shipping, and handling time. Where stabilization is required for the waste to meet this

waste acceptance criteria, it must be shown that the stabilization process is adequately
controlled. .

LLW conuimng pathogens. infectious wastes. or orher 2tiologic agents as defined in
49 CFR § 173.386 will not be accepted for disposal at NTS. '

LLW conumining chelaung or compiexing agents at concentrations greater than
1 percent by weight of the waste form will not be accepted.

PCB-contaminated LLW will not be accepted for disposal at NTS unless the PCB .
concentration meets municipal solid waste disposal levels of 50 ppm or less.

LLW comaining explosive and/or pyrophoric material in a form that may
spontancously explode or combust. if the container is breached. will not be accepted.

Defense waste shipped to NTS must be packaged in accordance with all DOE and
DOT regulations, ncluding DOE Order 1340.1. Marerials Transportanion and Traific
Management: 49 CFR § 173.448. General Transporiation Requirements:
49 CFR § 173.474. Quality Comtrol for Construction of Packaging. and
49 CFR § 173.475. Quality Consrol Requirements Prior to Each Shipment of
Radioactive Materials. Type A packaging shall be designed to meet
49 CFR § 173.411, General Design Requirements. and 49 CFR § 173.412. Additional
Design Requirements for Tvpe A Packages. Tvpe A packages must have been
evaluated under the DOE Type A package Centification Program. Type B packaging
must meet the applicable requirements of 10 CFR 71. Strong, tight packaging used
for shipping limited quantities and low specific activity LLW excepted by
19 CFR §§ 173.421 and 173.425. respectively, must be constructed so that 1t will not
leak during normal transportation and handling conditions.

The quanuty of fissile radioactive matenals shall be limited so that an infimte array

of such packages will remain subcritical. This quantity shall be determined on the
basts of a specific nuclear safety analysis, considenng credible accident sinsations. and

z4
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16.

17.

18.

19.

20.

2L,

taking into account the actual materials in the waste. See 49 CFR § 173.45 i. Eissile
Materigls - General Requirements.

The quantity of radioactive materials shall be limited for each waste matrix and
package tvpe so that the effects of nuclear decay heat will not adversely affect the
physical or chemical stability ot the contents or package integrity.

The extemnal radianon levels for packages shall not exceed 200 mrem/hour on contact

dunng handling. shipment. and disposal unless specifically excepted by DOTY

regulations. See 49 CER § 173.441, Radiation Level Limitations. Type B containers
that will be unjoaded by remote procedures will be addressed on a casc-by-casc basis.
Packages shall be within DOT contamination limits upon receipt at NTS. See
49 CFR § 173.443, Contamination Control.

The activity limits listed in 39 CFR § 173.431, Activity Limits for Type A and Type 8
Packages, shall be met. Where applicable, the activity limits of 49 CFR § 173.421.
Limited Quantities of Radioactive Materials, and 49 CFR § 173.425. Transport
Requirements for LSA Radioactive Materials, shall be met for strong, tight packages.

Waste containing multiple hazards shall be packaged according to the leve! of hazard
as defined in 49 CFR § 173.2, Classification of Material Having More than One
Hazard.

Except for butk waste, waste packaged in steel drums, or SEALAND® containers, the
waste package (packaging and contents) shall be capable of supporting a uniformly

- distributed load of 4,000 Ib/f?. This is required to support other waste packages and

earth cover without crushing during stacking and covering operations.

All wasts packages shall be provided with permanently artached skids, cleats, offsets.
rings. handles, or other auxiliary lifting devices to allow handling by means of
forklifts, cranes, or similar handling equipment. All rigging devices that are not
permanently attached to the waste package must have a current load test based on
125% of the safe working load.

12 xX1.2x2.1l-m@4 x4 x7ft)y or - 1.2x06x21-m(@ x2x 70
(width, height, length) boxes or 208-liter (55-gallon) drums are required to be used.
Bulk waste containers must be approved by DOE/NV and containers of other
dimensions are acceptable with approval from DOE/NYV on a case-by-case hasis.

In addition to the weight limits set for specific packaging designs. NTS imposes limits
of 4,082 kg (9.000 Ib) per box and 544 kg (1,200 Ib) per 55-gallon drum. Packages
exceeding 9.000 Ib require crane or large forklift removal and must be approved by
REECo/WMD prior to shipment and must be in 2 removable-top or removable-side
trailer.
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22, Waste packages shail be loaded to ensure that the interior volume 15 as efficiently and

compactly ioaded as pracucal. High density loading will allow efficient RWMS space
utilization and provide 1 more stable waste form that will reduce subsidence and
enhance the long-term performance ot the disposal site.

23  Use of DOT Type A packages not previously evaluated under the DOE Type A
Package Certification Program will not be permutred.

24. The generator’s preshipment storage environment shall be controlled to avoid the
adverse influence from weather or other factors on the containment capability of the
waste packaging during handling, storage, and transport. The generator prepasing
waste for preshipment storage shall take all reasonable precautions to preclude the
accumnulation of moisture on or in the packages prior to their arrival at the NTS.

Additional marking. labehng. and bar coding requirements are specified in NVO-325.

Not all of the waste acceptance criteria listed above would be applicable to the U,0, form
of DU that may evenrually be disposed of by DOE. The only specific condition that may greadly
impact turure disposal of depleted uranium oxide is WAC Number §. dealing with particulate
wastes. One of the assumptions used in this study is that the U,J, will be subjected 10 2
compacting/screening/fines recycling operation at the point of conversion so that it will satisfy
the waste acceptance particle size criteria, thereby eliminating the need for fixation or packaging
in lined conuiners. An added benefit of the compaction process would be to increase the DU
bulk density from 1.4 g/cm’ (out of the kiln) to about 3 g/cm’> effectively decreasing the
disposal volume by a factor of more than two. If the compacted oxide does not meet particle
size criteria, NTS personnel have indicated that use of plastic liners within the drums would be
sufficient.® This alternative would not greatly impact the containerized volume of DU that would

be disposed of at the NTS, and is ceruainly preferred over immobilization with respect o
minimizing waste volumes.

One additional impact of the ongoing site-specific radiological performance assessments
being prepared for the Area 3 and Area 5 disposal facilities may be that DU would require burial
at depths somewhat greater than currently used or, alternatively, mounding over with a thicker
closure cap." This may be required to ensure that release of radon gas (which, due to uranium’s
slow decay rate, becomes a concern only after thousands of years) does not exceed any of the
NTS’ performance objectives (see Section 4.2.1) for radiological dose limits.

2. Robert L. Dodge. Chiet REECo Technical Support Section. Personal Communication with
Doug Nishimoto. SAIC. January 27, 1993.

h F Tom Lindsrom. REECo Special Projects Section. Personal Communication with
Doug Nishimoto. SAIC. March 9. 1993.
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5.1.2  Hanford Site
5.1.2.1 Hanford Site Description

The Hantord Site 15 Jocated on 600 square mules of federally owned land in south central
Washington. to the northwest of Richland and between the Yakima and Columbi Rivers
isee Figure 3»  Most of Hanford's waste handling facilities are located on a plaieay n the
central portion of the Site. tn or near the 200-West and 200-East Areas.* The 200 Area plareau.
where most ot the radioacuve waste is stored. ranges in elevation from abour 620 10 800 ft
above mean sea level. Average monthly temperamres range from a low of -1.5°C in January
1o a hagh of 24.7°C in July. while average annual precipitation is about 6.3 inches. The water
table vi.e. the upper limit of the uncontined aquifer) ranges from 185 10 330 f beoeath the

ground surface.’* LLW disposal facilities are located within both the 200-West and 200-East
Areas.

.

5.1.2.2 Hanford Waste Acceptance Criteria

‘Westinghouse Hanford Company manages the Hanford Site radioactive solid waste disposal
facthiies for the DOE/Richland Operations Office. WAC requirements are specitied in Hanford
Site Solid Waste Acceprance Criteria. WHC-EP-0063-3.

Each waste generator is required to receive formal approvat from Westinghouse Hanford
Solid Waste Engineering Analysis for the disposal of radioactive solid waste before slnppmg that
waste to the Hanford Site. The process starts with approval of the generator’'s LLW
Certification Plan followed by successful completion of an initial Waste Management Audit by
Solid Waste Engineering personnel. Upon completion of the audit, and any necessary action
items. the generator will be granted approva!l or limited approval for shipment of the waste to
the Hanford Site. Offsite generators must submit initial requests ror a StorayesDisposal
Approval Record (SDAR) to the Waste Managemcnt Division Director. DOE Operauons Office.
Richland. through the waste generator’'s DOE office. _Each request o store or dispose of
radioacuve solid waste must be accompanied by the followmg information:

Completz description of the waste or waste stream.

