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ABSTRACT

This report describes the results of a study evaluaung the disposal of the Department of
Energ: 's (DOE) depleted uranium (DU) ceserves. This report 15 1n no way implying that these
DU reserves are 2 "waste.” but s intended ta provide baseline daa for comparison with other
management options. - The evaluation includes: identification of radivlogical and chemical
hazards of DU. a qualitauve assessment of various chemical forms of DU 1o establish the
preterred reference torm for disposal. review of the regulatorv 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 economically fcasnblc at the Nevada Test Site
(NTS) and the Hanford Site. .

The preferred chemical form. retersnced in this study. tor DU disposal gshranium
oxide (i.e.. U,0y).

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

The cost to dispose of the cizrrcnt inventory (June {992) of UF, as U,0, ranges from
a low of $3.4 billion ($9.50/kgU) to a high of $10.9 billion (5$30.19/kgU). -

The cost to dispose of the UF, as uranium metal is estimated to be more 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.

i
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EXECUTIVE SUMMARY

The Depantment of Energy (DOE;. Otfice of Environmental Restoration and Waste

' \laraqcmem has chartered a srudv to evaluate alternative management strategies tor depleted

granum LUy currently stored 1s <trategic reserves throughout the DOE 'omple\ Ore potenual
management strategy. and the tocus of this study. 1s disposal of the DU at a DCE ur commercial
disposal tactlity - 'This report 1s in no way declating these DU reserves a “waste.” but is

mlcndcd 10 provice baseline data for companson with other manaszemcm options for DL

\amrallv occummz uranium consists pnmmly ot (hc stablc -sompc U- 38 wuh only about

-0 7% being the fissile isutope.U-235. The U.S. government has been enriching uranium since
“the 19405. witially for military needs and later for fuel tor commerc:al nuclear power plants.

The ennchment process involves 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 fi.e.; DUY 15 typically 99 80% U-238 and 0.02% fissiie U-235.- Virnually

alt of the DU tails from the enrichment plants have been saved 4s a resource 1n :he torm of solid
UF,. : GOE currently has a DU inventory.of about 402.000 me.zic tons of uranium tMTU). the
majority of which is located at three gaseous. diffusion plams (GDP<* 1n Paducah; KY.
Piketon. QH. and Oak Ridge. TN. As of June 1992, the GDPs were stonig 361.000 MTCU.
accounung tor abouct 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 thc costs of alternative uses of DU. Thc concluswns

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
rezuiauons at the Nevada Test Site (NTS).and the Hantora Site. both Federallv-owned and
contractor-operated. allow disposal of the DU as long as it meets the specific site waste
acceptance cruera {WAC). 'WAC. and/or disposal costs. effecuvely eliminate the potental
tor dnsposmz of the DU at commercial disposal sites. Site-specific cricenia and descnnuons
are given in Chapter S of this report.

- Because of the reactive narure of UF,, the radivlogical and chemical hazards of various DU.

forms were investigated 10 determine a suitable disposal fcrm. Based upon information

. presented in Chap:er 3 the uranium oxide U;0; has been used is the preferred reference

form [or disposal in this stuay. However. for comparative purposes. the economics of
disposing of DU as a metal was evaluated and is preseate3 in Appendix A.

The regulatory investigaton established current regulatory definitions and requicements
applicable to the UF, in storage and the disposal of U.Q,. Conclusions drawn suppon
. DOE’s histoncal reatment of the DU as a "source matenal” solely regufared under the
Atomic Energy Act tAEA) of 1954, as amended.  Addition2lly. numerous federal statutes.
_with associated regulatuonsipohicies under e cuspices of the DOE. the U.S. Nuclear
Regulaiory Commussion (NRC). anc the U S Environm=ntal Protection Agency (EPA), are

v



applicable ta the duposal of the U.O. The relevant stacutes. regulations. and.'or policies

- mdemledmChApmJ

Buelme cost estimates were estzbhshed for dxsposmg of the DL' as U,0, at the NTS and
Hanford as low-level waste ILLW) and Resource Conservativn and choven Act sRCRA)
mixed waswa (MW). These ~disposal scensnos represent the lower and upper bound -of
disposal costs at the DOE tacilities investigated. The cost estimates. range from a low of
'$3.4 billion (59.50/%gU) for direct’ LLW burial ar NTS (o a high of S10.9 billion
(530.19/kgU) for RCRA disposal ar Hanford) The cost data are broken down § in detail for
enhnmmddisponlmnomChapm&ofmism

Buzd on cum:n: couvetsion pmss wclmolo;y and esnmmd costs mocmed Mm
~ packaging, tansporting, burial, and' enviroomenmal compliance. disposal of the: DU s
U menl is more cxpcmvcthandupoaluu,o. This is due to the higher estimated cost
for initial conversion (l.e., S3. 618 for U m.eul versus 3 DB for U,0y).

Conversion cost data obtained ror the: U metal disposal scenario varied considerably and are
the most mwemm and/or semmve 10 chance

The greatest potential for mdncuon in overall chsposal cosu is in developmem uf Dew

mmmmmuwuhlommmwncommmmwmm
(t ¢., CaF, and MgF,) disposal costx.

S
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DEPLETED URANIUM DISPOSAL OPTIONS EVALUATION

1. INTRODUCTION

The Department of Ererzv .DOE). Officz of Eavironmental Restoration and Waste
Management. has chartered a study to evaluate alternative management strategies for Jdepleted
uranium «DUY currently stored throughout the DOE complex  Historically. DU has bee¢n
maintained as a srateg:c resource because of uses for DU metal and porenual uses for rurther
enrichment or for uranium oxide as breeder reactor ‘blanket fuel. This study has focused on
evaluating che disposal opuons for DU if it were considered a waste. This report 1s in no way
declaring 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

Nagurally occumng uramium consists primarnily ot the saable isotope U-233. with only apout
0 7<% being the fissile 1sotope U-235. The U.S. governmen: nas been enriching uranium since
the 1940s. inwnally for militarv needs. During the 1960s and 1970s. primary use of the ¢nriched
product shifted from mulitary applications to providing tuel 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
earichment process involves separating a feed stream of narural 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 been saved as
a resource in the ‘orm of solid UF.. Continued enrichment of uranium ore to supply tuel 0
civiiian reactor programs will increase the DU reserves.

DOE currently has a DU inventory of about 402.000 metric tons of uranium «MTUY The
majority of DOE’s DU is in the torm of UF, stored at the three GDPs in Paducah. KY: Piketon.
OH 11.e.. the Portsmouth GDP): and Qak Ridge. TN. (NOTE: The K-25 GDP in Oak Ridge |
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 presently available, DOE is evaluating DU disposal options as well as other
uses of DU.

1.2 Objective and Approach

The ubjective o this report s to provide DOE with baseline informauon that may he used
to compare the custs of dispasal with the costs of alternauve uses of DU, Emphasis has =ezn

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

1



placed on the uisposal alternatives determuned o be Wiable opuions based upon existing
environmental. polincal:public opinion, and economic condittons.  Three primary Jisposal -
options were idenufied and sudied in depth: bural at a commercial sie. bural at 2 DOE site,
“and retrievable dJisposal in vaults at a DOE swe. However. disposal ‘cost ‘estimates were
Jetermined only tor-the DOE Jdisposal sie opuons because o1 e \.urrcru lnmued ac cssnbnlu}

o of »ommcrcnal d: sposal sites tsee Section 3.2,

Ben.ause of the reactive nawure of L'F.. it has been Jssumcd rhnt th: DL must txm be
converted to a form more suitable for disposal. Based upon information preseated in Chapter 5
of ‘this réport. the uranjum oxide (U,0,) has been used as a reference 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 assumpuions in 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 (o other potenual DU management oprions-and costs.

i

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

:-probably” not start for at:least 10 \enrs smcc therc s prcsc-ulw lmle cnpabxlm‘ w uhm xhe US
to convert UF, to U,0,. e :

Tlns documcm rcpons the tollowmg rmdmcs .DOE’s current mvcmon' or Db "aumnonxcal
n-and chemical hazards of the various DU torms and the preferred chemical form for disposal.
regulatory requirements applicable to DU disposal. and descriptions and preliminary costs for
the primary disposal cases.

t4



/2. DU INVENTORY DATA

DOE’s cum:nt m\cntory of DU as of Iunc 30. 1992. s ou.cn in Tablc 1.’ whlch provides
data on quantit.es of DU stored at six different locations within the DOE complex.. representing
91 85% of DOE's total inventory of $402.000 MTU as of June 1992. The majority of DOE's
DU s currently n 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,
«534.00C MT) and represents approximately 90% of the total DOE inventory of DU. Therefore.
in an effort to develop a consistent baseline for comparison to other options that will ultimately
need {» accoumt for conversion costs, which vary depending on the initial DU form.(e.g. UF,.

L0,). 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 steet cylinders with either
10- or 14-ton capacities. The majority of the storage containers are the 14-ton vessels, which
are designated. as thin-wall ¢ylinders and coded as pressure vessels (working pressure rating of
100 psig. with a wall thickness of 3/16 in.). These cylinders curtently qualify as strong-tight
contawners” for transport of low-specitic-activity (LSA) radioactive materials under Department
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 Rldgc 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 miscellaneous 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 at the'GDPs is anticipated to increase to about 817,000 MTU (or about
1.210.000 MT of LF,). 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 considered for the disposal baseline case. Assuming that the preferred
disposal form wiil be U,0, (see Chapter 3), the current inventory at the GDPs of 361,000 MTU
of DU (or 534.000 MT of UF,) comresponds 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’.

i

b. Carl Cooley. DOE-HQ/EM-50. Personal Communication with Tim Hertzler. SAIC,
January 21, 1993.
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Table l.A

DOE Depleted Uranium [nventory as of 6/30/92-

Paducah GDP \IMES. UEA

Porsmouth GDP  MMES. UEA

Ouk Redge GDP. MMES, UEA

Wewnghéus_e Env'i Mgt Co. of

© OChwo

Westinghouse ._Elect.. Co.
Columbua

West Hantord, Defense Ops

-'ﬂ&..l'ﬂ"-'

Hex-w-Tetralluoride.

Reduction

U133 Asgssy ALY 3]

<02
N0Jlt< 050
Qliw <1
028w <0 N
060t <01

<02
0.26 10 <0.28
021w <0
0.50 10 <0.60

02410 <026
0.31 10 <0.50
<021
0280 <0.}1
021110 <034
026w <028

<0.21
‘0.24 10 <025
0.21 0 <0.24
0.28 w0 <0.31
0.26 w0 <0.28

<02l
<0t
<021
<0.21*

<01

0.60 to <0 711"

Unirradared scrap material awaiing recovery

DOE program material computer generated product
Irradiated materiat awang processing

P:duﬁh GDP Total:

Porumouth GDP Total:

Osk Ridge GDP Total:
GDP TOTAL (3%.82%):

WEMCO Total:

GRAND TOTAL .
- (91858

“‘tkm 45‘!) )
73,873 520

§9 £86.080
51.852.729
28.269 806
~.930.084
1.851.499
1.128.7133

‘ 751,960
ﬂg 412

- 230,460,812

. }9.634.868
35.299.539
20.628.143

3.583.018

. =696 0%

1.670 520
T 104.513.740

<2.750.%00
9.546.178
1.822.524
1.373.650

_— &42.558

3‘.;75&0‘
3135138

1.716.37}
1.260.313
828.196

382739

4-447.73:
3.035.850

b e 188

369.508.'68

All DU matenals Listed are from the ennching program, except those noted in footnotes b ta ¢
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Tsble 2. Projected DU Infcmory at the GDPy*

1ra_

~Fiscal Year DU forentors MTU) -Annual DU Increase (MTL)
Szpe 30, 1992 A3 eoee
993 334085 21038
Ty9d 398.979 14.396
993 AN 16.322
1996 130,192 14.391
199° 436,338 16.166
1998 462.386 16.028
1999 478.399 =~ 16.013
2000 491971 13,572
200t 506.984 15.013
2002 322.093 15.109
2003 538.261 - 16.168
04 354,733 16.+94
2003 572.005 17.250
1006 339.699 17.694
2007 . 606,449 16.7%0
2008 624.162 {7.713
2009 638.554 14.392
2010 651.079 11,525
201t 660,901 9.822
2012 674.318 13.417
2013 689.736 15.418
2014 706,280 16.544
2015 TN 16.491
2016 738.445 15.674
017 “34.578 15,933
2013 770.512 16.134
2019 786.142 15.630
ro 301.773 15.631
2021 317.403 15.630
\
3. Asaresultofthe Energy Policy Actot 1992, 1013 emeucd that Jepleted uranium generated mer July 1, 1993 will

- become the responsibilicy of the U S Enrchment Curparanon.
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3. RADIOLOGICAL/CHEMICAL H,’&ZARDS OF DU

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

o " they arfect the choice of management options for DU There are two rcla(cd aspects to this

dxssumon (1) hazards assoctated with handhing: DU ior uisposal and 2 1 the benavior of

-uranum in the environment The dxrfercnce: m environmental behavior ot 'hc vartous cnenucal

torms of uranium are ot carucular 1mportance smcc they prm zde 3 basts for <el¢ctmz the
vpumum chemical form for gisposal. :

The a*ceptabllm of any dxsposal method for radioactve materials. including DU. must be
demonstrated using a detailed “performance ‘assessment.  These assessments must ‘include a

" siee- spccmc pathwa)s analysis to estimate potennal radiauion doses to tnadvertent intruders and
_otf-sute membcrs of the ccncral public. * These analyses are requited whether ‘the radioacuve

material is disposed of as low-level radioacuve waste ina commcrcnal tacxhty undcr 10 CFR 61
or at a DOE faciluy under DOE Order 3480. 2.—\

In euher case. the periormance oblccme< for the disposal method are uctmcd by himits on

the putenual annual radiauon dose of 25 mrcnu vear to any member of the zeneral public trom
all pamwavs. In addinon. any disposal site must also meet the rcqmrcmcms of the Clean Air
" Act1CAA) and the Clean Water Act (CWA). These limits are 10 mremyyear by atmospheric
‘pathways and ‘4 mrem/year by the drinking water pathwav. The required analyscs include
- detailed modclmg of releases from the dlsposal facility; transport through the énvironment by
B .axr. surface water, groundwatcr. and the food chain; and doses-to’ people from -inhalation,
- ingestion. and cxtcmal exposure, Typxcally the time period for wl'uch these estimates must be
- made is quite long, up to 10,000 years t'or some assessmcnts '

In addition to radxolosncal hazards. there are two catceoncs of chemical hazards of concern
in DU Jisposal. First. some chemical forms of uranium are sutficiently reactive rhat they can

© present hazards while handling 7or storage or disposal. Secondly. torail cumpounds ot uranwum.
thc ootennal nsk rrom chemical toxicity 1s equal to or greater than (hal from radlotoucuv

" The "relatve - pcnormance of dlftcrcnt Lhcmxcal ‘forms™ of - DU. thelr'nazards and

"~ environmental behavior, may be evaluated in a quahtauvc manner without conducnnsz detailed

analyses. The relative hazards of handling'for disposal can be determined directly from the:r -

.chemucal properties  [heir behavior in the environment is much more difficult to anticipate but
"dara are ava:lablc to support selection of an opumum chcmxcal form for dlsposal

| 3.1  Hazards Affecting Dlsposal »\ltematwes

‘The 'adnolooxcal and chemical toucntv hazards assocxatcd with thc Isotopes and chem:cai
characeer stics of DU are Jiscussed below \udmonallv the behavior of thevarious forms .«
DU in the environment are’ presemed i Section 3.2, This information estaoiishes. »n 2
qualitauve basis. the rorm of DU least toxic 0 man and the most stable 1n the eavironmen
Combining this information with the rcaula(on requirements for dxsposal of DU ‘provides the
basis ror determining the preferred chemical torm for disposal.

