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October 24, 1996

Thomas S. Moore Richard F. Cole
Administrative Judge Administrative Judge
Chairman, Atomic Safety Atomic Safety and Licensing Board
and Licensing Board U.S. Nuclear Regulatory Commission
U.S. Nuclear Regulatory Washington, D.C. 20555
Commission

Washington, D.C. 20555

Frederick J. Shon

Administrative Judge

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

In the Matter of
Louisiana Energy Services, L.P.
(Claiborne Enrichment Centerz

Docket No, 70-3070 Al L

Dear Administrative Judges:

It has been brought to our attention that one of the
written exhibits received in evidence in the captioned proceeding,
namely LES Exhibit 7, suffers from a duplication error. The official
record copy of LES Exhibit 7 and the copies furnished to the )
Licensing Board are single-sided copies of a double-sided document.?®’

i We have confirmed that the copies of LES Exhibit 7 served on
each of the parties do not suffer from the duplication error
and are true copies of the document as offered in evidence
in this proceeding. (Note: even the true copies have no
pages numbered viii, 6, 20, 23-24, 30-32, 42-44, 47-48, 52-
54, although it is tlear from the text of the document that
there is no missing text and that those pages should be
blank. Accordingly, the enclosed true copies do not contain
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The parties have agreed to stipulate that the enclosed
copies of LES Exhibit 7 are true copies of the document as offered in
evidence in this proceeding. The parties respectfully request that a
true copy of LES Exhibit 7 be substituted for the deficient copy in
the official record.

Thank you for your attention to this matter.

Very truly yours,

s

. Michael McCarpghy
Robert L. Draper

WINSTON & STRAWN,
ATTORNEYS FOR LOUISIANA ENERGY
SERVICES, L.P.

Enclosures
cc: Service List

s
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“(+...continued)
pages with the numbers listed above.)
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I hereby certify that copies of the foregoing were served upon
the following by hand delivery or by deposit in the United States
mail, first class, this 24th day of October, 1996:

*Administrative Judge

Thomas S. Moore, Chairman
Atomic Safety and Licensing
Board

U.S. Nuclear Regulatory
Commission
Washington, D.C.
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20555

*Administrative Judge
Frederick J. Shon

Atomic Safety and Licensing
Board

U.S. Nuclear Regulatory
Commission

Washington, D.C. 20555

Office of Commission Appellate
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Commission
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Ronald Wascom, Deputy Assistant
Secretary
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*Administrative Judge
Richard F. Cole

Atomic Safety and Licensing
Board

U.S Nuclear Regulatory
Commission
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*Secretary of the Commission
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Commission
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1401 H Street, N.W.
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Robert G. Morgan

Licensing Manager

Duke Engineering & Services,
Inc.
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Diane Curran
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Spielberg
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Atomic Safety and Licensing
Board Panel
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Commission

Washington, D.C. 20555

Thomas J. Henderson, Esq.

David S. Bailey, Esq.

Lawyers' Commmittee for
Civil Rights Under Law
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Fried, Frank, Harris, Shriver &
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Nathalie Walker
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Suite 401
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May 21, 1991

Mr. #. H. Arnold LES-91-067
Lowsiana Energy Services

600 New Hampshire Ave., NW Suite 404

Wasningtion, DC 20037

Re: Louisians Energy Services

Claiborne Enmchment Center

The Ulimate Disposition of Depleted Uranium

File: MTS-6046-00-2002.02
Dear Mr. Arnold:
Attached for your information is a report entitied "The Ultimate Disposition of
Depleted Urenvum." This is a report by Martun Meretta on plans and ultimate
disposition of depleted uranfum st Department of Energy (DOE) facilities.

Please call Petar LaRoy at (704) 373-8466 if there are any questons concermung
this.

Sincerely,

‘.. N. Underwood, Engineermg Msnager
Engineering Projects

JNU/PGL/gbh/082181

Attachment

ce: V
R. S.

J. DiStefsno (Urencoy

Ml -

R. B. Priory

E. Kraska (Urenco)

C. A. Andrews (Urenco)
P. Jelinek (Urenco)

J. B. Swords (LES)
R
J
C

. G. Snipes
. M. McGarry (WkS)
entral Records

.
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ACRONYMS AND TECHNICAL TERMS

Amencan Conference of Governmer:tal [ndustnal Hypemsis
Atomic Energy Act of 1954, as amended

US. Atomuc Energy Commussion

Amencan Nauonal Standards [nsutute

U content as a percent or fraction of total uragium
Atomic Vapor Laser [sowpe Separauos

Economic preak-gven taus gssay for gaseous diffusion process
Economic break-gven fails gssay for AVLIS process

Code of Federal Regulations

Cooperauve Researcn and Deve.opment Agreement

US. Department of Energy

U.S. Departmen: of Transportauon

Depinted uranum

US. Esvironmental Protecuon Agruncy

Esvironmental safety, and hezith

MWM(&ﬂdhmmh’Uhu
been extracied by the canchment process)

Gaseous diffusion plant

Low-leve! radicacuve waste

Low speafic ucuvity

Metric tons of uranium (1000 kg U)

US. Nuciesr Reguisiory Commussion
Nevada Test Site

Natural uranium. containing about 0.71% =V

Oak Ridge Operatuons Office of DOE

Parually depleted (in the ®U isotope) feed matenal
Resource Conservation and Recovery Act of 1976, as amended
Separauve work unit

Tomecity Charactersuc Leaching Procedure (2 test specified by the EPA for
idezufving hazardous matenal)
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EXECUTIVE SUMMARY

Sigmuficast amounis of the depleted uranium (DU) created by past uramum ennchment
actvities have teen sold. disposed of commerciallv. or uulized bv defense programs. [
recent vears. however. the demand for DU has become Quie small compared 1o quantiues
dvailable. and within the US. Departmen:t of Energy (DOE) there i concern for any nscs
and/or cost liabilites that mght be associated wath the Ever-groming wventory of s
matenal. As a result. Marun Manetta Energy Svstems. [nc (Energy Svstems), was ascec:
'0 review opuons and to deveiop a comprehensrve pian for inventory management angd the
ultumate dispositios of DU accumulated at the gaseous diffusion plants (GDPs). Ag Energy
Sysmm&mmﬁ«xbccaMpo(T.R.lm-.mfomdmuu 1989 1o
provide advice and guidance for this task

ume in the future wmmewmmumu
dhpm:baothmﬂhcmmenﬂrﬁh.

‘R. O. Hultgren. DOE/ORO. Oak Ridge, Teanessee. letter 10 K. W Scmmeneid
Marun Manetta Energy Systems. [nc.. Qak Ridge, Teanessee. "Disponition of Tails Mawena
at the GDPy." dated July 12 1989.



Mmmnmopmmwm“mdoMmmmgm:of
worang inventories of paruallv depieted (eed (PDF) matenals ang for the uitimate
dsposiuon of fully depleted uramium (FDU). Acuons that should be considered are as
foliows:

[nspect UF, cylinders on a semiannual basis.
Upmqrhndermmucluonam
CommUwU,O.(um-wnmpaw This will inciude provisions
fupmﬂmolmwoﬁummmmDUinmmmmt
and the ulumate disposal of FDU.

mm«mm-wmpmm'm'mmd'mm'ovnw
because the "tails” label implies that it is “waste.” mmmwxmm
DU terminology 15 used throughout this report. Other recommendations are gven in the
lext.

- adh ot o



A. INTRODUCTION

A.l BACKGROUND INFORMATION

Natural uramum exsts primaniv as the stable sowpe *U. Quly 0.71% of naruraiy
occumng uramum i the fissile sotope FU, &rmtmﬁmmmpmm

zom&gwmdﬁﬂumpmcmumommatoulidpmmcmd-lm The
Portsmouth and Paducah Gaseous Diffusion Plants (GDPs) were buils o the 1950s 1o
wicrease the United States’ capacity to ennch uranium. [n the letmmpnnm

Mannatas Project ‘0 provide highly ennched uramium for mulitary needs. The first plant

UF ~primarily in 14-ton cylinders. Byluaddﬂlmmmxenummuu
mMmeﬂhnUdeﬂhm The =U assavs of the
stockpiled DU gesenally range from 02% 0 0.5% U, The depleted UF, is stored o
about 40.000 cylinders. mostly at the Paducah site. (Because Paducah wey designes o
mmufammmxpummdmonmmm»
CumphuaﬂfuMGthmuwWamﬂdMZﬂmﬂﬁqu

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

‘Wolf Hafele. "Esergy from Nuclear Power.* Scienafic American 283(3), 137-144
(September 1990).



