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ACRONYMS AND TECHNICAL TERMS

ACGIH  American Conference of Governmental Industrial Hygienists

AEA  Atomic Energy Act of 1954, as amended -~
AEC U.S. Atomic En;rgy'Cc;mmission '
ANSI American National Standards In;titutc

Assay U content as a percent or fraction of total uranium
AVLIS .Atormc Vapor Laser Isotope Separation

BETA-1 Economic break-even laﬂs assay for gaseous: dxffusxon procas .
BETA-2 Economic break-gven tax]s assay for AVLIS proccss )

CFR Code of chcral Regulations

CRADA Coopcratrvc Racarch and Dcvclopmcnt Agrccmcnt

DOE USS. Department of Energy )

DOT . U.S. Department of Transportation

DU . Depleted uranium

EPA | U.S. Environmental Protection Agency.

ES&H Environmeatal, safety, and health '

FDU Fully depleted uranium (ie., all of the cconoxmcally recovcrable ""U ha.s
been extracted by the earichment process)

GDP Gaseous diffusion plant

LW Low-level radioactive waste

LSA ' Low specific activity | :

MTU. . Metric tons of uranium (1000 kg U) . ..

“NRC .  US. Nuclear Regalizoxy,Commigion e ' o
NTS Nevada Test Site | ~
NU - 'Natural uranium, conmmng about 0.71% ®U
ORO Oak Ridge Operations Office of DOE

.PDF Partially depleted (in the ®'U isotope) feed material _

RCRA 'Ruourcc Conservation’ and Rewvcty Act of 1976, as amcnded

SWuU Scparatxvc work unit ' -

TCLP Toxicity Characteristic Leaching Proccduxe (l test specified by the EPA for

identifying hazardous material)
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EXECUTIVE SUMMARY o J

Significant amouats of the depleted uranium (DU) created by past uranjum enrichment
activities have been sold, disposed of commercially, or utilized by defense programs. In
recent years. however, the demand for-DU has become quite’small compared to quantities
available, and within the U.S. Department of Energy (DOE) there is concern for any risks
and/or cost liabilities that might be associated with the ever-growing inventory of tha
material. As a result, Martin Marictta Energy Systems, Inc. (Energy Systems), was asked
to review options and to develop a comprehensive plan for inventory management and the
ultimate disposition of DU accumulated at the gaseous diffusion plants (GDPs). An Energe
. Systems task team, under the chairmanship of T. R. Lemons, was formed in late 1989 1o
provide advice and guidance for this task. ‘

The first milestone objective was to commission a thorough review of laws and regulations

pertaining to DU. Eminently qualified outside counsel was retained for the legalregulatory

review. It was concluded that the management of DU working inventories at the DOE

sites is not constrained by current regulations of other government agencies. In addition.

DOE Oak Ridge Operations (DOE/ORO) has formally advised the Ohio Environmental
Protection Agency (EPA) that DU is "source material,” which is exempt from Resourcs

Conservation and Recovery Act (RCRA) regulation. ' '

The principal objective for both inventory management and the ultimate disposition of DU
is to protect the health and safety of workers and the public and to minimize degradartio

of the environment. The most important aspect of this is the chemical form of the uraniun—"

in storage. Our technical analysis indicates that it is acceptable and desirable to maintaim
DU working inventories as UF, as long as they remain potential feed resources for the
GDPs and as long as cylinders and storage facilities are adequately ‘monitored .and
maintained. Some, perhaps all, of the DU inventories may be recycled through the Atomic
Vapor Laser Isotope Separation (AVLIS) process before they become fully depleted
(criteria to be defined) and ready for ultimate disposition. Whether DU is recycled through
- AVLIS or declared surplus to DOE needs, chemical conversion will be required at some
time in the future. Integrated planning for enrichment processing and the ultimate™
disposition of DU will be necessary to minimize costs and risks.

The ultimate disposition of DU relative to the uranium enrichment program could be
transfer/sales to other government programs (e.g., defense programs), commercial sales, oc
. long-term storage or disposal. It appears that commercial and government demands will use
only a small fraction of the DU available in the foresecable future; so'a plan for permanent
disposition will be required for the vast bulk of the DU.. : T

'R. O. Hultgren, DOE/ORO, Oak Ridge, Tennessee, letter to K W. Sommerfeld,
Martin Marictta Energy Systems, Inc., Oak Ridge, Tennessee, “Dispositica.of Tails Materir
_ at the GDPs,” dated July 12, 1989. : g
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“This report reviews options and recommcnds actions and objecuva in the management of
working inventories’ of ‘partially depleted feed (PDF) materials and for the ultimate .

disposition- of fully. dcplctcd uranium (FDU). Acnons s that should be considered are as’
* follows: ;

1.- Inspect UF. cylmdcrs on 8 semiannual basis. ,
- 2. -Upgrade cylinder maintenance and storage yards.

N - 3. Convert FDU to U,0, for long-tcrm storage or disposal. ‘This will include provmons

. . for partial recovery of costs to offset those mocmed wuh DU mvcmory management
= f and the ulnmatc duposal of I-'DU . ~

, ‘ 'Anothcr rccommendzuon is to drop thc term tai]s" in favor of "depleted uramum ‘or DU .

. because the "tails® label implies that it is "waste.” Consistent with this recommendatxon. the-
- DU lcmunology is used throughout lhxs rcport. Othcr rccornmcndauons are ngcn in the
text. T




A INTRODUCTION

Al BACKGROUND I.'NPORMATION

Natural uranium exsts pnman'ly as the stable uotope °'U Ouly. 0.71% of naturally.

occumng uranjum is the Assile i isotope ®U. For most military or commercial purposes, the '
uranium must be earicbed—that is, the concentration of the 2*U i isotopé must be increased. . -

The U.S. uranium enrichment (UE) program bcgan during World War II, as a part of the

Manhattan Project, to provide highly enriched uranium for military needs. The first plant . - 'A
to use the gaseous diffusion process began operation at Oak Ridge in the mid-1940s. The =

Portsmouth and Paducah Gaseous Diffusion Plants (GDPs) were built .in the 1950s to .~
increase the United States’ capacity to enrich uranium. In the 1960s and 1970s, the ptimary -

emphasis shifted from production for military needs to- providing fuel for nuclear
plants. The three GDPs operated continuously until 1985, when the Oak Ridge plant was

shut down for economic reasons. The Portsmouth and Paducah plants continue to enrich. g

uranium for the nuclear power mdmtry. supplying about one-half of worldwide UE
production. According to an article in Sciendfic American,’ nuclear power now suppﬁa s

-appraxmately 16% of the world’s electricity. The Portsmouth plant also provides highly.
enriched uranium to fuel some research reactors and to supply U.S. defense program
rcqmrcmcnu including those for the Navy's nuclear fleet.

Ennchmg uranium involves splmmg a feed stream into a product stccam cnnched in=U -

and a by-product stream depleted in *U. The enriched product is used for commercial and

military nuclear applications. Significant quantities of the DU have been used in a &“’\_/

military and commercial applxcatxon.s, but the demand has become quite small in recent
years. Because of the low concentration of ™U in natural uranium, 5 to 10 kg of DU are
produced for every kilogram of uranium enriched for commercial applxcauous. while about
200 kg of DU are produced for each kilogram of highly eariched uranjum. These
proportions hold true regardless of the process used for enrichment (gaseous diffusion, gas

centrifuge, AVLIS, etc.). Since uranium enrichment activities produce much more DU than

-is required by existing applications, the excess DU requires disposal or storage.

N \

A2 CURRENT STATUS

Essentially all of the DU currently stored at the GDPs i in the form of sobd
UF—primarily in 14-ton cylinders. By the end of FY 1990, the enrichment enterprise bad

accumulated about 320 million kgU of depleted UF, in storage. The U assays of the

stockpiled DU generally range from 02% to 0.5% U. The depleted UF, is stored in

about 40,000 cylinders, mostly at the Paducah site. (Because Paducah was designed to

produce low-assay feed for the other enrichment plants, most of the DU is produced there.) |
Current plans call for the GDPs to coatinue to produce a total of about 20 million kgU

per year of depleted UF,, requiring about 2500 14-ton cylinders per year for storage.

*Wolf Hafelc, "Energy from Nuclear Power,” Saennﬁc Amencan 28(3), 137-144
(Scptcmbcr 1990). . ;v"



A3 FUTURE PROSPECTS

Some, perhaps all, of the DU inventory may be rcc.yclcd through UE facilities in the future.

There bave been several major rccyclmg campaigns in the past when there was a perceived

shortage of DOE-owned natural uranium, and thus the internal DOE cost of feed was high

~ - relative to the cost of separative work. However, reqchng (stripping ‘additional U from
partially depleted uranium) cap reduce the total quantity of DU by only a few percent. -
* Other means‘must be found to use or dispose of the bulk of the material- The i inventory

'~ of DUis a hxghly refined rcsourcc that could be of sxgmﬁcant use to future generations. -

~: The most promising long-term ‘use for DU is as feed for an advanced breeder or other type
-.of reactor when other energy sources have been depleted. . Foreign breeder ‘reactor

L programs have dernonstrated the potcntxal for cncrgy production from DU.

] .honnuclcar uses' for DU are currcm}y limited to mi]xtary apphcatnons and a vcry few

specialized civilian applications, requiring very dense ‘materials (uranium is 1.6 times as =

dense as lead). In the past, a substantial amount of the DU stockpile has been used by

the_military, primarily to_produce pcnctranon projectiles. - The Depantment of Defense
) Appropriations Act for FY 1991 requires that an additional 16 million kgU be placed in the
national defense stockpile over the next 10 years. Recent studies of alternative uses for.

DU have failed to reveal any sxgmﬁcant new uses in the immediate fumre. The most =~ -

~ promising new long-tcrm use suggested is to replace the sand and ‘aggregate in concrete
~ with‘depleted UO,. This would produce concrete with a dcnsxty greater than that of cast

: - iron. Such ‘a concrete might be useful as ballast or in radxauon shiclding, although :
C dcvclopmcm and acccptancc of this’ matcml could takc ycus. -

a f,A.4 PURPOSE OF REPORT
. Smcc no end use is currcntly foreseeable for most of the fully dcplcted uranium (FDU)
- “that‘has been and will be created by the U.S. uranium enrichment programs, the US. -

-+ Department of Energy (DOE) requested an analysis of management options and
. development of a plan for the ultimate dxsposmon of this material (se¢ Ref 1). An Energy

‘Systems technical task team was formed in'late 1989 to provide guidance for the DU
disposition study. The purpose of this report is to present the recommended mnagcmcnt
plan to DOE. The report also documents details and conclusions from the.legal review and
' ‘lcchmcal/cconomxc analysu on wl:uch the recommcndauons in this report are based.

A
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B. mcmmuumnynsvmw )
' chulatory cornpbancc concerns in the managcmcnt oE dcpleted uranmm have been msed

by changes in federal law, which created the U.S. Nuclear Regulatory Commission (NRQ)' -
and the DOE (which supcrseded ‘the U.S. Atomic Energy Commission, or AEC) and which -
established environmental laws such as the Resource Conservation and Recovery Act -
(RCRA)." The state of Ohio recently quatloned whether DU storage might have to comply
with RCRA hazardous waste regulations.” The concem raised by the state of Ohio was
answered in a letter to the Diréctor of the Ohio EPA by the manager of the Oak Ridge
Operations Office. Prior to this letter, and at the suggestion of DOE, expert outside
counsel was retained to review and evaluate pracnt laws and rcgulauons as they apply to
the DU inventory.