H



111 Radiological Toxicity of DU

The radiological hazards of DU are a consequence of the properties of three 1sotopes of
uranum:  U-238, U-235. and U-234. The relauve abundances of these three isotopes in._
naturally occurning urantum are 99 27% (U 38).0.72% (U-235). and 0.0057 % (C-254). Their
abundances in DU varv somewhat but are typically 99.80% (U-238), 0.20% (U-235). and
0.0005% 1U-234» Uramum enriched in U-235 can sustain a nuclear chawn reaction (i.e.. “go
:ntical™ under certain conditions of geometry and the presence of neutron moderaung materials
such as water DU 1s safe against cniucahity under all conditions.

The daughter products of these isotopes of uranium are also radioactive and form “decay
chains™ that contain many possible radionuclides. Uramum ore and its concentrates can contain
a large number of these radionuclides mcludmg some, such as Ra-226. that prcscnt significant
radiological hazards. Howcvcr the producuon of DU by gaseous diffusion results in cssennally
pure uranium wuhout any decay products. Subsequent decay of initially pure uramum causes

ingrowth” of decay products :

The 1ngrowth of decay products in a senal decay chain depends on the rate of decay of the
parent radionuclhide into its daughter product and the subsequent decay of the daughter producr
into other radioactive nsotopes 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 prcdcccssor 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 producc a sigmticant radlolomcal hazard for tens of thousands of years,

Therefore. the only radionuclides that occur in sufficient abundance to have an inibacr. on:
radiologtcal 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 to their maximum

- concentrauion. Thereafter, they will be produced by decay of uranium at the same rate as they

dccay so their concentrations will remain constant. The radiological propcrtxes of these uranium
isotopes and decay produn:Ls are prescmcd in Table 3.

“The radiological hazards of any radxoacuvc matcnal are pmpomonal 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 Cures) per
umt of mass (in grams). Radionuclides with longer half-lives have smaller specific activities.
Because of its very long half-life. U-238 has little radioactivity per gram. [n contrast, Ra-226
with a half-life of 1602 vears has a specific activity of 1 Ci‘g. The specific activities ot various
mixwres of uranum 1sotopes are presented in Table d.

There are somc beta and gamma emissions from the isotopes of uranium and their decay
products that require control in the work place. However. the external radiation hazards
associated with uranium handling and storage are generally not a major concem. Whether 1r

‘.\./’
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" Table 3. " Radiological Prdpmies of pijnliiuin lso'topes- and Decay Products

Radionuclide Half-hife Principal

: Radiation Types
L-238 45x10° years  alpha
U-235 7.1 x 10" years alpha. gamma
U234 2.5x10° years  alpha
Th-234 (from U-238) 24.1 days beta, gamma
Th-231 (from U-235) 1.17 minutes . beta, gamma -
Th-230 (from U- 239) 8.0 x'10° years  alpha.’ gamma
-Pa-234™ (from U-’38) 25.5 ‘hours beta, gamma ,

Table 4. Uranium Specific Activities

Mixrure %U-235 Specific Activity
(Cilg)
Pure U238 0 T
Depleted 020 4 x10°
Narural 0.72 7 x107
Enriched 2.0 1 x1o*
Enriched 20 9 «x10* ‘\A

the work place or in the environment. Lhe radxolog;cal hazards from DU arc pnmanly due 10
alpha particle emission. This means that the internal radiation dose from ingestion or inhalation
-of uranium’compounds is the limiting hazard undcr almost all circumstances.

How inhaled or ingested matcnals will bc distributed and fetained in the body depends on
Therefore. ‘radiation doses are different for inhalation-of different
chemical compounds of uranium even when the amount of radioactivity inhaled is the same. The

their chemical properties.

3
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less soluble chemical forms are retained in the lungs for a longer period of ume and dre able o
Jeliver 2 greater radiation Jdose than the soluble forms which clear from the {ungs more rapidiy .
Three inhalation classes have been established  Uramum compounds such as UF. are rapidly
absorbed from the lung and have been assigned to class D with lung retention nmes in days
Less soluble compaunds such as LO- and UF, have been assigned to class W wuth lung retentien
umes 1n weeks. Highly insouble uramum oxides such as L0, and U.O, have been assigned
<lass Y w:th lung retentton tmes in vears.*

The soluoihty classes tor various chemical forms ot uranum are histed in Table 5. This
table also lists the air concentrauons at which continuous exposure to DU wll resultin radiation
Jdoses that exceed the annual occupational limit.* For mixtures of uranum 1sotopes with higher
specific acuviues 1i e., greater ennchment of U-235), the limiting air concentrations tor
radiowoxicity would be more restrictive. L

“For ingestion of, uramum. radiation doses are also ditferent for different chemical
compounds Of uranum even when the amount of radioactnity 1s the same.. The less soluble
chemical forms are caken up by the Kidney in smaller arcaunts than are the more soluble
compounds.® Table 5 lists the voncentrations of different chémical forms of DU that would
result 1 the EPA dnnking water radiaton dose limit of 4 mrenu vear. '

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

Lxmumg Air Concentration Limuting Water Concentrauon
Chemica Chemotouicizy! Radiofoxismy” Chemotoxicuty” Radiowwiem”
Compcund  Class 1mg m*) pCiimé)  tmgrm®) tug:Ly 1pCifly  wpgrls
1.0, ¥ ) 63 g9 047 £ ™ 530
3,0. Y ) 68 , 139 )47 60 220 350
LF, w 028 270 0.68 60 n s
Lo, w 0.28 270 "0.68 60 .22 §5
UE, D 0.07 510 1.35 60 s

3 {nhalaton solubility classes established by the Intemational Commussion on Radiological Proteciion.
; Atr concentration at which constant exposure results 1n a steady state kidney burden of 0.330 mg «about
. »g-2 of kidney ussues. The ISHA occunational lumit for contnuous expasure 1s 0.05 mg.m- based
-sr chermcal toxicity ' ' '

Arr concentraton at which constant exposure results 1n a radiation dose equal to the annual eccupanonat

e of § -emevear  Conaversion trom pCrm: t0 mg m* 15 based vn 3 DU sDecIic acuvuy g 2 .0

iy

SHER
Jd E-oposed EPA »tandard tor naturally occurnag uramum n danking s ater based on chemucat o\
Drninking water concentration which would result 1n an annual Jose equalling the EPA driing aater
standard of 4 mremuyear. Coaversion from pCr'L to ugrL is based on a DU specific acuvity of 4 1 in

C1g. 32 BEHAVIOR OF URANIUM IN THE ENVIRONMENT
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3.1.2  Chemical Toxicity of DU

His® izally. the chemical toxicuy of uranum has been a primary concern in establishing
octupat: . and environmental himuts tor DU. [noccupational situations. uranium 1s considered
only shy: [ less wxic than fead.” Table 6 indicates the relauve toxicity of uranium and other
metats.” The thresheid limit value. (TL\) m air for occupational crposures IS uscd ncre for
purpoces ot \.ompanson

~ Cranium 1s toxi¢ to the kidnevs and high exposure to soluble compounds can'result in renal
mjury A concentration of about 1 ugrg of kidney tissue has been used as'a guideline tor
controlling the chemical toxicity of uranium. Since the average adult male has a kidney mass
: or about .wO g. thxs 1S equxvalcm o a total kxdnev burden ot 0 350 mg.

- ‘Table 3 lists the air concentration at whxch conStan( exposure rcsults ina sready state kldnes
“burdén of 0.330° mg ‘for various chemical forms of uranium. The dnfcrenccs among the
- chemical forms listed are atmbu(able to thetr relauve solubilities and the degree 0 w hich they
are taken up by the kidneys. The Occupational Safety and Health Admunistration (OSHA
_ standard® for conunuous 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 3 also
fists the proposed Envirorimental Protection Agcncy (EPA, drinking wate: 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 chernical and radiological toxicuties of all compounds of uranium are zeneraily
of the same order of magrutude. Table 5 ailows a comparison of the radiological and chcmu.al.

Table 6. Threshold Limit Values In Ail; for Selected .\Ieu;Is

TLV-TWA?® TLV-STEL® |

Metal - ' tmg/m’) _tmg/m’) "
Cranium 0.2 ' 0.6
Bervllium 0.002 T -
Lead - BEORE o 0
Arsenic ' : 02 ‘ : ' ._ -

\Mereury D I35 ‘ -

a. Threshold Limut Value - Time Weighted Average
p. Threshold Limu Value - Shont Term Exposuss Limit
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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
limits are high. chemical toxicity 1s limiung for the. more soluble compounds and radiotoxicity
is limiing for the insoluble compounds. This s because insoluble compounds are retained by
the lungs for a longer period of time and result in higher radiation doses. In environmental
siuations. the reverse 1s true because drinking water is the primary concern and radiation dose
limuts ‘are very restrictive. Thus chemical toxicity is limiting for insoluble compounds and
radiotoxicity is limiting for the soluble compounds.

The envxronmcntal behavior ot‘ the various compounds of uramum is comrollcd bv their

' ph)su:al and chemical properties. The complevuy of uranium chemistry and the strong influence

of site-specific conditions make prediction of precise environmental behavior extremely difficulr.
In general. however, the more reactive compounds and the more soluble compounds have the

~ least desirable. behavior in the environment. Table 7 lists the physical properties of selected

uranium compounds.*

Of the compounds listed in Table 7, UF, is the most rcactiye.‘ It 1s a solid at standard
temperature and pressure, but is volatile and sublimes at 56°C. It reacts with water to form

* soluble 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,O, in air at ambient temperature. U, O, is the most inert chemical

Table 7. Physical Properties of Selected Uranium Compounds

Chemical Melung point Densitv (grem*) Solubility .
Compouynd (%) Crvstal . Bulk Water, neytral pH
CF, 64 4.7 4.6 Soluble.
' Decomposes to
} : UO.F.
UF, 960 6.7 20-45 Very slightly
: soluble
Lo, Decomposes to 7.3 1.5-4.5 [nsoluble
U,0, when
heated
C;04 Decomposes to 8.3 1.5-4.0 Insoluble
UO, ar 1300 _
Lo, 2878 1.y 20-50 Insoluble

U 1132 : 19 1 190 Insoluble

B
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tform of uranium: tt has low fchemxcal reactivity and low solubility. All other forms tabulated
above will convert to U,0, under most environmental conaitions.'

The chcmis'trv of uranwm is quite compler: wanium can exist in valence states of 3.4.5.
or 6. Lramum in the environmenr commonly exists in one of two chemical states: the

* oxidized -6 valence state and the reduced +4 valénce state. Hexavalenr uranium (U°°)
' Lompounds are krown to have significantiy szrcater ‘solubility and are much more mobile in the
‘environment than tetravalent (U ™) compounds Typical solubilit; hmus in ‘groundwater of

neutral pH are in the range of 6 x 10' me for hexavalent ccmpounds and 7 X 10° mgIL for
the tetra\ alent oxides of uranium.”

Solubilltv 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 cocfﬁcxcm. Ky The K, is a measure of how "
' uzhtly bound a compound is to individual soul pamclcs A hlgh K, indicares a compound that
* remains’ assocxatcd with soils and’ scdlmcms in the ‘environment -and ‘is ‘not casily- moved by

groundwater. A. low K, indicates a compound that can be expected | 1o move rapidly ‘through

" - ‘groundwater systems to become available for later uptake by plants, animals, or people. {Table 8

presents several measurcd v: . .of the distribution coefficient for hexavalent and tetravalent’

_uranium 1n differeat soils.® Thcsc 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 requu-cd 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
to 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) environmental
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,0, is one

Table 8. Range of Measured Values for Uranium Distribution CoefTicients

K, (mL.’g)A Conditions -
62.000 .  Siltloam. U™, pH 6.5
- 3,400 Clay soil. U, pH 6.5
2.000 Clay soil, U0~ pH 10
300 Clay soil. UO~*. pH 5.5

3 Limestone, UO’- pH 6.9

12
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of the best choices for a final form, It is chemucaly stable. insoluble. and of low foxicity in
drinking water—desirable propertes tor shallow land disposal. ‘Thus choice of a tinal waste form
parallels the pracuce currently being xollou ¢d by the French 1n converting their depléted uranum
hexatluoride o U-O, for disposal - * s

[n addition to the toucm aspects of the various forms of DU. csrablxshed rcqulalon criteria
restrict certun forms of DU from disposal. As previously stated. UF, 1s reacuve when exposed
to moisture. Reactve waste forms are specifically restricted from disposal by the Nevada Test
Site 1NTS) and Hanford waste accepance criteria (WAC) and DOE orders. [n addition. finely
divided DU metal is pyrophoric and is restricted from disposal by sue-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 quahtanve asscssmcms in Sccuons 3.1 and 3.2 and specific. regulations
restricting various forms of DU from disposal, the rcmamdcr of this report. will evaluate the
general requirements and-costs for the disposal of DU as'C.0.. However, the chawee ot U.0,
as the referenced waste form n this study Jdoes not preclude the disposal of DU in another
formis) (¢.2.. UO.. U metal) if 1t can be shown.to be eavironmentally stable. auccpmblc per all
~ regulatory critena. and more econonucal.
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Prior o 1954, nuclear Lenergy activities were larszcly contined to the lcdcml government.
The AEA amendments of 1954 encouraged private commcrcml firms to enter 1nto the
development and utthzatuon of nuclear 2nergy tor peaceml ‘purposes by allowing non-federal
ownership of nuclear production and utlizatton actlities tf an operating license was obtained
from the Atomic Energy Commussion (AEC). Licensing rcqulrcmcms tnow controlled by cuhcr
NRC or states that have formal agreements with NRC to assume regulatory authoruy) are stitt

.apphicable to the dispesal of DOE's DU in commercial disposal sites. Any DU t..rqctcd for

disposal at a commercial LLW disposal site must satisty all requ:rcmems and condmons
specified n the site’s radioacuve matanals license. Site: spccmc hccnsc rcquucmcms ror
existing commercial faciliues are discussed further in Secuons 422 and 5.2. '

Of even greater importance to DOE's management of its DU. 1s the fact that souce material

qas previously defined) is subject to regulanon under the AEA. Secton 61 of (he AEA as

amended, gave the Atomic Energy C’ommxsswn the followme nuthomv
" The Commxssxon mav de(crmmc from ume o ime that othcr matenal ] ‘source
material 1n addition 1o those . spccxﬁed in the definition of source matcnal ‘Before -
making such determmauon. the Commussion 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 material is in the interest of the common defense and s¢ curuy
and the Prcsxdcm must have c(prcssly assented in writing to the detcrmmanon

As a result. the Atomic Energy Commission promulgatcd the followmg rcgulatoxv definitions
in 10 CFR § 40.4:

Sourcc material means: (1) Uramae-- or thonum or any combmauon thereof, m any

. physical or chemical form or (2) ores which contzin 3y wcxght one-twentieth of ‘one
percent (0.C5%) or more of: (i) Uranwm, (ii) thorium or (iii) any combmauon 1hcrtot
Source matesial does not include special nuclear matenal

Sy

. Depleted uranium means the source matcrlal uramum in which thc xsotopc uraruum-"35
15 less than 0 711 weight percent of the total uranium present. Dcplctcd uramum docs
not include special nuclear material.