A3 FUTURE PROSPECTS

Some. perhaps all. of the DU inventory mav be recveled tarough UE facilities 1n the future
Thenmommmmrrwcmgmpummmcpmvmmu-cwam
shortage of DOE-owned natural wamum. and thus the wiemal DOE cost of feed was tugh
relauve 1o the cost of separauve work. However. recycling (strippung additional ®U from
partially depieted uramium) can reduce the total quanury of DU by only a few percest
Other means must be found 10 use or dispose of the bulk of the material The wveniory
ofDUhamgmyreﬁmmoummtmubeofnmﬂum&whmmm
Tbemonpmm;lou;-temueforDUuufmfotmmMoromcrqp
ofmaaorwheaomcewgmhmbmdepm Forewgn breeder reacior
programs have demonstraied the potenual for energy producton from DU.

Nonnuclear wes for DU are currenuy limited to mihurylppﬁamntndamfn
xmumm;whammm;vmdmmmh(mnmtmu
dease as lead). lntbepm.asuwanwtmumofmeDUswckpuehubeenwby
the mulitary, pnmaniy 10 produce penetration projectiies. The Department of Defense
Appmpmmmmforﬂ’lﬁlreqwaummmwlcnﬂlionk;Ubephadmmc
nauanal deferse siockpile over the next 10 vears. Recent studies of alternative uses for
DUmhﬂdwrmdmnmtmummmhm The most
pmm;mm'-mmsumuhwmmmumnmm
with depieted U0, mwmmm-ﬁthad&ymmmndm
won. Such a concrete might be useful as bailast in radianon shiciding aithough
mmxumdmmmmm

dispmuonundy. Thmdmimummmmmmt
pian 10 DOE mmmmummmmummm
nmmmmmmmmmmmmm

-
-




B LEGAL/REGULATORY REVIEW

Regulatory compuance concerns o the management Of depieted uramium have been rasea
by changes un federal law. which created the U.S. Nuciear Regulatory Commussion (NRCY
and the DOE (which superseded the U.S. Atoguc Energy Commusion. or AEC) and wiuch
®tablshed covircomental laws such as the Resource Conservation asd Recovery Ac
(RCRA). The state of Ohio reuaﬂyquammmmcDmem:omw
with RCRA bazardous waste regulations.”’ The concern raised by the state of Ohio was
dnswered in a letter 10 the Director of the Qhio EPA by the manager of the Oak Ridge
Operations Office. Prior to this letter, and at the suggesuon of DOZ. expert ouwmde
counsel was retained o review and evaiuale present hmandregmmounmqappfyzo
the DU inveatory.

Bl DEPLETED URANIUM REGULATORY STATUS

Current regulauons do not impar DOE's iaventory Tuanagement prerogauves for DU
matenal [o the review of applicable laws and regulations. outside counsel conciuded* that
DUh'mmmﬂ‘uuﬁmbymcM&cyAn‘(AEA)umumaU&

ommumwmummummmwmmw
o(pmmwu(PDF)uUF.mhtmdFDUwum Exampies
nciude U&WMTW(MMWMDOEM

MWM.DMNS&&HWW&MMOM
E!A.,hmeW.GMSiuan.U.&DO!.momm
September 27, 1990.

‘R. J. Styduhar: Vorys, Sater. Sevmour, and Pease. Attornevs-at-Law. Columbus. Obuo:
lmw?.hthnmuMmMmuEprmlu.OakWTw
“Uramum Hexaduonde (UF,) Tails." dated May 9, 1990,

'42 US.C. Sect. 2014 (z2), 1982

‘42 US.C. Sect. 6903 (27), 1982

’IathMmp.WEO&MpOmhmwwh
Director. Obio EPA. dated October 29, 1990.
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on basalng UF, DOE. io ORO 651, requires a mumimum wall thickness of /4 o for whe
thun-wall sworage cviinders i order to lquefy UF, and transfer it from the cviinder.
External corrusion 1o the exent that the wail thickness we'd be less than this mummum
will require an alternate. more costly transfer method. DOT. by reference 10 ANSI N14.1.
ahommammnﬂtmefllcmwmbuuwmmw
cviinders.’ AppmauIywo-lmdsoltbeDUinmwrquineyﬁndmmum
appmvanuDOTSpcaﬁauonM.TypcApnnptoro&iummm The remauung
DUcynmenm:hmnmbeuemwbyDO‘rmudmmMInwmm
muumﬂdh&wwbemuimedwamcyﬁndmifoﬁiumnm
Decessary.

B2 FOREIGN-ORIGIN ACCOUNTABILITY

DOEmm'mnmiDUdhmmnsxwyMMwmewwnm
accountabulity for foreign-ongin depleted uramum. Agreements with Australia and Canada
reqmnmmmohDUpMimmmmemxoﬂmw

mWWde-MWDUW(«WOOEa
mm;mmwummammwur.m. There shouid
hmMimnmth@Mhm
future. Bv-ﬁ-l'DUim:oU,o.niMilhrmwu
mmmuuwmmmmummwa
DU matenai in one location.

EWMinMummdmbvhwn
PMUMWdW«iﬂDU. This s the DU inventory
mhﬂywh“nﬂmumu"m The cylinders
Whh%mmhﬂnﬂdhq&mm
mumwwmmummaummdmm




I U,0, conversion s not implemented and 0.20% DU is recycied. the AustralanyCanaqian-
ongn account would have 10 be tracked through the recveling faclity.

Both the working inventory management plan for PDF and the long-term storage plaa (or
FDU should address the above legal and regulatory issues in order 1o manmze theiwr
Oexbilitv.  Since regulauons conunually change, it s also essennial that the leguia-
tivesregulatory deveiopments be morutored for any new or revised requirements that couid
affect DOE iaventory management pians for the future



C DISPOSITION QPTIONS ANALYSIS

C1 BASIS FOR DEPLETED URANIUM MANAGEMENT STRATEGIES

4 compiete DU disposition plan must address both near-term DU inventory management
objectves and the ultumate disposiuon of surpius DU. The scope of the uiumate disposiuon
pmmmubcoftuummtmutuuu-mtﬂnmotymmm
because quanuties of DU will be reduced only siightly by presentiv foreseeable uses Just
a small fracuon of the current depleted UF, inventones and future DU production will be
geeded (0 fll known demands for DU mewl Some or all of the excess DU may be
processed through AVLIS. but this cannot be considered as an opuon for permanest
disposiuon. Even if all of the DU is recycied through the GDPs and/or AVLIS for further
sunppung of the *'U isotope, the quanuty of DU wiil be reduced by oaly a few percest.

Working unveniory management issues-—ihat . management of DU as a resource for
exsung government programs—wiil be considered fint. DOE is free 0 maaage DU
nventones f{or the besefit of its programs unul the matenal is declared 2 waste. The
legalreguiatory review and the assessment of esvironmental safety, and heaith (ES&H)
rsks did not reveal any reascy 10 deparnt from the current strategy of maintaining the
working ioventones as UF, (or as long as they may

government uses. There i no existng bass in other ;
regulate or conwrol DOE inventones of DU, and the risks associated with cytinder storsge
of UF, are mansgeadle.

The purpose 1o managing the DU working inventories is 10 maintain high ES&H standards
while usng the wventones for the greatest economic benefit 1o the eanchment enterprise
and other government programi. The working wveatory management issue of the gresest
immediaie copcern © upgrading current UF, storage practices 0 schieve high standards of
excelience for prumary contamment and for momtoring of the storage vards This wiil
iovoive upgrading cylinder mamntenance and inspectnos programs and cviinder swrage
(aciliies. Cost esumates are given for the recommended upgrading program.  The
economucs of PDF recycling are also addressed-—hat is. how to determune (1) whes and
what 10 refeed 0 the diffusion or AVLIS processes and (2) when depieted uramum can
70 longer be economically used in uramum ennchment and should be classified as FDU.

Opuons for the ultimate disposition of FDU and associated costs are the final topcs
covered in this section (see Sect C3).