Y

Complete characterization of all radionuclides and their curie content and chemical
data per the approved Waste Centification Plan.

Complete description of packaging. containers. and returnable transport overpacks
(if applicable).

Evidence demonstrating that waste packages for LLW comply with aprlicable
requirements in Chapter 4 of the Hanford WAC.**

Some of the rcquxremcnts specified in Chapter 4 of the Hanford WAC that are applicable
to disposal of DOE’s DU include:
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Figure 3. Locations of Existing Facilities at the Hanford Site
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1 Asaresult of Hanford's preliminary site-specitic radiological performance assessment.
all LLW must be classified (immediately after generation and before packaging)
according to Category 1. 3. and greater than Category 3 concentration limits for
radioisotopes with half-lives greater than 5 years. For waste containing mixmures of
radionuchides. the total concentration shall be determined by the sum of the fractions
rule: divide each radionuclide’s concentration by the appropriate limit and add the
resulting values. Interim Hanford Site waste classifications for LLW are as follows:

Waste Categorv 1--Low activity waste with very low concentrations of long-
lived radionuclides. [This waste will not present an unacceptable hazard to an
intruder after the active institutional control period (100 years).] If the
radionuclide coancentration does not exceed the value in Table 4-1, Column 1
of the Hanford WAC. the waste is Category 1.

- Waste Categorv 3--Moderate and high activity waste with low 10 moderate
concentrations of loag-lived radionuclides. {This stabilized waste cannot pose
an unacceptable hazard to an intruder or public health and safety for a long, .
as yet unquantified, time period.] If the radionuclide concentration exceeds the
value in Table 4-1, Column 1, but does not exceed the value in Table 4-1,
Column 2 of the Hanford WAC, the waste is Category 3.

Greater_than Waste Category 3 (GTWC3)--Waste that has radionuclide
concentrations greater than Category 3 (i.e., exceeds the value in Table 4-1.
Column 2 of the Hanford WAC) is not generally acceptable for near-surface
disposal and will be called GTWC3 waste to meet the intent of DOE Order
5820.2A. Disposal systems for GTWC3 wastes must be justified by a specific
performance assessment. Additional engincered features may need to be
incorporated into the design of the system for disposal of the waste. Such
disposal system designs shall be supported by appropriate environmental
documentation in accordance with the National Environmental Policy Act
process and be approved by the cognizant DOE operations, office and DOE
Headquarters. |

It is currently anticipated that Category 3 waste consisting of uranium in any form will
require grouting prior to disposal at the Hanford Site,' while GTWC3 waste will require even
more extensive engineered features. The applicable cciicentration limits for DU are presented
in Table 9, based upon “draft” values as of February 19, 1993, which have not vet been
incorporated into the Hanford WAC

i. Mark Wood, Westinghouse Hanrord, Personal Communication with Doug Nishimoto, SAIC.
March 31, 1993.

J- N.P. Willis, Wesunghouse Hanford. Drafr Table 1. Category 1 and 3 Concentration Limus
Based on Intruder Scenarios. Telefax to Doug Nishimoto. SAIC. February 19. 1993.
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Table 9. Proposed Uranium WWaste Category Limits at Hnu.fnnl

Concenration Limits (Ci.my)
Nugh ' Caegory_{ «Colump 1) Categorv 3 (Colymp 2}
U-234 91E-03 2.1E+00
U-233 32E-03 3.9 E-Ol
L-238 : 6.3 E-03 1.4E+00

Based upon the reported specific activity of depleted U,O, of 0.31 uCi/g."* (compared w0
the reported schIﬁc activity of 0.335 uCi/g for DU"), which translates 0 0.93 Zi’m’ using a
density of 3 grem’.’ it appears that DOE's DU would qualify as a Class 3 waste and would
probably require grouting prior to dlsposal

2.

All LLW packages accepted for storage (except waste to be compacted) at the Hanford
Site facilities shall be packaged in DOT specification 17H or 17C steel 55-gal drums.

Drums should. if practical, be banded and palletized in groups of four. Other
containers may be approved in the applicable SDAR. Containers used for storage

shall be designed to withstand the weight of two layers of 55-gal drums stacked on top
with 1,000 Ib in each drum.

All LLW packages shall provide at least two containment barriers to prevent the
release of contamination. Examples of two containment barriers include a plastic bag
or a plastic liner inside a steel drum. or a steel drum inside another steel drum.
Plastic liners used for primary containment shall be 10 mil, nylon-reinforced plastic.

LLW conuining free liquids, tritiated waste, asbestos. ion exchange resins. alkali
metals. long-term radioactive wastes (may apply to DU, requiring case-by-case
evaluation), explosives and compressed gases, pyrophoric materials, animal carcasses.
classified waste, or infectious waste must meet specified waste form ‘c\riteria.

Surface dose rates for all packaged waste shall meet requirements of
49 CFR § 173.441. Contact-handled 55-gal drums or smaller packages shall not
exceed 200 mrem/h at any point on the surface. For larger contact-handled packages.
normal surface radioactivity shall not exceed 200 mremv/h.

Removable contamination on the exteriors of all LLW packages shall not exceed

220 pmv/ 100 cm® for alpha contamination or 2.200 dpm/100 cm® for beta-gamma
contaminaton.

Acceptance criteria for any LLW with the potential to generate greater than 0.1 Wi ft:
shall be included in the SDAR.

10



3 ANl LLW wath the potental to generate sutficient gas to pressurize the waste package
~ Orto reach explosive concentrations of hydrogen and oxygen or other explosise gasas -
shall be vented.

Y The internal voud space of any LLV package dlsposcd at the Hantord Site shall not
exceed 10% of the toral internal volume of the waste package.

10 Nuclear sninicahiy safety limuts for packages containing more than 15 ¢ or U-235 will
be determined by Wesunghouse Hanrord Cnucalm Engincering .-\.nal\sxs on a
case-by-case basis. Packages containing less than 13 g of U-235 will not require a
separate criticality safety analysis.

5.1.2.3  Hanford Site Disposal Costs

The disposal cost for offsue LLW at the Hanford Site 15 $58.70/f¢° of containenzed waste
volume tas of 2/19/93).* This compares to a 1992 disposal rate of $76.98/f". Because the
Hanford waste classification concentration limits for uramum :sotopes have not been rinalized.
defintive disposal costs cannot currently be determuned tor DOE's DU. [f, 1n fact. the DU
qualifies as esther Category 3 waste or GTWC3 waste. addinvnal costs would be incurred.

5.2 Commercial Disposal Sites

Three commercial facilities were investigated as potential candidates for the disposal of |
DOE’s depleted uranium:

US Ecology’s Richland. Washington LLW Disposal Facility
Chem-Nuclear Svstems. Inc.’s Barnwell. South Carolina LLW Disposal Facility
| Envirocare's Clive. Utah LLW Disposal Facility

However. none of the commercial disposal site alternatives were found to warrant further
consideration. as discussed below. '
\

US Ecology's Richland LLW Disposal Facility is located on 100 acres of lz1d within the
Hanford Site (between the 200-West and 200-East areas) that are leased to the state of
Washington."”  Disposal rates are averaging about S44/f® (as of 3/1/93). but have been
flucruating a great deal. The US Ecology facility has been eliminated from further consideraton
beczuse. as of Decemt .r 31. 1992. ut is accepting only wastes generated by states within the
Northwest LLW Compact (Alaska. Idano. Montana. Oregon. Ctah, Washington. and Wvomunys

N P Willis. Wesunghouse Hantord. Personal Communication with Doug Nishimcto. SAIC
Februars 19, 1993,

. N.P Willis. Westinghouse Hantord. Personal Communication with Doug Vlshlmoto SAIC
Scptembcr 18. 1992.
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and the Rocky Mountain LLW Compact tColorado. Nevada. and New Mexicor.* (NOTE: US
Ecology’s facility 1n Beawy. Nevada. which tormerly served the Rocky Mountain regional
<ompact, closed as of December 31. {992

, Chem-Nuclear s Barnwell LLW Disposal Facility is located approximately five miles west
of Barnwell. South Carolina. near the eastern boundary of the Savannah River Site on 300 acres
T land 1134 acres ot total bunal space) owned by the state of South Carolina.”! This facility
15 the lesignated Jisposal sue ror the Southeast Interstate Low-Lavel Radioactive Waste
Management Compact 1 Alabama. Flonda. Georgia. Mississippi. North Carolina. South Carolina.
Tennessee. and Virgimay Current disposal rates at Bamnwell are $60.42/fP. with a $34/¢t
surcharge for wastes from states within the southeast compact other than South Carolina. and
a $220:1¥ surcharge for wastes from states ourside the southeast compact.® Thus. the Barnwell
facilty could conceivably accept DOE's DU at the present time. for about $5280.42/ft’.
However. Barnwell 1s accepting waste external to the southeast compact only until June 30.
1994. and s scheduled to cease operations as of January 1. 1996.° As a result. this commercial
tacrlity has also been ehminated from further consideration as a potential disposal site for DOE’s
DU. since disposal of depleted .0, is not expected to occu- for at least ten years.