Consxstem with these definitions, DOE has historicaily treated DU as sourqc matcnal 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 solcly under AEA jurisdiction if disposed of as LLW waste
at.some point in the future—i.c.. subject o DOE ordcrs at DOE disposal sites and subjcct to
NRC licensing critenia at commercial dnsposal sites. This assumption may not be valid in the
future. based upon recent dcvelopmems within the hazardous. waste regulatory arena, as
discussed in the following section.

4.1.2  The Resource Conservation iihdeecover_v' Act

In 1976. Congress remodeled a law that pnimarily addrcssed th: dxsposal of nonhazardous
waste, the Solid Waste Disposal Act, building into it 2 major new program on hazardous waste

The new law was meant to encourage more than pollution control—Congress intended 1
\

-
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discourage the prcducuon of hazardous waste in the first place and cncouraszc ‘the dcvclopment
of advanced forms of matenal recycling and recovery. The purposes of the comprehensive new
law. the Rescurce Conscr\ ation and Reco\erv Act (RCRA). were to: protect human ‘health and

the environment. exp-dmouslv reducc or elimnate the generation of hazardous waste. and .

conserve energy and r.amral resources. RCRS. enforcement 1s the responsibility of the EPA.
whica issues regulat:ons concerning generation. (ransport. treatment. storage. and disposal of
hazardous waste tprimarily found 1n 40 CFR parts 260 through 272). However. Section 3006
of RCRA authonzes states 1o vaelop and enforce thetr own hazardous waste programs in place
of the rederal program admunmistered by the EPA. State hazardous waste programs must be
reviewed and approved by EP.. before the state is given authonty to implement and enforce its
own program, : '

In general. RCRA regulates “solid waste,” which includes both ordinary garbage generated
tn households and offices and the inore hazardous chemical wastes produced by industey. These
two categones of waste are h.ndled very differently i both the law itself .and in its
implementing regulations. Subutle D of the starute deals with nonhazardous municipal solid
wastes, which are curremlv ‘regulated almos: cnnrely bv the states -under minimal federal
guidelines. Subutle C, addrcsscs the management of hazardous waste, For a wasté to be
hazardous within the meamung of RCRA. 1t must first meer the definiuon of a solid waste. A
waste that does not meet the solid waste definition cannot be defined as a hazardous waste.
RCRA defines solid waste 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 control facility and other discarded
material. including solid. lxquxd scmxsolxd or contained gaseous material resulting
from industnal, commercial, mining, and agnculmral operations, and from community
acrivities, but does-not mcludc solid or dissolved material in domestic sewage, or solid
ot 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 § 100427))

The term “hazardous waste” means a solid ‘waste, or combination of solid wastes,
which because of its quanuw concentration. or physical. chemical- or ‘infectious
characteristics may: (1) cause. or sxgmﬁcandy_comnbutc to an increase in mortality
or 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(3)] -

In regulations implementing RCRA (40 CFR 261.4(a)]. the EPA states the following

exclusion: © “The following matenials are not solid wastes for the purpose of this part

..(4) Source, special nuclear or bvproduct material as defined bv the Atomic Energy Act of
1954 as amended, 42 U.S C. ’Oll er feq

l6




Consistent with these .defimtians and regulatory ‘exclusions. the depleted uramum

hexatluoride at the GDPs has traditonatly been managed as material that was exempt from the

regulatory junsdiction of both the federal EPA and state agencies with respect 1o hazardous
waste requirements under Subutle C of RCRA. This practice was based upon the position that
since the DU consists solely of UF. it meets the defimuon of source material and should te
reyuiated strictly under the AEA  The gaseous diffusion process ‘uses UF. contaiing 0.71%
U-235 as feed maerial - The feed materal. which amwves in ¢} inders in solid form. ts heated
;maus cviinder 0 a gaseous state and fed 1nto a cascade consisting of a sencs or comprcssors and
separauion barriers. By physical separation ondy. the cascade mcrcascs the pcrcem of C-235m
the “enriched” UF, product stream and decreases the U-235 content in the much. larger
‘depieted” UF, rals stream. Tlus latter stream constutes the DU that is currentdy stored at the
three GDPs as 2 resource, primarily because it is sull capable of being used as reed material to
produce ‘enriched uranium No chcm:cals o1 other matenals are addcd [0 the UF, during the
enrichment process or prior to storage of the depleted UF, in cylinders.- Theretorc. the DU

doe¢s not contatn any extraneous non~AE-\ material that would qualify as either a characteristic
or histed’ hazardous waste.

[n rcccn( vears. the issue of the applicabulity of hazardous waste regulations’ to DOE's UF.’
i entories in storage has been raised by the Ohio EPA. Spcmucallv concernung the DU stored
at the Portsmouth GDP 1n Piketon. OH. The Southeast District Office of the Ohio EPA notitied
the DOE in October 1990 that cylinders of DU at the Portsmouth GDP were no longer exempt
from rcgulanon as a hazardous waste under Ohio Administrative Code (OAC) 3 745-51-04.7 This
section of the Ohio Waste Management . Regulations ‘contains the solid waste’ cxclusxons
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 Wasrc Dlsposal Law, Ohlo Rewscd Codc 3734 oi(n.
does contain the follov.mg

Hazardous waste means any uastc or combination of wastes in solid, semisolid. or
contained gaseous form that n the determnation of the directcr because of its quantity,
-concentration. or physical or chemtcal charactenisucs. may: 1) cause or sigruficandy
.- .contribute o an increase in senous “irreversible or mcapautaunsz reversible lllncss or
. 12) pose a substantial present or potental hazard to human health or safcrv or to the
environment when |mpropcrlv stored. treated, transportcd 'disposed of. or, Otherwise
. managed = Hazardous waste includes any substance identified by rcgulauon as
. hazardous under the Resource Conservanon and Recoverv Act of 1976. 90 Stat. 2806.
42 U.5.C..6921, as amended. W&M&mﬂ

‘Atomic Eng;gz Act of 1954, 68 Stat. 919 42 US.C. "OIL

¢ Joe La Grone. .\IanageerO‘i‘. Oui Ridge Operaucns. letter to Richard Shank. Dizector Ohie
EPA. dated October 29, 1950. '

d. Donna Goodman. Inspector Ohio EPA Division of Solids & Hazardous Waste \Iananement
tetter te & W. Gillespie, Site Manager U S. DOE Portsmouth. Ohio. da(cd September 27, 1990
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The DOE responded 1n an October 29. 1990 letter from tne managcr of the DOE-Oak Ridge

Operauons to the Director of the Qhio EPA." - sfaung that. "The cylinders of depleted uranum -

are exempt from requlauon because uranium hexafluoride is “source material® under the Atonuc
Energy Act of 1954, as 1mcndcd In an auached regulatory analysis. DOE's position was
supported by citng the statutory and regulacory defimtions and exclusions within the AEA.
RCRA. and the Ohiv Revised Coue. Additionally. the analysis contained the followiny:

‘Source marerial clearly 1s a substance that 1s subject 10 the AEA. Theretore. depleted
dranum. ha\.mz been denned ty the Atomie Energy Commussion 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 to requlation
as a hazardous waste. because the depleted uranum is not mixed with a RCRA
hazardous waste. There 1s no other material, waste or otherwise, in the. storage
ulmder of uranium hexarluoride.

USEPA announced its mixed ‘waste policy in the M on' July 3. 1986
(151 FR 24504). Thar policy and subsequent clanfications issuea by USEPA indicate
that USEPA 1tended to regulate as ‘mixed wastes™ those radivactive materials thiat
become muixed with a non-AEA material that «s a hazardous waste. Radioactive
materials. such as the depleted uranium stored at our Portsmouth facility, 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 Wasre, 52 FR 11147.

In summary. the UF, tils qualify as “source material™ under the AEA. Source
materials are exempt from regulation under RCRA and Ohio law by statute. USEPA’s
“rmixed waste " policy does not apply to depleted uranium. because this material has not
veen mixed with a iisted hazardous waste or non-—\EA material which exhibits a
hazardous waste charactensuc.

This issue remains unrcsowcd On/J anuarv 13. 1993. the Ohio EPA retterated their position
to DOE that UF,, n their. vxew was a radioactive mixed waste rcgulated under Chio hazardous
waste aws because it, quallﬁcs as a discarded material/waste and is not excluded under any
Atomic Encrgy Act exemption or. the Ohio Revised Code 3745-51-04.* The DOE Office of
Chief Counsel in the Oak Ridge Operations Office is currenty handlmg the legal analysis and
negouations conccmmg this matter., The outcome of this legal action may greatly impact any
future disposal options for DOE's DU. If the depleted uranium hexafluonde is ulumately
catsgorizad as a hazardous waste. disposal requirements for DU may become much more
complicated. D.sposal in a RCRA-permutted factlity and compliance with RCRA land disposat
restnicttons and trearment levels mechods. depending on the hazardous waste designation. would
then appiv It should be noted that the states of Kenrucky and Tennessee have not vet raised
sinuiar tssues ror the DU stored at the Paducan and Oak Ridge GDPs. respectuively

¢. Beverly Stephens. DOE:OR Office of Chiet Counsel. Personal Communication with
Doug Nishimoto. SAIC, March 4. 1993.

i3

1rm



S
)

R . i\ o " .
For purposes of th:s report. 1t has been assumed that any disposal of DU by DOE in the
future will remain subject strictly to 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—0ct. 24. 1992) included provisions
tor amending the Atomic Energy Act of 1954 with respect to ‘DOE’s uranium enrichment
acuvites. “Speéifically. Titles IX. X. and XI of the Energy Policy Act address establishment of
the U S. Ennichment Corpcration: remedial action at ‘active - processing sites and uranium-
revitalizat:on: and uranum enrichment health. safety. and environmental issues. In summary.
these portions of the Act affect the DOE by: (1) assigning DOE’s uranium enrichment activities
10 a pnivate corporation as of July 1. 1993. (2) maintaining DOE as the responsible party for DU
generated prnior to July 1. 1993, and -for remedial action and decontamination and
decommussioning activities at the GDPs, and (3) assigning responsibility for the dcvclopmcm and
commercxahzauon of alternative ennchmcm technologies such as Atomic Vapor Laser lsoro;:e
beparauon (AVLIS) to the Corporauon :

Sections 1202 and 1301 of the Er.crgy Policy Act contain the -follo(ving:
The Con-oration [U.S. Enrichment Corporation] is created for the following purposcs:'
1. To operate as a business enterprise on a proﬁtablc and efﬁciem basis.

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

[¥Y]

To lease Depariment uranium enrichment facilities, as needed.

4. To acquire uranium for uranium enrichment, low-enriched uranium for
" - resale. and highly enriched uranium for conversion into low-ennched
‘uranium, as needed.

5. To market and sell its enriched uranium and uranium cnnchmcm and

related services to— _ \

A, the Dcpanmcntrfor 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 identifying, -evaluating, improving. and
testing alternauve technologies for uranium cnnchmcn.

7. To conduct the business as a self—ﬁnancmg ;orporatton and eliminate the -

" need for Federal Government - appropriauions -or sources of Federal
financing other than those provided in this title.
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To help maintain a reliable and economuical domestic source of uranium
enrichment services.

To comply with the laws. and regulatons pfomulgatcd thereunder. to
protect the public health, safety. and the environment.

To continue at all times to meet the objectives of ensuring the Naton's
common det :nse and security. including abiding by United States laws and
polictes concemning special nuclear materials and nonproliferation of
atomic weapons and other nonpeaceful uses of atomic energy.

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

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

3

. et ———— = - o i .

shall enrich uranium. provxdc tor uranjum to bc cnnchcd by others. or ' _
acquire enriched uranium (including low-enriched uranium derived from .

highly eariched uranium provided under section 1408):

may conduct. or provide for conducting, those research and developmens
activities related to uranium. enrichment and related. processes and
activities the Corporation considers necessary or advisable 10 maintain the

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

may enter into transactions regarding uranium, enriched uramum. or

dsnlstanmm 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 peried of. an
agreement for 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 53, 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 to provide uranium or 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 to

“section 37e, the amounts of uranium enrichment and related scrvices that

the Depantment determines from time to time are required for it to—

20
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A carry . - osidenual directions and  authorizations under
section 3+ und '
B. conduct other Deparument programs.

For purposes of this report. it has heen assumed that DOE wiil retain responsibiliey' for all
depleted uramum hexatluoride generated and in storage at the GDPs prior to July 1. 1993.
Theretore. this study uses the total DU srve..ws at the GDPs as of June 30. 1992. of
361.000 MTU we. 334.000 MT of UF. . sre:ponding to 426.000 MT of U.O, after
conversion~see Chapter 2), as a basis for the swuay cases. However. since thc ‘details of the
transyion of uranwum ennichment responsxbxlmcs are still being negotiated, the DU quanuues
used 1n this report should be considered preliminary figures tor establishing baseline projections.

