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EXECUTIVE SUMMARY

This report evaluates options and recommends actions to ensure that
the depleted uranium hexafluoride . (UF,) produced at the Claiborne
Enrichment. Center (CEC) is handled in a safe and cost—effective .
manner in accordance with all applicable reqgulations to protect the"

environment, as summarized 'in. Section 2.0 of the CEC Safety
Analysis Report (SAR). '

A primary guiding principle is to maximize the potential for

utilization of the depleted wuranium to reduce disposal

requirements . This involves. storage of the depleted UF, .onsite’:
while pursuing opportunities to employ this material as a resource.”

As discussed in Section 5.0, this storage will be at the CEC-in the!

form of'lm}, in cylinders that have been designed, ‘tested, and-

inspected in accordance with American National Standard ANSI N14 1,
and NRC regulation 10 CFR 50 Appendix B. : ;

All depleted UF; which has not been utilized by the end of the

operation of the ' CEC will be removed from the site. 1If it . can not

be used elsewhere, it will be converted to a form suitable for

disposal :and ‘disposed of in a licensed repository. A method -

currently available is to convert the depleted '‘UF¢ to uranium

tetrafluoride (UF,), and dispose of .it in a low~-level radioactive

waste -facility. While other options may prove more practical :in

the future (i.e., conversion to U,0, which is the preferred form for .

lona—term storage and disposal), this method can be implemented in

the United States at the present, and thus is used for the

decommissioning cost basis. The UF, is a suitably stable material
for packaged disposal, and the conversion process exists on a
commerc1al scale. ’ " . N AR

1

Sectlon 11. 8 of the CEC SAR contains the Louisiana Energy aerv‘ces.
(LES) estimate that the cenversion of UF, to UF, and dlspoual will-

cost $9.5 million at decommissioning per -year of CEC operation
{based on 300 cylinders of depleted UF, per. year) in 1990 ‘dollars,
assuming the worst case of no utilization. This amount will
accumulate as the plant operates, and will be reviewed and updated
periodically along with‘atheriplan:‘decomm 51rn1ug costs, wirh
adjustments made as needed. o - Co
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1.0 INTRCDUCTION

1.1 | PURPOSE

Operation of the . Louisiana Enerqgy Services (LES) Claiborne
Enrichment Center (CEC) will produce depleted uranium hexafluoride
(DUF,) . This report describes the options for management of DUF,
during the operational life of the plant and during decommissioning
of the plant as part of the CEC licensing requirements.

1.2 SCOPE

This report covers two distinct aspects of DUF, management at the
CEC. The first aspect 'is management of DUF, during CEC operation.
This time period is from the expected receipt of UF, on the CEC
site in 1995 until the expiration in 2023 of the operating license.
The second aspect is the removal of DUF, from the site during the
decommissipning period from 2023 until 2028.

Each time period described above was analyzed independently and a
list of options fdér each period was developed. These options were

analyzed in accordance with the criteria described in Section 2.0 .

- td determine the course of action to be taken by LES that is the

most environmentally suitable, safe, and cost-effective. The
conclusions from this report are described in Section 4.0 and a
list of recommendations for LES to pursue are contained in Section
5.0.

1.3 BACKGRQUND

This section provides background information on uranium enrichment,
uranium hexafluoride (UF,), and current and future trends for use
of DUF, in the industry. This information is important for the

evaluation of the viability of future. uptions.

1.3.1 Enrichment Processes

"Uranium exists naturally as a combinaticen of isotepes, primarily
consisting of the stable isotope U238. Approzimately 0.71 percent

of naturally occurring uranium exists as the *tiss:le isotope U235,
U235 is the only naturally orcurring tissile i1sotope b urdantum.
For commercial purposes, the concentration of the 223% isotope must

he ncreased to as much a5 5 poercent.  The procoss ol ncreasing. .
the 1235 concentration is "enrichmeni . This prevess can bedlnl 7
Cperformed in several different ways, an destrchedTio the b winni T

cecriang.




T 01.3.1.1 Gaseous Diffusion

- The original uranium enrichment method used on'a large scale in the.

. U.S..was gaseous diffusion. 1In this method, UF, in gaseous form is
‘ol passed through a specially constructed porous membrane. UF,
""'incorporaclng U235 flows through the membrane at a slightly faster

rate than the same compounds incorporating U238. The gaseous

-diffusion method was tirst utilized in the U.S. in the m1d~19405 to
provide enriched uranium compounds for military purposes. ‘From the
"1860s to the’ present, production of enriched uranium for commercial
-0 purposes in the U.S. has relied exclus1vely on this.process. This

. Spracess- also has beén. utlllzed 1n other countrles to produce .