B.1 DEPLETED URANIUM RBGUIATORY SI'ATUS

Current rcgulanons do not’ unpau' DOEs mventory managcmcnt prerogatives for' DU
‘material. ‘In the review of appbcablc laws and  regulations, outside counsel concluded® that -
DU is "source material” as defined by the Atomic: Energy Act’ (AEA) and thus that US.-
Environmental Protection’ A;cncy (I:'.PA) regulations do not apply. “Source, spccnal nuclear
and by-product materials® as defined in the AEA are specifically excluded in the RCRA
statute.* In the opinion of outside counsel, the exclusion exempts DU from the regulatory
Jun.sdxctxon of both the federal EPA and state agencies. These legal findings were verified |
by DOE in the letter from the manager of Oak Rxdgc Operations to the Ohio EPA” (see.
Appendix I). However, it is imperative to maintain safe containment of DU so that no

" environmental insult occurs. Loss of containment of this material in its present form, UF,
would generate a hazardous. material, hydrogen fluoride (HF); and a significant release
would be of great concern to DOE and Energy Systems (see Appendix I for a summary

of the risks and bazards’ of uranjum compounds) Thus, the pnnc:pal near-term objective
of the proposed DU managcmcnt plan is to implement actions that will assure that no
hazardous rclcasa of UF. , :

~ Other legal and rcgnlatory issues are related to the propowd managemcnt plans for stocage
-of pantially depleted feed (PDF) as UF, and for conversion of FDU to an cxide. Examples
include U.S. Department of Transportation' (DOT) shipping regulations and DOE orders

_ ’Donna Goodman, Inspector, Division of Solids & Hazardous Waste Management, Ohio
EPA, letter to E. W. Gillapxc, Site Manager, US. DOE, Portsmouth, Ohio, dated_
September 27, 1990. -
‘R. J. Styduhar; Vorys, Sater, Scymour, and Pease, Attorneys-at-Law, Columbus, Ohic;
letter to P. M. Kannan, Martin Marictta Energy Systems, Inc, Oak Ridge, Tennessee,
"Uranium Hexafluoride (UF) Tails,” dated May 9, 1990.
542 U.S.C,, Sect. 2014 (z), 1982
‘42 U.S.C, Sect. 6903 (27), 1982
. Joe La Grone, Manager, DOE Oak Ridge Opcnuon:, letter ¢ Rm!md Shank,
Director, Ohio EPA, dated October 29, 1990. .. r?"" S

3
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on handling UF, DOE, in ORO 651, requires a minimum wall thickness of 1/4 in. for the
" thin-wall storage cylinders in order to liquefy UF,-and transfer it from the cylinder..
External corrosion to the extent that the wall thickness would be less than this minimum
will rcquxrc an alternate, more costly transfer method. DOT, by reference to ANSIN14.1,
also rcquxru a minimum wall thickness of 1/4 in. when DU is transporwd in thin-wall’
- cylinders! Approximately two-thirds of the DU inventory is contained in ‘cylinders that are .

o approvcd as DOT Specification 7A, Type A: packages for.offsite transport.- The remaining
DU qlmdcrs that have not been evaluated by DOT would require similar approval, or the
" contents would have to be transferred to approved cylinders if offsite transport were
- necessary.

B2 FOREIGN-ORIGIN ACCOUNTABILITY

'DOE also requested”’ that this DU disposition_ study consider how most effectively to handle -
accountabxlxty for foreign-origin dcplctcd uranjum. Agreements with Australia and Canada
require maintenance of a DU physxcal mvcntory corresponding to the amount of feed used

- from those countries. An appropriate quantity of DU at any assay would satisfy the

commitment since DU is considered to be fungible by all parties to the agreements. The

cumulative total amount of Australian- and Canadian-origin DU ‘accounted for by DOE at

this point amounts to less than 20% of the current depleted UF, inventory. There should
be no difficulty in contmumg to account for the AustrahanlCanadxan-ongm material in the -
future. Even when FDU is converted to U0, and placed in long-term storage, an

" accounting procedure can be set up that will pbysxcally account for the requued amount of -

DU material in one location. '

The suggested procedure is to identify an appropriate amount of 0.20% DU in storage at
- Paducah as the stockpile of Australian/Canadian-origin DU. This is the DU inventory
category least likely to be moved and should be undisturbed for many years. The cylinders:
included in the Amtrahan/Canadlan-ongm account can be identified by cylinder number and
can be physically segregated by simply roping off these cylinders from the rest of the 020%
inventory. A DOE office or individual would need to be made responsible for notifying -
Paducah Material Accountability of quantities to be added to this account In tumn,
Paducah would be responsible for potifying DOE of which cylinders’ were added for
.accountabxhty and for moving thc rope or othcr boundary marker l'or physwal segrcganon. .

No change in the proccdurc would be necessary until 0.20% DU is either recycled or

converted for long-term storage. If conversion of FDU to U,0, is implemented, the next
and last step would be to transfer physical accountability to the long-term storage facility.
The transfer of Australian/Canadian accountability should begin as soon as significant

quantities of FDU are converted and placed in long-term storage. When a quantity of o

FDU is converted, a like amount of 020% UF, could be transferred or operatiopally used.”

*49 CFR 173.420.
’J. W. Parks, DOE/ORO, Oak Rldgc, Tennessee, letter to T. R. Lemons, Martin
Marictta Epergy Systems, Inc, Oak Ridge, Tennessee, "Tails Disposition Study, dated
February 28, 1990. RS



... origin account would havc w bc trackcd through the recyclmg t‘acihry

_'If U,O. convcmon is not unplcmcnted and 020% DU is recycled. the Ausmhan/Canzdizn-

Both the workmg mvenw:y managcment plan for PDF and the loug-tem storage plan for
FDU should address the above’ legal and rcgulatory issues in order to maximize their
- flexibility. . Since. regulations connnually change, it iS 'also essential that the le;nh.

twc/rcgulatoxy developments be monitored for any new or revised requirements that could
~ affect DOE inventory management plans for the future.

§ ol
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C. DISPOSITION OPTIONS ANALYSIS

C.1 BASIS FOR DEI"LEI‘ED URANTUM MANAGEMENT S'IRATEGIB

A complete DU disposition plan must address both near-term DU inventory management
objectives and the ultimate disposition of surplus DU. The scope of the ultimate disposirion
program will be of the same magnitude’ as the near-term inventory management program

- because quantities of DU will be reduced only shghtly by presently foreseeable uses. Just
. a small fraction of the current depleted UF, inventories and future DU producnon will be
_ .needed to fill known demands for DU metal. Some or all of the excess' DU may be
. processed through AVLIS, but this cannot .be considered as an option” for permanent”

disposition. Even if all of the DU is recyclcd through the GDPs and/or AVLIS for further -

- ‘stnppmg of the ='U isotope, the quanuty of DU will be reduced by only a fcw perceat

Worhng mvcntory management - muu—that is, managemcm oE DU as a’resource for

existing govcmmcnt prograxm—wtll be considered first.- DOE “is free to manage DU
inventories for the benefit of its programs until the material is-declared a waste. -The

‘legal/regulatory review and the assessment of environmental, safety, and health (ES&H) .

risks did-not reveal any reason to- dcpart from the current strategy of maintaining the

- ., working inventories as UF, for as long as they may be needed for future reqclc and ocher

government uses. There is no existing basis in law for other government agencies to
regulate or control DOE inventories of DU and thc mb assocxated wnh cyhndcr stocage
of UF, are manageable. - » R :

- Tbé purposé in managing thc DU woﬂdng inventories is to maintain hiéh ES&ﬁ standards

while using the inventories for the greatest economic benefit to the enrichment enterprise

- and other government programs. - The working inventory management issue of the greatest
- immediate concern is upgrading current UF, storage practices to achieve high standards of
SN excellence for primary containment and for momtormg of the storage yards. This will
- involve upgrading cylinder maintenance and inspection programs .and cylinder storage

facilities. . Cost estimates are given for the recommended upgrading ‘program. The
economics of PDF recycling are also addressed—-that is; how to determine (1) when and
what to refeed 10 the diffusion or AVLIS processes and (2) when depleted uranium can
no longcr bc cconomically used in uranium cnnchmcnt and should be classified as FDU.

+ * Options for the ultimate disposition of FDU and a.ssoaated costs arc the final topu:

covcred in this section: (wc Sect. C3)



C2 WORKING INVENTORY MANAGEMENT
C21 Storage As UF,

C.2.1 1 Current status’

Thc prcscnt pracucc t'or rctcnuon of PDF matcna!s is to store thcm as UF, in 48-in. steel
cylinders of 10- and 14-ton capacity,” most of which are coded prasurc vessels.  These
cylinders currently qualify as “strong, tight containers® for transport of low-specific-activity

(LSA) radioactive materials under DOT rcgulauons. The term of storage has_ never been .

fixed or defined, but corrosion obsérvations on the nominally unprotected steel cylinders in
outdoor storage indicate a remaining service life of at least 30 years for cylinders now in

~_ storage before the cylinder wall thickness decreases to the minimum allowable value for
- present liquid transfer procedures.” Based on these’ obsetvations, new cylinders could have -
a service life of as much as 70 years. The inventory management program must provide for'

monitoring the progress of corrosion in order to schedule tramfcxs of UF, to new cyhndcrs
. on a safe and nmely basis. -

The ‘storage qhndcr inventory at the cnd of I-'Y 1950 mcludcd 34,400 standard 14-ton
- cylinders at the three diffusion plant sites, with 22,300 at Paducah, 8,900 at Portsmouth,
- and 3,200 at Oak Ridge. In addition, a few thousand cylinders of other typa were included
in the inventory. The total PDF 1nvcntory contained 322,100 metric tons of uranium

(MTU). Most of the cylinders are stacked in two-high arrays, in double rows, with the- |

plug ends of the cylinders separated by about 1 ft and the valve ends by 3 to 4 ft. In this

array, the single-cylinder space requirements: are about 38 ft* of storage surface. The -
geometric arrangement was. intended only to facilitate - mvcntory and ‘accountability

: rcquxrcmcnu with little consideration for other monitoring or inspection needs. Storage
experience with’ 48-in. cylinders since the.late 1950s has shown the necessity for stable
 storage surfaces, and, at present, nearly all of the PDF cyhndcrs are stored on either
. concrete- paved or compactcd-gravcl yards. Also, pearly all are in the stacked (two-tier)

_configuration. The Jower tier of cylinders utilizes creosote-treated wooden saddles for

~_above- -ground support. (In the Paducah storage facilities, cast concrete sad\dla have been .

*The principal UF, storage container is a 48-in.-diameter cylinder of 14-ton capacity
designated as a thin-wall cylmdcr (workmg pressure mmg of 100 psig, with a wall thickness
of 5/16 in.) and produced in several minor design variations as Models 48 H and 48 HX,
- Model O, Model OM, and Model 48 G. More than 51,000 of these cylinders have been
procured since 1958. Approximately 34,400 of these are currently in DU storage service.
Over 7,000 cylinders of other types are also being used for DU storage. This includes thin-

wall and heavy-wall 10-ton cylinders and miscellaneous cylinder types.
' In addition, the Paducah plant fabricated a number of DU storage containers from
- surplus converter shells, 142 of 19-ton capacity and 150 of 12.8-ton capacity.

UJ_ H. Alderson, Remaining Life of Uranium Hexafluoride Tazlr Storage C)'Imderx, KY/L-

1482, Paducah Gaseous Diffusion Plant, April 1988 1,
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used for the past several years, but the wood saddles have not bccn replaced with concrete |
ones.) Spacing between: adjacent rows of stacked cylinders is variable, both among‘the’

. three storage sites and within the individual sites. .Since cylinder inventories depended only
on’ the cylinder serial numbcrs, the ‘'valve-end spacmg was’ controlled to -allow for walk- -

* through observation of the cylinder name plata Plug end spacing was not controlled to
" .-the same degree and was often targeted at a nominal 1-ft scparauon. -However, many of

the stacking arrays permit walk-through access to the plug end for inspection. .