. Future negotiations berween DOE and the Corporation may involve the sale of pant ot DOE $
DU inventory to the Corporation for cnnchment purposcs

4.’1;4 The Clean Air Act

The Clean Air Act of 1970. as amended 1CAA--Public - Law 91:604.
42 U.S.C 7401 ex seq.), federalized air pollution control regulations and made human health
'prou:cuon the basis for much ot that regulation. The Act was amended sxemncanuv n 1977 and
again in 1990. Title I of the Act regulates "stationary sources™ (€.g.. treatmient and dxspo;al
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 contained in Part A § 112, National Emission Standards of Hazardous Air

Pollutants (NESHAP), and Part C §§ 160-165 Prevention of Significant Deterioration (PSD)and =

Permit 10 Construct (PTC).

. The NESHAP standards for emissions of radionuclides other than radon tvom DOE facilities
- are codified in 40 CFR Subpart H § 61-92. This standard states that "emissions of radionuclides
to the ambient air from DOE facilities shall not exceed those amounts that would cause any
member of the public to receive in any vear an effective dose equivalent of 10 mrenvyr.” The
. NESHAP limit for radon emussions from DOE facilities is 20 pCum--s of radon-222 as an
average for. thc entire source {Subpart Q § 61. 192]. '

4.1.5  The National Environmental Policy Act \
The ‘Janonal Environmental Pohcy Act (VEPA) of 1969 ‘as amcnded (\IEPA-Publxc
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 to proceed with xmplcmcntauon of said actions. For all proposed
. major federal actions significantly affecting the quality of thc human envxronmcnt NEPA zalls
for a process focusing on preparation ot an environmental impact statement (EIS) and on review
and comments by the public and by government agzncies. Specifically. § 102(2)c1 of the Act
specifies that for major federal actions that may affect the quality of the human environment.
the responsible otfictal 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
impiemented.

altemmauves to the proposed action,

the reationsmp detwedn local short-term uses of man’s enviroament and the
maintenance and enhancement of long-term productivity. and

any wreverstole and irretrievable commitments of rasources that would be involven in
the proposed action should it be implemented.

Prior to making any detailed statement, the responible Federal ofticial shall consult with and
obtain the comments of any Federal agency that has junisdiction by law or special expertise with,
respect 1o any envirsnmental impact involved. Copies of such statement and the comments and
views ot the appropriate Federal, State, and local agencies. that are authorized to develop and

“entorce environmental standards. shall be made avaxlable :0 the President. the Council on

Environmental Quality and to the public.

The Council on Environmental Quality’'s regulations implementing NEPA are contained in

40 CFR Pants 1500-1508. Secuion 1500.2 establishes the policy that cheral agencies shalf to
the fullest extent posnble

1.

[

L
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Interpret and"é.dmihis.t:r the policies, regulations, and public laws of the United States
in accordance with the policies <et forth in the Act and these regulations.

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

Integrate the rcquircments of NEPA with other planning and environmental 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 affect thc quality of
the human envu'onmcnt.

Use the NEPA proccss to identify and assess the reasonable alternatives to proposed
actions that will avoid or mimmze adverse effects of these actions upon the yuality
ot the human cnvu'orunem

Lse all pmcucable means. consisient with the requirements ot the Act and other
essential considerations of national policy. to restore and enhance the gquality of the
human environment and avoid or minimize any possible adverse effects of their actions
upaon the quality of the human environment.

hla
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For this study costs tor preparauon of the rcqulrcd envu'onmcmal documentation have been
included 1n Chapter 6.

4.2 Dlsposal Reoulatlons

This section dcscnbcs the DOE orders and NRC regulations currcmlv appllcab!e to DU
disposal. The DOE orders are primarily integrated into DOE disposal site operations through
their sue-specific WAC requirements and radiological performancc assessments.  The
radiological performance assessments for DOE- dlsposal sites discussed in this report are still in
the draft phase, although some changes have already been mcorporatcd into - thesrr WAC
requirements based upon preliminary results of the performance assessments, When these
pertormance assessments ace finalized and approved, additional changes can be expected in the
site-specific WAC requirements. NRC regulations are applicable to commercial dxsposal sites
and are lanzely reflected in the radtoacuvc matenals lxcenscs for such snes '

Thc followmsz secrions discuss the general’ reqmrcments spccnﬁcd in DOE ordcrs and ‘NRC
regulanons. The site-specific requirements that are in place to comply with'these ordcrs and
rcgulauons are discussed for each individual disposal site in Chapxcr 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 III.  As prescribed in this DOE . Order, the disposal technology is
required to meet thc following performance objectives (spccxﬁed under paragraph Ja).

1. .Protect public health and safery in "accordance wuh standards specified in
apphcablc EH orders and other DOE orders.

Assurc that external exposure to the waste and _concentrations ‘of radioactive
material that may.be released into the surface water, gmund water, soil, plants
and animals results in an effective_dose equivalent that ‘does not exceed

- 25 mrcm/yr to any member of the pubhc Releases to the atmosphere shall meet
the requirements of 40 CFR 61. Reasonable cffort should be made to mainain
releases of radioactivity in effluents to the general environment ‘as Iow as is
reasonably achicvable.

to

3. Assure lhat the committed effective dose equivalents received by individuals who
inadvertently may intrude into the facility, after the loss of active instirutional
control (100 years), will not exceed 100 mrem per ) vcar for continuous cxposurc
or 500 mrem for a single acute expaosure.

1. Protect ground water :csdv‘fccs."Téonsistcnt with Federal, State. and -local
requirements. ' o C
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Addittonally, DOE 3820.2A. Chapter 111 spccxtles that DOE disposal sites must maintain a
site-specific radiologtcal performance assessment dcmonsxranm compliance with these

oerformance objectives (under paragraph 3b) as tollows:

1

]
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The preceding requirements and specifications are szenerallv reflected in the WAC prcpz;rcd by
each DOE disposal site in accordance with paragraph 3d of DOE 5820.2A, Chapter 3, as

follows:

1.

tJ

Field orgamizations with disposal sites shall prepare and maintamn a site-specitic
radiological performance assessment for the disposal of waste for the purpose of
demonstraung compliance with the pertormancc objectives stated in paraszraph 3a.

Each field oroamzauon shall, for each DOE reservation within 1ts cognizance.
prepare and maintain an overall waste management systems pcrtormance

assessmenit supporting the combination of waste management practices used in

generation reduction. segregation, treatment, packmmz storage, and dISposal

Where practical. monitoring measurements (o evaluate acmal and prospccnve=
pert-rmance should be made at locations as required, - within and outside each
facility and disposal site. Monitoring should also be used to valldate or modify .
the models used in performance assessmcms.

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.

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

Generators of waste shall implement a low-level waste centification program to
provide assurance. that the waste acccptancc 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.

A

Generator low-level waste cenification programs shall be subject to a perodic

_ audit by operators of facilities to which the waste is sent by the generator.

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

Al Allowable .. quanuties;concentrauons of specific radlonsotopcs o 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
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E Restrictions an the generation of harmtul gases. vapors. or liquids n
waste:
F. Chemical and structural sability of waste packages. radiation e!tects.
microbial acuvity. chemical reactions. and- moisture:
G Restrictions tor chelaung and complexing agents having the potenual for
mobilizing radionuclides: and
H. Quanaty of t’ree lLiquids.

The DOE orders that ensure compl:ance with the procedural provnswns of \EPA are as
follows:

DOE 5400.1. Gcncral Envnronmcmal Protection Program of 11-9 88 which
establishes environmental protection program requirements.. authorities. and
responsibilities for DOE facilities to assure compliance with all applicable chcral
State. and local environmental protection laws and rcszulauons

'Secrctarv of Encrszx \oucc SEN 15- 90 Nation.! Enwronmenzal Polu.\ Act. of

2-5-90. which expresses certain Secretarial policies and goals. :md commus ‘DOE 0
full compliance with NEPA.,

10 CFR Part 1021, DOE National Environmental PolicyiAct Implementing | Procedures
(DOE NEPA Regulations), which establish Departmental procedures for implementing
the procedural provisions of NEPA pursuant to 40 CFR Pants 1500-1508. These

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

DOE 5440.1E. Nartional Environmental Policy Act Cbmpiiancc P?oéram of 11-10-92,
- .which estabiishes DOE responsibilities and procedures to implement the Nauonal
' _Envxronmcmal Policy Act of 1969.

DOE 5400.5. Radianon Protection of the Public and the Emtronmem contains the primary
DOE standards for the protection of members of the public. This Order rcplaccs 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.

ina year. an effective dose equivalent greater than 100 mrem. These limits applv tor
all exposure modes.

The airborne etfluent pathway shall not result in any member of the public recerving.
in a year. an effective dose equivalent greater than 10 mrem 140 CFR 61).

An annual effective dosc equxvalcm of no more ;han 4 mrem shall be receiv: ed by any

person through ingestion of water from a drinking water supply operated by or for
DOE (40 CFR i41) :
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Radioacuve materials n liquid etfiuents released from DOE tacilities shall not cause
public or private drinking water systems downstream of the facility discharge o result
in any member of the public receiving an annual dose equivalent exceeding 3 mrem
to the whale body or to &::; ‘rzan (40 CFR 141).

4.2.2 NRC Regulations

NRC regulations are pubhished under 1O CFR Parts O to 199 The DOE and its prime
subcontractors are. wn most _tnstances. exempt from the requtrements for 4 [license
(10 CFR §§ 30.12. 40.11. and 70.11}. Disposal of DU/low-level radioactive waste by the DOE
at its own facility would. therefore, not be subject to NRC licensing. However. disposal of
DOE’s DU at 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 radioactuive materials license
1ssued by either the NRC or an "Agreement State” dclezated authomy by the \IRC )

Regulations in 10 CFR 61 establish the procedurcs criteria. and terms and conditions upon
which the NRC issues licenses for the larid disposal of radioactive wastes containing byproduct.
source, and spccxal nuclear material received from other persoris. 1Disposal of waste by an
individual licensee is addressed under 10 CFR 20.) Per 10 CFR'§ 61.59. disposal of radioactive
waste received from other persons is permitted only on land owned in [¢e by the Federal or a

- State government. An application to receive, possess, and dispose of wastes conuaining or

contaminated with source. byprodict, 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 procedures for compiving
with § 102(2) of the NEPA.

Extenswve technical analyses. ncluding pathway analysis. inadvertent intruder protecton
analysis. worker protection analysis. and long-term disposal site stability analysis. are required
n the permut application to demonstrate that the disposal faciiity will meet the Commission’s
performance objecuves. The technical analyses must demonszrate that the land Jisposal facilic:
will be sited. designed, operated. closed, and controlled atter closure so- that exposures (o
humans are within the limits specified below:

Concentrations of raJioactive material that may be released to the general 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 to the
thyroid. and 25 mrem @ any other organ of any member of the public
(10 CFR § 61.41)

Design. agerauon. and closure of the land disposal racility must ensure proteciton
any individual 1nadvertently intruding nto the disposal site and occupying the sute oz
comtacting the waste at any time after active instiutional controls over the disposal ».te
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, (o the extent practicable. the
need for ongoing active maintenance of the disposal site following closure so that only
survelllancc monitonnz or mmor'custodial care are required. (10 CFR § 61.44) :

If the: applxcauon is approved. a radioactive materials license is issued, whlch in most cases
_‘specifies maximum quantities or concentrations of radioactive materials allowed in the waste and
‘condmons for authorized use: packaging: waste form: receipt, acceptance. and mspecuon of

‘waste: burial operations: site design and construction: cnvnronmcntal momtormg and survcyma.

and financial assurances.

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



5. DISPOSAL STUDY CASES INVESTIGATED

This chapter préscnts information un the current status of the disposal options sites thar were
investigated. Attention was pnmanly focused on existing disposal 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 secuon. Emphasis has been placed on the NTS because its economic and
hydrogeologic factors are more favorable than those of the Hanford Site. [nformation 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 daia are
presented 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 Management, Reynolds Electrical and Engineering Co, Ir .,
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, Certification, 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 65 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 it was
established in 1952, the primary mission of the NTS has been to serve as a proving ground for
the testing and development ot nuclear weapons. Through 1987. there were in excess of 683
2nnounced nuclear detonations at the NTS. All tests conducted at the NTS since late 1962 have
been below ground. with a total of 84 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

a8
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ﬁg‘un 1. General Location Map of the Nevada Test Site (DOE 1989)
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Waste management acavities were smniated 1 1961 to dispose of low-level waste produced
by the DOE weapons testing program. Disposal acuvities have expanded trom the original
burial ot atmesphesic weapons (esung debris. and today the NTS serves as a major disposal
facility for low-level radioactive waste gensrated by numerous nstallations througioue the DOE
complex  Other operations include 2 storage facility for transuranic waste from Lawrence
Livermore Nauonal Laboratory. Jeselopment of a mixed waste management unit. and collection
of NTS-generated hazardous waste for disposal. These operations are admimistered by the DOE

Nevada Field Office. and performed by Revnolds Electrical & Engineering Co.. Inc. {(REECor.

Waste Manag=ment 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 isee Figure 2). Descripuons 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 trenchesicraters within these areas.'

Area 3. The Area 3 RWMS s located in the southeastern portion of the NTS about
13 miles north of Mercury. NV. on the northern area ot Frenchman Flat. Frenciman Flat s
one of "he three main desert basins on the NTS. consisting of an oval-shaped basin with a large
Jdry lake bed in the center with no external drainage for water. Average daily temperaures
range from 2°C in January to 24°C 1n August. Valley tloors such as Frenchman Flat 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 contains two types of disposal cells: (1) shallow land disposal
trenches and pits for low-specific-activity waste. and (2) greater confinement disposal (GCD)
~ boreholes for hign-specific-activity waste. The majority of the low-level waste disposed at (ne
exisung facilities consists of contaminated laboratory waste. soil. process waste. and construction
debris. Common radioactive constiruents 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 additional 4.600 ft' and
2.9 multion Ci of high-specific-activity waste were disposed of in the GCD boreholes.