T enrlched uranium.

l 3 1 2 : Gas'Centrifﬁge

5'} Dne.to.the-substantial energy requirements of the gauEOUb dlffu31on o
I process fapprowimately 50 times that of the gas centrlfuge to be

;;'used at the CEC), the gas centrifuge process emerged in the 1970s
-:; —as.a ‘wiabld. enrlchmenL alternative, although development had begun
~="as early.as the 1940s. In -the centrifuge method, gaseous UF is

compcﬂndS‘-incorporatlng U235 remain near the center o¢f the

,.-spun in a pylinder. The heavier compounds incorporating U238 are-

s thrust against the outside wall of the cylinder while the lighteér- o

cylinder.. This method was oriqinally demonstrated in the 19403,;._
\~j ‘but was . 'not-’ developed on a large scale because of ‘problems’

associated with tonstruction of efficient and reliable centrafuges.

- ‘Significant gas centrifuge experience has been obtained in Europe

by URENCO,-."the U.3. affiliate of which is a member of the LES
§ partnersh1p. "URENCO operates three gas- centr;fuge enrichment
- . plants, which are located in the United Kingdom, Germany, and The

T Netherlands, The CEC will be the first large*scale aas rentrlfuge'

; 'enrlchment ‘plant operated in the U.a. Its enrlchment sys*em deSLgn
- is based gxclusively on URENCO techqoloqy and oxper‘ence.

;-3.1.3 _Laser

" An enrichment method WIth'“tTOHQ commercial’ po*entxal‘for thé»
future invalves the use of a laser. The Atomic Vapor Laser Isotope

Separatlon (AVLIS) process is’ cur*nntl" being deve‘apcd in the U. a-f

and in other c¢ountries. The teed naLcr:al form is' uranium metal.

There is a potential for 'AVLIS Lo W;ﬂa ‘existing JtoLkp*lpa af

depleted uranium from curzent engivhment facilities as plant feed

after vonversion {rom U, to uranium metag,

1.3.1.4°. "Other Methcds -~ -0 U Ulmn o
: CAddit ional  mer eeis 2 oy ) ey oreetipges
D L4 T L I T 2 I P S S [ L LA L AT




’%E!‘atiug Iz.fe of the CEC.

:ggi ’ -Q;ggggm nggfluoridg _ o o g'.. LT
_§§hninx»haxaﬁluarid§ {UF,) is the chemical compound of uran;um.used e
ifitboth.gageous. diffusion enrichment plants and in gas ‘centrlifude n' e
pEEChment ‘planEs.” UPc. is .used because it is the only -uradiud. = " -"%
;_difﬁhat"'xa"é gag at ordinary temperatures and : bécauaa"._ gt;”;

tiuorine: only ~hgs -one - :Lsotcpe ‘{i.8., fluorine .is monolsonopfc). . SR
= T hi advan‘ﬁage OF: fl.uoriner being monoisotopic is that- any wei.gh;

fébtége&-af—t&tanium. - Almast- fifty years of earichment expeﬂence L
T 5?“4;=ueg=nava-proqen that the material is especially suited fbr - ;fgg

STy

_&af‘df;and."tnanSpcrted_ in specially designed cylinders«?»fng-;;
of Specific design- requirements ape Lt :';
;ig;ANSI N4, 1—1990 (Re ference -8). ALl UF cylindérs A
sat--the: CEC™ will .be .designed, built, and testedﬁ‘inu-' IU;;
‘r;a-nxth-t.nis cade: _These cylmders are avallable-in: si;zes T
Tai *ﬁrom /2 kg UE" to 12,500 kg UF,. Depleted UF, (DBE: L =_ .7-%:
ailg *stared. {h Type 486G (12,174 kg UFg) and Type 48H-- (12;261

L id{mindars. . Othet céntainer types. have bee¢n ‘used: iﬁ-nhaf-
;atilva:ioﬁk"enrichment sites, however only 48- lnch UF;

".".ixx.—"eu:cor:dance with ANSI N14.1 will be-used for storage

] T ehmenb;gxgcess 1nvolves splxtting a UF, feed stream into a '.i° 3
pmdact.s&rgam :enriched in U235 and a by-product strxeam deplated:fn-_ -~ -7-

_&2_35 Iﬁe ex;u:]?cf_xed p’mduct: stream from the CEC will be used’ solely = - -,
’é ) 'rhe by—- )

.'3
_;Appruximateiyhs ko 10 kg-of depleted uranlum (DU) results from-the :
-Qrodnctlcmncfhi kg of -low enriched uranium - (LEU). Slgnlf1cént - f'fq;
quantxpies-of_ou Have'been used in the U.S.- in selected military- . )
- and ‘copmercial. “applicctions. These include military projectiles; - - .=
zwrc;aft-counterwelqhts, and radiation shleldlng. Cukréently; the ., o
demand“for thxs material is low. : ~ ‘
. Thg “use GF the term “rails" to describe DU is falling into
- disfavor. "Depléted-uranium" more correctly describes the material -
without implying value of the material. 'This’ zeport uses the term;
"depletead uranium"™ (DU) Pvcepr where quotinq other ‘sources. =

. - : S .4 « -~ .. ‘Octeber 1, 1 991




':‘f163.4 current Status

By the end of 1990, the tota. amount of DU in storage in the U. S.