C212 Upg;adcd cylinder storage rcquircmcnu

‘ ‘Storagc area- rcquxrcmcms are’ xncrcasmg ata ratc of about 2.2 acres. pcr ycar if prdcnt '

+ stacking ‘configurations continue to be-used. - “This” ﬁgure is derived from the ‘earlier -

.. described double-tier arrangement, with the 3%-ft scparauon between valve ends ‘and 1-ft -

- separation between plug ends .of double rows of cylmdcxx. .The cylinders. are nomiinally
‘spaccd on 62-in. centers. In’ an infinite array (ie., ignoring dead space at the edges), this ™

.. gives an’area rcquucmcnt of 38 ft*, per cylinder, exclusive ‘of the arca for manipulation of

. the qlxndcr bandling- cquxpmcnt. “The cstxmated yca:}y mcrcasc of 2500 - cylmdcrs thus

7t ‘rcquu'a 2.2 acres of new storagc spacc.

o }’I'hc PDI-‘ storagc facxlmu at the thrcc dxffusnon plant sxta havc bccn scmtmxud -closely

- “in the’ past several momhs, ‘and a " number of situations have ‘been :dcnuﬁed as problems

that require -attention in any long-tcrm storage situation. Ewdcncc (or suspicion) of valve

e Jeaks; the possibility of plug leaks; the promouon of corrosion by, and deterioration of,
" = . wooden support saddles; and general corrosion of the’ storage cylinder walls all indicate thc
o nccd for a formal mamtcnancc and survcillancc program for PDF storage. ‘

painted surface, the paint used bas not held up wcll in outside storage . ‘and is not vc:y

;.. .resistant to steam in the autoclave cycle. Thus, the net effect of the initially spccxﬁed paint
*+ 1.+ coating is to extend the cylinder life by a'few years at best, not a significant amoust in the
~ storage’service life of a thin-wall steel qhndct “Preparing the new steel cylinders for

. extended ‘storage in ordct to_essentially climinate’ atmospbcnc .corrosion would fequire
. “cleaning all surfaces by abrasive blasting - ‘and then priming and pamung them. Presently, .
" available paint systcms have life’ :xpectancxu in outdoor service that may exceed 25 years,

and with spot repair and effective momtonng. mc of such systcxm could reduce atmospheric

cotms:onlossatozcro. A - ;

. Thc new cylmdcrs are stackcd t’or storagc, ‘this sbould bc _done mmg durablc, long-life

support saddles. Tbc stacking should include quality control of each cyhndct s placement
'to avoid the eccentric and possibly unstable stacking conﬁzuranons noted in recent surveys.

Finally, the stacking should provide the full-cylinder ‘access necessary to assure adequate’

surveillance—access to both ends and some measure of visual ‘access to ‘the support pomts :
_forcachcyhndcr. P O PRI '

‘ Cylmdcr handhng camcs with n ‘the mk of damagc lhmugh ‘accidental eonuct vm.h adjacent
- cylinders or rough placcmcnt on support surfaces. These accidental contacts are responsible

* - for dents, and 1f unpacts are stntcpcally locatcd and of sufﬁcncnt forcc, '%ﬂy can crack the

9



- -

cylinder wally leadmg to loss of mtcmal vacuum and eventual relcase of 2 pomon of the
cylinder contents.: The accidental contacts. can also damage valves. (oc. plugs), with similar °.

© consequences. It the two known instances in which handling damage apparently cracked

a cylinder wall, material loss and reaction with atmospheric moisture were so slow that the

breaches were not detected until years latcr. The UF, reaction products tended to self-

seal these mmor brcacha.

C2.13 UF, storage costs

To assure safe, long-tcrm storage (x e., storage for periods that exceed the ammpaxed life
of an unpamtecj thin-wall cylinder in off-ground outdoor storage), it is necessary to consider
- modifications in the prscnt storage philosophy ‘and methodology. - At. the outset, the
corrosion process that determines the present cylinder. life cycle. must be slowed or’
‘eliminated: ~ For mmplc, one of the sunplat ways to accomplish this is by. surface
protection’ through painting. - _Although painting is presently specxf'ed (one coat of zinc
~ chromate pnmcr plus one enamel topcoat) for new cylinders, the paint is not protectxve for
" extended time periods; and damage incurred from in-plant bandlmg operations is generally
not repaired before the cylinders are deployed in storage. Corrosion problems could be

avoided if the painting were, specified to include a zinc-rich topcoat that'can prowde‘ l

galvanic protecuon for steel cxposcd to, scuffs and scratches, and cylinder deployment in-

‘storage yards should also be followed by mspecnon and touch-up of handlmg damage. -

Zinc-rich paints used on a fow dozeén cyhndcrs placed in K-1066-K (Oak Ridge) in 1980 are

.-+ still in excellent condmon and, with proper substrate | preparation, would probably eliminate - -

atmospheric corrosion for storage periods of 25 years or more. Preparation and painting

with this level of quality should be obtainable for new cylinders at a reasonable incremental

cost and should be madc standard for all ncwly procured cylinders,

. Painting or other: durablc protectxvc coatmgs can bc used t0 cxtcnd the service: life of
existing’ cyhndcrs mdcﬁmtcly Cost elements of such a program would include moving the
cylinder to a prcparanon facility, abrasive blastmg to remove accumulated oxide scale,

- application and, curing of the protective coanng, and returning the cylinder to the storage
‘yard, The painting cycle, at an estimated cost of $300-$500 per cyhndet, could be répeated

- at appronmatcly 25-year intervals for extended storage, as the need is indicated by annual .

visual mspa:nom for rust and physical condition of the. protective coating.. -

'Ncarly all of the cylinders are presently stored on stable surfaca, that § i, either cona'ete '

pavement or compacted gravel. The cylinders at Portsmouth and Oak Ridge and many of
those at Paducah are stacked on wooden saddles and may not be fully accessible for visual
inspection in ‘their present conﬁgurauon. A costbenefit analysis should be made for

S

' ratackmg these cylinders on concrete or steel saddla and i in 2 manner that provides easy e

~ inspection access.

Momtonng activities rclated to cylinder storage are currently estimated to require annually.

about one-fourth man-hour per stored cylinder to (a) inspect in detail for valve and plug
leaks and perform repairs as necessary, (b) perform occasional cold prwure checks, and
(c) dctcrmmc cylinder wall ‘thickness and assess corrosion rates. ‘There. is also.some need
for housckecping and weed control, for run-off monitoring, and t'or ir. ;fmwry and

10
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accountability activities. While the distribution of effort may vary from year to year, the
. overall rate of time investment is expected to remain constant; and this should
considered to .be an annual cost of cylinder storage and maintenance. If the cylinders are
"' not pamted, as the storage system matures and cylinders approach the end of their service

- life, pravisions ‘must be made for transfer of contents to new cylinders and for disposal of

*the expended serap cylmdcxs The nmary exchange rate could exceed 1000 cyhnder: per

year and would require new transfer facilities for the enrichment complex; therefore, the

K ) cylmdcr transfer activities would have to begin in advance to ‘accommodate the rcquued -
" transfers.” Initial transfer activities should target the nonstandard containers (see footnote ™ - °
10 in Sect. C2.1.1) and a group of older cylinders of noncentified volume, as well as some . =

storage cylinders that are known to have been overfilled. -All of these will require special
handling to provide for safe removal of the contents. The painting of new cylinders before

" deployment for long-term storage would climinate the need for. periodic transfer to new - .
. cylmdcts This would also preserve the hquxd transfer capabihty for an mdcﬁmtc pcnod of R

' time until thc UF, is rcmovcd for convcmon.

" Facxlxtv cxpansxon at Pommouth and Paducah to accommodatc thc ycarly growth oE 2500

storage cylinders is estimated to cost $6 to 38 mxlhonlycar if designed to meet recommended” -
IAEA standards. Cylinder- and facility inspection and -maintenance (including the

replacement of any leaking valves and plugs) are estimated at $500,000 to 51 million/year. - - -
Total storage costs for upgradmg. expansion, and maintenance of the storage facilities are -

. thus $6.5 10 $9.0° ‘million/year. "It should be noted that thesé cost figures represent very .

- " preliminary estimates tbat are. mtcnded on}y to dcvclop ordcr-of-magmtudc costs.

I . e

Consohdanon of storage facxlmu for DU was not “considered in the cvaluanon of storage

’ costs. Within the UE complcg the Paducah GDP produces most of the DU, is the site

where most of the DU is currently stored, and is designed to recycle large ‘quantities of
PDF. Consolidation of the DU at the Paducash GDP would reduce the total capxtal and -

" annual operating costs of storage. “The duplication of maintenance facilities and equipment. * -

‘and the number of operating, maintenance, and other support personnel could be optimized
by this consideration; however, there would be sxgmﬁcam costs associated with the transport

"of the depleted UF; to consolidate storage. While consolidation of DU storage could result
in significant cost savings, further evaluation is reqmred in ordcr to dctcnmnc thc. opumum .
storage snc(s) and thc probable magmtudc of cost savings.:" - . - \; I .

. DU storage facilities must also be planned for AVLIS md for chemical conversion of FDU' '
to U,0, Optimization of the management plan for DU storage can be finalized only afncr
_thc sites for AVLIS and chemical convemon havc becn sclccwd. '

| “There are no currcnt reqmrcments for mdoor stongc of PDF hcwcvcr, since reqmrcmcnts
. are subject to changes in-the future, this option was reviewed (sec Appendix I). Thbe -
need to. provide utilities, ‘temperature and humidity control, “the dcvelopmcnt and

. . procurement of specialized cylinder handling equipment, and storage density requiremeats

would combine to drive the cost of indoor storage in existing facilities f2r above th:t of

upgradcd outdoor facilities. - ',.;;

7
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Preliminary estimates for indoor storage in new buildings at the’ Pommouth phnt suggest

_capital costs cxccedmg $300 million'to accommodate the present total inventory of stored
UF,. Indoor storage would rcqmrc new building construction’ for the Paducah mvcntory
whether the other sites utilized existing buildings or new buxldmgs, since there is no present
capacity for indoor storage at Paducah. Upgraded outdoor’ storage appears to be adequate
for the retention of DU for an indefinite pcnod of time, at a fraction of the cost of indoor
storage. Indoor storage would only marginally improve the quality of stongc of the UF,
thcrcforc, the addmonal cost is not presently justified.

C.2_2 Managcmcnt Stn:cgy :

This section addresses PDF req'clc economics and how to determine, wbcn dcplctcd
uranium is of no further value to the uranium enrichment’ program. ‘The rclcvant decision .
criteria are related to the optimum, or bréak-cven, tails assay, which balances the costs of
separative work and normal fccd s0 as to minimize the total cost of the enriched product.

.Clzl Brc.ak-cvcn tzik assays for natunl nrzmum :

 The economic Objccllvc for tails assay opnmxzauon is'to minimize the overall cost of !
enriched uranium producuon by striking an opnmnm balance between feed and separative .
work costs. This balance is quannﬁed as the opnmum. ot break-even, tails assay. The -
break-cven tails assay (BETA) is a function of the ratio of feed costs to scparauve work
costs and is. completely in dcpendent of the cnnched product assay. The origin and form .
of the break-cven tails assay equation, as well as's plot of break-even tails assays versus cost
ratio, are ngcn in Appcndxx IV.