Currently, Pit 4 and Trcnchc‘s 2. 3.and S of Area 5 are open to accept waste. Pit 4 accepts
low-level waste and is 1,000 ft long, 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 1nwal .

capacity of 243.840 (¢ and a remaining capacity of 157,143 ft’. Trench 3 is approximately
630 tt.ong. 45 ftwide. and 13 @t deep. with 4 capacity of 514.138 te. Trench 3 is reserved for

f Gene Kendall. Manager REECo Waste Management Department. Personal Communication
with Douy Nishimoto. SAIC. January 26. 1993.
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future thorium. low-level waste and 15 approxlmatcly 6.320 rt long. 100 ft wide. and 24 ft deep.
with a capacuty of 1.008.000 ft’

Pit 4 of Area § is used for the disposal of low-level waste from currently approved
generators. Pit 4 was opened June 21. 1988 and as of early 1992 was approximately one-half
full The waste 1s stacked by weight with the heaviest packages on the bottom and the lightest
an top  Waste 1s stacked within four ft of the onginal land surface and then covered with
approximately 8 ft of narural soil '

Area 3. The Area 3 RWMS s located on Yucca Flatin the northeastern section of NTS
1about 21 mules north of Mercury, NV) and covers an area of approxumately 5O acres. At
Yucca 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 appro'mnately 7 in. Depth to the
~ water table is approximately 1,600 ft.

Yucca Flat has been 1.sed extensively for testing nuclear weapons. Subsidence craters .

resulting 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 radxoacuvcly contaminated debris from aboveground nuclear
tests from 24 debns disposal sites. Packaged bulk low-level waste from offsite DOE (acilities
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. Arca 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 (c dispose of consolidated waste from the Atmospheric Testing Debris Disposal
Program until the craters were closed in 1987.

Disposal operationis 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 U3ar crater resulted from
a test detonation 987 ft below the surface in March 1963 and is 78.5 ftdeep, 610 ft indiameter.
and has a volume of approximately 22.9 million ft’. The entire U3ah/at disposal sue is
surrounded by a 39-ft wide by 4-ft high earthen runoff control dike.

Currently, waste dtsposed at U3al/at is in nonstandard continers such as sea-land
containers and bales or in bulk form. During disposal opcrauons each subsidence crater 1s
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 tier covered with 4.5 ft of soil to bring the disposal crater to grade before the closure
cap is emplaced. The mululayered cover will consist of a backfill layer. a low permcablhw
layer. a biointrusion layer to impede the intrusion of plants and animals, a rooting layer (o
support vegetation. and a final layer of gravel mulch and native vegetation.
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5.0.12 NTS Waste Acceptance Criteria

The DOE Nevada Field Ortrice estaphishes radioactine waste acceptance criteria and
requirements for waste ceriification. characterization. and transter tor all wastes rece:ved for
disnosal at the NTS. in either Area 3 or Area 5. These requirements are conmtained n the

Nevada Test Siue Derense Waste Acceptance C: rueria. Ceriricatiun. and Transper Reqmremmrs
NVQ-323. Revision 1 -

Pnor 10 new orf~suc gencrators being consrdercd for shipping waste 1 thc NTS, they must
contact DOE headquancrs to obtain an offi cial written designation of the waste as defense 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 applu.auon form
- consists Of six main parts: generator information. waste characterization program. waste stream

information. waste centification program, éxemption requests. ‘and procedurcs ard supporting
documentation. If an application 1s found to be edequate by DOE:NV. an audut will be
scheduled and the app-:cauon review comments will be discussed duning-that’audit. Waste
stream approval will be granted after the generator has demer.strated comohancc with any audit
find:ngs and any necessary. revisions (0 thc application have bcen made.

vt

. The following WAC requirements are specified in Secuon 5.5 of NVO-325 for LLW:

I.  The package closure (e.g., metal clips or banding) must be sturdy enough that it will
-not be breached under normal handlmg conditions and wxll not serve as a weak point
for package failure.

LLW disposed at the NTS shall contain as linle free ltqulds 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

- tcmpcraturc and humidity from state-of-generation to NTS.’ Packaszcs will also be
reviewed by real-time radiography pnor to packaqe ccmnc:mon '

tv

- 3. LLW must have a transuranic ‘nuclide cancentration less than 100 an/z The mass
of the waste container. including shielding, shall not bc used in calculating the specific
activity of the waste. : o

4. LLW offered for dlSpOSal at NTS shall not cthxbnx any charactcnsucs of. or be listed
- .. as, hazardous waste as xdcmnﬁcd m 40 CFR 261 or smw-ot‘-szcncranon hazardous
waste regulations.

Fine particulate wastes shall’ bc 1nunob1hzcd so (hat the waste packaszc contains no
more than 1 weight percent “of less-than-10-mictometer-diameter particles. or
15 weight percent of ‘less-than-200-micrometer-diameter particles.  Wasie ‘that s
known to be 1n a paruculate, form or 1n 2 form that could mechanically or chemically
be transformed ‘to a particulate ‘during handling and interim storage shall be
immobilized. When immobilization is impractical. other acceptable waste packaginy
shall be used such as. overpacking (i.e.. 55-zallon drum inside 83- or 35-gallen

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

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

Where pracucal. waste shall be treated to reduce volume. promote waste
minimzauon. and provide a more structurally and chemically stable waste form.
Strucrural stability can be accompllshcd by crushing, shreddmg or placing a smaller
piece inside an operung of a larger piece. such as, nesting pipes. Chemical stabifity
must be documentcd to show that significant quantmes of harmful gases. vapors. or
liquids are not generated. Wastes shall not react with the packaging during storage.
shipping, and handhng time. Where stabilization is required for the waste to meet this
waste acceptance critegia, 1t must be shown that thc stabilization process is adequately
controlled. . .

LLW conuimmng pathoszcns infectious wastes. or crher etiologic agents as detmcd in
49 CFR § 173.386 will not be accepted for disposal at NTS.

LLW containing chelaung or complexing agents at concentrations greater than
1 percent by weight of the waste t’orm will not be accepted.

PCB-contaminated LLW will not be accepted for dxsposal at NTS unless the PCB .

concentration meets mumcxpal solid waste disposal levels of 50 ppm or less.

LLW comaxmng explosive and/or pyrophoric material in a form that may
Spomancously 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. including DOE Order 1540.1. Marerials Trwzspana:xon and Traific
Management: 49 CFR § 173.448. General Transportation Requirements:
49 CFR § 175,474, Quality Control for Construction - of Packaging: and

. 49 CFR § 173.475. Quality Comsrol Requirements Prior (o Each Shipment of

Radioactive Materials.  Type A packaging shall " be dcsxgncd 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 Prograim. Type B packaging
must meet the applicable rcqunrcmcms of 10 CFR 71. Strong, tight packaging used
for shipping limited quantities” and low specific activity LLW excepted by
49 CFR §§ 175.421 and 173.425. respectively, must be constructed so that 1t will not
leak during normal transportation and handling conditions.

The quanmv of fissile radioactive matenals shall be limited so that an infinite array

of such packages will reman subcritical. This quantity shall be determined vn the
basts of a specific nuclear safety analysis. considenng credible accident situations. and

w;
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taking into account ihc actual materials in the waste. See 49 CFR § 173.451. Fissile
Maierials - General Requirements. :

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

The external radianion levels for packagcé shall not exceed 200 mrem/hour on contact

-duning handling. shipment. and disposal unless specifically excepted by DOT

tegulations. See 49 CFR § 173.441, Radiation Level Limitations. Type B containers

that will be unjoaded by remote procedures will be addrcssed ona case-by-casc basis.
- -Packages shall be within DOT contamination limits upon rcccxpt at NTS. See
49 CFR § 173.443, Contammanon Control.

The activity limits listed in 49 CFR § 173.431, Activiry Limits for Type 4 and Type B
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 -

17.

Reqmremznts for LSA Radioactive Materials, shall be met for strong. tight packages.

Wastc containing multiple hazards shall be packaged accordmg to thc level of hazard
as defined in 49 CFR § 173.2, Classzﬁcanon of Material Hawng More rhan One

wHazard

18.

Except for bulk waste, waste packagcd in steel drums, or SEALAND conuuncrs. the

"waste package (packaging and contents) shall be capable of supporting a uniformly

' distributed load of 4,000 Ib/fc. This is required to support other waste packazes and

19.

- 20.

21.

- ‘earth cover without crushing dunng stacking and covering operations.

All waste packages shall be provided wnh permanently attached skids, clcats 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.

1.2 X 1.2 X 2.1-m (4 X 4 X 7-f1) o 1.2 % 0.6 X 2.1m (4 X 2% T-f
(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/NV on a case-by-case basis.

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 a rcmovablc-top or removable-side
trailer. ~
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22, Waste packages shall be loaded to ensure that the interior volume s as efficiently and
compactly toaded as practical. 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. - N

233 Use of DOT Type A packages not previously evaluated under the DOE Tyvpe A
Package Cerufication Program will not be permutted.

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 generaior preparing
waste for prestupment storage shall take all reasonable precautions to preclude the
accurnulation of moisture on or in the packages prior to their arrival at the NTS.

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

Not all of the waste acceptance criteria listed above would be applicable to the U,O, form
of DU that may evenrually be disposed of by DOE. The only specific condition that may greatly
impact tuture disposal of depleted uranium oxide is WAC Number 5, dealing with particulate
wastes. One of the assumptions used in this study is that the U,Q, will be subjected to a
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 containers. 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
dlSpOS«‘ll 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 cerainly 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 (wtuct\ due to uranium’s
slow decay rate, becomes a concemn only after thousands of years) does not cxcccd any of the
NTS’ performance objectives (see Section 4.2.1) for radiological dose limits. .

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

h F Tom Lindstrom. 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 Hanrora Site 1s located on 600 square miles of tederally owned land in south central
Washington. to the northwest of Richland and between the Yakima and Columbia Rivers
tsee Figure 31 Most of Hanford's waste handling faciliues are !ocatcd on-a plateau in the
central poruon of the Site. in or near the 200-West and 200-East Areas.** The 200 Area plaieau,
where most of the radioactive waste is stored. ranges in elevation from about 620 1o 800 fit
above mean sea level. Average monthly temperarures range from a low of -1.5°C in January
to a hugh of 24.7°C in July. while average annual precipitation is about 6.3 inches. The water
table (i.e. the upper limit of the unconfined aquifer) ranges from 185 to 330 ft beneath the
ground surface.’® LLW disposal facilities are located within-both the 200-West and 200-East

Areas.

5.1.2.2  Hanford Waste -\cceptance Criteria

Wcstmqhousc Hanford Company manages thc Hanford Site radxoacuvc solid waste disposal
facihes for the DOE/Richland Operations Otfice.. WAC requirements are specified in Hanjord
Site Solid Waste Acceprance Criteria. WHC- -EP- 0063-3 |

Each waste generator is required to receive formal approval from Westinghouse Hanford
Solid Waste Engmcenng Analysis for the disposal of radioactive solid waste before shipping 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 approval or limited approval for shipment of the waste to
the Hanford Site. Offsite generators must submit initial requests tor a Storave:Disposal
Approval Record (SDAR) to the Waste Managcmcnt Dmsxon Director. DOE Operations 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:

Complete description of the waste or waste stream.

\
Complcu: charactcnzanon of all radionuclides and their curie comem and chemical -
data per the approved Waste Certification Plan.

Complete descnpuon of packagma containers. and retumable transport overpacks
(xf applicable).

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

Some of the requirements specified in Chapter ¢ of the Hanford WAC that are applicable
to disposal of DOE’s DU include:
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1 As a result of Hanford's preliminary sue-specific radiological performance assessment.
all LLW must be classified (immediately after gcncration 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 conlammg mixeures of
radionuclides. 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 unacceprable hazard to an
intruder after the active institutional contro} pcnod (100 years).] If the
radionuclide concentration does not exceed the valuc in Tablc 31, Column 1
of the Hanford WAC. the waste is Catezorv L

) __asxg__c_amg__l--\dodcrate and high acuvuy waste thh low to moderar.c
concentrations of long-lived radivnuclides. (This stabilized waste cannot pose .

" an unacceptablé hazard to an intruder or public health and sat‘cty for a long, .
as yet unquannfied 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 Catcgory 3.

Greater _than Waste Category 3 (GTWC3)--Waste that has radionuclide
concentrations greater than Category 3 (i.e.. exceeds the valué in Table 4-1.
Column 2 of the Hanford WAC) is not gencrally acceptablc for near-surface
. disposal and will be called GTWC3 waste to meet the iatent of DOE Order.
5820.2A. Disposal systems for GTWC3 wastes must be justified by a specific

~ performance assessment.  Additional engineered features may need to be - -

‘tncorporated into the design of the system for disposal of ‘the waste. Such
./ disposal system designs shail be supported by - appropriate environmental
documentation in accordance wuh the National Environmental Policy Act

process and be approved by the cognizant DOE operauons ofﬁce and DOE
Headquarters. .

It is cummly anucxpau:d that Category 3 waste consisting of uranium in any form will
- require grouting prior to disposal at the Hanford Site,* whue GTWC3 waste will require even
more extensive engineered features. The applicable ccucentration limits for DU are presented
iin Table 9, based upon "draft” values as of February 19 1993 which have not yet been
- incorporated into the Hanford WAC)

. Mark Wood, Westinghouse Hanrord, Personal Commumcauon with Doug Nishimoto, SAIC.
‘\darch 31, 1993.

J- N.P. Willis. Westnghouse Hanford. Draft Table {. Category 1 and 3 Concentration Limuts
Based on Intruder Scenaros. Telefax to Doug Nishimoto. SAIC. February 19. 1993.
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Table9. Proposed Uranium Waste Category Limits at Hanford

Nuglide Cg;ggg‘ v LeColump 1y Gategorv 3 «Colump 2 ~
U-234 9 1 E-03  21E+00 -
U-255 51E3 5.9 E-01

U238 » 6.3 E-03 1.4 E+00

Based upon the reported: specific activity of depleted U,O4 of 0.31 uCi/g.'® (compared to

2 the reported specific activity of 0.335 uCi/g for DU"), which translates to 0.93 <i/m’ using a

' density of 3 g/em?.’ it appears that DOE's DU would qualify as a Class 3 waste and would
probably require grouting prior to dxsposal '

2. Al LLW packages acceptcd for storage (except waste to be compactcd) at the Hanford
Site facilities shall be packaged in DOT specification 17H or 17C steel 55-gai drums,
Drums should, if pracncal 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.

. 3. All LLW packages shall provide at least two containment barriers to prevent the
i 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. 4

Plastic liners used for primary containment shall be 10 mil, nylon-rcmforccd plastic.

4. LLW conaining frcc_ 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\ritcria:

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 mrenvh at any point on the surface. For larger contact-handled packages.
normal surface radioactivity shall not.exceed 200 mrermvh.

w

6. Removable contamination on the exteriors of all LLW packages shall not exceed
220 pm 100 cm* for alpha contamunation or 2.200 dpm/100 cm® for beta-gamma
contamtnaton.