. in'the form of DUF, was approximately 320,000,000 kgu (kLlograms of
.. . urabium, which does not .include the additional mass. of ‘the - -
-1 "fluorzne) .This material was.produced by the U.S. . Government An . -
th:ee gaseous dlffusion enrichment plants. This amount is expectedp-f o
i =) grow by 20,000,000 kgU each year as the U.S. Department -of ~ ;
< Bnérgy (DOE) continues .to operate its gaseous diffusion plants -
': {compared o ZFSOO,UOO kgl per year for the CEC). Add1tional DUFg.- - "
..»d8 stored--worldwide, includlng 30,000,000 kgU stored by :URENCO - . - I

o fﬁéartnerswin Europe. ' - . E . j _" - :

'5"‘The-turrent philosophy of the U.S. Government is to store DU as - -
“B1id OF in cylinders-ln specially designe:! outdoor storage yards._ L.

. KiETG—@d *"The Ultimate Disposition of Depleced Uranium®™ (Reference - .~ ™7

#:~~'$}Tl a- study perfermed by Martin Marjetta Energy Systems,’ InC"far'g' .-

s "the DOE, yqbrxshed in December of 1990. The study concludes.that™

TR prqper outdaor . storage is safe and the most cost—effective method -

te -‘for.DU management at DOE enxlchment [aCLlities at the present time. B T

:T } 315 :_-F ture Prospects : B -:,':' ..f -

‘ = ;- .Re%eed of the- BU :anentory through either the - CBC or another oo
N uranlum 'enrxchment . facility in " the future is .a prom151ng B
-J'g;posslblllty, : The DOE has embarked on several major .refeed ,

%;Li owned-natural-uranrum. . Excess enrichment capacity ‘would be well
Tutilized: .by'"refeed to produce Jlow-cost feed material.. “The
- advancement-..of -enrichment technology with higher. °eparat1ve-
efficiency and‘lower operatxng costs also make refeed likely., . _-
- DU is. 3 highly reflned energy source that could be of sxgn;flcant .
e value to futnre generations. Currently, the most promiszng long=- - °
-'1 texm uee. forJDU is as feedstock for fast breeder. reactors, In
-bréedér -feactors, the energy contained -ia DU, can be used in the - - .
form of both 0235 and'0218 T o ) e T

1

Non—nuclear uses of DU requ1re that the materlal be converted to

-~ uranium- metal. The current .uses are Jlimited to, mllltary

plecatlons -and a few qpeczalltcd civilian uses that require very

dénse material (uranium is. 1.6 .times as- dense as lead), as’
dzscussed in Sectnon 1.3.3.

. The diverse. poLentlal 1Ses ot dnplcted uranium- in. the future. . ...
'-requ1re a” utlllzatxon atrateqy which prov1dos rlex1b111ty whlle——t;—{_g
ensurlnq safe handlznq and storage pldL;lLPS e : = T
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2.0 ANARLYSIS BASES

3:1,' CEC PHILOSOPHY

The technical and philosophical guidelines highlighted below were
established by LES for the management of DUF, at the CEC. These
guidelines are used as the basis for analyzing the options
discussed in this report. '

Utilization of DUF; is an affaoctive straAthy for
environmantal protection by xaeducing ‘disposal
raquiramaenty.

LES is committed to operate the CEC in a manner which protects the
envxronment.' Utilization of DU reduces the amount of natural UF
required, reduces disposal requirements, effectively utilizes the
DUF; as a resource,- and thus minimizes the environmental impact.

Onsita storaga and wmaintenance of DUF¢ cylindars
shall- not axcead the operational 1lifa of the
facility. . '

LES. is -committed to remove all radioactive materials from the CEC

in accordance with NRC regulations during the CEC decommissiohing.. . " -
This critericn is unique to the CEC as compared to other uranium N
enrlchzrnt plants. The DOE, for example, is currently exempt from

NRC regulation.

. DUF, managemant must be consistent wi.th aexisting laws
and = ragulations partaining to the handling,
. managamant, and disposal of DO and UF¢ while
- preaaxving the flexibility to adapt operational
practicas to future NRC and EPA policies and
- rdgulations.

LES is committed to operate the CEC in accordance with applicable
Federal, State, and Local laws and regulations. The "currernt
requiréments that apply to LES and the CEC do not spec:itically
cover the long-term management of DUF,. Unique requirements may be
promulgated spécifically to address this aspect ot plant operation:
These requirements, if promulgated, would most 1likely be

. administered by the NRC and/or the EPA.

CnE. management m:3. be protective of natural
environmental compoarn!s as well as human.health and
safety conszderatioz‘ b e

LES is committed ta rperate  the <EC ‘}~"ucn'¢ manner that th&:i%\\/b

covironment. aroumd the plany is 6ot adversely impacted. Thissms oo
sommitmont  includes Cpratecting o the npiatural . eRuviranment and—
; ' _ ; - Skl i S

i
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'protection of the health and safety of people living in ;ﬁe area

around the plant. LES is also committed to protecting the natural

environment and the health and safety of people living in other}»‘

areas. The overall impact of the options on all areas and peonle
will Dbe carefully evaluated to ensure that .apparent ~“safety

inmprovements fo: the area surrounding the plant do not cause o

significant safety or environmental problems in other areas.