C2 WORKING INVENTORY MANAGEMENT
C21 Sworage As UF,

Ca11 Current status

The present pracuce for reteation of PDF materials is to store them as UF, in 48-in. stesi
cviinders of 10- and l4-t0n capacity.” most of which are coded pressure vessels These
cvunders currently quaiifv as “strong, tight containers® for transport of low-specific-actmry
(LSA) radioactve matenals under DOT regulauons. The term of storage bas never been

oumorsmpm:mmgmu&otumwmfmwﬁmnmm
smgemthemmmmmmmwmum
present liquid transfer procedures. - Monmmnmmwﬁndmmuuhm
a sevice life of as much as 70 vears. mmmwwmmmtmmmmpmuor
monitonng the progress of corrosion momwmmm’lm.mmm
00 a safe and umely bams.

(MTU). Mmo(tkceyﬁndmmm:hd'mmﬁ@mhdonbhmmm
mammwwmxhummnwsm4a [ this
Mmemmna'dwm The
facilitate inventory and accountabulity

|
|
E

Mwm“&lddl&mwwlmo{mw

"1 H Aldenon. Remawing Life of Uranwum Hexaftuonde Tails Swrage C)Ma: KYL-
1482, Paducah Gaseous Diffusion Plast Apri 1968



used for the past several vears. but the wood saddles have NOt been replaced with coperers
ones.) Spacing berween adiacent rows of stacked cviinders s vanable. both among tne
three storage sites and withun the indmdual sites. Since cvlinder :aventones depended onry
OO Wie cvimder senal numbers the valve-end fpacing was controlled to allow for walk-
througn observauon of the cviinder name plates. Plug end spacing was not controlled 1o

the same degree and was often targeted at a nomunal 1-ft iepanauon. However, manv of
the stackang arravs permit walk-through access to the plug end for inspecton.

C212 Umqum

Mpmmmmmgltamdmumpemnfm:
staciang configurations conunue t0 be used This fgure @ ;
d-mbddouuewtmmnmmclh-ﬂmmvnhemml.n
separaucn berween piug ends of double rows of cviinders. The cylinders are nommailv
spaced on 62-in. centers. [numﬁnx‘uam_v(u.im;dadspmnmeea;m‘xm
mummumton!n‘petm.e::tmo(lhetmformmpuumno(
the cvinder handling equipment. mmmmammmm
requires 22 acres of new sworage space.

9



cvunder wall. leading to loss of internal vacuum and eventual reiease of a poruon of the
cvinder contenats. The acadental contacts can also damage vaives (or plugs), with Sumular
consequences. [n the rwo known instances in whuch banaling damage apparenuv cracgas
4 cvunder wail. matenal loss and reacuon with atmosphenc mousture WEIE 30 slow that the
breaches were not detected unul vears later. TheL"F.rucxmpmdumtenuctogu.
seal these munor breaches.

C2.13 UF, swrage costs

To assure safe. long-term storage (i.e. storage for periods that exceed the anucipated life
of an umd&mmﬂqﬁﬁumo&-mm:mpx it & necessary (o0 consider

protecuon through painung. Although pamung is presenty specified (one coat of znc
chmmwpmptuonemwmalfmmmmmxummmwr
wmmmanapm&mm-pumm;om;ew
mmmmmmmmsmp Corrosion problems could be
mummm.mwuwmam-mwmumm

au-mmuuahmmpuuux-xmx(oam;;mom
wmmmmmmmmmmm
aumospeenc corrosion for swrage peniods of 25 years or more. Preparation and painung
MMWdMMuMhmMMlmw
cost and should be made standard for all newly procured cylinders.

Pmamwmmmuuwwmmu&of
m.qmm.mudm.mmhmm.m
Mwumhﬂq.ﬁﬁnhm'wmmmm
mmmdmmmmwmmwmmnp
yard. mmq&uuMmdan&mwumm
aappmau‘yZSthMmumwimwmw
mwhmummdmmw

Nuﬂyaﬂdtbqﬂmmmlymdmmhmmutﬁhcmxe
pavement or compacted gravel mmumwmmmmof
_thua(?“immmmuﬁhm“uhhﬂymuformw
inspection o thew present configuration. A costbenefit analysis should be made for
MMMNmamwumammmm
INSPECUOn AcCess.

Mwm;mﬁﬁamhﬁwqﬁndampmmwum:uwmmmmv
mmmmnmmw(n)mmmtummmu.
mmmm-m.mmwwmmm
(¢) determme cyliuder wall thickness and assess corrosion rates. There is also some neec
for housekeepmng and weed control for run-off momitoring and for invenmwory and

10



accounuability acivities. While the distnbution of effort may vary from vear 1o vear. the
overall rate of ume investment s expected (0 remamn comstant: and this showd be
considered to be an annual cost of cylinder storage and mawmtenance. If the cviinders are
00t punted. as the storage svstem macures and cylinders approach the ead of their service
h‘fn.pmaommmumfortmotwamuwmmmformmf
the expended scrap cviinders. mmmnumwwmocmm
yeuandwmdreqmnnmmiuhaﬁﬁefonumtmmm;u
mmznufe:mtuwwuhanwbmmadvuenwmhm
transfers. mwxmmmuwmmwmmmmfmu
lOinScx.C.Z.l.l)m:mupofouccylmawvolmuuuum
storage cviinders that are known 10 have been overfilled. All of these will require special
handling 10 prowide for safe removal of the contents. The paating of new cylinders before
Whm(-tmawwmmuhmuluhmm
mmmmmmhumwfummumuof
ume usul the UF, is removed for conversion.

Fmﬁwmnat?omummPMwwtuMpmnoizoo
sumeﬂhﬁmumwm“wﬂwimwmw
[AI’A sundards memum(mm
rwmolmhnﬁn.mndplm)mmndumwnnm.
rmmmwmmu-m-mdmwmum
thus 365 w0 $9.0 million/year. It uuumn-unmmm
mmmnmmuymmuu«mm

mdwthUmuWhmmdm
muammmmmndmnnumm

the DU imm&h“nmnm«

PDF. Wotmwummammmmwmm
annusl operating cost of storage. mwamwmmx

DvmmmmuMhAMmhwwoth

w U0, mdmmnuwmuuwmm
the sites for AVLIS and chemucal conversion hsve been selecied.



Prelminary esumates for wdoor storage n new buidings at the Pormmouth plant sugges:
“apial costs exceeding 5300 mulion 10 accommodate the preseat total wventory of sioreg
UF, Indoor storage would require new buuding construction for the Paducan wmventory
whether the other sites utlized exsung buildings or nev. oulldings, since there is 0o present
capacity for wdoor storage at Paducah. Upgraded outdoor storage &ppeans 10 be adequate
for the retenuon of DU forumdeﬁmupemdofuuau&mofthcemtoﬁndoor
siorage. [ndoor storage would only marginally inprove the quality of storage of the UF,
theretore. the additional cost i oot preseatly justufied.

cnmmmuudwtheoptmmorbmkmmkmy.wh‘chbahne-tuemuo(
upmuveworkmdmmufouwutommmlbexommdmcmmpMucn

G221 Break-even tais amavs for natural uranium

Themobjecuwformhmyopmmbwmmwmof
wmmwmﬁngummmummm
work costs. mm-mummam-cmmm. The
Mmﬁmy(BﬂA)hatmd&mdummwm
muﬂhmpuﬂym:ofmmmW. The ongi- and form

recvcle. ;nmummuu-mmuwmmmm

G222 Parvally drpleted (ond recycle economcs

- wmmm:umamwmumwmua(mnmm
should be incremental cosu that apply to the specific circumstances. For exampie. if
WMubSIMWMMmiMUnW.mmmM
s 0.30%. Itthmolhdcﬁ-bwﬂSMUuU?.mmtnhmym
026%. However. DOE can currently produce SWUs at & marqnal cost of sbout $40/SWU.
FotDOEw'nmcumdSWUcmmm”wUnUF.fauw
BETA & 020%. In the long term. it is concervable that feed cost will escalate relative 10
SWU cost and will reduce BETA even further. For example. if feed cost is $7S/kgU and
SWU cost s $40SWU, the BETA wouid be reduced to 0.16%.
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C223 Demmion criterw for uomaie disponton

A (nal requrement for the DU management plan will be to determune a decision BETA
muuiormmungmeUbeaomaFDUudumdywbcmforﬁw
disposiuon. Since a BETA can casily be determuned at any point w time from current feed
and SWU cosus. :mmmcmquamummmmasmwmmm..m
The decsion BETA must redect changes anucipated in SWU production costs as weil as
feed cosus over the operaung lifetime of the eanchment enterprne. Conseguently, seiection
of a decuion BETA for UE s complicated by the expectation that AVLIS wil replace
gaseous diffusion as the DOE UE process. The AVLIS program will have sigmificanuy
different economucs than gaseous diffusion: so BETA for AVLIS will be different and
presumably lower. than BETA for diffusion. This clouds the decision on when 10 convert
DU from UF, and also affects the decision about what form the UF, should be converied
to. MmgnxhwmwﬂcMMdmﬁnbcmbytu
AVLIS program. IL as expected. the AVLIS BETA (BETA-2) is lower than the diffusion
BETA (BETA-1), then the decision tree would look like this:

k3 ForDUabonBE‘!‘A-l.mwnmcDUuUF.rehdm&hGDhanﬁm:pw
BETA-L.