Envirocare’s LLW Disposal Facility in Clive. Utah has been ehiminated from further
consideration because it is limited to the disposal of low activity waste material. The racility’'s
radioactive material license from the Utah Department of Environmental Quality. Division of
Radiation Control (License No. UT 2300249) specifies the following maximum concentrations
in waste for disposal:

Uranium-234: 37,000 pCi/g
Uranium-235: 770 pCi/g
Uranium-238: 28.000 pCi/g
~ Depleted Uranium: 110.000 pCivg
Since depleted uramum oxide has a specific activity of 310.000 pCi/g,'® the Envirocare facility

would not currently be able 1o accept the DU for disposal. No cost data are available for this
facilivy.

m  Gary Young. US Ecology. Personal Communication with Doug Nishimoto. SAIC.
March L. 1993

n Jack Harmison. Chem-Nuclear. Personal Communication with Doug Nishimoto. SAIC.
February 16, 1993

o. Tom Kerr. Southeast Compact Manager. EG&G Idaho Nauonal LLW Program. Perscnal
Cemmunmicanon with Doug NMishimoto. SAIC. March 12, 1995.
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6. DISPOSAL COSTS

This chapter pres~..  ..¢ esumated costs tor disposing ot the DU as U.O, in DOE LLW and
RCRA mixed waste tMW) disposal facilities. As discussed in Chapter 4 0. DU, i any form.
15 not defined as a RCRA waste However. (0 establish a worst-case disposal cost estimate.
RCRA disposal costs were included as a part of this study  In addition to the cost of disposing
the DU as U,0q. the costs associated with disposal of calcium fluonde (CaF.) are also sncluded.
The CaF, 1s prodused when HF. generawed duning the UF, to oxide conversion process. is
neutralized. Currently. relatively small quanuties of HF produced during the conversion of UF,
to green salt (i.e.. UF,) for defense program purposes are recovered and recycled back into the
process of converting narural uranium ore into UF,. As discussed further in Section 6.1. the HE
1s shghtly contaminated with uranium and 1s, therefore, a LLW not releasable to non-nuclear
markets. It is assumed for this study that all the HF generated during thc CONVErsion process
will be neutralized and dxsposcd of as CaF,.

Disposal costs were csumaz_ed for both the NTS and the Hanford Site to detine a range of
present disposal costs at DOE-operated facilities. This range is assumed to represent reasonable
lower and upper bounds for costs associated with DU disposal. The range should also allow for
increased costs in the fuure. For example. the current rate strucrure at the NTS may be
changed to a direct. DOE-funded. full cost recovery program similar to those at other national
laboratories (e.g.. Idaho National Engineering Laboratory). The impact this will have on NTS'
unit disposal cost is not known at this time; it is assumned that the cost will increase. Therefore,
the higher rates charged a: Hanford could reflect the potential impact of cost increases at the
NTS in the fuwre. .

As discussed in Chapter 5. the NTS is considered to be the most favorable existing DOE
location for disposal of the DU currently in storage at the GDPs, primarily for three reasons:
(1) lower disposal costs; (2) current WAC aliow the disposal of DU as U,0,; and. (3) the
climatological. geological. and hydrogeological environment is very suitable for preventing any
migration of radionuclides to the ground water or the surface and atmosphere. The current rates
(S10/f¢ for LLW: $36/£¢ for MW used in this study for the NTS are considerably lower than
the corresponding rates charged at the Hanford Site ($58.70/f for LLW; 5168 68/ for
MW).V72 This is partially due to differences in volumes of waste handled.. The NTS disposes
of approximately | million f® of LLW per year compared with approximately 300.000 fc’ at
Hanford: therefore. economics of scale impact the unit cost charged to the generator.

Two cases were considered in assessing the costs of the U;0, LLW disposal at NTS. First.
direct burial in below-grade wrenches and/or craters and. secondly, disposal of the U,0; in an
Above Grade Earth Mounded Concrete Vault (AGEMCV)."Y The AGEMCV (see Figure 4)
concept allows for retrieval of the DU 70 to 100 years into the furure if the DU can be

p.- Max Donenc'. Revnolds Electric & Engineering Co.. Inc., Personal communication with
Tim Heruzler. SAIC. Mav 6, 1993

q. N. P. Willis, Wesunzhouse Hanford Company. Personal communication with Tim Hertzler.
SAIC. May 20. 1993
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econonucally utilized in the breeder reactor program or tor teed stock for further enricament

v¢ ¢ . AVLIS feed) In the context of this report. 2 “retrievable disposal™ Oplion 1S ON¢ 1 Which
the DU would be disposed tn such 2 manner as 10 be relamsely easy (0 retrieve n pure form if
Jesired. vet at the same ume potenually meet all loug-term lisposal critena if retneval n the
Tuture 15 not Jesired It should be noted that the AGEMCV 15 only one of many potenual
SPUCDs or retrievable disrosal 3elow grage vaults. bunal in concrete overpacks. and. Jue o
he ard coneitions at NTS. drummead DU bunied in below-grade wrenches-craters may provide
retriesable Jiposal  An extensive =valuaron to determine the “est retrievable disposal option
was not pertorme¢ tor this report  If -retrievability 1s determined to be a high prionn
consideration. then it 15 recommended that a thorough evaluation of the options be performed.

6.1 Cost Estimate Objective and Approach

The objecuve of this chapter 1s to develop a comprehensive baseline disposal cost estimate
for comparison to other LU 'management options te.g.. DU metal as shielding). To accomplish
thrs all relevant disposal. cost elements must be considered--applying the at-site burial :harg:
per umit of mass or volume does not realistically represent the total disposal cost. The follow ing
costs elements are :ncluded n this report: 1) conversion o U.O,. t2) disposal container.
13) transportauon. 14) environmentalssatety documentation and permutting, and t35) direct burial
of the U0 and the CaF.. In addinon to these costs. engineenng design, construction. and
operations costs are applied to the AGEMCV case. Cost estimates for RCRA MW disposat are
detailed separately from LLW disposal costs and also include a retrievable disposal case. The
cost data are based on the available literature, current low-level and mixed waste disposal
operaticns conducted at NTS and Hanford, telephone interviews, and vendor quotes.

The costs are presented for each cost element as total dollars and on a per unit basis of
dollars per kilogram uranium. All costs are presented in 1993 dollars even though it is
anucipaced that the construction and operauon of a conversion facility to convert the UF, int
L-O, for disposal could not occur for at least 10 vears.

The costs were developed using the following ‘assumptions and data:

The as-packaged densicy of U,O, is 2.7 gfem?® (0.07646 MT/f(°). whxch is 90% of the
compacted material densirty.

\

The mass fraction of uranium (U) 1o U,0, is O 848.

The mass fraction of CaF, generated to UF, input is 0.663 and the as-packaged density
of CaF, 1s 1.2 g'em® 10.03398 MT ft)y *

The CaF. 1s disposed of as 1 low-level waste even though residual uranum
contaminagon 1s very low, as discussed below

The U.O, and CaF. are solidified to meet proposed Hanferd LLW WAC.

=
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Solidification of both the U,0, and the CaF, is assumed o be necessary ac euther DOE
sute 1f ever U,0, or CaF. are defined as MW,

Solidification of the U.Q, and the CaF. with any binding agent (e.g.. Portland cement.
polvethyviene) results 1n an wncrease 1o waste volume by a ractor of two.

A 30% waste loading by weight 15 assumed .or the solidification process.
Retrievable disposal will only be evaluated for unsolidified U,0.

Based on the data and assumptions noted here and earlier. the quantities of waste requiring
disposal are 5.570.000 ft’ (326.000 MT) of U,0, and 10.430.000 {t’ (355.000 MT) of CaF..
Solidification of these waste streams to meet site-specific WAC requirements at Hanford or for
RCRA treatment will essentially double the volume of waste, approximately doubling the cost

of disposing of the DU. Some reduction of the dlsposal costs can possibly occur. as oudined
in the following discussion.