DUF¢ - management must not result in a significant
increase inm risk to thn health and safaty of the -
public nor the  senvironment compared .to other
relevant risks.

. The- currently accepted method for 'storage of DUF, at uranium

"enrichment: plants is in &specially -designed cylinders “stored

- outside. Options that significantly, increase the risk compared to

outside ‘storage will not be implemented at the CEC. . Careful

_evaluation of the options will be performed to ensure that there is
- no significant decrease in the margin of safety, con51dering both

the "area- surrounding the plant and other areas which may be
affected.

. DUT} management must be consistent with commitments)'
- made to the local community and ragulatory agencies.

LES is committed to open representatlon. of ‘the’ plant “and its.

operation to the local community and to regulatory agencies. These
agencies ‘nclude Federal, State, and. Local agencxes that regulate
LES and the CEC |

DUF}.management must conaider aconuaic v;abilxty. ;“

LE% wlll operate the CEC in a. sound long-term tinancial. manner.

Tuls commitment is made to the owners and investores and also to “the

community around the plant. . The plant will provide enrichment
services to the electric utilit, industry at a fair »rice that will
provide economic benefit to. the pl-nt owners, investcrs, employees,

- and neighbors, Funds will be set a31de durlng 2ach . year of

operation tLo. provide for proper m2nagement of DUF, during
decommissioning. Management techniques that increase overall costs
without an appropriate improvement in satety or income potential
impair LES’ ability. to be a Jlong-term viable enterprise, and
therefore, should be- avoided. L

X x,éGAL/Rscuu;ToRy 'kEQUiREMENTS' '_ |
This sectlon uUWWdF"P thp leqal and requlatory rpQU]rPTPnta that
‘apply to sterage and dlrpn,a ot o, 'Thl ,Snrtlu“.xg sed un the

"Requldtory Ana'y“ s . . [Duploted_ Yr dn1um ,srorrd; at nOn PORTS

- .
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v Facility" (Enclosure to Reference 10), and provides the basis for
-LBS’ position that DU is considered a resource.and not a waste. As ‘

- N
: wxll be shown below, DUF, is source material and is not a hazardous :
. was;e subject to régulation under the Resource Conservation and
“. TRecovery Act of 1976 (RCRA).
. L2.2.1 Source Material
'.Depleted.uranlum is a "source material” subject to regulation under
the.Atomic Bnergy Act of 1954, as amended (AEA). Section 11(z) -of
the AEA [42 U S.C. § 2014(2)) defines "source material" as follows:
) . The. term' “source material"” means (1) uranium,
) " thorium; or any other material which is determined. )
) . by the [Nuclear Regulatory] Commission pursuant to . -
o © ".the provjsions of Section 61 to be source material; ' '
' ar ‘(2) ‘ores containing one or more of the foregoing ° 4
- materials, in such concentration as the Commission -
'may-by“regulation determine from time to time.
. Sectlon 61 of the AEA authorlzed the NRC to define the term "source
L material." . 'The NRC promulgated the following regulatory def;nitlon
_ ire 10 CER s 40 4:
; “Sogrce Material” means: (1) Uranium or thorium, or - )
.any combination thereof, in any physical or chemical ~
-form ‘or (2) ores which contain by weight o6ne—"
twentieth of one-percent (0.05 %) or more of: (i)
Uranium, . (ii) thorium, or (iii) any combination
e thereof. Source material does not include special
~_nuclear material. (Emphasis added.)
The NRC further defined the term "depleted ‘'uranium" in 10 CFR’
S 40 4 as follows:
. ." "Depleted uranium" means the source material uranium . _
" in which the isotope uranium-235 is less than 0.711 -
weight percent of "the total uranium present..
Depleted uranium does not include special nuclear
material.
Consistent with thése definitions and DOE criteria (Reference 10),
LES treats depleted uranium as source material.

: 2.2.2 Non-Hazardous Waste o I . ‘ IR

Yo Materlals _defined . as "source material" 'under the AEA are not.”
hazardous wastes. Under thé federal ° system of ‘regulation of: -
hazardous waste, a ‘material must first: He deéfined as. a "50lidl TN

- ———

waste“ before it’ may be regu1ared as a "hazardous waste" [42 U. S.C/——~



C e mee =

. 5 6903(5)]. Section 1004{27) of the Resource Conservation and
>~ Recovery Act :i 1976, as amended [42 U.S.C.'§ 6903(27)], excludes
- sourte ma*erlal f-om the definition of "solid wast~": RN o

S 'wThe term "solid waste" . . . does.not include . . .’

o ‘ source, special nuclear, or byproduct material as

- -defined by the Atomic Energy Act of 1954, as amended
ST (68 Stat 923)[42 U.S8.C. § 2001 et seq.}. -
“In regulatzons 1mplement1ng the RCRA, Lhe EPA states in 40 CFR
s 261 4(a) the follow1ng exclUSJOn.