7. Acceptance criteria for any LLW with the potential to generate greater than 0.1 Wift
shall be included in the SDAR."
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consxdcrauon as discussed below.

8 Al LLW with the potenual to generate sutficient gas to pressunize the waste packaye
or to reach explosive concentratons of hydrogen .md oxygen or other explosise gases
shall be vented.

9 The internal voud space of any LL\\ package disposed at the Hantord Suc shall not
exceed 10% or the toral internal volume of the waste packaze

10 Nuclear .rmcalm satety limuts for packaqcs containing more thin 15¢ ot L -235 ulll
be determuined b» Wesunghouse Hanford Criticaliy Engineering Amhsxs on a
case-by-case basis. Packages containing less than 15 g of U-235 will no: rcqulrc a
scparatc cruticality safety anzlysts.

5.1.2.3 Hanford Site Disposal Costs

Thc dlsposal cost for offsue I_LW at the Hanford Sue 1s $58.70/f¢ of comamcnzed waste
volume 1as of 2/19/93).* This compares to a 1992 disposal rate of 576.98/ft’. ‘Beciuse the
Hanford 'waste classiticatton concentration limits for uranum wropcs havc not bccn rltuuzed
definuve disposal costs cannot currently be determuined for DOE’s DU. If, 1n fact. the DU
qualifies as ewther Category 3 waste or GTWC3 waste, additional costs would be incurred.

5.2«; * Commercial Disposal Sites

Three commemal facilities were investigated as potcnual candxdatcs for thc dlsposal of
DOE's depleted uranium:

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

However. none of the commercial disposal sie altcmauvcs were found to warrant further

\
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/ft’ (as of 3/1/93), but have been
fluctuating a great deal. The US Ecology facility has been eliminated from further consideration
because. as of Decemt.r 31. 1992. it is accepting only wastes generated by states within the
Northwest LLW Compact (Alaska. Idaho. Montana. Orcszon Ltah Washington. and Wvomm':

N P Willis. Wesunghouse Hanford. Personal Commumcauon with Doug \’wh:mcto S-\lC
Febman 19, 1993,

. N.P Willis. Westinghouse Hanford. Personal Commumc:mon with Douz \hshlmoto SAIC
Scplembcr {8. 1992. :
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.md the Rocky \loumam LLW Compact (Colorado. Nevada. and New Mexico).* (NOTE: US
Ecology's facilty 1n Bedtty: Nevada. which formerly served the Rocky Mountain regional
<compact. closed as of December 31. 1492.)

Chem-Nuclear s Barm\cll LLW Disposal Facility s located agproximarely tive miles west
of Barnwell. South Carolina. near the eastern boundary or the Savannah River Site on 300 acres
S land 134 acres ot total burial space) owned by the state of South Carolina.* This facility
1s the lesigmated Jisposal sia for the Southeast Interstate’ Low-Level Radioactive Waste
\(anaoemcm Compact 1 Alabama; Flonda. Georgia, Mississippr. North Carolina. South Carolina.
Tennessee. and Virgimar Current disposal rates at Bamwell are S60.42/f¢, with a $34it¢?
surcharge tor wastes from states within the southeast compact other than South Carolina. and
a $220: 10 surcharge for wastes from states outside the southeast compact.® Thus. the Barnwell
faciluy could conceivably accept. DOE's DU at the present time. for abour S280.42/ft’.
However, Barnwell 15 accepting waste external to the southeast compact only until June 30.
1994. and is scheduled (0 cease opcranons as of Januarv 1. 1996.° As a result. this commercial
facthity has also been eliminated from turther consideration as a ‘ootenual disposal site for DOE’s

DU. since dispasal of depleted U.O, ts not expected to occu’ for at least ten years.

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

Uranium-234: 37,000 pCi/g
Uranium-235: 770 pCi/g
Uranium-238: 28.000 pCi/g
_ beplcted Uranium: 110.000 pCirg
Since depleted uramum oxide has a specific activity of 310. OOIO‘pCiIg,"‘ the Envirocare facifity

would not currently be ablc to accept the DU for disposal. No cost data are available for this
facility. '

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

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

o. Tom Kerr. Southeast Compact Manager. EG&G Idaho National LLW Program. Personal
Communication with Doug Nishimoto. SAIC. March 12, 1993.
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6. DISPOSAL COSTS

This chapter press.. .. esumated costs tor disposing of the DU as U.O, in DOE LLW and
RCRA mixed waste (MW) disposal facilities. As discussed in Chapter 4 0. DU, in 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 addiuon to the cost of disposing

“the DU as U,0,. the costs associated with disposal of calcium fluoride (CaF.) are also included.
The CaF, s prodused when HF. generated during 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 natural uranium ore into UF,. - As discussed further in Section 6.1. the HF
1s shightly contaminated with uranium and 1s; therefore, a LLW not releasable to non-nuciear
markets. It is assumed for this study that all the HF generated during the conversion process
will be neutralized and disposed of as CaF;.- : '

Disposal costs were estimated for both the NTS and the Hanford Site to define’a range of
present disposal costs at DOE-operated facilities. This range is assumed to represent reasonable
lower and upper bounds for costs assoctated with DU disposal. The range should also allow for
increased costs in the furure. ‘For example. the current rate structure 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 Nationa! Engineering Laboratory). The impact this will have on NTS'
unt disposal cost is not known at this time; it is assumed that the cost will increase. Therefore,
the higher rates charged at Hanford could reflect the potential impact of cost increases at the
NTS in the future. ' '

‘ 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,0y: 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
($10/ft® for LLW: $36/f¢ for MW used in this study for the NTS are considerably lower than
the corresponding rates chargedat the Hanford Site- (S58.70/ft’ for LLW; $168.68/6* for
'MW).¥4 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 fe at
. Hanford: therefore. economics of scale impact the unit cost charged to the generator.

Two cases were considered in assessing the 'vc‘osts of the U,0, LLW disposal at NTS. First.
“direct burial in below-grade trenches and/or craters and, ‘secondly, disposal of the U,0, in an
"Above Grads Farth Mounded Concrete Vault (AGEMCV).Y The AGEMCYV (see Figure 4)
concept allows for retrieval of the DU 70 to 100 years into the future if the DU can be

p. Max Dotenc. Revnolds Electric & Engineering Co.. Inc., Personal communication with
Tim Herwzler, SAIC. Mav 6. 1993

q. N. P. Willis. Westnghouse Hanford Company. Personal communication with Tim Hertzler.
SAIC. May 20, 1993 S ‘
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econonucally utilized in the breeder reactor program or tor teed stock for further enrichment
¢ ¢ . AVLIS feedy  In the context of this report. 2 “retrievable disposal™ aption-is one 1 which
“the DU would be disposed 1n such 2 manner s (0 be relattely easy (o retrieve n pure form tf
Jdesired. vet at the same ume potenually meet all loug-term lisposal criteria if retrieval 1n the
ruture 1 rot desiced It should he noted that the AGEMCYV s only one of many potenuai
~PUCns 1of retrievable disposal  Selow grade vaults. burial in concrete wverpacks. and. Jue
the arid conuitions at NTS. drummad DU buried n below-grade trenchesscraters may provide
retrienable Jinposdl  An extenstve 2valuaeon to determine the “est retrievable disposal option
was not pertormed tor this report  If retrievability s determined (0 be a high prionity
wnsudcranon then 1t 1s rccommcnded that a thorouqh evaluation of the options be pertormed.

6.1 Cost Estimate Objecnve and -\pproach

The objective of this chapter 1s to dcvclop a comprchcnswc baselme dxsposal'cost csnmatc
for companison to other C U 'management options te.g.. DU metal as shielding). To accomplish
this a1l relevant disposal. cost clements must be c.onﬂdcrcd--applvmo the at-site burial chargs
nér anit of mass or volume does not realistically represent the total disposal cost. - The follow ing
costs elements are :ncluded n this report: 1) conversion to U O, ! (2) dlSposal container,
(3) wransportauon. 14) environmentalssatety documentation and pcrrmmne :md (3 dlreu burial
of the U.O, and the CaF.. In addinon to these costs. engineering design, construction. and
" Operauons costs are apphcd to the AGEMCV case. Cost estimates for RCRA-MW disposal are
detailed séparaiely from LLW disposal costs and also include a retrievable disposal case. The
~cost data are based on the available literature, current Jow-level and mixed ‘waste disposal
‘ operauons conduczcd at NTS and Hanford, tclcphonc interviews, and vendor quores

The costs are prescmcd foc each cost element as total dollars and ona pcr umt basxs of
dollars per kilogram uranium. All costs are presented in 1993 dollars even though it is
anucipated that the construction and operation of a conversion tacxluv to convert the LF into
C.0q for dxsposal could not occur tor at least lO vears.

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

The as-packaged density of U,O, is 2.7 gfcm® (0.07646 MT/ f0). whxch is 90% of the
~ compacted material density.

\

* ' The mass fraction of uranium (L) to U,O, is 0 848. .

The mass fraction of CaF, qcncratcd to Uf-y mpm is 0.665 and the as-packaged density
of CaF, 15 1.2 g/em’ (0. 03398 MT'fth) *

The CaF. s disposed ot"as a low-levcl waste . even though resid'u:;l"uriimum
contamnagon 15 very low, -as discussed below

The C.0, and CaF. are solidified to meet proposed Hanferd LLW WAC.

E 5N
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Solidification of bath the U0, and the CaF, is assumed to be necessary ac cuhcr DOQE
sue 1f ever U0, or CaF are defined as MW,

Solidification of the U.Q, and the CaF, with any binding agent (e.2.. Portland ¢ement.
polvethyiene) re sult; 1N an wncrease 1n W‘iStc volume by a ractor of two.

A 30% waste loading bv werght 1s assumed .or the sohdxt‘ caton proc¢ss
Retrievable disposal will only be evaluated for unsoliditied U,O;.

Based on the data and assumptions noted here and earlier. the quantities of waste requiring
disposal are 5.570.000 £’ (426.000 MT) of U,0, and 10.430,000 ft’ (355.000 MT) of CaF,.
Solidification of these waste streams to meet site-specific WAC requirements at Hanford or for
RCRA rreatment will essentially double the volume of waste, approximately doubling the cost
ot disposing of the DU. Some reduction ot the dnsposal costs can possibly occur. as outlined
in the t‘ollowme discussion.

" The CaF, produced from' neutralization ot the HF will have very low residual uranium
u.onccntrauon-othc HF from the French defluorination conversion process contains approumatelv
1 ppm uranium and has been noted in one reference to conain as low as 32 ppb.- Upon
neutralization, this tesidual uranium contamination is diluted significanty by the addition of
slake lime (Ca0). Although there are no Below Regulatory Concem (BRC) limits establishing
when a waste can be disposed in a sanitary landfill, the EPA, NRC. and DOE continue 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 Type A packaging per DOT regulauon due to its very low activity.

Strong-Tight contatners. whether drums or metal boxes. do not have to pass the same strict
quality assurance requirements that Type A packages do. Therefore. less costly DOT L7E

drums :$26.55% may replace the DOT 17C drums (350. 00)* used in this :mdy for the CaF.
waste.

The cost of converting the UF, to U,04 provxdcd in this report was obtained dxrcczly from
a previous study performed by Martin Marietta Energy Systems. Inc., (MMES) in 1991.% Cosis
associated with continued UF, cvlmdcr maintenance and U,04/CaF, disposal were ot uszd
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 dxsposal of the U,0, and CaF; was based on current information supplied by the
disposal facilities {i.e : NTS. Hanford). commercial shippers. and container manufacturers
Decontamination and decemmissioning costs were not included because they are not part of the
cost hases for other alternauves. and the purpose of this report is to provide costs !for
companison with those of other options. {For exampie. the U metal disposal opuon

r [daho National Engineering Laboratory Stores Warehouse. Personal Communication with

‘T.m Henzler. SAIC. March, 1993.
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1Appendix A) and DU recyzle alternatives do not inclide D&D costs for the UF, to U mctnl
conversion facility |

6.2 Conversion Costs

The MMES ,smdy established the costs tin 1992 dollars) for two scenarios: - -

| - Bésc'Case with HF re-sale

2. Base Case with HF neut'rahzauon'/'CaF C.sposal.

~ The cost data for the second case were rcvncwcd and the costs dm:ctly apphcablc 10 the
conversion process were extracted and used i in this report: these cost data are listed below. The
costs include the base case value plus the expcctcd increase for HF neutralization without

Lontmgcncv The MMES work brcakdown su'ucturc (WBS) number is mcludcd for rcfcrcncc '
purposes.