The CaF, produced from neutralization of the HF will have very low residual uranium
concentration--the HF from the French defluorination conversion process \.ontams approumatelv
1 ppm uranjum and has been noted in one reference to contain as low as 32 ppb.- Upon
neutralization, thus residual uranium contamination is diluted significanty by the addition of
slake lime (Ca0). Although there are no Below Regulatory Concemn (BRC) limits establishing
when a waste can be disposed in a sanitary landfill, the EPA, NRC, and DOE coantinue to pursue
such standards, and these may allow this very low activity waste to be disposed of in such a
manner. Additionally, the cost of CaF, disposal may be avoided entirely if effective.
deconiamination and recycling of the HF is possible on a large-scale basis and free release limits
are established in the furure. Secondly. the CaF, may only require Strong-Tight container
packaging rather than Tvpe A packaging per DOT regulauon due to its very low activity.
Strong-Tight containers. whether drums or metal boxes, do not have to pass the same strict
quality assurance requirements that Tvpe A packages do. Therefore. less costly DOT 17E

drums :$26.55) may replace the DOT 17C drums ($50.00)” used in thi, :mdy for the CaF.
waste.

The cost of converting the UF; 1o U,0, provided in this report was obrained dxrecuy from
a previous study performed by Martin Marietta Energy Systems. Inc., (MMES) in 1991.> Cosis
associated with continued UF, cylinder maintenance and U,0y/CaF, disposal were not used
because the scope of work for this report required that costs be estimated as if the processing
could occur immediately, thus continued maintenance of UF, cylinders is not applicable
The cost for disposal of the U,0, and CaF. was based on current information supplied by the
disposal facilities ti.e . NTS. Hanford). commercial shippers. and container manufacturers
Decontamination and deccmmissioning costs were not included because they are not part of the
cost bases for other aiternauves. and the purpose of this report is to provide costs 'or
comparison with those of other options. [For exampie. the U metal disposal opuon

¢ Idaho National Eagineering Laboratory Stores Warehouse. Personal Communication  ith

T.m Henzler. SAIC. March. 1993.
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iAppendix A) and DU recvzle alternatives do not incl:de D&D costs for the UF, to U m:tal
conversion faciity |

6.2  Conversion Costs
The MMES sudy established the costs tin 1992 dollars) for two scenarios:

i Base Case with HF re-sale

-

2. Base Case with HF newralizanon CaF, u.sposal.

The cost Jdata for the second case were reviewed and the costs directly applicable to the
conversion process were extracted and used in this report: these cost data are listed below. The
costs include the base case value plus the expected increase for HF neutralization without
contingency. The MMES work breakdown structure (WBS) number is included for reference
purposes.

onversion Costs Elemer

£

1. Interim storage facility construction (WBS 1.5.1.2) SIoM |

2. Feed and cylinder handling facility (WBS 1.5.1.3.1) SITM

3. Conversion and waste handling facilities (WBS 1.5.1.3.2) $103 M
{includes $76M base case + $S27M for HF neutralization]

4.  Swenpont facilities (WBS 1.5.1.3.3) SII M

5. .onstruction manager fee (WBS 1.5.1.3.4.1) S21 M

(includes S17M base case + S4M for HF neutralization)

6. Construction support (WBS 1.5.1.3.4.2) S1IM
[includes S10M base case + $3M for HF neutralization)

7.  Program planning (WBS 1.5.1.3.4.3) SHM
[includes $12M base case + $2M for HF neutralization) '

8. Design and Title Il (WBS 1.5.1.3.4.3) S1TM
[this includes S15M base case + $2M for HF neutralization)

9  Conversion operations ¢ WBS 1.5.1.3.5) 289 M
' [this includes $36M base case + $53M for HF neutralization]
$295 M

The conversion and ancillary tacilities were sized to handle a base case thtoughput of

35.000 MTU in five years Dividing the total estimated cost of S295M by the process
throughput rate results in a unit conversion cost of $8.40/kgU. Assuming that this unit cost
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applies 10 conversion of the enure invemtory of UF,, without regard 1o cost reduction due 1o

economies of scale. the cost of converung the 361.000 MTU stored at the GDPs would be
approximately S$3.0 biilion

6.3 LLV Shallow-Land Burial Costs

Thae NTS LLW disposal costs are currently established at $10 per cubic foot of waste: the
Hanrord Site charges $38.70 per cubic foot. These costs include the excavation of disposal
trenches. handling and placement of as-recetved waste containers that meet the respecuve
WACs. and operauonal and post-operational monitoring costs. For the U,0, and CaF.. the

disposal container is considered to be a DOT approved 17C open head steel dum. DOT 17C

drums are qualified 4s Type A containers. Transport of drummed material via both truck and
railroad was assessed. Under the Hanford disposal case, it was assumed that the material would
be soldi.ied at the point of conversion, thus incurring additional transportation costs. The
environmental compliance and safety costs (¢.3.. EIS. PSD/PTC, Safety Analysis Repott (SAR))
were estumated and assumed to be the same for shallow land burial at either disposal site.

6.3.1 Disposal Container Cost

Disposal container costs are significant, especially if a retrievable disposal option such as
an AGEMCYV 15 used. The cost of construction of an AGEMCV depends on the volume of
disposal space required to contain the total inventory of DU. Efficient packaging and stacking
(i.c.. minimization of void volume) are not only significant for savings in capital costs of

construction. but are key factors in the longevity and radiological performance assessment of the
disposal unit.

6.3.1.1 NTS Disposal

It 15 assumed that the compacted U0, from the conversion facility will meet NTS WAC
- requirements for fines as discussed 1n Section 5.1.1.2. Therefore, no overpack drums te.g.. 83
or 85 gallon drums) are assumed 10 be necessary nor is solidifi-ation of the U,0, prior to burial
assumed to be necessary. The cost of 208-liter (§5-gallon) 17C drums is S50 per drum. and
the number of drums required 10 dispose of the inventory of U,0; is ~818,000. The number
of drums required for disposal of the inventory of CaF, is estimated to be ~ 1,412,000 based
- on the low packaging density of the material (1.2 g/cm’). The total costs for thie U,0, and CaF,
disposal containers are $40.9 and $70.6 million. respectively. This is a disposal container cost
of approximately $0.11/kgU for the U,0, and $0.20/kgU for the CaF,. Table 10 provides cost
breakdowns for each disposal cost element for the NTS as well as the Hanford Site.

6.3.1.2 Hanford Disposal

For the disposal of U.O,. which is a Categorv 3 waste per Hanford Site classificacton limuts
provided 1n Table 9. solidification will be necessary. This will result in an approximate
doubling of the disposal volume and zssociated disposal costs over that of the NTS opuon. As
discussed in Section 6.1 above, the low levels of uranium in the CaF, should qualify this waste
stream as a Categorv | waste per the Hanford WAL and the requirement of solidification may
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Table 10, Shallow-Land Burial Cost Fstinmates!
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rot 3ppiy - Huwever. tor 3 pounding case. solidification 1s assumed to be necessary: for the CaF.
a8 weti as the U.O, Therefore. the total some of U.0, (0 be disposed of will increase 1o
11.130.000 cubic reet. and the CaF, ~viume vould increase o 20.900.000 cubic teet. Based
on these volumes. the otal contaner costs are $81 8 mullion (50 23-hgUs for the U.0, and
SE41 2 muthion (S0 39 ke for e CaF.

6.3.2 Transpoertation Cost

Railroad transport ot DUt the NTS s not a viable alteznative since no railroad spur
extending frem a main hine track 10 NTS exists. Therefore, only transportation by truck was
estimated for disposal at NTS. Beth rail and truck transportacon are viable alternauves for
shupping the DU and CaF, 10 the Hanford site. Cost estimates for the transport of radioactive
matenals were obtained from Ebasco Inc.' and Ranger Transportation.' a certified hazardous
materials transporuation company. Railroad transport cost to Hanford. WA were based on 1991
figures Jdeveloped by Ebasco Services® and reported by Nortolk Southern Railroad. The 1991
prices were adjusted to 1993 dollars using a 4% nflation rate. The number of truck or rul car
luads required 12 transport all the wastes to the disposal sites was estimated based on a truck or
rail car rated weight capacity and 4 total acceprable drum weight at NTS ot 1.200 pounds. *

6.3.2.1  NTS Disposal

Trucking costs to NTS were reported to be $2.800. $2.700, and $2.350 per truck load from
Piketon, Oak Ridge. and Paducah. respectively.® To estimate the cost for transporting the
uranium oxide (U,0,) and CaF, waste to NTS, the total number of truck loads required was
calculated based on a weight limit of 42,000 Ibs per truck. The resulting capacity, per truck.
of U,0,, packaged in 17C drums. is 15.5 MTU. Thus, the total number of truck loads required
to transport the 361.000 MTU is ~23.300. As a bounding case. the trucking cost from
Piketon. OH. to NTS t1.¢.. $2.800 per tnip) was used *or ail shrpments. The transportation cos:
was estimated to be 50 18/kgl or 365.2 mullion total for the U0,. For the CaF.. the mass per
truckload 15 17.6 tonnes. therefore. - 20.200 truckloads would be required. Al

$2.800/truckload. the cost of shipping the CaF, 10 NTS will be $56.6 million or approximatel:
30.16/ kgU.