. Partially dcplctcd uranium at any assay ‘greater than a given BETA is 2 candxdate for
recycle. That is, it may be economic to use it as partially dcpleted feed to the enrichment
. facilities_ to produce enriched. product and depleted uranium at the BETA. Depleted.
uranjum at an assay less than or equal to the BETA cannot be economically refed. The -
PDF assay must be a minimum incremient above the BETA to make production-costs-for - -
PDF attractive when comparcd to producnon costs for normal feed. - :

\

-C‘.222 Pamzllydcplcwdfccdmc’dceconom

When calculanng the current BE'I'A. the fced and scparatxvc work unit (SWU) costs used . -

should be incremental costs that apply to the. specific circumstances. For example, if
scparatwe work cost is $100/SWU and feed cost is $50/kgU as UF, the optimum tails assay
is 030%. If the cost of feed climbs to $75/kgU as UF, the optimum tails assay becomes
~ 0.26%.  However, DOE can curreatly produce SWUs at a margmal cost of about $40/SWU.
For DOE operating at the marginal SWU cost and paying $50/kgU as UF, for feed, then
BETA is 020%. In the long term, it is conceivable that feed cost will escalate relative to
SWU cost and will reduce BETA even further. For example, if feed cost is $75lng and
SWU cost is $40/SWU, the BETA would be reduced to 0.16%. .
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C223 Decision critail for ultinnu: dispasition
- A final rcquu'emcnt for the DU managcmcnt plan will be to- dctcnmne a decision BETA
_to use for designating when DU becomes FDU and is ready to be converted for final -

- disposition.- Since a BETA can ea.snly be determined at any point in time from current feed

~ and SWU costs, the difficulty lies in determining how the BETA will change with time.
The decision BETA must reflect changes anticipated in SWU production costs as well a5 .
feed costs over the operating lifetime of the enrichment cntcrpnsc. Consequently, selection
of a decision BETA for UE is complicated by the expectation that AVLIS will replace
gascous diffusion as the-DOE UE process. The AVLIS program will have significantly
.. different economics than -gaseous diffusion; so BETA for AVLIS will be different, and*
_-presumably lower, than BETA for diffusion. This clouds the decision od when to coavent -
. DU from UF, and also affects the decision about what form the UF, should be converted

. to.. At present, it is not known which chemical form ‘of uranium will be rcqutred by the '

AVLIS program.  If, as expected, the AVLIS BETA (BETA-2) is lowcr than the dxffus:on

o BETA (BETA-1); then the decision tree would look like this:”

" & For DU above BETA-I maxntam thc DU as UF. rcfwd to thc GDP: and strip 1o -
BETA-1. '

e For DU above BETA-2 but at or below BETA-1, dctcrmmc i it is dumble 10 feed .
it to AVLIS. " If so, convert to the dwrcd chcrmcal form for AVLIS feed, refeed to -
AVLIS, and stnp to BETA-Z. '

) O For DU at or bclow BETA-Z, couvcrt to U,O. for ulnmatc dxsposxtxon.
' Thc AVLIS procas uses uranium mcul as the process medium;’ howcvcr. other chc:nal -

forms of uranium, including:U,0, are being considered for feed to'the AVLIS site. The -
. .other forms would have to be converted to uranium metal at the AVLIS site for use in the

L process. If U,0, is acceptable for PDF delivery to AVLIS, then ‘BETA-1 will ‘be the only

. significant factor to consider for détermining the asszy at which to’ convert DU to U,0,
However, if U,0; is not acccptablc for PDF delivered to AVLIS, then projecting the value
of BETA-2 will be critical in determining the assay at which to convert to U,0; for long- .

term storage or disposal. It would be desirable to convert any DU ‘that will be recycled to

‘AVLIS directly from UF; to thc AVI.IS feed compound to avoid doub!c conversion costs. |

(A decision BETA can be determined for gaseous diffusion economics ‘in the pear ¥erm.

‘However, a meaningful evaluation of a BETA for the AVLIS process cannot be made until -
. that_process nears commercialization.” PDF inventories held for GDP recycle should be -
. managed 2s UF, to avoid the costs of chemical conversion to U,0,"and then back to UF,
for GDP recycle. ‘Therefore, it follows that a ma)or campaign of converting DU from UF; -

" to U,0, should ot be initiated until cither U,O, is determined to be an:acceptable feed

source for AVLIS or a decision BETA is available based on AVLIS economiics. This may:
not impact the start of the conversion campaxgn, however, smce xt will take several yens
to establish and unplcmcnt thc convcmon prognm. o

13



C3 ULTIMATE DISPOSITION - -

The pnncxpal question addressed in . this section is. the safest.form' of uranium to use for '

ultimate disposition. Other topics addressed in this section are permanent disposal versus

long-term storage as disposition options and a basxs for cost’ recovery for the ultimate

disposition of FDU.

C3.1 Opnmum Form of Uramum for Ulnmau: ancul

Envxronmcntal safcty. and hcalth issues clearly favor U,O, as the uranium form for long-
term storage or disposal of DU. U,O; is the most inert chemical form of uranium, can be
stored safely, and has. the lowest potential xmpact on people and the environment in the
event storage or disposal facilities are abandoned in the future. ‘Major advantages of U,0,

are the rclatwcly low chemical rcactmty, solubility, and risks compared to alternate uranium
forms. U,O, is insoluble even in weak-acids and bases typically found in. soils. and -

groundwaters. A literature search has indicated that studies documented in foreign countries
support the conclusion that U,0, is the preferred form for long-term dmposltxon.u More
" details concerning risk characterization of alternate chemical forms of uranjum can be found
. in Appendix IL

A major objcétwc of a DU axide convcvfsmx;/duposmon program should be to recover and .

recycle the ﬂuonnc. This is important both for economics and for minimizing waste for the
industry as a'whole. ' The French have demonstrated the commercial feasibility of recovering

the fluorine, primarily as aqueous-HF. However, the aqueous HF would likely be slightly |

contaminated with uranium.and may not be marketable in this country. The most efficient

way to utilize recovered HF would be in the conversion of natural uranium to UF, for feed

- to.the diffusion planu. ‘Uranium contamination would not bc a‘concern in this proca:.
. However, this conversion -process requires anhydrom HF Comequcndy, there is an

imminent need to start development on a conversion process that will permit full recovery -

of fluorine as anhydrous HF. As backup, an effort should be made to develop a markct-

for recovered aqueous HF.

c32 Otbeta)amaJCommepmm - ‘ '

- Other chcrmcal forms of uranium can certainly be handled and stored safc}y in an mdusmxl -

_environment and were evaluated as possible options. Those forms which were considered
in addition to U,0, are uranium ‘tetrafluoride (UF,), uranium'dicxide (UO,), uranium
trioxide (UO,). and uranium metal  The advantages that UF. offers are that it i3 an
intermediate in exdsting processes for-the production of uranium metal, the fraction.of
recovered HF is easily reqcled in the UF, production process, existing commercial facilities

M. F. chhallct, "A New Appmach to Uramum Chemistry Complcung the Nudcar
Fuel Cycle," Canadian Nuclear Society, Proceedings—International Symposium on Uranjum

and Electricity, The Complete Nuclear Fuel Cycle, September 18-21, 1988, Saskatoonm, .

Canada, K. H. Talbot and V. L. Lakshmanan, eds., ISBN 0-919784—16-)(. F
14 A



e mo argw oo

are readily cxpandablc to meet the current GDP productxon rate of depleted uranium, and

~ the cost of  conversion (appronmatcly $2/kgU) is rclatm:ly low.  A. fully developed

producuon procéss is already in use, and commercial facilities for convcmng UF, o UF,
with capacities more than 4,000 MTUl/year are in operation; so the unplcmcnuuon of this-

. ‘option could begin immediately. This capacity could readily be. cxpanded to more tham

25,000 MTU/ear.” ‘Containers for the storage of the. UF, are.currently in wse, 3

E "experimentation and dcvclopmcnt of new containers would not bc required. Protectin

from the elements is essential for proper storagc, however, nncc UF,- -reacts slowiy wih
moist air, forming o:udcs and rc]casmg corrosive HF.

Conversion of the DU to alternative cmdc fonns (UO or UO) was anothcr poss'bﬁy
considered. This option would permit recovery of virtually all of the fluorine content of

_ . -the UF, and would decrease the volume about 25% compared to UF,. This would reduce
" the requirement and cost for containers and storage space. The oxides are relatively stable
- chcrmcally, noncorrosive, and resistant to leaching by groundwater (see Appcndxx m). o, -

", 7.is more difficult to producc in the pure form and will hydrolyzc in air at ambiest"

" temperatures. UO, is the chemical form used for power reactor fuel, but powdcred vo, -

must be stabilized to preveat reaction with oxygen in air, which will cause U0, to t’om.

uo, pcllcu sintered for reactor fuel show enhanced stab'hty to ﬁmher o:ndauon.

The final conversion form considered was uranium metal. - Uranjum’ mctal is virtualy |

insoluble in water, requires less storage space than the other forms (about ¢ 80% less thn
UF,), and is the only form of DU with an end use at the present time.! Commercal

_conversion_ facilities are already in existence for processing UF, into metal Howeves,

known demands for metal will use only a'small fraction of the DU bcmg stockpilcd. ad .
the -current commercial  UF-to-uranium metal. conversion process tequires UF, as =

. intermediate step. This double conversion (UF, to UF, then UF, to uranium metal)

.

. requires increased handling costs over the more direct conversion options. "It also involves

a batch thermite bomb process that generates large quantities .of contaminated MgF, slag
which requxru 'disposal as- lcw-lcvcl waste (LLW). This process does not allow recovery ef -
the majority of the fluorine in the depleted product. and the uranium metal “derby” product

_readxly undergoes surfnce cmdat.xon to U,0,_-To prevent_or ninimize this codatiae,
“* uranium metal placcd in long-tcrm stonge would have to be’ grvqn a_protective coating.
“. Even-uranjum ‘metal ingots constitute a hazard in a sustained fire. ' Current US. menl

capacity is more ‘than 8,000 M'I'U/yux ‘which 'is expandable. to 12,000 MTUlear. The

©" 1 present cost of conversion to metal is greater than $10/kgU, mcludmg the cost to convest | '
. to UF,.- The two-step process, along with the LLW disposal costs, are reflected in S
- conversion cost. ‘The unit cost would be substantially reduced by a largc-volumc conversica

program but would likely remain unattractive for disposition of the entire DU stockpile.

"5 Adetailed description of the proa:sa for convcmng UF. to othcr forms of uranjum ¢xa

- be found in Appendix V.

v"fC33 CommcxualFAdhba o

-

'nacre are mtmg domestic commcrcnal facilities for converting dcp]c :d UF, v UF, and

~UF, to uranium metal (ongmally established for military applications). Table C1
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~summarizes the capacities of the three domestic facilities that are currently producing
depleted UF,; ‘and/or uranjium metal and include current military commitments. The
capacities are teadtly c:pandablc. as mdxcawd by facxhty managcmcnt.

" Domesti¢ nuclear fuel fabncators also opcratc conversion facdma that use enriched UF-

to produce uranium dioxide. However, these are small-scale and expensive operations; and

these companies bave not expressed any interest in DU conversion. COGEMA, the French
uranium processor with extensive expenence with large-scale depleted UF‘ convcmon o

U,0,, has expressed interest in domg conversion work for DOE.

A continuing program for aonvcmng dcplcted UI-’. to Ul'-‘. or mctal could maintain existing
' U.S. commercial facilities in' a viable state and in a position’ to cxpand capacuy quickly to

‘meet future needs. Ov:rall, some waste reduction for the uranium industry is currently .
‘being achieved through xeoovcxy of HF for recycle to the natural feed conversion process, -
~ However, HF recovery is not feasible from the thermite process now in use for reducing ..
" UF, to metal. Direct conversion of UF, to axide would permit recovery. of &cnmﬂy all -

- of the Ouorine as aqueous HF, but no commercial procw or facilities have been established

“7 " in the United States.. While AVLIS is based on uranjum metal feed, current plans are to

o trampon the mtcm! as axide and then convert to and from the metal at the AVLIS phnt
sxtc. A :

. " There are no existing commercial fxcﬂmu in this hcmnphctc for the conversion oE dcplcted o
""" UF, 1o oxide. Current AVLIS plannmg is based on transportation of the feed material as.

oxide and conversion to metal at the AVLIS site. The AVLIS site may also include
facilities for conversion of the enriched product from metal to oxide. Since similar facilities

will be required for conversion of DU for ultimate storage, construction and operation of |

the disposition facilities should be integrated with construction and operation of enrichment
_ facilities to the extent feasible, o . -

j}
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Tablc ci Commcn:al capabilies i' .
o UFtoUF, "~ |7 UF,to U metl :
Facﬂ}ty.,. .- Cument _Expandable. | Cumrent - Expandable
(MTUF jyear)-. - (MTUF jyear) | (MTUlear) -~ (MTUkear) |
Acto;cx Ordnance, S _ N © 30000
Jonesboro, TN S o o
Carolina Metals, Inc., 2,700 22,700 - ~ 4500 - 9,000
Bamwell, SC . o . : - : '
Sequoyah Fuels _3.4()0, 7 6,800
Corp., Gore, OK . .
Total .- 6100 29500 7500 9,000
. “Capacity in excess of current commitments.