¢ Fer DU above BETA-2 but at or below BETA-1, determine if it is desirable to feed

it to AVLIS. If 50, conver: to the desired chemical form for AVLIS feed. refeed w0
AVLIS, and strip w0 BETA.2

¢ For DU at or below BETA-2, convert to U,0, for ultimate disposition.

The AVLIS process uses winium metal as the process mestium: however, other chemical
forms of uramium. including U,O, are being considered for feed o the AVLIS site. The
other forms would have to be converted to uranium metal at the AVLIS site for use in the
process. If U,O, is accepubie for PDF delivery 10 AVLIS, then BETA-1 will be the oniv
um&mmmbmm-yu-uumovmu,o,
Hmn.fU&hum&mFWnAVmummm
dlﬁA-ZﬂthMhmynﬂnmuUﬁ.(uhq-
term storage or disposal. [t wouid be desirabie to couvert any DU that will be recveied to
AVLIS directy from UF, to the AVLIS feed compound to svoxd double conversion costs.

A decwsion BETA can be determined for gaseous diffusion economics in the near term.
However. 1 meanmngful evaluavos of 8 BETA for the AVLIS process cannot be made untl
that process oears commercilizanon. PDF inventones bheid for GDP recycie should be
managed a UF, 10 avoid the coszs of chemucal conversion o U,0, and then back to UF,
for GDP recycie. Therefore. it follows that & major campaign of coaverting DU from UF,
w0 U,0, should not be initiated unnl either U,0, is determined to be an acceptable feed
source for AVLIS or a decsion BETA is available based oo AVLIS economucs. This mav
not impact the start of the convernion campaign. however, since it will take several years
10 establish and impiement the conversion program.



& ULTIMATE DISPOSTTION

long-term sworage as disposition options and a basis for cost recovery for the uitimate
disposition of FDU.

C3.1 Omh-dumhmﬁnubw




ire readily expandable o meet the current GDP production rate of depieted uramum. and
the cost of cogversion (apprommatelv S2kgl) is relauvely low. A fully deveioped
production process i alreadv o use. and commercial faciities for converung UF, 10 UF,
with capaciues more than 4.000 MTU/vear are in operation: 3o the implementanon of thus
opuwa couid begin unmediatelv. This capaaty couid readilv be expanded 10 more than
<.000 MTUMear. Conwuners for the storage of the UF, are curreatly o ue. so
experunestaucs and deveiopment of new contasers would not be requred.  Protecuon
from the clements s csseaual for proper storage, bowever, since UF, reacss slowty with
mowt au. formung oxndes and releasung corrosve HF.



Summarzes 1be capaciues of the tree domesuc faciliues that are currenty producug
depieted UF, and/or uwamum metal and include currest mulitary commutments The
capaciues are readilv expandabie. as indicater by facuity management

Domestc auclear fuel fabncators also operate conversion faciliues that use eanched UF,
10 produce uramum diomde. However, these are small-scale and Expensive operauons: and
tbese companies bave not expressed any wterest i DU conversion. COGEMA. the Frencn
dranium  processor with exiensive expenence with large-scaie depieted UF, cooverion 10
U,O, bas expressed interest 1o downg conversion work for DOE

Tabie C1. Commernal capabilities
UF, 10 UF, UF, to U metal :
Faculity '
Current Expandabie Current Expandable
(MTUF year) (MTUF Aear) (MTUAear) (MTUlear)
Aerojet Ordnance. 3,000
Jonesvoro, TN
Caroiina Metals. lo-. 2,700 22.700 4,500 9.000
Barowell, SC
Sequoyah Fuels 3,400 6,800
Corp., Gore, OK
Total 6.100 29.500 7.500 9.000
“‘Capacity n excess of current commutments.

Am'mbmmw.wW.wudmﬂmm
U&whﬂiﬁ-hlﬁabbmndhlmnnnwlwwqmm
muﬁmnun‘. Mmmm&xmm_'nﬁwyumuy

mhuﬂsﬂdhmmﬁhh-ﬂuhAmem

. sne.

Mnn“mmmmmtummdw
UF, 10 omde. Current AVLIS planning is based on transportation of the feed matenal as
oxde and conversion t0 metal at the AVLIS site The AVLIS site may aiso include
facilities for conversion of the eanched product from metal 10 oxde. Since similar facilities
will be required for conversion of DU for ulumate sworage. comstructuon and operaton of
the disposiuon facilities should be muegrated with construction and oparauon of eanchmen:
faciliues 10 the exent feasible.
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C3.4 Permanent Disposal Versus Loog-term Storage

The major DU management quesuon remaining s whetber the uitimate disposition of FDU
should be permanent disposai or long-term retnevadle storage. The cost of disposal versus
tbat of long-ierm retnevaole siorage and philosopaical conmiders.uons will form the basis for
making that decsion mmnnddrm-lumformt dispisal “ompared ©
that of long-term storage, wciuding the cost of converung 1o U,0,

By far the greates: cost associated wath witimate dispasition of DU is the conversion of CF,
fmmmeGDPsuro(urmunmwfmmAW.ISwU,O, Since the French process u the
only avalable commercial process for UF, conversion to U,0, the best esumare of
copversion cost  provided by their informauon A cost of 22 French francwikgl
(“J%gmtormhmmmgmwmhmﬁmhumm
been guoted bv Frenst sources. ” An eartier communication bad indicated a conversion cost
oli?FkalU.”MthﬁJO&gU." The difference berween the
MsuumMmm:mﬁ:mmmmmmdmupamora
comomnauon of all these factors. The higher numoer ($4.20/kgU) is conmdered more sound
uuubun(oruumungdnpmueuuumuwmmm.

mmmmmmumuﬁm.wnuu&mam
storage. Thmumum;thcmwhummm
disposal sites, the Nevada Test Site (NTS) near Las Veges and the Hanford site in
Wastungion. [aformanion from & wasie acceptance seminar at Hanford and discussions with

wmmuwwmwumhmmm
mm«wwmmwam—..mmum
esumates of disposal costs.

ng. paczagng
AnSpOranon. and storage cosc. Packaging and handiing costs shoukd be sumilar woesher
mm&pd&nimwahaﬂnw Transportauon cosu
would be very dependent on the locatioo of the AVLIS plant, conversion facilities. 204 the
uitimate disposal or storage 1 tes with respect 1o the Paducah GDP sne. Since the sies for
Mmuﬂ-m“hnwhunmmn.dmmim

“R. H. Dyer. DOE/ORO, Oak Ridge, Tennessoe. letter 1o J. W. Parks. “Plant Visit to
mrmwra&y.-wum.m



possitle at ths ume. Ral transport cost esumates are Dased oo a present cast of abour
$5.500 for moving a flat car from Paducah 1o a west coast locauon. With a capacity of four
or five storage cvunders per car. {ransporauon costs therefore amount to about $0.15%gU
whea trapsporied as UF, 10 the conversion planvdisposal site. Transportation costs are tpys
seen 10 add onlv a smal increment to tue total cost of permanent storage or disposal of
DU. Without a detaied eagineenng anaiyvsis, there s no bass for esumaung storage cosws
as bewng sigmuicantlv different from those for permanent disposal. Therefore. the same
$1.00/kgU shouid be applied to the cost of long-term rewnevabie siorage as U,0, Total
cosu for disposal or swrage of DU, therefore. amount to apprommately $6.00/kgU.

Since there are no exmsung domestic facilities and MO spare capacity in exsung Frencn
facilivies for conversion of UF /uranium metal to U,C,. eventuaily a plan wil have 1o
provide for the establishment of these facilities. Either a suitable process will have 10 be
deveioped. or the technology wiil have 10 be purchased. There are several opuons for the

deveiopment and operauon of a government DU disposiuon program.  The viabie options
are as follows:

. Dmbpnm-hommmuonpmemmmﬂmmummmﬂﬁ
construct government-owned. mmrmumwnm facilities.