--’{ I The followiﬂg materials are not solid waestes for the
- ) purpose of this part:. ‘

- (4)° .Source, special nuclear or byproduct
e ~» 7 material as defined by the Atomic Energy
- . . -. Act of 1954, as amended, 42 U.S.C. § 2011 -
Rt _';= - et seq.
. ".To be con31dered a mlxed waste, the DUFg would" have to be. mxxed'
~with a RCRA hazardous waste.  Additional- material ~(waste: or. -
. dtherwisé€) is not mixed with the UFg in the cylinders.- Therefore, -
- DUF,. ‘stored in ANSI N134.1 cylinders is not a'miked waste subject tO"ﬁ -
AN -regulation as ¢ hazardous waste.

T The.EEA.announced ‘its mixed waste policy in the Federal Register on
L July- 3, 1986 ~ (51 FR 24504). That policy and subsequent
clarlflcatlnns 'issued by the EPA indicate that the- EPA intended to. "
' regulate as "mixed. wastes" those radioactive materials that become .
mixed-~with_"'a non-AEA material that is a "hazardous ' waste.
. Radloactive materials such as DUFy that have not bzen mixed with a
_. .NON-AEA ‘material that is a’ hazardous waste ‘are not concidered
. "mixed wastes" redgulated by RCRA. "See "Guidance on the - finition -

and Identification of Commercial Mixed Low-Level Radi ..'jwve and

) Hazardous Waste" (52 FR 11147) for a complete descrmpt; . & this
toplc. . :
2‘2.3 R .Conclusion

DUF¢ is defined as "source material™ 'and is exempt from regnlation
under RCRA under current regulations. In addition to this legal
1nterpretatlon, the material has numerous potent1a1 nuclear and
non-nuclear uses that are described in Section 3.1.2. This is
~z - consistent with the Reference:6 conc1u51on that’ under EXlStlng laws -:

and regulations, .DOE- is free to manhage .. the DU resource for theﬂ-
beneflt of 1ts uranium enrachment program.ht# _




2.3 WASTE TYPE COMrARISON

The DUF; produced at the CEC is considered a resource. However, if
in the future it is no longer considered usable, the waste type

-.must be defined prior to a disposal route being determined. DUF,

is not a suitable form for disposal in accordance with 10 CFR §
61.56(a}), and would require conversion to UF,, a uranium oxide, or
uranium metal prior to disposal. Under 10 CFR § 61.58, the NRC may
authorize specific provisions for the ciassification and
characteristics of waste, on a specific basis. This will be the
case if, after evaluation of specific characteristics of the waste,

‘'disposal site, and method of- disposal, the NRC. finds reasonable

assurance of ‘compliance with the performance objectives of Subpart
C of Part 61. Comparisons of DU to high-level radiocactive waste

(HLW), uranium mill tailings, and low-level radioactive waste (LLW)

can provide insight into alternate disposal options.

2.3.1 High—-Level Radioactive Waste (HLW)

"HLW by definition (10 CFR § 60.2), is: (1) lrradiated reactor fuel,
(2)" liquid wastes resulting from the operation of the first cycle -
"sblvent extraction system or equivalent, and the concentrated

wastes _from subsequent axtraction cycles, or equivalent, in a

facility for reprocessing irradiated reactor fuel, and (3) solids.

inte which such liquid wastes have been converted. These wastes

‘contain large quantities of long and short -lived radionuclides and -

transuranics (TRU) with very high levels * activity.

An example of HLW is spent fuel, which constitutes approsimately 35
m' of waste per’ reactor-year, with activity levels of 11,000,000
curies .(after 10 years in the fuel pool) or apprqumately 300,000

Ci/m}. In comparison, depleted uranium frem the enrichment process-f

in the form of U,0, has an activity level of about 0.31 puCi/q, which
equates to approximately 62 curies of activity for the 200 metric

tons of uranium (MTU) of depleted uranium resulting per reactor—-

ear. This is about 2 Ci/m! for the uranium i1sotopes, or about 5
; P

" Ci/m’, including the Th234 and Pa234 decay daughters. Thus, the

specific activity of spent fuel HLW is approximately 100,000 times
greater than U,0, from DU. Ingrowth of other decay products is
extremely slow, requiring tens of thousands of vyears. This
discussion assumes that no recycled uran am is involved as the CEC
will not use such material. -

Based on the definition of HLW frem 10 TFK 4 #0.2 and the
,comparxson of a Lypkhal HLW wx:h ] aanU, it is ciear that DU iz = -
- not HLW. - . - _ LT TR '

Lo
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2.3.2 Uranium Mil) Tailin

Uranium. mill tailings result from the vhemx;al processing of;
uranium ore to produce a uranium-rich U,0, compound called “yellow
cake."™ ~Section- 101(8) of the Uranium Mill Tailings. Padiation

Control Act of 1978, as amended -[42 U.5.C. & 7911(8)}, defineés ™

"taxlings“ as: the remaining portion of a. metal-bearlng ore after
some -or all of such metal, such as uranium, has been extlacted.