Conversion Costs Elements:

1. 'Interim storage facility construction (WBS 1.5.1.2) ' SI0M
2. Feed and cylinder handling facility (WBS 1.5.1.3.1) - SI7TM .
3.  Conversion and waste handling facilities (WBS 1.5.1.3.2) SI03M
(includes $76M base case + S27M for HF neutralization) '
4. Seapont facilities (WBS 1.5.1.3.3) S SIIM

5. _onstruction manager fee (WBS 1.5.1.3.4.1) L S21 M
(includes S17M base case + $4M for HF ncuuahzanon] y

~6.  Construction support (WBS 1.5.1.3.4.2) LOS13M
[includes S10M base case + $3M for HF ncurrahzanon] '~ :

A 7 'Program planmng (WBS 1.5.1.3.4.3) ‘ .‘:5 14M
: [includes $12M base case + $2M for HF ncuu'alxzauon] S

8. Design and Title 1T (WBS 1.5.1:3.4.4) ‘ ' S17TM
(this includes S1SM base case + $2M for HF ncutrahzauon]

9  Conversion operations (WBS 1.5.1.3.5) S_;SLM
(this includes $36M base case + 553\1 for HF ncutrahzauon]
' 5295 xl

The conversion and an»xllary tacilities were sized to handle a base case th.rouszhput of

35.000 MTU in five years Dividing the total estimated cost of S295M by the process
throughput rate results in a unit cenversion cost of $8.407kgU. Assummg that this unit cost
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applies 10 conversion of the enure tnventory of UF,, without regard to cost reduction due (o
economies of scale. the cost of converung the 361.000 \ITU stored at the GDPs would be
approximately §3.0 tiilion

6.3 LLW Shallow-Land Burial Costs

The NTS LLW disposal costs are currently established at S10 per cubic foor of waste: the
Hanrord Site charges $58.70 per cubic foot. These costs include the excavanon of disposal
trenches. handling and placement of as-received waste containers that meet the respecuve
WACs. and operatonal 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 drum. DOT 17C’

drums are qualified as Type A containers. Transport of drummed matenial via both truck and
railroad was assessed. Under the Hanford disposal case, it was assumed that the material would
be solidi.ied at the pownt of conversion, thus ‘incurring addmonal transportation costs. The

environmental compliance and sarety costs (e.g.. EIS. PSD/PTC. Safety Analysis Report (SAR)]-

were esumated and assumed to be the same for shallow land burial at either disposal site.
6.3.1 Disposai Container Cost’

Disposal contatner costs are significant, especially if a rcmevablc disposal option such as
an AGEMCV s used. The cost of construction of an AGEMCYV depends on the volume of
disposal space required to contain the total inventory of DU. Efficient packagmg and stacking
(i.¢.. 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 1s assumed that the compacted U,04 from the conversion facmty 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 to be necessary nor is solidifization of the U0y prior to burial
assumed to be necessary. The cost of 208-liter (55-gallon) 17C drums is S50 per drum.’ and
the number of drums required to dispose of the inventory of U0y 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 the U,0; and CaF,

disposal containers are $40.9 and $70.6 million. respectively. “This is a dnsposal 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:0,. which is a Category 3 waste per Hanford Site classification limits
provided 1n Table 9. solidification will be necessary. This will result in an approximate
doubling of the disposal volume and associated disposal costs over that of the NTS option. As
discussed in Section 6.1 above. the low levels of uranium 1n the CaF, should qualify this waste
stream as a Categorv | waste per the Hanford WAL and the requirement of solidificauon may
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notapply  Huwever. tor a oounding case. solidirication 1s assumed to be nzcessany: for the CaF.
as weti as the U.Q, Therefore. the total vowume of U.0, (0 be disposed of will increase to
11.130.000 cubic re2t. and the CaF, ~viume would increase o 20. %0.000 cubic eer. Based
on these volumes. the toal contaner costs are SS1 8 mxllmn 150 23-kgC) tor the U.0, and
S141 0 mutlion (S0 39 Kgls for e CaF,

6.3.2 Transportation Cost

Raitroad transport ot DU 1o the NTS s not a viable alternanve since no rairoad spur
extending from a main hne track to NTS exists. Therefore. only transportation by truck was
estimated for disposal at NTS. Beth rail and truck transportation are viable alternatives for
slupping the DU and CaF, to the Hantord site. Cost estimates for the transport of radioactive
matenals were obtained from Ebasco Inc.' and Ranger Transportation.' a certified hazardous
matenals transportation 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 0 1993 dollars using a 4% intlation rate.” The number of truck or rail car

loads required ra transport all the wastes to the disposal sites was ¢stimated based on a truck or
rail car rated weight capactty and 4 total acceptable 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,0y) and CaF, waste to NTS, the total number of truck loads required was
calculated based on a weight limit of 42,000 lbs 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.. $2.300 per trip) was used ‘or all siupments. The transportation cost
was estimated to he $ 0 18/kgU or 365.2 nuilion total for the Uy0,. For the CaF.. the mass per
truckload 15 17.6 tonnes. therefore. -20.200 truckloads would be required. At

$2.800 trucklioad. the cost of shnppmz the CuF. 20 \ITS will be $36.6 million or approximately
30.16/ k&![)

6.3.2.2  Hanford Disposal '

Costs for truck transport of the material from Piketon. Ohio to the Hanfor& Site were quoted
at $2.900 per truck load.' whil rail shipments were estmated to be $12.980 per 100-ton flatcar.:
Since the proposed Hanford waste acceptance limits require the 1,04 to be soliditied pror to
disposal. it was assumed that the solidification would occur at the point of conversion. Also it

s.  Guarv Kemson. Ebasco [nc.. Personal Commumication with Tim Herzier. SAIC
March. 1993.

t. Jeff Baker. Ranger Transportauen, Personal Comrnunication with Tim Hertzler, SAIC.
April 3. 1993.
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was assumed. as a worst case. that 1t would be necessary to solidify the CaF, prior to transport.
Theretore. the total volume of waste transported was increased by a factor of two.

The total trucking cost to Hantord. taking into account the volume increase ot sohidttication
and the truck capacity, 1s $133 3 maltion tor the U.O; and 5117 Q million for the CaF, The cost’
ner Ktlogram of uranium is $0.38 and SO 32 for the U.0, and CaF,. respecuvely. °

- For rail tr:mgport. 2 100-ton tlat car 1s capable of carrying approximately 37 MTU of
soliditied U,O,. To transport the 361.000 MTU of DU would require ~9.800 flat cars. Thus.
the total cost tor railroad transport of the U,0, was calculated to be S127 mullion (S0.35 kgU)
The tlat car capacity of CaF, 1s approximately 41 0 tonnes. which translates into —8.600 rail
cars being needed to transport the total inventory of CaF.. A costof S111 million «SO 31 kel
was calculated for rail shipment of the CaF, to Hanford.

6.3.3 Burial Cost
26, 3 31 \‘TS Dnsposal

The NTS has- esmbhshcd different rates for DOE versus non-DOE generators scndmo
low-level waste for disposal. The rate of S10/ft’ is charged to DOE generators and is not a full
cost recovery rate. For full cost recoverv, an increase of approximately 19% is added to the
DOE rate and charged to the non-DOE generators (i.c.. S11.90/f).P. 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 SlO/ft’
15 used hcrc ‘

-\t S10 per cubnc foot, the disposal of 5.570. OOO cubic fccz ot U,O, wnll cost 555 7 mllhon

'The unit cost for burial is therefore $0.15/kgU, excluding any costs of transportation. packaging

and handling, or converston pnor to reaching the disposal site.” This cost does not include a
potenual - increase in cost of burnal if the DU is rcqulrcd to be buried at a greater dcpth than
current LLW shallow-land bunal pracuces at NTS.  As noted in section 5.1.1:2. the NTS.
performance assessment criteria may reqmrc 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 approxxmatclv 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

S104.5 million or SO. "9/sz

6.3.3.2 Hanford Dlsposal

. With the Hanford disposal rate currcntlv at 558 /0 per cublc foot the cost of dlSposmz rh-
DU. after solidification. 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 dxsposcd at Hanford and the same restrictions appl
i1 e ., solidification to meet tines rrequirements). it will cost approxlmatclv $1.23 bilhon wr
$3 40.kgU. This brings the total cost for disposing of the DU and the main bvproduct stream
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1CaF,) to $5.21. kgU foc burial charges alone. excluding the cost of conuiners, transportation.
etc. [tis apparent that it is important to characterize, treat. and/or compact the CaF, to decrease
the volume needing disposal. or to recycle the HF to decrzase the economic tmpact to the overall
DU disposal option.

6.3.4 Environmental Compliance Costs

Numerous Federal environmental starutes regulate the disposal of LL'". The primary
statutes that would apply to DU, if in the tuture 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 conceptual design
phase of a disposal facility with the initiation 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
(e.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 5481.1B.

.- 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 facility 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 S11: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 comphancc costs are
assumed to be $9 million, or $0.02/kgU for DU dxsposal

6.4 Retrievable Disposal

Since DU may have valuc 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 for disposal 1n such a way as to permut retrievability was evaluated. Several alternative

disposal concepts for LLW were reviewed in developing a possible retrievable disposal option. '

u. \/Iar‘. Jorgenson Waters. EG&G Inc.. Personal Communication with Tim Hertzler, SAIC
March. 1993.
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Studies performed 1n 1986 through 1989 by tne Natonal -Low-Level and Detense Low-Level
Waste programs provided intormation on waste disposal alternatives ranging from belo“ grade
burial to above grade vaults and ‘anaaons n between. The AGEMCV. which INCOrpPOrates
favorable characteristics of both above and below grade disposal vault opuions. was used for
estabhshmz a prcnmmar\' CcOst estimate tor the retrievable disposal steategy

The -\GE\IC\ ;oncept tor LL\V disposal consists of ndivadual dlsposal \ault> wnsuuctcd
using high-grade Tipe V' porland cement. situated above grade and above che probuble
maximum food plain.. Using a2 bnidge crane and spcuall\ designed handhnz hardwarc_
tbecause no external lifung hardware projects from the LLW box). a treated and grouted waste
1s placed ina. tught monohthic stack without any void volume. As,the. vault 1s tlllcd an
impervious membrane 1s placed on the waste stack and a. concrete roof slab is poured vn (op.
The solidified LLW supports the roof slab. while an overlying canhcn cap prevents the future
subsidence and resulting water infiltration typically associated with non-treated waste burial.
The tinal closure of the vault is to cover it with an impervious membrane and a multi-lavered
carthen cover SpCClthZ!“\. designed to pn:vcm water mnltrauon eroston. or madxcrtem Intruder

penetrauon

A radxolomcal performance assessment was permrmcd bV, Rouers .md -\saocx:ues
Engineening Corporauon™ in 1989 on the LLW AGEMCYV being evaluatcd at the NEL The
assessment concluded that the concrete vault would last 5000 years and the solldnﬁed 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 results. - Two significant differences will exist between the dcslgn. construction, and
radiological performance of an AGEMCYV for LLW versus DU disposal: (1) the DU would not
be in a solidified form and (2) the void volume resulting from disposal of DU in drums would
allow subsidence and water infiltration and leaching beyond that analyzed for LLW. Without
solidificaton of the DU or 100%% stacking efficiency. the performance of the disposai unit would

~ be significantly different than that of the LLW AGEMCV analyzed by Rogers and Associates.

Therexorc if the retrievable disposal vault approach is considered. additional investigation and

- assessments would be required.

The cost esumates for the eng:neenng design, construction. and operation of the AGEMCV
concept were developed using data from Application of Ewnng Low-Level Waste Technology
Offers 17-to-1 Volume Reduction and Enhanced Disposal at Low Cost. ¥ modified 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. opnon detarled in Section 6 3 4.
namely 39 muilion or 50.02.kgC.

6.4.2 Design and Construction Costs

Thz cost tor the cngiriccrmg design and censtruction of the AGEMCV's for DU disposal
developed in this report is pased on the conceprual design of the LLW disposal facility evaluated
at the INEL. The conceprual cost estimate developed by EG&G included engineening Jesign and

ih
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inspection through Title I design. direct and ndirect constructton costs. construction
" management and project” admimstrauon. and- 3 25% conungency. These cost data were
considered representanve. tor prclxmmar\ cust estimares applicable to retrievable Jisposal of the
DU at the NTS

Considering the void volume + ~33%) 1n a vault resulting from the use of 208-liter drums
as the disposat contamners and the total volume of DU as U.O.. construction of 35 AGEMCV's
1 ~268.000 1’ vaults. as a mimmum. would be required. [n 1983. the cost to design and
construct three vaults was calculated to be SO million. Moditying this cost to 1995 dollars at
an intlaton rate of 4% and mcrcasmg the cost tor quality assurance (QA). assumed (o be a
factor of two. for construction- of concrete structures meetng - applicable nuclear safecy
requirements yields a cost of approximately 57.3 mullion per-vault. Theretore. the total present
cost to design and construct 35 vaults for disposing of the 3,570,000 cubic feet of oxide at the
NTS is esumated to be 5255 5 mullion (S0.71:kgU).

6.4.3 Operanonnl Costs

Operational costs for the retnievable dlSpObal of DU are assumcd to be the same as those
associated with the current LLW acuvities conducted at NTS (i.e.. S10/ft)). The burial of LLW
involves the same receiving, handling, monitonng, and backfilling acuvities as would be
required for retrievable dxsposal ‘Therefore, as a preliminary estimate, the operational cost for

NTS disposal in an AGEMCV is $55.7 million or $0. 15/ng

Costs for conversion of the UF, to U;04. disposal containers, transportauon. and bunal 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

Conversion to U,0 $ 508B

Disposal Containers LS M
Transportation 121.8 M.
Operation & Maintenance 160.2 M
Enviro'nmemal Compliance .9.0M
chign & anstg;_ctigg . 255.3 M
Total - $ 3.7 B (10.25/kgU)
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6.3 RCRA Disposal Costs

Although DU 15 not now. and may never be. considered a RCRA waste. a disposal cost

. estimate s provided as a worst-case cost scenano. In no way should the establishment of a

RCRA disposal cost estumate 1n this study be construed as an acknowledgement by the DOE that
tke DU s or will ever be Jefined as a RCRA waste.  As discussed in Chapter 4 0. DU s
detined as a source matenal under the AEA and is exempt trom RCRA regulations. Even if the
UF, were declared 3 hazardous waste due to reacuvity, the convcrswn products (C,0, and CaF.}

would no longer exhibit this characteristic and would not. therefore. be consxdcrcd a hazardous
wasse. .

RCRA disposal estimates provided here are based on the disposal charges quoted by waste
management personnel at NTS and Hanford. . At the present ume. both DOE sites are pursuing
the establishment of RCRA-certified sub-surface disposal unis.: A RCRA-ccmued disposal unit
is required t0 have an impermeable liner and leachate collection system. Currently. Hanford is
the only site of the two that has received approval to construct a RCRA disposal unit:* \J'I'S is
1n the process of gaining approval from the State of Nevada,

The costs quoted for mixed waste handling and dnsposal at the NTS .and Hanford are
$36/ft’ » and S168.68/f1" %, respectively. The costs are reported to cover handling, disposal, pre-
and post-operational momntoring, and interim storage and closure costs-associated with mixed
waste disposal. Conversion costs have been increased by $2.0 bxlllon to account for added
expenses associated with the construction and operation of a gcncnc RCRA m:atmcm process -
since there is no defined hazard assoczatcd with the U,04 or CaF,. ‘

6.5.1 NTS Disposal

For the disposal of both the U,Oq 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 ;L) for LLW

disposal 1n Table 10. RCRA disposal costs aleng with LLW disposal costs are s::mmarized in
Tablc 12. ' : S

\

,6'5 2 Hanford Dnsposal

The ROM" cost for dxsposmg of lhe L',O, and CaF, at Hanford is $10.3 '.;..l-«m T
$30 19/kgU inclusive of conversion. treatment. transport. burial, environmental comphancc and -
disposal comainers. Essentially, there is no significant difference between truck or rail transport
cost at the ROM level of accuracy detailed here. -

v Eric Erpenbeck, Westinghouse Hantord. Personal Communication with Tim chzlcr SAIC.
May. 1993
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Tabls 12. Dispasal Costs Summary - 1993 Dollars® .