" SauuMbum;oimDOEfpﬂnumuym&nbme This would
mmm&mo{ammmmzam
(MA)MuwmmMpﬂu.

e ConmmhmmdmfmUFJummwa,O.mumm
mmmt«numwwm

¢ Utilize the Freach conversion Process: construct governmeat-owned. contractor-operated
conversion and storage facilities.

© ConmmhtheFmehmnan(COGmA)hDUmm
construct government-owned. contractor-operated storage facilities.

Auofmmmumummmamgzumm-
mmhawmmoumn'n.m DOE shouid aiso
3 mmmuthmemmmmﬁm.

Scmummmmwmmmtwonmsm
of the disposition program. mmmumtomum
Mhmm&%;mmm Since transportauon
andinmmymmmﬂbcaumwtmmmm
Mmhw&u&u&m@AM&mmwmmx
DU;mpdumUp«mnomumptmzofinmme The
mwmmdtuwmwmnolm:mpwu.fozm
mmdwu,o.mummmmmm
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D. CONCLUSIONS

The most unportant conclusions that are appareat from the ‘egalregulatory review ana from
the iechnucaleconoruc studv are as {ollows:

Under exsung laws and reguiations. DOE is free 10 manage the DU resource (PDF)
Cmmcbeaeﬁtofinmmmhnutpmmwitm&uymof
econonucally recoverable U

ADUMmm‘pmtphnuMMpm(orpMcm
inspecuons and steps for upgrading L’F.cyﬁndmandmnpylm

M:mofbvmmummhw.
mmumaud'spwuoufomoiFDme:hhdammbemrptuno UE ana
defense needs shouid be as U0, in long-term. retnevaole storage as a nauonal FDU
reserve for the potental benerit of future generations.

sma-memmmmaoosumm
mmuummmmpﬁwm
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E RECOMMENDATIONS

Qur DU mapagement recommendations i« given below in categones of general. worang
‘aventory management. and long-ierm cuposition.

[ GENERAL

Use "depleted uramum’ or "DU” terminciogy in preference 1o tals’ or ‘waste
whenever passibie.

Suppor ongoing commercial and mulitary uses of DU, for exampie. the stockpuing
of DU for nauonal defense applicauons.

Promote and suppor the deveiopment of new and innovative uses of DU,

DU WORKING INVENTORY MANAGEMENT PLAN

Immediately implement a cviinder inspection program. This program shouid provice
for secuannual inspectuon of cylinders.

Enluaupmmﬁvcmungomtormqﬁnda:auauoucyﬁm
mnwmwmmw{mmqﬁm
Establish critena for upgraded cvlinder sworage facilities. This should include an
mMMmWMDUMMMummmnm
Dmnaﬂmmmwwﬁcwhmam&umwmpxezn

Emuumembm:mmhmfumdﬂmmcarm-nmc
consolidate inventones above this assay at Paducah for future recveie. Evaluate
BHA-thAanapuhm‘mhcumwam

Periodically update the bresk-even tails assav evaluations (BETA-1 and BETA-L
hwum%mtmmmww
figures for the respecuve categones of DU.

thDUhqummthpmmomawa
chemucal conversion sieps for AVLIS are determined.

Coaunue monitonng legslauveregulatory developments for possible impucauons
reisted 0 DOE inventory mansgement pracuces.

Comﬁdaumm.mdummumywwptm:mmnmz
that applies o all storage facilities.
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® On each of the above recommendauons. perform a bemefivnisk/cost anaivsy 0
deveiop an appropnate schedule of impiementauon.

0L ULTIMATE DISPOSITION PLAN

® lnuaie long-range planning for converung FDU 0 U,0, and for retnevanie
storage. Thus wcludes the followng:

e Dmm.MwsmetouMﬂwmfmmme
prammqudmmMA;W:
venture approach for process deveiopment.

— Exploning possibilities of utilizing the French process and for contracung for
chemucal conversion of DU Dy private industry.

-~ Conceptual design studv of a retrievable storage facilitv, including an evaluauon
of single-site versus muiti-site facilivies.

- MmelmmmthN,&m
{acility and retnevable storage facility.

w hmmUmmmmmm

omuwmrummmmbuMpm
fisposition costs, Options include the followt

—GDan&uuﬁdehM(hM)m
requirements.

~ Recwcie as feed for military demands.
- Allernative feed source for AVLIS enrichment

. &u«-mmdam.wﬁmwmpmmmfor
long-ierm. retnevabie siorage of FDU as a backup option.



Appendix L REGULATORY ANALYSIS OF DEPLETED URANTUM



] k. Department of Energy
% - Qak Ridge Operstions
5 * </ P O. Box 2001
2y e Qak Ridge. Tennessee 37831 -3510

October 29, 1990

Dr. Richard Shank

Director, Ohio Eanvironmental
Protecuon Agency

1800 Watermark Drive

Post Office Bax 1049

Columbus. Ohio 43266-1049

Cear Dr. Shank:

Representatves of the Department of Energy (DOE) and your staff met in Columbus
on October 12, IMmdhcmnnmberofhmsmMn.chmme
Diffusion Plant (PORTS) in Piketon, Ohio. I understand that progress was made
tmﬁmommdlmbaofhmaeonhonmwm

Ammmmmwmmmammmm&mx
Damouaaomwmw(oammmmm
qmmmmmamanmmmmgmmmua
hazardous waste under OAC 3745-51-04. The cylinders of depleted uranum
hmﬂuondcmmmpttrmummmmmu“m
materal” under the Atomuc Energy Act of 1954, as amended (68 Sat. 923) (42 US.C.
§ 2011 gt seg.) Ymmﬂremwdmnwepmndewmmalewsomx
you couid grve it full and due consideranon. The enclosed analysis is provided in
response (0 that request

lnorduforymwbmmﬁmﬁnmmnhqmmwmm
sm;«WM_u&RﬁnmﬂWmMmdm

mmmmmWMMdmmmm
invesugauon concermung the two cvlinders found to have holes. We want to
Wuwmwmmgwmm:mupmm‘umelysw
and handled.




(3]

Dr. Richard Shank Octover 29. 1990

Finaly. | understand that vou expressed an interest in the funding status for the acoviues
planned for FORTS. We are evaluaung opuons to transfer funds from other work to
PORTS for the compieuon of the actviues planned for fiscal year 1991. This evaluanon
of funding alternauves 1s based on closure opuons subguned to and approved by OEPA.
It does not include the additional cost f more expensive Opuons are uulized. If
problems anse. we will be in touch with you or your staff as soon as we wdenafy them.

Sincerely,
puo o
Joe La Grone
Manager

Enclosure:

“Reguiatory Analysis of

Depieted Uramium Stored
at DOE PORTS Facility”

cc w/enclosure:

William Young, NE-1, Forst
Richard A Clavior, DP-1, Forst
Leo Dutfy, EM-1, Forst

Paul Ziemer, EH-1, Forst
Stephen Wakefield. GC-1, Forst
Steven Blush, NS-1, Forst



REGULATORY ANALYSIS
OF
DEPLETED URANIUM

SIQRED AT DOE PORTS FACILITY

Depleted urarium 15 generated by the gaseous diffusion process used to ennch
uranium. The gaseous diffusion process uses uramium hexafluonde (UF,) contaung (.7
percent U-235 as feed matenal. The feed materal. which arrives in cylinders n soud
form. xshuwdm:uqm'ndertoaweousmumfedinmamude.wmchm
of a senes of compressors and separanon barmers. By physical separznon only, the
cascade increases the percent of U-235 in the UF, product stream typically from 0.7 1o
3—4%. No chemucal substances are added or used in this process. While a poruen of
the UF, feed matenal is enriched in U-235. the remainder becomes depleted in .23
‘0 a concentrauon less than 0.7 percent. This matenal consists solely of UF,, and no
chemicals or other substances are added 10 it pnor to storage. The solid depietec
uranium is stored in steel cylinders and mamntained by DOE as inventory, because 1t i
capable of bewng used as feed matenal 10 produce enriched uranium. The depieteg
uranium is not corrosive to the steel cylinders used for siorage.