C34 Permanent Dispcu] Versus Loog-term Storage: .

N .. The major DU, managemcnt question remammg is whcthcr the ultimate dl.sposmon of FDU
. should be permanent disposal or long-term retrievable storage. - The cost of disposal versus
“that of long-term retrievable storagc and philosophical considerations will form the basis for
making that decision. This section addresses the cost for permanent disposal compared 10
. that of Iong tcrm storagc. xncludmg the cost of convcmng to U,O -

By far the grcatst cost assocxatcd wnh uItxmate duposmon of DU is the conversion of UF, .

- from the GDPs or of uranium metal from AVLIS to U,O Since the French process s the
only available commercial process for UF, conversion to U,0O, the best estimate of
conversion cost is provided by their information. , A cost of. 22 French francskgU
(54.20/kgU) for this conversion, assummg Tecovery and credit for the fluorine, has recently
been quoted by French sources.? An earlier communication had indicated a conversion cost

“of 17 French francs/kgU," whnch is equmlcnt to $330/kgU." The difference between the

“two values could represent ‘profit margin, cost escalation, rate of cxchange anomalies, or a

~ combination of all these factors. The h:ghcr number (54 20/ng) is considered more sound
L as thc basxs for cstxmatmg dx.sposal costs since it was obtained more rcccndy

'n)c sccond largest cost for ultimate disposition is expected 0 be for dxsposal or pcrmancm
storage. This cost is estimated utilizing the waste disposal fees ‘at the two government
" disposal 'sites, the Nevada Test Site (NTS) pear Las Vegas and the. Hanford site in-
Washington. Information from a waste acceptance seminar at Hanford and discussions with
S personnel at Hanford and at NTS provided waste disposal critetia and costs. Personned at
RO " both sites agrced that UF, is not acceptable for permanent disposal since it is reactive if
e - released to the 'environment. It was also agreed that U,O, is an acceptable uranjum! .
d;sposal form. NTS currently’ charges S9/E for disposal of LLW, while Hanford’s fee i
. '$35/f. These fees are for containerized disposal and are calculated for the total volome ¢ -
~of the waste packagc Therefore, even with efficient packaging, low-density U,0, (App:adxx
" IT) would cost about SO.ZS/ng for NTS disposal and about $1.00/kgU for disposal at:
Hanford. Personnel at both sites cautioned, however, that rapidly changing regulations and -
.- " - disposal requirements made it impossible to project "disposal fees, even for the pear foture. i
o . . The higher-cost disposal option ($1. OOIng) is thcrcfore secp asa pmdcnt basis for current | .
. anmatuofdnpoulcotu. . L N S
Other costs” associated with- the ultimate’ duposmon of I-'DU are. handlmg. packaging, :
transportation, and storage costs. Packaging and handling costs should be similar whether
the ultimate disposition i3 permanent disposal or long-term :tonge. Trampomnon costs
" would be very dependent on the location of the AVLIS plant, conversion facilities, and the
ultimate disposal or storage sites with respect to the Paducah GDP site. Since the sites for
these new facilities have not been sclected, 2 precusc estimate ot' transpomnon costs is not

o bR H Dycr. DOEJ'ORO Oak R:dgc, Tcnncssec, lcttcr to J W. erb, *Plant Visit to

French Tails Defluorination Facility,” dated May 1, 1990. . o.

. ¥R L Hoglund, Martin Marictta International, Inc, Bnmch. Bclgmm, Jetter to E. C.
HuEman. 'Ennchmcnt Tails Forms,” dated January 10, 1990 .

~ ¥October 10, 1990, foreign c:u:hangc mte. o e
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possible at this time. Rail transport cost estimates are based on a present cost of about
$5.500 for moving 2 fat car from Paducah to a west coast location.- With a capacity of four-
or five storage cylinders per car, transponanon costs therefore amount to about $O. ISI‘ng
when transported as UF; to the conversion plant/disposal site. Transportation costs are thus
seen to add only a small. increment to the total cost of permanent storagc or dxsposal of
DU. Without a detailed engineering analysis, there is no basis for estimating storage costs
as being significantly different from those for permanent disposal. Therefore,. the same
* $1.00/kgU should be applied to the cost of long-tcrm rcmcvablc storage as U,0,. Total
costs for disposal or storage of DU, thcrcforc, amount to appromnatcly s6. 00/'ng

C35 Ultimate Disposib'on Plan.

Since there are no cmnng domatxc facilities and no sparc capacuy in existing French ..
facilities for conversion of UF/uranium metal to U0, eventually a plan will have to
~ provide for the establishment of these facilities. Extber a suitable process will have to be -
developed, or the tcchnology will have to be purchased. There are several options for the
development and operation of a government DU disposition program. The vxable opuons
are as follows: : .

° Dcvc!op an in-house conversion process that permits fluorine rccovcxy as anhydrous HF;
construct. govcmmcnt-owncd, contractor—opcratcd convemon and storage facilities.”

e Same as above, but use joint DOE/private mdmuy procss dcve!opment. ’Dus would
. involve the establishment of a cooperative research and dcvclopmcnt agreement
(CRADA) with an interested privaté mdmtry partner. :

e Contract with private industry for UI-'./uramum metal to U,0, conversion service;
construct govcmmcnt-owned, contractor—operated storage facilities.

e Utilize the Fiench conversion process; construct govcmmcnt-owned. contractor-opcrawd )
conversion and storagc fac:lma. o

. @ Contract wnh the French uranium processor (COGEMA) for DU conversion semce; o

construct govcmmcnt-owned, contractot-opcmcd storage facilities,

All of these ophons sbould be pursued with the objective of selecting the most cost-" .
c¢ffective option for a.complete long-term DU disposition program. DOE should also
promote the salc oE DU to help reduce t.he disposition cost liability. :

Several support activities wou]d also facilitate managcmcnt decmon-mxhng on the structure .
of the disposition program. Process development would be necessary to obtain cost
information for companson with the licensing and contracting options. Since transportation -°
. ‘and inventory maintenance costs will be a significant, but controllable, contributor to the
overall cost, the early site selection for AVLIS, the conversion facilities, and the permanent
. DU storage site would permit optimum placement of inventories to minimize costs. The
advanced completion of the conceptual design of retricvable storage Cacilmcs fot the
permanent disposition of the U,0, would also aid the site selection procc:n. ;‘

18



D. CDNCI.USIONS

~ The most 1nip6nafxt conclusions that are apparent from the legal/regulatory review and from
thc tcchmcal/cconomlc study are as follows

Undcr existing laws and rcgulatxons; DOE is free to manage the DU resource (PDI-') _
for the benefit of its uranium cnnchmcnt program until it becomes fully dcplctd of
cconormcally rccovcrablc U, ‘

. A DU inventory management plan is needcd whxch provides for pcnodnc cyimdcr .

inspections and steps for upgradmg UF, cylinders and storage yards.

Indoor storage of DU cylinders could be costly and is unnecessary.

The ultimate dxsposmon form of FDU which is determined to be surplus t0 UE and . :

defense needs should be as. U,0, in long-term, retrievable storage as a national FDU
rcscrvc for the potcntxal benefit of future generations. -

* Stewardship of a national FDU' reserve transcends the mission -of DOE as ptacmly ~

‘defined and ‘has not bccn addrcsscd in the pohucallleg:slatxvc arena.
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" E "RECOMMENDATIONS

* Our DU management recommendations are given below in catcgonu of gcncral. working
mvcntory managcmcnt, and long-tcrm dzsposmon

)

1 ‘ =

GENERAL

. @ Use "depleted uranium® or’ "DU' tcnmnology in prcfctcncc to ‘tails or “waste®

whenever’ possiblc.

Support ongomg ‘commercial and military uses of DU for cxamplc, ‘the stockpilmg |

. of DU for nauonal dcfcnsc apphcauons. R

Promotc and support thc dcvelopmcnt of ncw and mnovatxvc uses of DU

DU WORKI'NG INVENT ORY MANAGELENT PLAN

Immcdxatcly xmplcmcm a cylmdcr inspection program. Th:s program should prcmdc .

for scmxannual mspccuon of cylmdcrs.

Evaluatc protcctwc coating. opuons for new cyhndcts as well as old’ cylmdcn _
currently in storage and upgrade protcctwc coatxng requxremcnts for new cylmdas. .

Establish criteria for upgradcd cylmdcr storage facilities. - This should. include an

_ evaluation of cost savings for DU inventory consohdauon at one or two sites-

Design and construct unprovcd storagc facihtm whcn cntcm are oomplcted.

Evaluate the economic break-cvcn tai]s assay for ga.scom dxffuslon (BETA-1) and

_consolidate inventories ‘above this assay at Paducah for future rccyclc. Evaluate
- BETA-2 for the AVLIS procw asa prclumnuy guxdclmc on FDU inventonies.. -

‘ Pcnodncally updau: thc brcak-cvcn uih assay cva]uauom (BETA-I and BETA-Z) .

for operational and envisioned future carichment facilitics; maintain inveatory
figures for the respective catcgona of DU. - '

Recvaluate the DU xnvcntory management program when process econoxmcs and
chemical conversion steps for AVLIS are determined. -

Continue momtonng lcgulamc/rcgulatory dcvclopmcnts for poss'blc implications’
related to DOE ‘inventory management practices. -

Con.sohdate, review, and update all safety assessments to provide a smg}c docummt
that applies to all storage facilities. o
“
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o_ On each of the above recommendations, perform a benefit/risk/cost analysis to
develop an appropriate schcdulc of implementation. e

. L ULTIMATE DISPOSITION PLAN.

e Initiate long—rangc planmng for convcmng FDU to U,0, and for retrievable -

storage. ’l'hxs includes the following:

— Dctcrrmning when to start development work on full fluorine recovery from the

_conversion process ‘and exploring the possibility of usmg the CRADA )omt :

venture approach for process dcvelopmcnt.

— Explonng possibnlmu of utilizing the French process and for contracting for
chemical conversion of DU by private industry.

C— Cori‘ccptual design study of a retrievable storage facility, including an evaluation
of smglc site versus multi-site facxlms. -

—_ Explormg the paramctcrs for a site sclcctxon procw for a UF/U,0, conversion
facility and retrievable storage facility.

e Implement FDU convcrsion 'program when facilitids are rcadied.

° Dwgn and 1mplcment PDF feed opuons that will recover DU storage and
disposition costs. Options include the following:

— GDP rccyclc at margmal SWU cost for uncommitted (last 30%) commercial
requircments.

— Recycle as feed for military demands.

— Altemative. fwd source for AVI..IS cnnchmcnt.

® Explore the possibdxty ot' a new, mdcpcndcndy funded government program for .'

long-term, retrievable storage of FDU as a backup opuon. \
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Department of Energy

Oak Ridge Oparations
P.O. Box 2001 .
Oak Ridge, Tannessee 378313510

October 29, 1990

Dr. Richard Shank

Director, Ohio Environmental
Protection Agency

1800 Watermark Drive

Post Office Box 1049

Columbus, Ohio 43266-1049

Dear Dr. Shank:

Representatives of the Department of Energy (DOE) and your staff met in Columbus:

on October 12, 1990, to discuss a number of issues involving the Portsmouth Gaseous.