© The principal radionuclides in the mill tailings are uranxum, RaZZo“

.and its decay products, .and Th230. However, radium and its decay
'products, especzally gaseous Radon, constitute the activity' of

. eoncern, since ‘most of the uranium is removed in the. m;lllng;”
process. " Thus, uranium radioactivity levels in the mlll ta1‘1ngs;;
are substantidlly less than the radium radioactivity ‘levels. For

example, ‘long-Yived uranium act1v1ty level .in mill tailings is"~

approxlmately 25 pCi/g, whereas the Ra226 -level averages 450 pCJ./g,,"7

with a half—llfe of 1,600 years. However, the low uranium content,”
.of the ore-processed in the mill, the extraction of the urarium,
-and flnally, "clean-up of the mill sites, produces large quantities
.of. wastes that are mainly comprised of soil and crushed rock plus

process chemlcals.

DU .in_the’ £orm of U,o8 is- similar to mill tailinés in that it
contains uranium, but dissimilar in that DU is essentially free of

\v/Th230 or Ra226 and its decay products. DU which has been converted

to U;0, also.differs from mill tailings in that it is concentrated 

- U30, * rather than "large quantities. of spil mixed with, small

quant1t1es of radioact1ve matcr1a1 as with mxll talllngs.

2.3.3 ' Low-Level RadlcaCtlve Waste (LLW)

'LLw contains a . relatzvely small amount of radzoact1v1ty ’hd.

constitutes the majority of the wastes generated by the commerczal

- nuclear power  plant fuel cycle. As defined by 42 U.S. C.ij

2021b(9), "low-level radioactive waste" means radioactive material
that i~ (A) is not high-level radioactive waste, .spent nuclear fuel,
or byproduct. material (as defined in section 2014({e} (2} of this-
title); and (B) the Nuclear Regulatory Commission, consistent with
existing law and in accordance. wlth paragraph (A), classifies as
low-level radloacrzve waste. .. ) '
. o : cog,
Although long-llved isotopes - 0of - uranium, thorlum, and low
concentrations of TRU and-other long-lived radionuclides can be’
present in LLW, the bulk of the radioactivity. results from Co60,
Cs134, C3137, and other lower-yield fission and activation products
with maximum half-liveés 'at RpprﬁVJmately 30" yedrs. " LLW decays to
-very low ‘radioactivity - Tevels 1n tens to hundreds of years, but it

S rOQUIICS isolation during tiat tlime. Di¥is dlfferenn“f'om‘noat LLY
—~1r1-‘uat 1t conta.na x{‘:."u* ;~n._livod__xgofopp°'f‘ curanium o oino
]

con'nntzatvd form, plus- “.i.—ancnsuZE .oLHewsewor o1 accsrdance
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~h 10 CFR Parts 40 and 61, oU from the enrichment process is
source -material. '

If DU is declared to be waste, it can be 1included within the
definition of LLW, .and could be disposed of in a LLW disposal
facility licensed under 10 CTR Part 61 if it is in a proper waste
form. Because the' NRC dird not consider the disposal of large

guantities of DU when it promulgated the "regulation, additional
raview by the NRC will be necessary. Under current 10 CFR §
. 61.55(a), stable DU compounds are a Class A waste. However, DUFg -

in ANSI N14.1 cylinders is not an acceptable waste form as required

by 10 CFR § 61.56(a). DU can currently be dispnsed of either in -
the form of UF, or one of the oxides. The dry material would be:

transported and buried in' appropriately lined steel drums, since
these materials are only slightly scluble in water. ..anium metal
can also be disposed of as LLW but has the additional advantage of

not being soluble xn water although it is pyrogphoric.

2.3.4° . Conclusion

DU requiriﬁg isposal will] probably require conversion to UF, or

U,0, for dispo:-1 at a low-level radioactive waste facility.

2.4 RISK ANALYSIS METHODOLOGY

In order. to e'aluate the relative risks associated with. the

different management ‘options, the scope of the analysis must be .

defined. This section outlines the import-nt topics considered for
this options analysis. The analysis encompassed all aspects of
each. management option and was not limited to the CEC and the

surrounding area. The purpose of this large-scale review was to’
ensure that risks were controlled dand minimized instead of only

relocated.

The natural environmental components ¢f the analysis consisted of
the following:

* Land Resources (Geology, Soils, Minerals)

* Water Resources (Hydrology, Water Quality)

« Air Res»urces {(Meteorology, Air Qu lity, Emissions)
*» Biological Resources (Plant and » -imal Communities)
* Material Resources (Fuels, Non-F.els)

e Waste Generation (Liquid, Solid, Gasecus)




) Z- " The human health and safety components of the analysis consisted of
\_ - the following: .