Depiewdunmumu;“mmwnn"mbjeammﬁmummw
Act of 1954 (AEA), as amended. Smll(z)o(thcAEAunMd[QU.S.C{
2014(z)) defines “source materiai” as follows:

define the term “source matensl"” The Awauic Energy Commusion promulgated the
following regulatory definition at 10 CF.R. 40.4:

—Soures maierial” means (1) uranium or thorfum, or any
combinanon thereof, | ' . or
(2) ores which contain by weight one-twentie:h of one
percent (0.5%) or more of: (i) uramum: (ii) thorum: or
(iii) any combination there.f Source material does not
include special nuciesr muterial (Emphasis added.)

The Atomuc Energy Commussion further defined the term “depleted uranum” a: .0
CF.R. § 40.40) a: follows:
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. Depleted uraruum does not
include special nuciear matenal. (Emphasis added.)

Consistent with these definitions. DOE treats depleted uraruum as source matenal.

Matenals defined as “source matenal” under the AEA are not hazardous wastes.
Under the federal system of regulavon of hazardous waste. 2 matenal must first be
defined as a “solid waste” before 1t may be regulated as a “hazardous waste.” 42
US.C. § 6903(5). Secuon 1004(27) of the Resource Conservauon and Recovery Act of
1976 (RCRA), as amended [42 US.C. § 6903(27)], excludes source matenal from the
defimiuon of “solid waste™:

The term “solid waste” . . . does not include . . source,
special nuclear or bvproduct matenal as defined by the
Atomuc Energy Act of 1954, as amended (68 Stat 923) (42
US.C § 2001 g seq.)

In regulauons (40 CF.R. § 261.4) implemenung the RCRA. the US. Environmental
Protecuon Agency (USEPA) states the exciusion as follows:

Thefoﬂanagmumhmnotwﬁdmmtorthepm
of this part:

(4) Smnu.speulnuclmorbyproﬂucxmwmlu
defined by the Atomic Energy Act of 1954, as
amended. 42 US.C. 2011 ¢ seq.

Consistent with the federal framework. the Ohio Legislature has excluded source
matenal from the definition of hazardous waste. Secuon 3734.01(1)(2) of the Ohio
Revised Code provides:

Hmrdmmmdudummummby
regulation as hazardous waste under the “Resource
- - ComﬂonndkmeryAaoHW&f‘NSm.Mﬂ

US.C 6921, as amended, and does not inciude anv
68 St 919 2 USC 2011 (Emphasis added.)

Source matenal clearly is a substance that is subject 1o the AEA Therefore, depieted
uranium. having been defined by the Atomic Enr.y Commission as a source materal.
* not a hazardous waste under Ohio law.

‘l.



The depleted uranyum stored at PORTS also 15 not a mmxed waste subject 10 regulaucn
as a hazardous waste. because the depleted uramum 15 not mmed with a RCRA
Nazardous waste. There 1s no other matenal. waste or otherwise, in the storage
Sviinders of wraruum hexatfluonde.

LUSEPA announced its mixed waste policy in the Esderal Register on July 3, 1986 (51
FR 24504). That policy and subsequent clanficauons issued by USEPA indicate that
USEPA intended to regulated as “muxed wastes” those radicacave matenals that
become muxed with a non-AEA matenal that 1s a hazardous waste. Radicactve
matenals, such as the depleted uraniurm stored at our Portsmouth facility, that have not
bunmdmmamn-AEAmwmtnammmmmm
‘med wastes” regulated by RCRA. Sgg “Guidance on Idenufication of Low-Level
Radicacuve and Hazardous Waste.” €2 FR 11147.

In summary, the UF, tails qualify as “source material” under the AEA. Source
matenais are exempt from regulauon under RCRA and Ohio law by statute. USEPA's
‘mixed wasie” policy does not apply to depleted uranium, because this material has not
been muxed with a listed hazardous waste or non-AEA matenal which exhibits a
hazardous waste charactensuc.
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Appendix [ RISK CHARACTERIZATION OF ALTERNATE
CHEMICAL FORMS OF URANTUM

Depieted uranium © presently coutawned as solid UF, in thin-walled sieel cviinders that
are siored ouidoors exposed to the elemens. Although UF, can be handied and siored
safelv 1 a well-managed industnal environment. other uramum compounds or uramum
meulmybemnppmmufmlonl-msmporm:dwm.u
structured eavironment.  Other potenual siorage forms besides UF, iaciude UF, L0,
U,0, UO, and uramium metal

Ix'uhepurpacofth'n:ppadixtoMwmammmwoﬁhﬂuswnp
forms.

A. PHYSICAL PROPERTIES

Those phvsical properties of interest for rsk assessmest of the perunent depietea
uranium siorage opuons are shown in Table [L1.*

Al Uramum Hexafluonde*™

critical pressure is 4.61 MPa. The vapor pressure above the solid reaches | aum
(0.1 MP2) st 56°C, the sublimanon tempersture.

A large decrease i UF, density occurs = cheugng from the solid to the liouid
state. which results in & large mcrease  volume The thermal expansios of the
liqud with increasing temperature « also high. It is alwavs essestal to mamain
control of the towal mass and physical sute of UF, throughout an opersuce cveie.
When restricted volumes such as traps and comtainers are filled wih UF, full
mmumﬁumm&n—m'ﬂlwmmm;
tempersture range t0 which the vemsels will be subjected in order © avoid
bydrauiic rupture.

Since the sublimauon temperature lies below the tnpie powt the pressure must
be in excess of 0.15 MPs (1.5 atm), and the temperature must be above 64°C (or
UF, 10 be hendied as 2 liqud. Thus any process using liquwd UF, 4 above
umosphenic pressure and will be subject 10 a potenusl leakage of UF, 10 the
environment. with vapor loss and cooling occurnng sumuitaneoustv. Soldificauon
occurs exothermuically when the pressure falls below 1.5 x stmosphenc. Thus o
& cylinder heated abowve the triple powt i bresched. » rapid outflow of the LUF,
occurs unul the pressure drops sufficiently w start the solidificauon process. The
rate of outflow then decreases but conunues until the coatents cool 1o about 56°C.
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which i (be aumospoeric subiimauon temperature. Some reiease of matenal tiay
conunue. depending on the type and locauon of the breach '

Takle IL1. wmdmmm

UF,

UF,

Deasity. gem’
Compound  Melting powt (*C) Crvstal Bulk*  Solubility 1w H.O*
64.1 4.68 46 Decomposes 10
UQ,F,
960 + £ 67 2045  Very slighuy
soluble

Decompases w0 U,Q, 729 15«45 lasoluble
when heated

Decomposes 1o U0, 8.30 15«40 Insoluble
at 1300

2878 + 20 1096  20-50 Insolubie
1132 19.08 19 Lasoluble

“Bul maw.vo,u,o.uuo:mmmw.m
mwmmmdemm‘mm

Ad

w.'mm'uwmmmuo,rw when |
'l'th;,O. wmuumww.éummn::nm

Uraavi Fluonde
UQ,F, is very soluble in H,0. mmwmuo,r,mm
fuonde fumes.

Uratuum 1 etrafluonde

UF, is very slightly soluble in H,O.

Uranuum Trioxde
Whuwmm.uo,dmmmnwmawv,o,
Urazuum Oxide
Whnhuznwum'cu,o.dmmmnamwuo,
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A6 Uranium Diomde
There are no hazardous phvsical properties that are significant.
A7 Uranium Metal
There are no hazardous physical properues that are sigmuficant
B. CHEMICAL PRCPERTIES
B.l Uranium Hexafluonde*’

UF, is a highly reacuve matenal. ItrucuwnhH,Omfomthesoluhleremwn
producs uranvi fluonde (UQ,F,) and hydrogen fluonde (HF), both of which are
very tomc. Athydmmﬂuondchlhommycomm

When reieased 1o the atmosphere. gaseous UF, reacts with hurmdity 10 form a
cloud of paruculate UOF, and HF fumes. The reacuon s very fast and is
mummdm. Foﬂo-‘-;ahrpfcahml.c’ucofvf.m

mmmmnMMdmmmmwm
ﬂmWWdhq‘mﬂm Sigmficant
mbalauon can result i pulmonary edema. Individuals can smell HF at levess of
0.02-0.2 mgm’. The threshold limit value (TLV) of HF is 2.5 mpmr'. No person
G0 twierste sn airbome concentration of 10 mgw’. Exposure for as litte as 15
mn 0 an airborne concentration of 20-30 mgmr'

Io a Gire. the reaction of UF, with water is accelersted of the increased
W.mmﬂhhpq“d!ph-hmof
QAN matenal or hwirocarbons. Rescuion of liquid UF, wih hydrocarbon
VEpors @ exwremely vigorous in James. with formation of UF, and low-molecular.
weight fuonnated compounds. More heat i gemerally reiessed 0 hese
meﬂ.mmwwmuo(
hydrocarbons wicth O,

B2 Umavi Fluonde’
UG,F. is a vetiow hygroscopic solid that is very soluble in water.