6.3.2.2 Hanford Disposal

Costs for truck transport of the material from Piketon. Ohio to the Hanford Site were quoted
at $2.900 per truck load,' whiic rail shipments were estimated to be $12.980 per 100-ton flatcar.*
Since the proposed Hanford waste acceptance limits require the 1,0, to be soliditied prior to
disposal. it was assumed that the solidification would occur at the point of conversion. Also u

s.  Gary Kenmson. Ebasco fnc.. Personal Communication with Tim Henzier. SAIC
March. 1993,

t. Jeff Baker. Ranger Transportaucn. Personal Comununication with Tim Henzler. SAIC.
April 3. 1993,
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was assumed. s a worst case. that 1t would be necessary (o solidify the CaF, prior to transport.
Therefore. the total volume of waste transported was increased by a factor of two.

The total trucking cost to Hanrord. taking nto account the volume tncrease of soliditication
and the truck capacuty, 1s 3133 5 mithion for the .0, and 5117 0 million for the CaF. The cost
per kilogram of uranium is $0.38 and S0 32 for the U.O, and CaF.. respecnvely.

B [ S S . L4 o
For rail transport. a 100-ton flat car 1s capable of carrving approximately 37 MTU of

- sohiditied U,O,. To transport the 361.000 MTU of DU would require ~9.800 flat cars. Thus.
~ the total cost tor railroad trarsport of the U,0, was calculated to be $127 nullion (S0.35 kgl

The flat car capacuty of CaF. 1s approximately 41 0 tonnes. which translates into ~ 8.600 rail
cars being peeded to transport the total inventory of CaF.. A cost of $111 million t50.31.'kgU)
was calculated for raii shipment of the CaF, to Hanford. '

6.3.3 Burial Cost
6.3.3.1 NTS Disposal

The NTS has established different rates for DOE versus non-DOE generators sending
low-level waste for disposal. The rate of S10/fe’ is charged to DOE generators and is not a full
cost recovery rate. For full cost recovery, an increase of approximately 19% is added to the
DOE rate and charged to the non-DOE generators (i.e.. S11.90/ft’).F As discussed in
Chapters 5.0 and 6.0, the NTS is negotiating with the DOE and the Inspector General (IG) to
restructure the rate charges for management and operation of the NTS disposal sites. The

impact of rate restructuring is not known at this time, therefore the current DOE rate of S$10/f¢’
15 used here.

At 510 per cubic toot, the disposal of 3.570.000 cubic feet of U;0, will cost $55.7 mullion.
The unit cost for burial is therefore $0.15/kgU. excluding any costs of transportation. packaging
and handling, or conversion prior to reaching the disposal site. This cost does not include a
potential increase in cost of bunal if the DU is required to be buried at a greater depth than
current LLW shallow-land bumnal practices at NTS. = As noted in section 5.1.1.2. the NTS
performance assessment criteria may require the DU 10 be buried at a greater depth to meet
NESHAP radon emission limits of 20 pCi/m*-s. If increased burial depth is necessary based on
radiological modeling, the depth of cover will increase from 1 m to approximately 15 m. The
cost impact. if any, related to this increased depth of burial is not known at this time.

For the CaF. (10.450.000ft). the cost of handling and burial at NTS will be approximatels
$104.5 million or $0.29/kgU. )

6.3.3.2 Hanford Disposal

With the Hanford disposal rate currently at $58.70 per cubic foot. the cost of disposing the
DU. atter sohidificauton. would be $654.0 million or $1.81/kgU. This is a 12-fold incre. & over
that of NTS disposal. If the CaF, s also disposed at Hanford and the same restrictions appl
fre . solidification to meet tines requirements). it will cost approximately S1.23 billion or
53 40:kgU. This brings the total cost for disposing of the DU and the main byproduct stream

-
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+CaF;) 10 85.21 kgU for burial charges alone. excluding the cost of containers, transportation.
etc. [tis apparent that it is important to characterize, treat. and/or compact the CaF, to decrease
the volume needing disposal. or to recy<le the HF to decrease the economic impact (o the overall

DU disposal option.

6.3.4 Environmental Compliance Costs

Numerous Federal environmental statutes regulate the disposal of LL'Y. The primary
statutes that would apply to DU, if 1n the future the DU is considered a waste destined for
disposal. are the following: (1) AEA, (2) NEPA, (3) CAA. (4) CWA, (5) Safe Drinking Water
Act <SDWA), and (6) Hazardous Materials Transportation Act.. The DOE, NRC., and other
government agencies are required to regulate the disposal of radioactive waste in such a way as
to ensure compliance with the various controlling statutes. Specific DOE and NRC orders and
policies were presented and discussed in Chapter 4.

The costs associated with environmental compliance begin during the conceprtual design
phase of a disposal facility with the initiauon of the site selection, pre-operational monitoring.
and NEPA review processes. DOE Order 5400. 1. General Environmental Protection Program.
specifies that pre-operational monitoring acuvities should begin not less than one year, and
preferablv two years, prior to construction and start-up. The baseline data generated during
pre-operational monitoring will be used in developing NEPA review documents. NEPA
documents required for DU disposal considered for this report are all supporting documents
(¢.g. environmental checklist, action description memorandum, etc.) leading up to and including
an EIS. In addition, costs associated with air permit requirements under the CAA and
environmental safety and health (ES&H) requirements are included as environmental compliance
costs. The three primary ccst elements associated with the CAA and ES&H are the PSD and
PTC review and permit processes under the CAA and the SAR identified in DOE 5431.1B.

Currently, EG&G Idaho, Inc. is in the conceprual design phase of developing a LLW/MW
disposal facility at the Idaho National Engineering Laboratory (INEL). The envisioned disposal
facility would be a RCRA-approved tacility capable of receiving and disposing of both LLW and
MW in separate disposal cells. EG&G’s estimated cost for the environmental compliance
requirements for a LLW/MW facility is approximately $11 million.® The environmental
compliance costs for DU disposal were scaled down from the INEL estimates since MW cost
elements would not be included. The resulting environmental and safety compliance costs are
assumed to be $9 million, or $0.02/kgU for DU disposal.

6.4 Retrievable Disposal

Since DU may have value in the future as either feedstock for the AVLIS enrichment
process or core and blanket material for the liquid metal fast breeder reactor technology. the
potential tor disposal 1n such a way as to permit retrievability was evaluated. Several alternative
disposal concepts for LLW weare reviewed in developing a possible retrievable disposal option.

u. Mary Jorgenson Waters. EG&G Inc.. Personal Communication with Tim Henuzler, SAIC.
March. 1593.
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Studies pertormed 1n 1986 through 1989 by e National Low-Level and Defense Low-Level
Waste programs provided intormanion on waste disposal alternatives ranging trom below grade
burial 10 above grade vaults and variauons in between. The AGEMCV. which incorporates
Tavorable charactenstcs of both above and below grade disposal vault options. was used tor
estabhishing a premminary cost estumate tor the retrievable disposal steategy

The AGEMCYV concept tor LLW disposal consists of individual disposal vaults. constructed

using. high-grade Type V portland cement. simuated above grade and above the probable

maxinum food plain. Using a2 bridge crane and specually Jdesigned handling hardware
tbecause no external hfuing hardware projects from the LLW box). a treated and grouted waste
15 placed 1n a ught monohthic stack without any void volume. As the vault s tilled. an
impervious membrane 15 placed on the waste stack and a concrete root slab is poured vn top.
The solidified LLW supports the roof slab, while an overlying earthen cap prevents the future
subsidence and resulting water infiltration typically associated with non-treated waste bunal.
The final closure of the vault is 10 cover it with an impervious membrane and a multi-lavered
earthen cover spccmcall\. designed 1o prevent water intiltration. erosion. or madverent intruder
penetration.