Diffusion Plant (PORTS) in Piketon, Ohio. I understand that progress was made
toward resolution of a number of issues confronting our agencies.

A most important issue was raised by your staff in a recent letter from the Southeast
District Office of Ohio Environmental Protection Agency (OEPA) to the effect that
cylinders of depleted uranium at PORTS were no longer exempt from regulation as a
hazardous waste under OAC 3745-51-04. The cylinders of depleted uranium
hexafluoride are exempt from regulation because uranium hexafluoride is “source-
material” under the Atomic Energy Act of 1954, as amended (68 Stat. 923) [42 U.S.C.
§ 2011 et scg] Your staff requested that we provide our position in a letter so that
you could give it full and dug¢ consideration. The enclosed analysis is prmnded in '
rcsponsc to that request. N

In order for you to become more familiar with thie safety practices followed by us m
storing depleted uranjum at PORTS, we would welcome you and any of your

—/

representatives to the facility to inspect the cylinders and discuss storage practices with. .

PORTS personnel. We would also provide a briefing concerning the studies we have -
undertaken to review our storage pracnces including the experimental and analytical
work underway to evaluate the remaining useful life of the cylinders and the
investigation concerning the two cylinders found to have holes. We want to
demonstrate to you our continuing concern that the depleted uranium is safely stored
and handled.

<=
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Dr. Richard Shank - -2- October 29, 1950

Fmally, I understand that you cxprcsscd an mtcrcst in the fundmg status for the activities -
planned for PORTS. We are evaluating options to transfer funds from other work to - .
PORTS for the completion of the activities planned for fiscal year 1991.: This evaluation
of fundmg alternatives is based on closure options submitted to and approved: by OEPA. *

ot oIt does not include the additional cost if more cxpcnsxvc options .are utilized.- If-

o problcms ansc, we will be in touch wnh you or your staff as soon as we. 1dcnnfy them
Smccrcly, |

Joe La Gronc' .
Manager . .

.Enclosure: ; .
- “Regulatory Analysis of o B S
.. Depleted Uranium Stored =~ . S .
at DOE PORTS Facility” '

cc w/enclosure: -

William Young, NE-1, Forst T

Richard A Claytor, DP-1, Forst _ o Co ' ;
Leo Duffy, EM-1, Forst B I '

Paul Ziemer, EH-1, Forst o e

Stephen Wakefield, GC-1, Forst C e

Steven Blush, NS-1, Forst '



REGULATORY ANALYSIS -
| OF 2
DEPLETED URANIUM _ - |
STORED AT DO C

Dcplctcd uranium is gcncratcd by the gascous dxffus:on proccss used to enrich
uranjum.’ The gaseous diffusion process uses uranium hexafluoride (UF,). containing 0.7
percent U-235 as feed material.- The fccd material, which arrives in cylinders in sohd
form, is heated in its cylinder to a gaseous state and fed into a cascade, which consists
of a series of compressors and scparatxon barriers. By physical separation only, the
cascade increases the percent of U-235 in the UF, product stream typically from 0.7 to
3-4%. No chemical substances are added or ‘used in this process. While a pomon of
the UF, feed material is enriched in U-235, the remainder becomes depleted in U-235.
to a concentration less than 0.7 percent. This material consists solely of UF,, and no
chemicals or other substances are added to it prior to storage. The solid depleted
uranium is stored-in steel cylinders and maintained by DOE as inventory, because. it is -
capable of being used as feed material to produce enriched uranium. The dcplctcd
uranium is not corrosive to the steel cylinders used for storage.

Depleted uranjum is a “source material” Subjcct to regulation under the Atomic Encrgy
Act of 1954 (AEA), as amended. Section 11(z) of the AEA, as amended [2USC §
2014(2)] defines “source material” as follows

The term “source matcrial” means (1) uranjum, thorium, or
any other material which is determmcd gx thc lAtomlg
Encr Commission pursuant to

o be source material; or (2) ores contammg one or more of
thc foregoing materials, in such concentration as the
Commission may by regulation determine from time to time.
(Emphasis added.)

Section 61 of the AEA, as amcndcd, authorized the Atomic Energy Commxssxon to
define the term “source material.”> The Atomic Energy Commission promu]gated the
followmg regulatory definition at 10 CF.R. 40.4;

‘“Source material” means (1) uranium or thorium, or any
combination thereof, in_any physical or chemical form; or

(2) ores which contain by weight one-twentieth of one
percent (0.5%) or more of: (i) uranium; (ii) thorium; or
(iii) any combination thereof. Source material does not
include special nuclear material. (Emphasis added.)

The  Atomic Energy Commission further defined the term “depleted uranipm” at 10
C.F.R. § 40.4(0) as follows: - F
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. 'wthh thc isotope uramum-235 is Jess than 0.711 WClgh

. percent total uranjum present. Depleted uranium does not
include special nuclear material. (Emphasis addcd) .

Consxstcnt vmh thcsc dcﬁmuons, DOE trcats deplctcd uramum as source matcnal

: Matcnals deﬁned as “sourcc matcnal” undcr thc AEA are not hazaxdous wastcs
Under the federal systcm of rcgu]anon of hazardous waste, 8 material must first be
defined as-a “solid waste” before it may be rcgulatcd as a “hazardous waste.” 42
U.S.C.'§ 6903(5). :-Section :1004(27) of the Resource Conservation and Recovery Act of
1976 (RCRA), as amended [42 US C. $ 6903(27)], cxc]udcs source matcna] from the
definition of “solid waste™: :

The term “solid waste” docs not mcludc sourcc, A
* special nuclear or byproduct matcna] as dcﬁncd by the =
- . Atomic Encrgy Act of 1954, as amcndcd (68 Stat. 923) [42
”USC §2001 etseq). '

In regulanons (40 C.F.R. § 261.4) implementing the RCRA, the US. Envuonmcntal
Protection Agency (USEPA) states the exclusion as follows:

The followmg matcnals are not solid wastes for the purpose
of this part:

(4) Source, special nuclear or byproduct material as -
defined by the Atomic Energy Act of 1954, as
amended, 42 US.C. 2011 et seq.

Consistent with the federal framcwbrk, the Ohio Legislature has excluded source
material from the definition of hazardous waste. Section 3734. 01(1)(2) of thc Otno :
Revised Code provides: :

Hazardous waste includes any substance identified by.
regulation as hazardous waste under the “Resource
Conservation and Recovery Act of 1976, 90 Stat. 2806, 42

U.S.C. 6921, as amended, and dx_;_m;_mg]gd_c_m

substance that is subject to the Atomic Ene 954."

68 Stat., 919. 42 US.C. 201]. (Emphasis added.)

Source material c]cérly is a substance that is subject to the AEA. Therefore, depleted
uranijum, having been defined by the Atomic Energy Commission as a source material,
is not a hazardous waste under Ohio law. }‘

Id
’
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The depleted uranium stored at PORTS also is not a mixed waste. subject to regulation

as a hazardous waste, because the dcpletcd uranium is not. mxxed with a RCRA = . \J
hazardous waste. There is no other material, waste or otherwise; in the storage

cylinders of uranium hexafluoride.

USEPA announced its mixed waste policy in the Federal Register on July 3, 1986 (51
FR 24504). That. polxq and subsequent clarifications issued by USEPA indicate that
USEPA intended to regulated as “mixed wastes™ those radioactive materials that -
become mixed with a non-AEA material that is 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-I.:vcl .
Radioactive and Hazardous Wastc, 52 FR 11147 e '

In summary, the UF; tails qualify as “source material” under the AEA. Source
materials are exempt from regulation under RCRA and Ohio Jaw by statute. USEPA’s
“mixed waste” policy does not apply to depleted uranium, because this material has not
been mixed with a listed hazardous waste or non-AEA material w}uch exhibits a
hazardous waste characteristic.
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Appendix I RISK CHARACTERIZATION OF ALTERNATE J
CHEMICAL FORMS OF URANIUM '

Depleted uranium is presently contained as solid UF, in thin-walled steel cylinders that -
are stored outdoors exposed to the-clements. Although UF, can be handled and stored
safely in a well-managed industrial environment, other uranium compounds or uranjum
metal may be more appropriate for long-term storage or permanent disposal in a less
structured environment. Other potential storage forms besides UF, include UF, UO,,
U,0,, UOQ,, and uranium metal. '

* It is the purpose of this appendix to discuss the risks associated with each of these storage

forms.
A PHYSICAL PROPER'_I'IES

Those physical prOpcnfcs of interest for risk assessment of the pertinent dépleted '
uranium storage options are shown in Table IL1."

Al Uranium chaﬂuoridg"‘

Solid UF, is readily transformed into the gaseous or h’qhid states by application
of heat. ~ .

All three phases—solid, liquid, and gas—coexist at 64°C (the triple point). O/
the gaseous phase exists above 230°C (the critical temperature) at which the
critical pressure is 4.61 MPa. The vapor pressure above the solid reaches 1 atm
(0.1 MPa) at 56°C, the sublimation temperature.

A large decrease in UF density occurs in changing from the solid to the liquid
state, which results in a large increase in volume. The thermal expansion of the
liquid with increasing temperature is also high. It is always essential to maintain
control of the total mass and physical state of UF; throughout an operation cycle.

. When restricted volumes such as traps and containers are. filled with UF, full
allowance must be made for the volume changes that will arise over the working
temperature range to which the vessels will be subjected in order to avoid
hydraulic rupture,

Since the sublimation temperature lies below the triple point, the pressure must
be in excess of 0.15 MPa (1.5 atm), and the temperature must be above 64°C for
UF, to be bandled as a liquid. Thus, any process using liquid UF, is above
atmospheric pressure and will be subject to a potential leakage of UF, to the
~ environment, with vapor loss and cooling occurring simultaneously. Solidificatioa
occurs exothermically when the pressure falls below 1.5 x atmospheric. Thus, if .
a cylinder heated above the triple point is breached, a rapid outflow of the UF,
occurs until the pressure drops sufficiently to start the solidification process. Tbe
rate of outflow then decreases but continues until the con{en}c,ool to about 56°C,

—
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whxch is the atmospheric sublimation temperature. Some release of material may
continue, depending on tbc type and location of the brcach

Table IL1. Physml properties of pertineat uranium compounck
‘ S Deasity, g/em®
Compound | 'M’cl:ing point (*C) Crystal | Bulk® . Solubility in H,0*
UFg 64.1 . 4.68 46  Decomposes to
UF, 960 + 5 . 61 2045 Veryslighy -
U0, - 'DecomposestoUsO; . - 729 1545 - Insolublc
.~ . whenheated .
- U0y -+ Decomposes’ to Uo, . 830 ' 1540 ‘.Insolubic
N © at 1300 o :
UO,. -, 28782200 . . 1096 " 20-50 f'Insoluble
U % m32 - 1905 19  Insoluble
. “Bulk densities of UF,, UQ,, U,0,, and UO; are hxgh]y variable, dcpcndmg on
. the production proccss and the propcrucs ot' the stamng uranjum compounds
‘At ambient tcmpcramrc. o

‘ "‘UF. is hygr pxc “and will dccomposc to UO,F, unmednatcly when in contacf
‘with H,0. When beated to decomposition, UF, emits toxic ﬂuondc fumes.

A2 Uranyl Fluoride

.. UOF;is vcry solublc in H,O When heated to deoompoamon, UO,I-‘x emits toxic
- fluoride fumes. ‘ ‘ :

A3 ”Uramum Tcuaﬂuondc

‘ UF is vcxy shgbuy solublc m H,O
' A4 Uramum Tncmdc -
When hcated in air, UO, decomposu and eonvcm 0 U,O,
A_j Uranjum Oxide ‘
" When beated to 1300'C,U,O, dwomposu and converts 'ioWIjO,.