Cylinder Handling Events
Cylinder Transportation
Processing Events
Chemical/Radiologica. xnosures
Occupational Events & .ituations

o & 4 ¢ 2

=] The economic and the cost/benefit component of the analysis
s j'conszsted.of the following:

T . Capltal.(Constructlon, Operation and Maintenance)
: - ‘Expenditures {(Storage vs. Conversion Facilities)

--. - 7 = Value of Products/By-Products (Storage vs. Conversion)
R ~ ' » Sheat and Long~Term Economics (Present vs. Future) .
.= " - afnd-Expenditures (Storage vs. Conversion)

... - - - = .Inspection, Surveillance and Maintenance Program Costs
2.7 7. 7 7 '(storage vs. Conversion)

L2 'UQS.-DEPARTMENT QF ENERGY

Future DOE action with regard to DU management and dlSpOSltlon will
affect the. regulatory and economic environment in which the CEC
, “exists .and might significantly affect the CEC DUF; management
;. . philosophy.- .If, for .example, the DOE decides to convert its
T _inventory of DUF; to U,0s, it could become commercially attractive
- for-an-investor to build a facility in the U.S. to perform such a
-conversion.” The price of this conversion process might then cause
- it to’become’ the preferred option due to the economics of a large-—
scale operation, which in turn could affect which option is prudent

for LES to ‘adopt.. -

2.6  MAJOR ASSUMPTIONS

Ebllowing:are'the major assumptions on which the analysis in
Section 3.0 is based:

l1.. The first period analyzed is the operating life of the CEC
-in which DUF, is continually being generated. This 1is:
assumed to be from the initial receipt of UF, in 1995 to the
expiration of the operational portion of the license in
s 2023. 300 cyllnderg of DUF, are assumed per ypar. L

2. The second pvrxod andly red 15 lhe dpcommxs ioning of the CEG:
\,/ L where any DUF, remaxnan at ghn si1te must be xomovod This:
.is assumed to he the-tjmevperlod_ﬁxpm,2023 tu 2078. T
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3. The DOE uranium enrichment facilities ‘will continue to
operate for the life of the CEC. '

-+ 4. No onsite vonversion at the CEC of DUF, to other forms is
U considered.
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criteria
comparisons are provided in Appendix E.

j.0 DUF, OPTION ANALYSIS

The analyses that torm the basis for thig report cuver twp time
periods. The first period is the operating l'ife of the CEC in
which DUF, is continually being generated. The second period is
the decommissicning of the CEC where any DUF, rcmaining at the site
must be removed. All options were analyzed t.o ensure that they met
the criteria described in Section 2.0. The opti 'n3s that met these
and were further analyzed are liste.: below,

I. DUF, Management Options During CEC Operation
‘A. Storage until decommissioning _

1. -Onsite at the CEC
A) OQutdoors '
1) as UF,
2) as UF,
. 3) as uranium
4) as uranium
) Indoors
T ) . 1) as UF,
‘ ' 2) as UF,
3) as uranium
4) as uranium

oxide
metal

oxide
metal

. 2. Away from the CEC
-A) DUF, at DOE facilities
B) Retrievable storage
1) as UF, e
2) as uranium oxide
3) as uranium metal

Utilization
1. Nuclear uses ‘ '
A) Refeed for existing enrichment plants
B) Fast breeder recactor fuel

.C) Laser'onrichment'(AVLIS) feced .

-

2. Non-nuclear uses-

.. Disposalbi-nt DY as it oin qencf&féﬁfﬁﬁ5“‘

. hs R, .
LAs avanianm oxihde

coan TEAnnn Tt T e et T e
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[ I1I. DUF, Management Options During CEC Decommissioning N,

- A. Transfer material and ownership
1. DOE enrichment plant
2. Other

B. Retrievable long-term storage
1. As UF,
2 -As uranium oxide
3. As uranium metal

o ) . C. Disposal
- _:. ) .. 1 . As UFQ

ST 2. As uranium oxide
. " 3. As uranium metal

3;;5 ) DUE; MANAGEMENT OrTIONS DURING CEC OPERATION

) 'The followinq sactions describe the analysis of each of the options
T llsted.aboue for DUF¢ management during operation of the CEC,

. F1a sto r_a.g__e

Storage - of DUF,- at the enrichment plant 4is the  current DU N
management philosophy for all operators of uranium enrichment
plants except for the .French. The French deviate partially from
_this philosophy, converting a partion of their DUF; to U,0, due to.
.government regulatlons limiting storage capacity. Storage of DU
unt11 decommlssaoning of the CEC provides the most flexibility for
LES for the ultimate disposition of the material. This option
preserves the utilization option as the disposition method until |
‘around 2025. This option maximizes the time. available for markets
to develop to prevent the resource from being wasted. Several

- different storage ntions are available and are described in the
following- sections, _