LLW Shallow-Land Bunal.:
Conversion to U.0, . 3508 S5.0B
" Disposal Costs S405 M 248
Total Costs S4B (59 50 kgU) $5.4 B (S15:kgU)
AGEMCV LLW Disposal.®
Conversion to L,0; $308
Disposal Costs S659 M ePeee
Total Costs $3.7 B (510 25:kgV)
' RCRA Disposal:* .
Conversion to U,0,° s5.08 : $5.0B
Disposal Costs 178 39B.
Total Costs S6.7B (S18 56/kgl)  S10.9B (830.19/kgU)-
ROM costs only.

o B

Retrievable disposal evaluated for NTS only.

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

d. Conversion costs have been increased by $2.0 B to account for added expense associated

with a generic RCRA treatment process,

6.6 Disposal Cost Summcaries
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 conversion and all related disposal costs as
detailed in previous sections. \

The ROM cost for RCRA disposal of :he U,0, and CaF, based on NTS cost elements total
*$6.7 billion ($18.56:kgU), including conversion and a generic treatment process.
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6.5.2 Hanford Dispesal |

For direct LLW disposal at the Haniord site. the cost 15 33.4 billion (S15. kgL' as presented
.n Table 12. No cost for retrievable disposal ts listed since retrieving the L0, from 3 solidified
waste 10rm 1S assumea tor this report 1o be infeasible.  For RCRA disposal af H.ntord the
ROM caost estimate :s 10 9 bilhion 1530 19 kgL, including converston and treatment costs

n
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7. DEPLETED URANIUM DISPOSAL ISSUES

This chapter briefly summarizes some of the major issues that will need to be examined 1n
freater depth to fully evaluate disposal as a management alternative for DOE’s inventorv of DU.
The rallowing " issues have been wdenufied  Jate as warranting further study-

RS-
Ny,
N4 0

R&

Secondary disposal alternauves. such as disposal of U;O, in abandoned uranium mines
and 1n exasting uranium mill tailings impoundments. ard disposal of uranium metral 1s
shielding 1in high-level waste:spent fuel containers.

Ongoing negotiations between 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.g.. retrievable storage/d-sposal/use? for future projects.

such as the breeder reactor program.

Costs and time frames necessary for establishing dom-stic capability for converting
UF, to U,O, . 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 a3 depth of burial. retrievability of
directly buried drums, selection of Area 3 or Area » as the preferred disposal location.
and any future impacts as a result of NTS's ongoing site-specific radiological
performance as.2ssments.

Clearer detinition . enviromo.ecntal documentation/permitting needs and their
associated costs at \ITS based on the above elaboration of NTS-specific disposal
factors.

. Feasibility of retrievable disposal in terms of the optimum alternative, disposal

packaging, and performance criteria. Cost estimates for retrievable dzsposal depend
on determination of these parameters. As part of this effort. it should bc determined
whether direct burial of DU drums a the NTS warrants consideration as a retrievable
disposal opuon

e
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APPENDIX A

COMPARATIVE ECONOMICS OF DISPOSING DU AS U METAL
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As sta“sd in Section 3.2. the preferred chemical form for disposal. used as the reference
case in this report. was L,O. + However. the selection of U,Oy does not preciude disposal in .
another form if it can be shown that the envirorunental, regulatory. and economic factors are
more favorable. Therefore. n response to review comuments rezeived on the draft report issued
in 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 altemative 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. Amny 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 acccptable waste form for disposal.

- -~ —+—- However- it-is expected- that-a site-specific: performance asséssment will be _required to quanuty

the risk associated with disposal of the very large amounts of U metal that will be generated
from the conversion of the current inventory of UF,. Environmentally. U metal oxidizes fairly
rapidly into oxides of uranjum te.g.. UO, and U,0y) and is. therefore, in a less stable state than
U0, from the onset of disposal. Although the regulatory and environumental 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,Q,, the same cost efements are
applied to the U metal disposal scenario: (1) costs for cenversion of UF, to U metal. L
{2) disposal container cost. {3) transportation costs, (4) environmental/safety documentationand ~—
permitting costs. and (3) 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 a precedent for acceptance of DU metal at the NTS. The costs are presented for
each cost element as total 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 clement 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 ot‘ how each of these
costs were developed follows here.

a. B. Moyer. Aberdeen Provmsz Ground pcrsonal communication with T. Hertzler. SAIC.
March 29, 1994

b. H. Grewing and J. Frischkorn, Babcock & Wilcox. personal communications with T
Hertzler. SAIC. March 1994, :
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Table ALl. Cost Estimates for Low-Level Waste Disposal of DU as U Metal at NTS

Cost Element

Waste . . Environmental
Stream Conversion Containers  Transport Burat Compliance - Towal

U Metal S361 B S46 7 M §56.1 M SIS4M . S9.0M $3.74 8
SI000 kgL' SO 13.53L S0 16:/kgl  $0.04.kgl . S0.01 kgl - $10.35 kgl
. MgF, S19 1 M $29.1 M $28.3 M $76.5 M
$0.05.kgl  $0.08.kgU  $0.08/kgl - ‘ $0.21.50
HF 45870 My e m m 4587.0 M)
icrediny -2150.23/kgW) . ’ : . :
(50.24/kgU)
Subtoral - $3528B  S658M - $85.2M  S33I7 M  59.0M 3738 .
$9 76kgl  $0.18:kgU  S0.24'kgU  SO.1Zkgl  S0.02.kgl' - $10.32kgl -

FC

T

. a. Converston ¢ost applies to U metal only = not waste stream spectfic :
b No costs for contaners or transport of the HF to Allied Signal included n this evaluanion.
¢. HF re-sale credit applied to conversion costs. ' '

A.1 Conversion Process and Costs
S A.l1.1  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 a hydrogen reduction reaction and then the UF, is converted to U 'metal using a batch
thermite reduction reaction.* The first reduction reaction (Reaction 1" below) is typically
performed in a flame tower using pare hydrogen gas (H,) as the reactant.” The solid UF, in the
existing storage cylinders is heated under pressure to form 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. Once initiated.

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

d. W Chnstian, Aerojet Ordnance Tennessee. personal commurication with T. Herzler. SAIC.
May 1993. .
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the spontaneous exothcrrmc reaction 1s suffictent to reduce the reactants (o moiten uraniym metal
and magnesium tluoride tMgF.: The higher density uramum collects in the bottom of the vessel
and the lighter MgF. accumulatas on the wp  The uranium meral derby removed from the
reaction vessel would be the uranium form expected to be dispesed of at the NTS. along with
the secondary waste pro’duc& MgF.

Reaction | UF, - H; LF +~ JHF.
Reaction 2 CF, - 2.\12 v metal 2MgF,

Based on the Ames process. a storchiometnic mass balance was performed to define the mass
relationships between nputs, reactants. intermediates. and products. The resulting mass
fractions ti.e.. umit mass products per mass of fecdl are listed in Table -\"

Tae most umportant results from the mass balance are the quantities of anhydrous HF. U
metal. and M ¢F. preduced tfrom the UF, input.  Stoichiometrically. for every kilogram of UF,
input 1o the process O 114 kg ot HF, 0 676 kg of U menal. and 0 354 kz ot MyF. will be
produced. Assuming the total inventory of 534,000 MT o UF, 1s red to the conversion process.
the resulung quanuties of HF. uranum metal. and secondary waste would be 60.300 MT.

-361.000 MT and 139.000 MT respectuively.

A.l.2  Conversion Costs
Conversion Costs

Conversion costs have been reported in several preliminary scoping reports and

Table A2, Depleted Granium Stoichiometric Mass Balance

Inout DU "~ As UF,, I massunt  As U meral. | mass unnt
Reactants
' n,‘ 0.00574 10.00849 \
Mg 0138 0.204 )
Intermediates
UF, 0 892 1.319
HF CRYE - 0.168
Products
MgF ) 354 1) 5236
U-238 D 676 | x
tmetai)

-
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presentations on ‘rork performed to date in suppont of the DU recycle program. The
conversioncosts reported by vendors and those ¢stimated or obtained {rom previous conversion
acuvities within DOE varied 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 secondar\ waste
materials st 2 . M2F. in a sanuary landfill. - However. as noted above. it is aasumcd tor this
assessment (hal the \th will need 1o be disposed of in a LLW dnsposal tacﬂu\ The higher
con.erson LOStS reported were based on uncertainties of specmc work rcqulrcmcms quality of
feed matenals. and Jdisposal of the bypraduct and waste forms.. To account for the variability
in prices quoted and the uncentaintes of actual costs 1n the future. sl10. 007kgU 15 assumed 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, to

~ 361.000 MT of U metal will be $3.61 billion. The dnsposal costs associated wich the \IgF. and

credit for HF te-sale are esumated below and factored into the net cos:s for convcmm and
disposing of (he DU reserves within the DOE complc(

A2 '_ -\nhvdro&s HF Re-Sale

As indicated above; the m:crmcdlau producx ol the Amcs proccss is, anh»drous HF. Th:s
HF 1s valuable and can be recvcled back into production of UF, from namral uranium ore tor

. feedstock to the gaseous diffusion process. Allied Signal Inc.. a primary uranium ore convemon
- company. currendy recycles the anhydrous HF recovered from existing UF, to UF, conversion

processes.> Re-sale value for this material has been rcponcd to range between S1.00 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 not considered in that preliminary
- evaluation. the total credit resulting from the re-sale of the HF may be considerably less.

fdF Recycle Assumpuons:
The mass of HF generated for re-sale is 60,800 MT
Re-sale value of HF is Sl.43lkg HF |

No conuiner or shipping chargcs to Alhcd Slgnal are considered -
\
Based on these assumptions. the credit for anh\drous HF re-salc 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 a2 $10.5 million credit allowance rematning.

e. M. Lundberg. Manufactuning ScxenccCorporauon pcrsonalcommumcauon wnhT Henuzler.
SAIC, June i1993. : '

' B. Quapp. EG&G Idaho Inc.. personal communication with T Hertzler. SAIC. March 1994
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A3 MgF, Disposal Costs

Currently. commercial uranium conversion and fabrication facilities (e.g.. Aerojet Ordnance

Tennessee - AOT) a:~ licensed by the NRC to dispose of the MgF, in a sanitary landfill if the

residual radioacuvity is less than 35 pCizg.* It is not known if the full-scale conversion and

© fabrication 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 tor the CaF. resulting from the conversion of UF, to U;0y in the body of
this report. '

This material may be disposed of by itself or with the U.metal in the void volume arcund
the cylindrical derbies. Preliminary calculations indicate that disposal with the U metal.
although initially appearing to be more cost effective, actually may cost slightly more. This s
primarily due to the higher unit cost per volume of MgF. for the containers (i.e.. drums vs.
metal boxes) and the VTS burial rates charged for drummed MgF, versus boxed U meual/MgF,
ti.e.. SIO/fY for drummed MgF, vs. S15/ft? for boxed U metal/MgF.,). Therefore. the disposal
costs shown in Tablc Al zre based on separate disposal of the MgF, and U metal.’

The individual costs for containers. transport, and burial were calculated using the same
approach as'taken in Chapter 6 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 to 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 10 transport is $2800.00 per truckload

- Weight limit per truckload is 42,000 lbs.

Burial operations at NTS cost S10/f¢° for the MgF; )

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 lbs/f¢

The calculated cost to dispose of the MgF, atthe NTS i "4.500.000 or $0.21/kegU. This-

cst includes purchase of the drums. transportation to the - »m Piketon. OH. and burai
of the drummed MgF.. Table Al shows the cost breakdc, -~ ach of these cost elements.
along with U metal dispozal and HF re-sale.

AS \/ ’
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Ad DU Metal Disposal Costs

Currently. the DU metal derby resulting from the Ames process is a right circular cvlinder
{ ~ 13 in. diameter by 12 in: long) weighing approximately 1.000 lbs.# It is assumed that the
Jderbies will be packaged "as is” in approved containers for shipment and bunial. Packaging
these cviindrical derbies in boxes results in a void volume of approximatcly 21%: however. the
shape of the derby could be modified for better Ppackaging efficiency.® Due to the density of DU

metal. packaqmsz handling. and transporiation are weight conrrolled rather: than -volume .

..ontrolled Therefore, the cost calculations were performed assuming that the NTS WAC for
2ross packagc weight of 9,000 Ibs (see Section'S 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 sizé of the
waste package be approved by DOE/NV as tndicated in Section 5.1.1.2 of this report. No effort
was made in this preliminary smdy 0 optimize the Slzc/Shapelwelgh( of the derby or the dlsposal
package to gain the highest economic benefit for the total system.’ However. based on the level

. of accuracy of cost quotes received and assumpuons made, the preliminary cost :éstimates
rcponcd here are directly comparable to the uranium oxide disposal’ costs reponed in Chap:er

6. The data'and assumptions used for thc u metal dlsposal cost esnmnte are:’
Total mass of U metal for disposal is 361,000 \IT

: Contamcrs for DU fnetal transport and burial are “strong ught metal boxes approvcd
- for LSA matenal The boxes are certified for a net DU metal payload of 8,500 lbs

and have an- approxunatc disposal volume of 11 fi’. The csnmatcd cost per box' is

5500" : s T

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

'I_‘ranSponatipn to the NTS-

- Is by truck from the point of conversion

Point of conversion is assumed to be Piketon, OH
Cost to transport is 52800.00 per truckload
Weight limit per truckload i is 42 000 lbs :

Burial operations at NTS cost SlSIft’ for thc U metal |

Environmental compiiance costs are assumcd to be S9M (S0.0Z.’kg U) based on data
presented in Chapter 6 of this report.

. W. Christian, Aergjet Ordnancc Tcnncssce personal communication with T. Hertzler, SAIC.
\1arch 1994.

h. J. King, Container Products Corporauons, personal com.mumcauon v-nh’l‘ chzlcr SAIC,
March 29, 1994 :
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The resulting cost for disposing of the U metal. including containers. transporiation. bugial.

and environmental comphiance ts St18 I mullion 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 metal

- form versus disposal 1n an oxide form (i.e.. U,04) [Table Al and Table 10. respectively]. shows
. that the cost of disposal as a metal is actually higher. This 1s due to the higher estimated cost

for the inual 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 1o change. The costs
assoctated with containers. packaging, and transportation. although significant. are small in
comparison to conversion costs for both disposal altcmanvcs

The DU mea ‘.lsposal altcmauve has a distinct cost advamage over that of the DU oxide
alternauve n the -:;eas of conainer. 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 1s obtained and potential new conversion technologies are developed. Currently. (wo
separate research activities are underway that may substantially decrease conversion costs as weil
as allow for 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 Afamos National Laboratory may result in conversion
costs four to five tumes lower than those used in this report.
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