A radiological performance assessment was performed ov Rogers and Associates
Engineening Corporation™ in 1989 on the LLW AGEMCYV being evaluated ar the INEL. The
assessment concluded that the concrete vault would last 5000 years and the solidified waste form
would not begin to deteriorate until then. The solidified inorganic waste form and the design
of the vault with essentially no void volume were the most significant factors in the performance
assessment r2sults. Two significant differences will exist between the design, construction. and
radiological performance of an AGEMCYV for LLW versus DU disposal: (1) the DU would not
be in 2 solidified form and (2) the void volume resulting from disposal of DU in drums would
allow subsidence and water infiltration and leaching beyond that anatyzed for LLW. Without
solidificauon of the DU or 100% stacking efficiency. the performance f the disposai unit would

~ be sigmficantly different than that of the LLW AGEMCYV analyzed by Rogers and Associates.

Theretorc if the retnievable disposal vault approach is considered. addiuonal investigation and
assessments would be required.

The cost estimates for the eng:neering design. construction. and operation of the AGEMCV
concept were developed using data from Application of Existing Low-Level Waste Technology
Offers 17-to-1 Volume Reduction and Enhanced Disposal at Low Cost.'? moditied to best fit the
scenario for the DU disposal. :

6.4.1 Environmental Compliance Costs

The environmental compliance costs for the retrievable disposal case are considered here
to be the same as those developed for the shallow-land disposal option detailed in Section 6 5 4.
nameiy 359 million or 30.02.kgC.
6.4.2 Design and Construction Costs

Th= cost for the ergineering design and censtruction of the AGEMCV's for DU disposal
developed in this report is based on the conceptual design of the LLW disposal facility evaluated
at the INEL. The conceprual cost esumate developed by EG&G included engineenng Jdesign and
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inspection through Title 1l design. diréct and indirect constructton costs. construcuon
management and project admimstrauon. and 3 23% conungency. These cost data were

considered representative for prelimunary cust estimates applicable to retnevable Jisposal of the
DU at the NTS

Considerning the void volume « ~35%) n a vault resulting trom the use of 208-liter drums
as the disposal containers and the total volume of DU as U.O.. construction of 35 AGEMCVs
' ~268.000 tt* vaulty. as a muntmum. would be required. In 1983. the cost to design and
construct three vaults was calculated to be $9 mithon. Modifying this cost to 19935 dollars ac
an ntlation rate of 4% and increasing the cost for quality assurance (QA). assumed o be a
factor of two. for construction of concrete structures meeung applicable nuclear satety
requirements yields a cost of approximarely $7.3 mullion per vault. Theretore. the total present
cost to design and construct 35 vauits for disposing of the 5.370.000 cubic feet of oxide a1 the
NTS is esumated to be $255 5 mullion (30.71/kgU).

6.4.3 Operational Costs

Operational costs ror the retnevable disposal of DU are assumed to be the same as those
associated with the current LLW acuvities conducted at NTS (i.e.. S1I0/ft’). The bunal of LLW
involves the same receiving, handling, monitonng, and backfilling acuvities a5 would be
required for retrievable disposal. Therefore, as a preliminary estimate. the operational cost for

NTS disposal in an AGEMCYV is $55.7 million or $0.15/kgU.

Costs for conversion of the UF, to U,0,, disposal containers, transportation, and burial of CaF,
are the same as those reported in Section 6.3 for the shallow-land burial alternauve at NTS.
Total cost estimates for retrievable disposal are given in Table 11.

Table 11. Retrievable Disposal Cost Estimates

—Cost Element VIS _ \
Conversion to U;0, $ 350B

Disposal Containers 115 M
Transportation 121.83 M

Operation & Maintenance 160.2 M
Environmental Compliance 9.0M

Design & Construcuon 2555 M

Total S 3.7 B (10.25/kgU)




6.5 - RCRA Disposal Costs

Although DU 1s not now. and may never be. considered a RCRA waste. a disposal cost
. eshimate s provided as a worst-case cost scenano. In no way should the establishment of 3
RCRA disposal cost esumate 1 this srudy be construed as an acknowledgement by the DOE that

the DU :s or will ever be Jdefined as a RCRA waste.  As discussed in Chapter 4 0. DU s
detined 3s a source materal under the AEA and is exempr trom RCRA regulations. Even if the
UF, were declared 3 hazardous waste due to reacuvity, the conversion products (U,0, and CaF,)

would no longer extubit this charactenistic and would not. therefore. be considered a hnzardcus
Wasie. .

RCRA disposal estimates provided here are based on the disposal charges quoted by waste
.management personnel at NTS and Hanford. Ar the present iume, both DOE sites are pursuing
the establishment of RCRA-cernified sub-surface disposal unis. A RCRA-cenified disposal unit
is required 1o have an impermeable liner and leachate collection system. Currently, Hanford is
the only sue of the two that has received approvat to construct a RCRA dxsposal unir:* NTS is
in the process of gaining approval from the State of Nevada.

The costs quoted for mixed waste handling and dlsposal at the NTS and Hanford are
$36/f0’ » and S168.68/ft’ %, respectively. The costs are reported to cover handling, disposal, pre-
~ and post-operational momtoring, and interim storage and closure costs associated with mixed
waste disposal. Conversion costs have been increased by $2.0 billion to account for added
expenses associated with the construction and operation of a generic RCRA treatment process
since there is no defined hazard associated with the U,0, or CaF,.

6.5.1 NTS Disposal

For the disposal of both the U0, and the CaF, at NTS. the cost would be approximately
$1.7 bullion or $4.71/kgU, excluding the cost to convert and treat. Inclusion of the conversion
and generic treatment costs increases the total dollars to $6.7 billion or $18.56/kgU. This
rough-order-of-magnitude (ROM) cost compares with the $3.4 billicn (59 50'k¥) for LLW

disposal in Table 10. RCRA disposal costs along with LLW dispaosal costs are s:mmarized in
Table 12.

6.5.2 Hanford Disposal

The ROM cost for disposing of the U,0, and CaF. at Hanford is $10.3 Lulioa v
$30 19/kgU inclusive of conversion. treatment. transport, burial, environmental compliance. and
disposal containers. Essentially, there is no signuficant difference between truck or rail transport
cost at the ROM level of accuracy detailed here.

v Enc Erpenbeck. Wesunghouse Hanford. Personal Communication with Tim Hertzler. SAIC.
Mav. 1993
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| Tabls 12. Dispasal Costs Summary - 1993 Dollars® .

[vpe of Dispos: DTS MHanford
LLW Shallow-Land Bunal.
Conversion 1o U.0O, $508 S3.08B
" Disposal Costs 405 M 248
Total Costs S4B 159 50 kg $35.4 8 (515:k3W)
AGEMCV LLW Disposal.*
Conversion to 1,0, $j0B
Disposal Costs $659 M ceaPeee
Total Costs $3.7 B (510 25/kg)
'RCRA Disposal:*
Conversion to U,0, $5.08B $50B
Disposal Costs 5178 3398
Total Costs $6.7 B (518 56/kgU) $10.9 B (530.19/kgL)
ROM costs only.

ow

Retrievable disposal evaluated for NTS only.

c. RCRA disposal included only as a worst-case cost scenatio. It is not anticipated that
etther the U,0, or the CaF, could ever be regulated as 3 hazardous waste.

d. Conversion costs have been increased by $2.0 B to account for added cxpense asscciated

with a generic RCRA treatment process.

6.6 Disposal Cost Summoaries
6.6.1  NTS Disposal

The total cost estimated for direct LLW disposal of the DU as U,0, and the CaF, at the
NTS is $3.4 billion ($9.50/kgU) in 1993 dollars (see Table 12). The cost for LLW disposal in
an AGEMCYV facility at NTS will include the same costs as the direct burial option plus
engineering design, construction. and operating costs. Therefore, the total estimated cost for
the retrievable disposal option is $3.4 billion plus $256 million or $3.7 billion ($10.25/kgU)
These total and unit costs included the cost of cunversion and all related disposal costs as
detailed in previous sections.

The ROM cost tor RCRA disposal of the U,0, and CaF, based on NTS cost elements total
-$6.7 billion ($18.56:kgU). including conversion and a generic treatment process.