B3

B4

B.S

B7

[a acaidental reieases of UF,, UQ.F, as a solid paruculaie compound may deposit
OB the ground over a large area. There are no \nternauonaily acceptes vajues for
uranium contamunauon levels for uncontrolled residence. However, the vaiue of
038 Bg/em® (107 wCiem’) is accepted in many countnes for unlimiteg occupancy
of uncontrolied areas. This s equvaient to0 a fround concentrauon of
approxumately 0.1 g/m* for natural uraium.

Uraium Tetrafluonde

UF, reacts siowly with mouwsture at ambient temperature. formuing UQ. and KF.
Uranium Triomde

There are no hazardous chemucal properues that are significant.

Uramuum Oxide
Mmmhmﬁomchemcupmmmnmumﬁuna

Uramsum Dioxde

Uo,mnimusmumlymhuumubunbﬂnhm. It will siowly
convert to U,O, in air at amtent temperature. Inmﬂ&yhumuw
by suntening the powder in hydrogen.

Uranum Metal*

Ummachipvmimusmwh&unﬁhmmm:m
Dmmmmmm.mmmdm
with air and momsture. nﬁnmmmhmnaubtmm.
formmg UQ. and UH, The metal sweils and disintegrates. Hydrogen gas can ve
released.

Umm:mMMQF.HNO.S&&NB,&F,W
or nuryl Quonde and sumilar compounds.

mummm;ur.womwm-usmpormm
are relauvely small mmmmmwmwg
the cviinders of soid UF, 1o the conversion facility. emprywng the UF, cviinders.
performing the chemical conversion. packaging the final product transportny 10 the
storage or dsposal location. and momtonng of this location.
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Aude {rom nuciear considerations. UF, can be safely handled in essenually tho same
fIaBDEr a3 any Olber corrosive and/or tomc industnal chemical. With gooa procegures
and carerul. attenuve operauons. hiadling depieted UF, is a comparauvery jow.rsx
operauon. Safe handling procedures have been developed and evalusted in DOE 100
commercial faciities dunng the more than 40 years of expenence in bandling vast
quasuues of UF,

Risks due 10 transporung solid UF, are small Transporung cylinders of depieted LF,
Eorcomnordhpouieumhasﬁghdyinaundﬂ;kolrdmb&amo(m;
Mwofuuhﬂcmdnuﬂmm.anpﬂmhaco{w.hmuuvuu-u
acadent s accompanied by a sustamned fire enguifing the cylinder. Risks for chemcal



ipprommatelv 100 occupauonal workers s 115 mremvear. Surface survevs of several
48-n. storage cvingers (lled with depleted UF, (02% V) at DOE's gaseows diffusion
plant 1o Paducah. Kentucky, gave dose rates of 10.5-122¢ rem/vear.® Measuremesnts
of filled 46-in. shipping cviinders contamung depieted UF, (02% =U) at NUKEM in
Hanau Germany, gave dose rates of 12.25-30.6 remsvear. depending on the wall
thickness of the cvunders.” For a large UF, storage facility, these surface dose rates
wouldreqmacoauoﬂdtmofaboutJmuonndthew,h'ndeuinotdummg
DOE’s umiung vaiue of radiauon for occupauonal workers.

Sequovah Fuels Curporauoa of Gore. Ounbommmrﬁuudnnonm
as high as 1000 mR/h after emprying Paducah GDP UF, tails cvlinders. < These high
readings were due 1o the U decay producis. ®Th and ™Pa which emit more
penetraung beta and gamma radiaton. Whes UF, is vaporzed from a vessel or
tnnponcym.tn-cmuuhdcaypmdmmwmmmuu
surfaces. Without the shieiding and absorpuon of the bulk UF, the gamma radistion
levels are much higher immediatelv after emptying than for the filled vessel However.
the radiation level decreases with ume relatve to the half-lives of ®Th and *Pa which
are 24.1 davs and 1.17 nun. respectively. Accepuable dose rates are reached in 2 few
months.

TOXITY

been set by the NRC and the American Conference of Governmental Industriai
Hypeasus (ACGIH) at 02 mgm’. At this airborne concestrauon. all inbaled .t
ingested storage forms of depleted uranmm. except high-fired UQ, reach the threshoic
m«wmmmmmwhadm.

. CRITICALITY

Depieted uranium in any form will be cnticality safe in any configuraton. ®
. SUMMARY
Both the pomitive and negauve features of potestial storage forms of uranum are

summarzzed in Table [I3. The forms of uranium are listed in preferred order in regare
to sworage hazards.
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Table L2 [abalanon clasnficanon for depieted

urannm storage forms
lahalatuon
Storage form Abbrevistion  solubilitv class*

Uranium bexafluonde UF, Class "D*
Uranyi Quonde UQ,F, Class 'D*
Uranium tnande vUo, Class D"
Uranium tetrafluonde UF, Class "W
Uranuum axde’ U,0, Class "W~
Uranium dionde’ Uo. Class “W*
High-fired uranium dioxde’ Uo, Class Y~

“D." "W and “Y" are wnhalation solubility ciasses established
by the Internauonal Commussion on Radiologica: Prtection. "D
dummﬂhmywh&hluqmmuu W
mmsmmmmu-m
Td.-mimmmm'numu
o= tel

'mmhbﬂkydmw-imdq-ﬂuuhw
treatment.
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Tabic 113 Summary of preitive snd acgative fcaturcs for alicrmate wianium siorage”

Festuie 0,0, vo} uo, UF, _ UF,
Reactive e ++ 441 t . ,

Ignitablc tt + +t +t : t
Corrosive ++ ++ ++ 4 + 14
Soluble ++ ++ +e 1 4 NA’
Radioioxicity’ NA . NA NA NA NA
Chemical tosicity* : NA -

Containment* +4 + ++

“Symbols used: 4+ +, strong positive festure; +, potitive feature; -, negative feature; -, strong
ncgative feature, NA, noé applicabie.

*Sintcred at high temperature.

‘Decomposcs 10 UO, ot 1300°C.

“Decomposes 1o U,0, when heated.

‘Reaction with 11,0 releascs HF, which is very corrosive.

"Decomposes 1o UO,F, and HF when exposed 1o H,0.

Depleted uwranivm forms src dependent upoa TLYV (threshold limit valuc) and arc cither radiotoxic
or chemically toxic but not both.

*Containcs inicgrity requirement is considered 10 be a negative fcature.




H REFERENCES

&

i

10.

1L

Chemical Rubber Companv. CRC Hanabook of Chemusov and Phvsics. 67th Ed_
Robert C. Weast. Editor-in-Chief. CRC Press. lac. Boca Rawn. Fla 1986,

Lange's Hanabook of Chemuov, 13th Ed. J. A Dean. Ed. McGraw-Hll Book
Company, New York. 1985.

S. M. Leone et al.. Long-Term Disposal of Ennchment Plams Tails. KET-131.
Marun Manetta Energy Svstems. [nc. ORGDP. December 1978,

US. Department of Energy, Uramwum Hexafluonde: Handling Proceaures ana
Container Descrypnons. ORO-651, Rev. 5, US.DOE. Oak Ridge Operauons Office.
September 1987.

Ioternauonal Atomic Energy Agencv. 4 Guidebook 1o Safe Proaucnon
Transporanon. Hanaling, ana Storage of UF,, 2ad Draft Propased. [AEA. Vieana
Austna. 10 be ssued

N.LSaka.LnuSt-Daq-mhmaflew.VoL
0L 7th Ed. Van Nostrand Reinhold, New York. 1989.

U&m:am.ﬂmnwumqamnmfaum
Faciliges, EGG-2530, Idabo Falls, [dabo. June 1988

u;wam.wmuomum-
DOE Order 5480.11, Washington, D.C.. Dec. 21, 1988

G.V.mmpm&!-og:anrmhmwtlm
Marun Manetta Eaergy Systems. Ridge, Tean. deseribing hanaling of
mmum&mrmmmmyxm

CD.WMMMMSMPM&.W:QM

mmmmmmo«mumu.ouw
Tm.NMMmbTﬂy«nM'MMsyl‘. 1990.