. N
[ TYSON .
'.
N :
.
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A6 Uranium Dioxide
Th’crc are no hazardous physical properties that are signiﬁcant.
A7 Uranium Metal | -
There are noi hazardous physical properties that are significant.
B. CHEMICAL PROPERTIES
B.i Uranium chaﬂu_oxide"’

UF,is a higﬁly reactive material. It reacts with H,O to form the soluble reaction
products uranyl fluoride (UO,F;) and hydrogen fluoride (HF), both of which are
very toxic. Aqueous hydrogen fluoride is also an extremely corrosivc acid.

When rclcased to the atmosphere, gaseous UF. reacts with hurmdxty to form a
cloud of paruculatc UO,F; and HF fumes. The reaction-is very fast and is
dependent on the availability of water. Followmg a large-scale release of UF, in
_an open area, the dispersion is governed by meteorological conditions, and thc
plume could still contain unhydrolyzed material even after travelling a distance of '
several hundred meters. After hydrolysis, uranyl fluoride (UO,F;,) can be deposited
as a finely divided solid, while HF remains as part of the gas plume. External

" contact with HF results'in chemical burns of the skin, while exposure to airborne
HF causes chemical burns/irritation of the eyes, nose, and: throat.’ Sngmﬁcant
inhalation can result in pulmonary edema. Individuals can smell HF at levels of - /
0.02-0.2 mg/m’. The threshold limit value (TLV) of HF is 2.5 mg/m’. No person
can tolerate an airborne concentration of 10 mg/m’. Exposure for as little as 15
min to an airborne concentration of 20-30 mgjm’ may prove fatal (pulmonary -
edema). :

In enclosed situations, the reaction products form a dense fog, seriously reducing’
visibility for occupants of the area and hindering evacuation and emergency
response.. Fog can occur in unconfined areas if the huxmdny is high.

In a fire, the tcactxon of UF, with water is  accelerated because of the increased
UF, vapor pressure and the large quantities of H,0 formed in combustion of
organic materials or hydrocarbons. Reaction of liquid UF, with hydrocarbon
" vapors is extremely vigorous in flames, with formation of UF, and low-molecular-
-weight . fluorinated compounds. More heat is generally released in these
hydrocarbon interactions with UF, than in the oorrapondmz reactions of
hydrocarbom with O,

B2 Uranyl Fluoride’

UOF, is a yellow hygroscopic solid that is very soluble in water.

<.
-
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,'B 4 Uramum Tnoxzdc B

“

In accidental rclcasu of UF,. UO,F, as a solid particulate compound may deposit

on the ground ‘over a large area. There are no internationally accepted values for -,

uranium contamination levels for uncontrolled residence. - However, the value of

+.0.38 Bq/em® (10°* qu/cm’) is acccptcd in many countries for unlimited occupancy -
-+ of ‘uncontrolléd -areas.” This is cquwalcnt to-a. ground conccntranon of
.. rapproximately 0.1 g/m? for natural ufanium. . - S

B3 Uranium Tetraﬂuondp

: UF. reacts slowly with ‘moisture at ambient temperature, -forming UO, and HF.

’l'hcrc are no hazardous chcmxcal propcma that are slgmﬁcant.

: B.S Uramum Ondc

‘I‘hcrc are no hazardous chcmxcal propcrtm ‘that are sngmﬁcant.

' ,'~-.BG Uramum Dioxide

UO,; will ignite spontancomly in heated air and Jbum bnlhantly It will slowly .
~convert to U,0, in air at ambient tcmpcrature. Its stabihty in air can be improved -
by smtcnng thc powdcr in hydrogcn. o

o B7 Utamum Metal*

Uranium powder or chxps w1ll ignite spontaneous)y in air at amblcnt tcmpcraturc

Dunng storage, uranium ingots can form a pyrophoric surface because of reaction

with air and moisture. It will also react with water at ‘ambient, temperature,

forming UO, and UH,. The mctal swells and dxsmtcgratu Hydrogcn gas can be
rclcased. : S !

Sobd uranium, either as chxps or dmt, is a vcxy dangcrom ﬁre hazard when
cxposcd to hcat or ﬂamc. T " . P v :

Uramum can react \nolenﬂy ‘with CI,, F, HNO,. Se, S, NH,, BrF,, tnchlorcthylcnc,
or nitryl ﬂuondc and sunilar oompounds. ; )

a CHEMICAL CONVERSION

R The risks involved in converting UF. to other chemical forms for storage or dxsposal

are relatively small. The processes involved in chemical conversion include transporting

" the cylinders of 'solid "UF, to the conversion facility, emptying the UF, _cylinders,
‘performing the chemical conversion, packagmg the final product, transporting to the -
~ storage or dnsposal locatxon, and momtonng of tlus locauon. -

. - “ : . o
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Aside Erom nuclcar conslderat:om. UT-‘. can be safely handled in essentially the same

- manner as any other corrosive and/or toxic industrial chemical. With good proccdura\/’

and careful, attentive operations, handling depleted .UF; is a ‘comparatively low-risk
operation. Safe handling procedures have been dcvcloped and cvaluated in DOE and
commercial facilities during the more than 40 years of experience in handhng vast
quantities of UF,.

Risks duc to transpomng solid UF; are small. Transpomng cylmdcrs of depleted UF,
for conversion or disposal entails a slightly increased risk of release because of the,
possxbxhty of a vehicle accident. However, a rapid release of UF, is not likely unless an
accident is accompanied by a-sustained fire engulfing the cylinder.'. Risks for chemical
conversion are also likely to be small, although they depend. heavily on the chemical
conversion route and spcclﬁc process being considered, as well as the design and
operation of the conversion facility. Several’ compama, both in the United States and
abroad, toutmcly convert depleted UF, to a varety of other chemical forms.” Some

special precautions are required when emptying UF, qhndcrs that have been in storagc K
for many years. Used, storage cylinders and valves. must be carefully mspccwd for -

corrosion or damage prior to transport or heating. In some old cylinders, a slight
possibility exists that hydrocarboas may have contammated the cylinder. Some
hydrocarbons react vxolcndy with liquid UF,.

As discussed abovc, all of the altcmatwc forms of nramum listed, except for the oxxda. :

exhibit some hazardous characteristics. Because of their stability, noncorrosiveness, and
resistance to leaching, the oxides, U,O, in particular, are the most desirable chemical
‘forms for long-term storage or disposal from an environmental and safety point of view.

. RADIOACI'IVITY

Depleted uranjum’ differs from natural uranium only in that it contains less U and
™U than natural uranium. The specific activity of any given lot of DU will be
dependent on the isotopic makcup of that material; for cxzmplc, the SPCClﬁC activity
of DU with 0.45 wt % ™U is only 70.8% the specific activity of natural uranium (see

Table 173.434 in CFR 49). DU with less U would have an even lower specific’

activity. The radiation exposure varies greatly depending on its’ physxcal form but pot

significantly due to the chemical form. The radiation exposure also varies dcpendxng :

n whcthct the ummum is cnclosed in a container.

It is the pohcy of DOE to unplemcnt radiation protection standards consistent with
presidential guidance to federal agencies. According to DOE Order 5480.11, Radiation
Protection for Occupational Workers,* the limiting value of the annual effective dose
cquivalent is 5 rem for occupational workers and 0.1 rem for the public.

Those who havc worked with depleted uramum for long penods of time have had no
difficulty: meeting DOE pohcxc: as long as the depleted uranjum is-stored in a

controlled area and the operating personnel limit their residence time in the controlled -

area. At GenCorp's Acro]ct Ordnance Tennessee facility in Jonaboro. Tennessee,
those handling large quantities of unenclosed depleted uranium have experienced
penetrating radiation exposures of 60 to 260 mremyear’ The }lﬁveragc for the

37

N



“

approximately 100 occupauonal workers is 115 mrem/year. Surface surveys of scvcral '
48-in. storage cylinders filled with depleted UF, (0.2% ™U) at DOE's gaseous diffusion..
plant in Paducah, Kentucky, gave dose rates of 10.5-12.25 rem/year.® Measurements
of filled 48-in. shipping cylinders containing depleted UF, (02% ™U) at NUKEM in
Hanau, Germany, gave dose rates of.12.25-30.6 rem/year, dcpcndmg on the wall*
thickness of the cylinders." For a large UF, storage facility, these surface dose rates’
would require a controlled area of about 3 m around the cylinders i m order to meet
DOE‘s limiting valuc of radiation for occupauonal workers. '

chuoyah Fuels Corporauon of Gore, Oklahoma, experienced surface radxauon rcadmgs
as high as 1000 mR/h after emptying Paducah GDP UF, tails cylinders.” These high
- readings were due to the ®U decay ‘products, ®Th ‘and ®Pa, which eémit more
_penetrating beta and gamma radiation. - When UF, is vaponzed from "a vessel or’
transport cylinder, these nonvolatile decay products temain and can concentrate at .
surfaces. Without the shielding and absorptlon of the bulk UF,, the gamma radiation -
lcvcls are much higher unmedxatc]y after emptying than for the filled vessel. However,
the radiation level decreases with time relative to the half-lives of ®Th and ™Pa, which
. . are 24.1 days and 117 rmn, rmpecuvcly Acccptablc dose rates are rcacbed in a fcw-
o momhs '

E. TOXICITY

Uramum is a lnghly toxic clcment on an acute basis*. It i is chctmal]y toxic to bdncys,'
 :and Ahigh exposure to soluble’ (transportable) compounds can result in renal i mjuxy ‘In
addition, intake of uranjum must not exceed the radiological limits discussed in Sect.
ILC. The transportability of an inhaled or ingested material determines its fate within
the body and therefore the resulting internal radlologml dose or chemical effect. Table
I1.2 lists potential inhaled depleted uranium storage forms: and - their assigned
" ‘transportability classes.’ Airbome concentration limits for transportable uranium have
" been set by the NRC- and the American Conference of Governmental Industrial
Hygienists (ACGIH) at 02 mg/m’. At this airborne concentration, all inhaled or
ingested storage forms of depleted uranium, except high-fired UO,, reach the threshold
limit of chemical toxicity before they reach the threshold limit of radxotox:cxty

F. CRITICALITY | - - -
| Depleted vranium in any form will be criticality safe in any conﬁzurauon.”
G 'SUMMARY
Both the bosmvc and negative features of potential storage forms of uranium afe

summarized in Table I1.3. The forms of uranium are listed in preferred order in regard
to storage hazards.
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Table 12 Inkalaticn classification for depletad

" uranium storage forms -

- 7. Inhalation

Storage form - Abbreviation  solubility class*
Uranium hexafluoride ~~ UF, Class D
Uranyl Buoride © -~ UOF, Class D"
 Uranium trioxide ‘ Uo, . ChsD
Uranium tetrafluoride - UF, " Class "W

, U;aﬁium'chdc’ ‘ U,d, ' C[& W
" Uranium dioxide® U0, . Clas'W
High-fired uranium dioxide® - UQ, - . Class Y~

“D,” "W," and "Y" are inhalation solubility classes established
by the International Commission on Radiological Protection. “D"
class material is very soluble; lung retention time is days. "W~
class material is moderately soluble; lung retention time is weeks..
Y™ class material is relatively insoluble; luag retention time is
. "The solubility of uranjum oxides is very dependent on heat
treatment. . T
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Table IL3. Summuy of posmw: and negative featires for nllcm:tc uranium slongc”

"Featwre . U0, U0} . U0, - UFy  U.. . UF

Reaciive. | L ‘~ ++ ++ 4 +. e
Ignitable N L R U Lot
. 'Comislvc, L T L ++ B A + +4
Solwble .~ - 4+ ET R T T S NN
, -Rldioloxicily’ i N . © NAL  NA  NA - NA"
: Cbemklltondly'f.- . ‘ FREREES NA o - ,: . -
Conlainment® © ';- T Y - :: - e

- *Symboks used: ++; slrong posiuvc l'calurc. +, polmve l'e.llurc' “. negauvc fealure, - slmng '
‘negative feature; NA, not applicable. : oL _
dSintered at high temperature.
*‘Decompotes (o UO, at 1300°C.
~“Decomposes to U,0, when heated.”
“Reaction with H;0 releases HF, which is very corrosive,
Decomposes to UO,F, and HF when exposed to H,0.

fDepleted uranium forms are dcpcndcnt upon TLV (thmhold hmit va!uc) and are culher radiotmuc ,

“or chemically toxic but not both.