6.5.2  Hanford Disposal

For direct LLW disposal at the Hantord site. the cost 15 35.4 billion (S13.kgl)) as presented
:n Table 12. No cost tfor retrievable disposal 1s listed since retrieving the U0, from 3 solidisied
waste rorm 1s assumea tor this report 10 be infeasible.  For RCRA disposal at Hantord. the
ROM cost estimate s 310 9 tithon 1530 19 kU including conversion ind treatment costs

[P
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7. DEPLETED URANIUM DISPOSAL ISSUES

This chapter brietly summarizes some of the major issues that will need to be examined in
greater depth 0 tully evaluate disposal as a management alternauve for DOE’s inventorv of DU.
The rollowing  1ssues have been wenutied w Jate as warranung further study-

Secondary Jdisposal alternauves. such as disposal of U;O, in abandoned uranium mines
and in eusung uranmum miil tailings impoundments. ard disposal of uranium metal as
shielding in hugh-level waste:spent fuel contaners.

Ongoing negotiations berween DOE and Ohio EPA concerning the applicability of
hazardous waste regulations to DU.

Projected demand/uses for DU and the relative merit o: maintaining DOE’s supply of
DU as a potential resource (e.g2.. retrievable storage!d sposaliuse) for future projects.
such as the breeder reactor program.

Costs and time frames necessary for establishing domw-stic capability for converung
UF, to U,0,. This will impact disposal cost esumates

Comparison of disposal options with other DU manajement alternatives. such as
long-term storage as either U,0, or UF,, or use as retr.evable shielding.

Elaboration of NTS-specific disposal factors, such 2, depth of burial, retrievability of
directly buried drums, selection of Area 3 or Ares » as the preferred disposal location.
and any future impacts as a result of NTS's ongoing site-specific radiological
performance as.assments.

Clearer definition o enviro=..cntal documentation/perrmitting needs and their
associated costs at NTS based on the above elaboration of NTS-specific disposal
tactors.

Feasibility of retrievable disposal in terms of the oprimum alternative. disposal
packaging, and performance criteria. Cost estimates for retrievable disposal depend
on determination of these parameters. As part of this effort. it should be determined
whether direct burial of DU drums at the NTS warrants consideration as a retrievable
disposal option.

"
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APPENDIX A
COMPARATIVE ECONOMICS OF DISPOSING DU AS U METAL

As sta‘sd in Secuon 3.2, the preferred chemical form for disposal. used as the reference
case in this report. was L,O. However. the selection of U,O, does not preclude disposal in
another form if it can be shown that the environmental. regulatory. and economic factors are
more favorable. Therefore. 1n response to review commnents rezeived on the draft report issued
1n September of 1993, this Appendix has been added to provide an initial economic comparison
between disposal of the DU as U;0, and as U metal. Of the altemnative forms, DU metal is the
most volumetrically efficient form for disposal. Its high density significantly reduces the volume
of material, which may provide economic benefits over disposal as an.oxide. The regulatory
aspects of U metal disposal are more ambiguous: however, the U.S. Army has previously
disposed of bulk U metal from their military programs at the Nevada Test Site (NTS).>* Based
on this precedent. 1t is assumed that bulk U metal can be an acceptable waste form for disposal.
However. it is expected that a sie-specific performance assessment will be required to quanuty
the nisk associated with disposal of the very large amounts of U metal that will be generated
from the conversion of the current ihventory of UF,. Environmentally. U metal oxidizes fairly
rapidly into oxides of uranium te.g.. UO, and U,0,) and is. therefore, in a less stable state than
U,0, from the onset of disposal. Although the regulatory and environmental aspects are less
easily quantified, the basic economics of conversion, packaging. transportation, and burial of

the U metal can be estimated based on current data. This Appendix reports these estimated
costs.

To parallel the approach taken for disposal of the DU as U,0,, the same cost elements are
applied to the U metal disposal scenario: (1) costs for conversion of UF, to U metal.
(2) disposal container cost. {3) transportation costs, (4) environmental/safety documentation and
permitting costs. and (35) burial costs for the direct burial of the U meral and secondary waste
products. Only LLW disposal at the NTS is considersd in this evaluation since the Army
established 2 precedent for acceptance of DU metal at the NTS. The costs are presented for
each cost element as rtotal dollars and on a per unit basis (dollars per kilogram uranium) to
parallel the costs given in Chapter 6 of this report. Table Al shows the costs associated with
cach cost element for DU metal disposal; these costs can be directly compared to Table 10

values established for NTS disposal of U,0, (see Chapter 6). A description of how each of these
costs were developed follows here.

a. B. Moyer. Aberdeen Proving Ground. personal communication with T. Hertzler. SAIC.
March 29. 1994

b. H. Grewing and J. Frisctkorn. Babcock & Wilcox. pcrsonal communications with T

* Hertzler. SAIC. March 1994,

Al
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Table AL. Cost Estimates for Low-Level Waste Disposal of DU as U Metal at NTS

Cost Element

Waste

, : Environmental
Stream Conversion Containers  [ransport Bunal Compliance  Toad
U Metal S3I6L B S46 7 M $56.1 M Si154 M S9.0 M $3. 4B
SI000 kg SO 13.%gU SO 16:kgl  $0.03.kgU $0.02 kgL $10.35 kgU
 MgF. SI91M  S29.1M  S283M e $76.5 M
- ' $0.05.kgU  $0.08.kgU  $0.08/kgl $0.21.k80
HF 4587 0 My* - e ma na AS87.0 M)
seredit) -150.24/kgU) : :
($0.23/kgU)
Subtotal - $35¥8B 658 M $85.2 M 2I7T M S9.0M $313B

$9 T6kgl  $0.18.kgU  $0.24'kgU  $O.12:kgU $0.02.kgU $10.32%kgC

2. Coaverston cost applies to U metal only - not waste stream specifi.

b No costs for containers or transport of the HF 10 Allied Signal 1ncluded in tns evatuation.
¢. HF re-sale credu applied to conversion costs.

A.1 Conversion Process and Costs
A.1.1  Conversion Process and Mass Balance

The conventional conversion process. commonly known as the "Ames” process. employed
for UF, reduction to U metal is performed in two steps: the UF, is converted to UF, (greensalt)
using 2 hydrogen reduction reaction and then the UF, is converied to U metal using a batch
thermite reduction reaction.“* The first reduction reaction (Reaction 1 below) is typically
performed in a flame tower using pure hydrogen gas (H,) as the reactant. The solid UF, in the
existing storage cylinders is heated under pressure to formn gaseous UF,. This UF, gas is fed
into the flame tower along with H,. The reduction reaction results in production of an
anhydrous hydrogen fluoride (HF) gas and the UF, product. which is the feed for the second
reduction reaction step. The second reduction process involves blending the UF, with a high
grade of chipped magnesium and applying heat to initiate the second reduction reaction
{Reactior. 2 below). The reaction ignition temperature is nominally 1,080°F. Onci:e initiated.

c J Ellis. Sequoyah Fuels -Corporation. personal communication with T. Hertzler. SAIC.
April 1993, '

d. W Chnstian. Aerojet Ordnance Tennessee, personal commumication with T. Heruzler. SAIC.
May 1993.
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the spontaneous exothermic reaction is sufficient to reduce the reactants to molten yranym metal
and magnesium tluonde (MgF.) The higher density uramum collects tn the bottom of the vessel
and the lighter MgF. accumulates on the rop  The uranium meral derby removed from the
reaction vessel would be the uranium torm expected (o be disposed of at the NTS. along with
the secondary waste product MgF.

Reaction | UF, ~ H, = UF, + 2HF.
Reacnon 2 UF, < 2Mg = U metal ~ 2MgF,

Based on the Ames process. a stoichiometnic mass balance was performed to define the mass
relationships berween inputs, reactanss. intermediates. and products. The resulting mass
fracuions ti.e.. unit mass products per mass of feed) are listed in Table A2.

Tae most unportant results from the mass balance are the quantities of anhyvdrous HF. U
metal. and MgF. produced tfrom the UF, nput.  Stoichiometrnically. for every kilogram of UF.
inpet nro the process O 114 kg ot HF. 0 676 k of U metat. and 0 3354 kg ot MyF, will be
produced. Assurmng the total inventory of 533.000 MT or UF, 1s fed to the conversion process.
the resulung quanuues of HF. uranum meral. and secondary waste would be 60.300 MT.
361.000 MT and 189.000 MT respectively.