Lmux.wmu;mmmmaf
Depisted Uranmum, NUKEM-292. November 1977,

nxmmma—pmmxy.m.ksm.m
mmmmxy.mm #MMES-90-58-PAD.-
90-3, eautled “UF, Tails Cyiinder High Radiation. July 26, 1990.

I.LFm.M&MGM!amMGmDWM
Plans, GAT-225. Rev. 4, Goodyear Atomc Corp., Piketon, Ohio, March 1981.

41






Appeadsx I [INDOOR STORAGE OF UF,

The principal advantage of indoor storage of cviinders contuning UF, s the prevenaon of
“onunuous expasure 1o the eiements. which could reduce the cormosion rate Of extend the
limes berween repanung cyunders and thus Muwmuhmm'mwm“u
Two tvpes of indoor storage were briefly examined: currently avalable faciites and new
buidings. Wimmcumumumhm:mtumo(m;wihﬁng:pmmme
soptusticauon required in atmosphere control in pew buildings, indoor storage of DU as UF,
ippeans (10 be consideradiv more costly than upgraded outdoor storage.

EXISTING BUILDINGS

Large areas are available fordmbpmofdmmuno-bnm-ud process
buldings at Porumouth ana Qak Ridge. These buidings present possibly attracuve sies
for long-term storage of PDF cviinders. The K-31 and K-33 building basements at Oak
memwmmpmm,mmmwm(oa
W;unﬁyﬂ(?«m&)mwmm A rather detaded
Mmﬂmmﬁh-nmumwwwmmmm
actually swied to ¢ linder sworage. mmwwmwu
mdmﬁmhﬂh.mhqﬂ-mmmm
ummmmmuwmmwmm
puﬂchﬂ:snluhmolbvﬂhhﬂyu.‘ﬁ-amm
mﬂnm“ﬂ“hmﬂpﬁmdqﬁmw

mawm’mmmmﬁimmw
mmdmmmumwmmmmm
Mmmumwdqmmquw
i the sworage task mehmmwhmmd
not exceeded. by exsung handling equipment. Load lims on equipment oors of the K-2¢
bmwnwwmwdmmumw-wm
mmmmumum.mnmuﬁ.mwnum
uumummwmmmmm [t shouid
ummnmdtht-vmmmm&;uhmpdm
Wbaﬂy“um&m&mumupl-wm&tw.cm
slorage.

uwmhmsmiudmm Seasonal
wdmsﬂmaﬂmhhﬁuﬂq&amﬁhw
dmm(ummmmnunummsmw;
mmmmmnmmhm“m&um
Faedcunndminmcannummnammwotlmm
SO%mumuMmmhmuMmmwdmzmm
as well



Thus. while many of these adverse factors mav be overcome through engineered design,
s evident that uulizauon of exsung indoor space for DU storage s UF, wouid be very
exvensive. The need 10 provide venulauon faciities for management of materal reieases
and for temperature and bumudity control. the deveiopment and procurement of speciaized
cvinder handling equipment. and the decreased storage density requirement would appear
o compine to drive the cost of indoor siorage in exisung faciiues above that of upgraded
outgoor faciiues.

NEW BUILDINGS

Smnmmbmﬂmunpmwummhmnmdmgbmlg
smmmbMpmuuqumpu&hﬁmmapmwnp
arrangements and the handling and mainienance operauons. As egvisioned. the buildings
would be a “Butler-type.” which would provide protecuon from the elements and wouid have
hunuditv control. mb\nuinpeouubemmnuuwwommmn;m
with the storage arrangement A detaied cost evaluauon would be reguired for 3
comparson with the use of exsung buidings and wath the presest system of outdoor
storage. A rough esumate of the cost of bousing the Porsmouth DU inventory i Butler-
type buildings s about $100 mullion: scaling this up 10 accommodate the total three-site
wnvestory of swored cylinders gives a capital cost of about $360 mullion.
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Appendzx [V. BREAK-EVEN TAILS ASSAYS

The economuc objectve of both DOE and its Customers is 10 mummize the overall cost of
eanched uramjum production by siriaag ao optumum balance berween feed and separauve
work cosws. This point s idenufied as the opumum or break-even taus assav (BETA). BETA
umututmmyutwmm“tofemmpmum The cost of
eanched product comes pnmaniy from rwo components: the cost of feed and the cost of
separauve work If the denvauve of the total cost of eanched product with respect 1o the
tads assav s set equal to zero. the resulung equauon defines the break-even tads assav. That
equauon s

EE. o V(j» - V{l.’ - & -2 V'_(i-) .
Cm

where

Can = cost of {eed in dollars per kilogram of uranium.
Cm-mofswmwumpuﬁbmsw.

z, = feed assay o weight fracuocn U,

x, = wuls assay (BETA) in weight fraction U,

and where

Vi e @ x-1)- --i‘-)

1 -z

2:x-1 z
v B | m— D —|
wedid] o ufrty)

This se: of equauons condenses w0

E".'E.(,.,,.,), "5[.'((11-.:; .(‘ _;xf).(z-x_-x)-

1 -3z

N“Mhaﬁmuuy.mhnk«ﬂ-qiam&mﬂmoﬁm
mnwmtmmimmamﬂﬂuprm
thMunq(aﬂlﬁﬁm&mynmdnmaﬁA
becomer & direct function of the feed-10-SWU cost ratio. Therefore. the absolute vaiues of
muﬂmNmth&mm This means that BETA i we
mhwmmmmmﬂmumMaﬁnmbytuume
percentage (e.g., due w0 wflaton), the BETA is unchanged Figure V.1 is a piot of BETA
versus the cost rato.
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COST RATIO = (FEED COST, $kgU OF UF,)/(SWU COST. sswL)

131

12k \
|

1P
1.0+
0.9+
0.8t
0.7k
u 0.6+
0.8t
| 0.4F

COST RATIO

N

s

0.3 ,

0.20% 0.22% 0.24% 0.2

6% 0.28% 0.30% 0.32% 0.34% 0.36%

OPTIMUM TAILS ASSAY (% ™U)
Fig IV.L Breakeven tuls smsy (BETA).

mumunmnDOtsqh-m




above discussion does not include the cost of Storage or owner disposa of zbelupmen
mm [f the disposal cost s considered. :uomcmnuwmtuamofdsmm
tbe feed cost in calculaung the cost rauo. The break-even tads €quation then becomes

% & 2-‘.-]\
(cru'cb',z,x.x)‘h{fl;.‘_'ﬂ.1--‘1)- . .
{ 4 z ,l-'»] g} 1 x,
Cowy (% v

A
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Appendix V. CONVERSION PROCESSES

Several routes exst for convernng UF, o UF,, uranium metal or the omdes. The UF, w0
UF, reducuon process reacts hydrogen (H,) with UF, o a tower (verucal pipe) reactor
according (o the equauon

UF, + H, = UF, + 2HF.

mem-mmnuppmmnmuMamw
mmmmruuorbyimnuommmmUF,_Omthhomn

Any of the uramum oxdes (UO,, UO,, or u,ogmummur.mumpa.
m(m)mmuwmnmmwmm

hh&ymh@.iﬁmhmhhmdmﬁnﬁmn
WCwMCMMU’.mmmMMM(UM& The uranyi
fluonde u then rescted with more mmwmm
at about 750°C 10 produce the desired oxide. These two steps can occur either m two

UF, + 20,0 = UOF, + «HF,
6UC,F; + 6H,0 = 2U,0, + 12HF + Q,,
3UOF, + 2H,0 + H, = U,0, + 6HF

UOF, + H, = UO, + 2HF
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UF, can be converted 10 oxde in a similar fashion. However. the UF,-t0-omde reacuon
reversible: 30 operating condiuons must be carefully controlled o prowide good vieids:

UF, +2H,0 « UO, + 4HF .

The wet conversion processes result in the generation of considerable fluonde waste. which
INtroduces extra processing costs. These processes start by dissoving gaseous UF, in water.
MunmmnmﬂwnuMumquwymuMwmwﬂmvm.
tughly soluble in water. A precipitaung agett is then added to the soluuon 1o recover the
uranium product. which i corverted (o amde by calcining (roasung) n the presence of
switable reducing agents (typically, hydrogen or sieam).
mmm:wwhodo{rum;w.wmmmm«nmmuw
WMLT.WUF.UWMMMMMMMUF.Mm
magnesum 1o a batch reactor:

UF, + 2Mg = U + 2MgF, .
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