*Container integrity réqmrcmcnt is consodcwd tobea ncgauvc rcalurc
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Appendix IL INDOOR STORAGE OF UF;

The principal advantage of indoor storage of cylinders containing UF is the prevention of
continuous exposure to the elements, which could reduce the corrosion rate or extend the
times between repainting cylinders and thus reduce overall handling and maintenance costs.
Two types of indoor storage were briefly examined: currently available facilities and new
buildings. With the limitations inherent in the use of existing building space and the
sophistication required in atmosphere control in new buildings, indoor storage of DU as UF,
appears to be considerably more costly than upgraded outdoor storage.

EXISTING BUILDINGS

Large areas are available for development of alternate uses in no-longer-used process
buildings at Portsmouth and Oak Ridge. These buildings present possibly attractive sites
for long-term storage of PDF cylinders. The K-31 and K-33 building basements at Oak
Ridge and the Portsmouth centrifuge facility buildings contain enough area for all (Oak
Ridge) or nearly all (Portsmouth) current storage cylinder inventories. A rather detailed
engineering evaluation would have to be conducted to determine whether these areas are
actually suited to cylinder storage. This evaluation would include the development and
procurement .of specialized handling equipment for cylinder transport over existing floors
and placement in close quarters, adaptation of building ventilation systems to cope with
possible leaks as well as for maintenance of low relative humidity to minimize corrosion, and
emergency plans to deal with accidents in-transport and placement of cylinders in storage.

Examination of building drawings shows that the storage density is seriously reduced by
the presence of support columns, particularly in the K-25 diffusion process buildings.
These columns also limit the maneuverability of any cylinder handling equipment employed
in the storage task. Furthermore, ground floor loading limits would be severely taxed, if
not exceeded, by existing handling equipment. Load limits on equipment floors of the K-25
buildings would not appear to permit storage of full cylinders in dense single-tier arrays.
Less dense arrays might be feasible, however, particularly if the building cranes, which were
used for installing and replacing the original process equipment, are still available. It should
be noted that some of the K-25 process areas are presently being used for storage of wastes
generated locally and at other DOE sites and are not presently available for UF cylinder
storage.

An additional requirement for indoor storage is that of humidity control. Seasonal
temperature changes, and even a wide range in the diurnal cycle, can result in condensation
of highly oxygenated (and thus highly corrosive) moisture on the cylinder surfaces, resulting
in higher corrosive rates than those encountered in outside storage with freer air exchange.
For effective reduction in the overall corrosion rates, a relative humidity level of less than
50% must be maintained, and this would probably require some level of temperature control
as well.
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Thus, while many of these adverse factors may be overcome through engineered design, it
is evident that utilization of existing indoor space for DU storage as UF, would be very

. expensive. The need to provide ventilation facilities for management of material releases

and for temperature and humidity control, the development and procurement of specialized
cylinder handling equipment, and the decreased storage density requirement would appear
to combine to drive the cost of indoor storage in existing facilities above that of upgraded
outdoor facilities.

NEW BUILDINGS

' Storagc in new buildings would appear to be more viable than use of existing buildings

since the new buildings would be- engmccred to be compatible with the approved storage
arrangements and the handling and maintenance operations. As envisioned, the buildings
would be a "Butler-type,” which would provide protection from the elements and would have
humidity control. The buildings could be designed and engineered to optimize building size
with the storage arrangement. A detailed cost evaluation would be required for a
comparison with the use of existing buildings and with the present system of outdoor
storage. ‘A rough estimate of the cost of hausing the Portsmouth DU inventory in Butler-
type buildings is about $100 million; scaling this up to accommodate the total three-site
inventory of stored cylinders gives a capital cost of about $360 million.



11

Appendix IV. BREAK-EVEN TAILS ASSAYS



~ Appendix IV. BREAK-EVEN TAILS ASSAYS

. The economic objective of both DOE and its customers is to minimize the overall cost of
. enriched uranium productxon by striking an optimum balance between feed and separative
. work costs. This point is identified as the optimum or break-even tails assay (BETA). BETA
. is defined as the tails assay at which the cost of enriched product is minimized. The cost of
- enriched product comes primarily from two components: the cost of feed and the cost of
. separative work. If the derivative of the total cost of enriched product with respect to the
" tails assay is set equal to zero, the resulting equation defines the break-even talls assay That
equation is : :

2 = Vig) - Vi) <= 5 ViR

-where

Cr..a = cost of feed in dollars per kilogram of uranium, . :
Csyy =.cost of SWU in dollars per kilogram SWU, L -

x;” = feed assay in weight fraction U, .
= tails assay (BETA) in wclght fracnon U,

kx . - N . N .
1-x ’ ) : — . T eem

o X

w

and where

Vo) =@ x-1)- in(

»Thxssctofequatxonscondenscsto A L L .

. %’___é;f-l [ﬁ_(l__ [ -.:f.) [2_:__1)

" Conm 1 -=x)l 1-x,

. Notc that, for a given fecd assay, thc brcak-evcn tails assay isa funcnon of the ratio of feed

. costs to separative work costs and is completely mdcpcndcnt of the enriched product assay.

- Since the normal uranium feed assay (0.711% #°U) is csscntxally a constant of nature, BETA
.becomes a direct function of the feed-to-SWU cost ratio. Therefore, the absolute values of
the feed and SWU costs are not important—only the cost ratio. This means that BETA is the
same for any product assay and that, if both feed and SWU costs increase by the same

percentage (e.g., due to inflation), the BETA is unchanged. Figure IV.1is a plot of BETA
versus the cost ratio.
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COST RATIO = (FEED COST, $/kgU OF UF,)(SWU COST, $/SWU)

1.3
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0.20% 0.22% 0.24% 0.26% 0.28% 0.30% 0.32% 0.34% 0.36%

OPTIMUM TAILS ASSAY (% 1':”U')

COST RATIO

Fig. IV.1. Break-cven tails assay (BETA).

The feed and SWU costs used should be the incremental costs that apply to the specific
circumstances. Therefore, enrichment customers with different feed costs will have different
optimum transaction tails assays. Likewise, DOE'’s incremental production cost and the value
of feed to DOE are different than the costs to our customers; so DOE's optimum operating
tails assay (BETA-1) will be different than our customers’ optimum transaction tails assays.

The nature of the break-even tails equation implies that depleted uranium at any assay
greater than the current BETA can be economically refed. That is, the depleted uranium can
be used as partially depleted feed (PDF) to the cascade to produce enriched product and
depleted uranium at the BETA assay. The cost of additional SWU required to enrich PDF
rather than normal uranjum is offset by the savings in normal feed purchases. Depleted
uranium at an assay less than or equal to the BETA cannot be economically refed.
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The above discussion does not include the cost of storage or other disposal of the depleted
uranium. If the disposal cost is considered, the only change is to add the cost of disposal to
the feed cost in calculating the cost ratio. The break-even tails equation then becomes

‘(C"%;f“”)=(2'?f")"“[i‘(l——)] [14)[2_1_1]

(1-x) x 1-x,

w

where Cp,,, is the cost of disposal in dollars per kllogram of uranium. Note that the right side
of the equanon is unchanged. Therefore, Fig. IV.1 is still applicable—~only the calculation of
the cost ratio has changed. Note also that, as expected, increased dxsposal costs will reduce
the optimum tails assay—thereby reducing the amount of depleted uranium to be disposed of.
The units on the disposal cost must, of course; match the units on the feed and SWU costs.
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‘.',accordmg to the cquanon L

Appendix V. CONVERSION PROCESSES

Several routes exist for converting UFs to UF‘. uranium metal, or the oxides. The UF; to
UF, reduction process reacts hydrogcn (H,_) w:th UF6 in a tower (vertical pxpc) reactor

Thm reaction becomes sclf-sustalmng at approxxmately 800°F Wthh is achxcvcd elthcr by
bcatmg the reactor wall or by injecting fluorine with the UF,. Once ignited, the reaction
procccds vigorously and requires considerable cooling to maintain a wall temperature below
- 1000°F, the upper temperature limit for Monel (a common material of construction for
* fluoride cnvu'onmcms) The products are dense, finely divided UF, powder and anhydrous
HF. This is the process used by chuoyah Fuels Corporation and Carolina Metals, Inc., to
produce UF; for later convcrsxon to uramum metal for the military.

Any of the uranium oxides (UOz, UO,, or U,0,) can be formed from UF; either by vapor-
phase (dry) pyrohydrolysis- rcducuon or by dissolution in water followed by precipitation with
- a variety of reagents such'as ammonia, ammonium carbonate, or hydrogen peroxide and then
subscqucnt calcination of the collected precipitate.  The flowsheet and equipment selected
- depend-on the product charactcnsncs desired and design of the HF by-product reccvery
- system.’ Fluidized beds, rotary kilns, and screw reactors are used i in the vapor phase process.
In the wet process, filters and centrifuges collect precipitates, which may then be dned and
calcined in screw or rotary kiln equipment.

In the dry process, the UF; is fed to the reactor in the presence of superheated steam at
300°C to 500°C, causing the UF; to react to form uranyl fluoride (UO,F,). The uranyl
fluoride is then reacted with more superheated steam, sometimes augmented with hydrogen,
at about 750°C to produce the desired oxide. These two steps can occur either in two
separate reactors or in a single multizone reactor, depending on the design selected. The dry
processes typically recover most of the fluoride as aqueous (70%) HF, which can be sold or
recycled to convert natural-assay U,0, feed to UF; for enrichment. The basic reactions
involved in converting UF; to oxide in the vapor phase are \

UF, + 2H,0 ~ UOSF, + 4HF,
6UO,F, + 6H,0 — 2U,0, + 12HF + O,
3UO,F, + 2H,0 + H, = U,0, + 6HF,
and ' .

UO:F: + Hz band UOZ + ZHF .
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UF, can be converted to oxide in a similar fashion. However, the UF,-to-oxide reaction is
reversible; so operating conditions must be carefully controlled to provide good yields:

UF‘ +2H20 - UOZ + 4}IF .

The wet conversion processes result in the generation of considerable fluoride waste, which
introduces extra processing costs. These processes start by dissolving gaseous UF, in water.
The uranium hexafluoride and water quu:kly react as above to form uranyl fluoride, which is
hlghly soluble in water. A precipitating agent is then added to the solution to recover the
uranium product, which is converted to oxide by calcining (roasting) in the presence of
suitable rcducmg agents (typxcally, hydrogen or stcam)

The current standard method of rcducmg UF;, to uranium mctal the thermite process, is to

reduce the UFG to UF, as described above and then react the fi nely powdered UF, with . -

magnesium in a batch reactor:
UF, + 2Mg - U + 2MgF,.

The reactor and its contents are heated to bctwccn 550°C and 700°C to mmate the reaction.
When the reaction is comp]ete and the conteénts are cooled, the uranium derby and MgF, are
removed. The uranium yield is approximately 96%. Of the remaining 4%, about half can be
recovered as crude metal product by mechanical means (grinding, screening). Exhaustive
leaching of the MgF, can then reduce the residual uranium content. In this process, all of
the fluoride from the UF, is lost as MgF, waste.
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