A2 Conversion Costs
Conversion Costs

Conversion costs have been reported in several preliminary scoping reports and

Table A2. Depleted Uranium Stoichiometric Mass Balance

Inour DU As UF,. | mass unu As U meral. 1 mass unit
Reactants -

H, 0.00574 0.00849

Mg Q138 0.204 )
Intermediates

UF, 0892 1.319

HF D 0.168
Products

MgF ) 354 ) 3236

U-238 0676 1

tmerai)

.
e
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presentations on rork performed to date in support ot the DU recvcle program. The -
conversioncosts reported by vendors and those estimated or obtained from previous conversion
activities within DOE vaned from a low of $8.80/keU to a high or $22.00/kgU.'** Some of
these quotes covered both the conversion operations and the disposal of secondary waste
materials 11 2 . MgFy in a sanitary landfill. Howerer. as noted above. it 1s assumed for chis
assessment that the \[EF will need o be disposed of in a LLW disposal faciluy. The higher
COR'. erson costs reported were based on uncertainties ot spccxtlc work requirements. quality of
fecd matenals. and disposal of the byproduct and waste forms.  To account for the variability
in prices quoted and the uncertainties of actual costs in the future. $10.00/kgU 15 assumead to be
the cost of conversion of the UF, to U metal without MgF, waste disposal or re-sale of the
anhydrous HF byproduct. At $10.00/kgU, the cost to convert the 534.000 MT of UF, 1o
361.000 MT of U metal will be $3.61 billion. The disposal costs associated with the \IgF- snd
credit for HF re-sale are esumated below and factored into the net costs for converlmg and
disposing of the DU reserves wathin the DOE complex.

A.2 Anhydrous HF Re-Sale

As indicated above, the intermediate product of the Ames process is anhydrous HF. This
HF 1s valuable and can be recycled back into production of UF, from natural uranium ore for
feedstock to the gaseous diffuston process. Allied Signal Inc.. a primary uranium ore conversion
company. currently recycles the anhydrous HF recovered from existing UF, to UF, conversion
processes.>¢ Re-sale value for this material has been reported o range between $1.00 to $1.43
per kilogram.’" The value of $1.43/kg HF was used in this evaluation because it has been used
in other reports generated for the DOE DU recycle program. However, if container charges and
transportation costs for shipping the HF to Allied Signal were got considered in that preliminary
evaluation. the total credit resulting from the re-sale of the HF may be considerably less.

flF Recycte Assumpuons:
The mass of HF generated for re-sale is 60,800 MT
Re-sale value of HF is S1.43/kg HF .
No conuiner or shipping charges to Allied Signa! are considered -

\

Based on these assumptions. the credit for anhydrous HF re-sale is -$87.000.000 or

- 30.24.kg U. Essentially. re-sale of the HF will pay for the costs of disposing of the secondary

waste MgF,, as detailed below. with a $10.5 million credit allowance remawming.

e. M. Lundberg. Manufacturing Science Corporation. personal communication with T. Henzler.

SAIC, June 1993.
t B. Quapp. EG&G ldaho Inc.. personal communication with T Herzler. SAIC. March 1994
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AJ MgF, Disposal Costs

Currently. commercial uramum conversion and fabrication facilines te.2.. Aerojet Ordnance
Tennessee - AOT) ac= licensed by the NRC 1o dispose of the MgF, in a sanitary landtill if the
residual radioacuvity is les: than 35 pCivg.* It is not known if the full-scale conversion and
fabnicauon of spent nuclear fuel containers with the subsequent high mass of MgF. (i.e.. 189.000
MT) could sull be disposed of in this manner. It is assumed for this Appendix that the large
mass of MgF, would need to be disposed of as LLW instead. This parallels the assumption and

cost estimations made for the CaF. resulting from the conversion of UF, to U,0, in the body of
this report.

This material may be disposed of by itself or with the U metal in the void volume around
the cylindrical derbies. Preliminary calculations indicate that disposal with the U metal.
although inirially appearing to be more cost effective, acwally may cost slightly more. This 15
primarily due to the higher unit cost per volume of MgF. for the containers (i.e.. drums vs.
metal boxes) and the NTS burial rates charged for drummed MgF, versus boxed U meral/MgF.
ti.e.. SI0/ft’ for drummed MgF, vs. S15/ft° for boxed U metal/MgF.). Therefore. the disposal
costs shown in Table Al are based on separate disposal of the MgF, and U meral.”

_ The individual costs for containers, transport, and burial were calculated using the same
approach as 1aken in Chapter § of this report. Assumptions and data used to estimate the cost
for disposing the MgF, are:

The mass of MgF, for disposal is 189,000 MT.
Waste packages are considered 1o be 208-liter 17C metal drums costing $50.00 each.

Transportation to the NTS-

- Is by truck from the point of conversion

. Point of conversion is assumed to be Piketon, OH
- Cost to transport is $2800.00 per truckioad

- Weight limit per truckioad is 42.000 1bs.

Burial operations at NTS cost S10/f¢’ for the MgF. B

Environmental compliance costs are included in the U metal disposal costs, as shown
in Table Al

As-packaged density of MgF. is 75% of theoretical density or 147.0 tbs/ft’

The calculated cost to dispose of the MgF. at the NTC 1 "¢.500.000 or S0.21/kgli. This
cst includes purchase of the drums, transportation to the °- . »m Piketon. OH. and buriai
of the drummed MgF.. Table Al shows the cost brezkd. -~ ach of these cost elements.
along with U metal disposal end HF re-sale.
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A4 DU Metal Disposal Costs

Currently. the DU metal derby resulting from the Ames process is a right circular cyvlinder
( ~13 in. diameter by 12 in. long) weighing approximately 1.000 lbs.* [t is assumed that the
Jerties will be packaged “as is* in approved containers for shipment and bunal. Packaging
these cvhindrical derbies 1n boxes results in a void volume of approximately 21%: however. the
shape of the derby could be modified for beuer packaging efficiency.* Due to the density of DU

metal. packaging. handling. and transportanon are weight controlled rather than volume .

controlled. Therefore, the cost calculations were performed assuming that the NTS WAC for

- gross package weight of 9,000 Ibs (see Section 5 1.1.2(21)] will control the size of the box and

the amount of DU metal per box. This assumption requires that a variance on the size of the
waste package be approved by DOE/NV as indicated in Section 5.1.1.2 of this report. No effort
was made in this preliminary study to optimize the stze/shape/weight of the derby or the disposal
package to gain the highest economic benefit for the total system. However, based on the level
of accuracy of cost quotes recewved and assumptions made. the preliminary cost :€stmates
reported here are directly comparable to the uranium oxide disposal costs reported in Chapter
6. The data and assumptions used for the U metal disposal cost estimate are:

Total mass of U metal for disposal is 361.000 MT

Containers for DU metal transport and burial are "strong tight” metal boxes approved
for LSA material. The boxes are certified for a net DU metal payload of 8,500 Ibs
and have an approximate disposal volume of 11 f’. The estimated cost per box is
$500"

DOE/NV grants a variance from the standard package size accepted in the NTS WAC
[Section 5.1.1.2(20)] for the metal boxes

Transporuation to the NTS-

- Is by truck from the point of conversion

- Point of conversion is assumed to be Piketon, OH
Cost to transport is $2800.00 per truckload

- Weight limit per truckload is 42,000 Ibs.

+

Burial operations at NTS cost S15/ft’ for the U metal

Environmental compiiance costs are assumed to be S9M ($0.02/kg U) based on data
presented in Chapter 6 of this report.

g. W. Christian, Aerojet Ordnance Tennessee. personal communication with T. Hertzler, SAIC.
March 1994. ‘ ‘

h. J. King, Container Products Corporations. personal communication with T. Hertzler. SAIC.
March 29. 1994
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The resulting cost for disposing of the U metal. including containers. transportation. burial.

and environmenial compliance 15 S118 I million The breakdown of these costs 1s shown in
Table Al

AS Conclusions

Comparing the total costs for disposal of the 361.000 MTU inventory of DU in a metai
form 1ersus disposal 1n an oxide form (i.e.. U,0y) (Table Al and Table 10. respectively]. shows
that the cost of disposal as a metal is actually higher. This is due to the higher estimated cost
for the imual conversion of UF, to U metal ($10/kgU) versus conversion to U;0,(58.40/kgU).
In both cases, the conversion costs are the most uncertain and/or sensitive to change. The costs
associated with conuainers. packaging, and transportation. although significant. are small in
comparson to conversion costs for both disposal alternatives.

The DU metai Jisposal alternatve has a distingt cost advantage over that of the DU oxide
alternauve 1n the :reas of container. transportation. and burial. However, the estimated
-conversion cost of $3.61 billion negates these advantages.

Finally. the conversion costs for either option may significantly change as additional hard
information 1$ obtained and potential new conversion technologies are developed. Currently. two
separate research activities are underway that may substantially decrease conversion costs as well
as allow tor recycle of all intermediate and secondary byproducts, thus eliminating CaF, or
MgF, disposal.> Research and dev=lopment on a Hydrogen Plasma Quench reactor at the INEL
and a similar reduction process at the Los Alamos National Laboratory may result in conversion
costs four to five times lower than those used in this report.
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