- 3.1.1.1 f Onsite Storage as UF,

"The method currently used by the DOE for storage of DUF, Erom their

gageous diffusion enrichment plants is outside storage in the form

‘of solid UF, in specially designed stee:. -ylinders. This method

has been used by the DOE for forty years. The DOE estimated that
at the end of FY 1990 it had over 40,000 DUF, cylinders in storage o
- .:-. at its three diffusion plant isites.  The . estimated safe life of-.vn;_;
ﬁ;;;;~ANaI N14:.1 cylinders. is more. than twice- the operatxng life of the~~_fu¥
. - CEC. Properly coated cylznder° are estimated to need recoating anﬁ=;m_ |
average of no more than once durznq their rlfe at the CEC. Moét::“f\v/
would not need an’ addxtlwnal -oatlng at. any t-mn during storage at—oee v

e e - . . - . e r— e S et e et = ¢
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the CEC. The roquirement 2 uecessSary ol j-rapoer aut Sis SLorage atp
\—/ deseribed in Aprendix B, 3 : B

Storage onsite as UF, allows tur vasy utilivatjon as teed material’

for uranium enrichment plants, inciuding the CEC, See Ap) endix ¢

for a discussion of rthe bas tor refeedingy. The reteeding uption
- is an important economic vunqxdetatlnn 1L there 15 unused capacity
at the CEC. -

“The Capital ¢ost for this option is inherently low because of the.
“large numbeér of UF, cylinders purchased worldwide for this purpose.. -

" Special ‘storaga yards are required but they do not require .
sophxthcated engineering or construction Lechniques. -

Storage onsite minimizes the amount of handling and tran.poxtation&,-
of the UF, cylinders, While the risks -associated with these
activities . are extremely low, UNNECESSAT Y handllnq and
t:aqsportation should bhe avoided, ~ L

A dlsadvantage of UF, is that the material is reactive dnd unstable
in - the presence of water. Tt also can "ubllmn at - normal
témperatures and pressures even though iL is stored only in solid’ -
" form.: The cyllnders perform an important safety function. for-
containing the material and must be periodically inspected and
 ‘Maintained. The risks associated with the storage of DUF, in.
cylinders onsite has been fully addressed in the CEC. afﬁry',{
Analysis Report (Reference 2). section 2.4 uf the LEC Safecy. .
-Analysis Report evaluates all accident scenarics 1nvolvlnq leaking T
.- and-. ruptured UF, cylinders and concludes that any such avcxdent to
cylinders in storage would not result in a signiticant potentxaj
for offsite exp09uxes ‘ : :

3.1.1.2 Onsite Storage as ur,

An.optional DU storage method at-the CEC is in the form ol UF,,
This material is much less reactive than UF, and 1s only s sllghtly
soluble in water. UF, cannot sublime at hormal temperatures. and .-
pressures.  Those fanlurﬁ alluw - the mdterial o ne'qtorcd';n‘
simpler containers which also simplifies the container maintenance
and inspection requirements.  GStnrage of the material in thiy torm
is' a well=proven process  tor non-depleted uranium  at. urapnium
conversion facilitics yn preparation tor the manutacture of natural
UF,.- The containets for storvaus a! this material are currently
availablae and are of wujl—pLGVun dusiqn. ‘

B e el L,

operating in the 1.5, with xdm‘{uut + .:, A 1: - 2 ' prnru:.'_ ing .2 he
'\_/.‘ mat e©r ia 1 aqene rﬂr!".! IS " * e P}',\_‘ . et 0‘|¥ “l lu “ 1. - :-_ -‘\r - ‘. ,,:ﬁr‘i,'." 'S o
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. Conversion to DUF, would prevent the direct utiiization of the
macerial as reteed material for the CEC or another uranium-

enrichment plant. An additional coeonversion process would be
required for utilizat:ion in this manner. Currently, DUF, is an

. acceptable form for disposal in a Low-Lavel Radiocactive Waste

Disposal Facility.

_The density of packaged DUF, is only slightly less than that of UF,.
" Therefore, the required size of the DU storage area at the CEC

would not be significantly reduced.

. The conversion costs for this process are currently reasonable but

would be wasteéd if the material was either needed for refeed or if
disposal regulations changed tc favor a different chemical form.

-Conversion to UF, for storage involves additional facilities,

chemical processes (including handling and storage of toxic HF),
and’ transportation that each entail their own risks, however
slight. -~ Cumulatively, these riskf are greater than those
associated with onsite storage as DUF, in cylinders. Thus, there
would be a slight reduction in overall safety with conversion to
UF, compared to storage as UF,.

- 3.1.1.3  Onsite Storage as Uranium Oxide

Another optional DU storage form is to convert the DU to one of the

uranium oxides. These oxides include triuranium octoxide (0,04},

uranium dioxide (UO,), and uranium trioxide (UOQ,). The uranium -

oxides are a stable group of compounds that are not soluble in
watér.“ These compounds, especially U,04, are well suited for long-
term storage or disposal. The French currently convert a: portion
of the DUF; generafted by the Euvrodif plant to lhon for long-term
retrxevabae storage. :

U:04 is the preferred uranium oxide for long-term storage or
disposal. UOQ, is more difficult to produce in the pure form and
will hydrolyze in air at ambient temperatures. UO, is the chemical
form used for _ower reactor fue:, but powdered UO, must be

.stabilized to prevent reaction with oxygen in air, producing U,0,.

~Facilities are currently unavailable in the U.5. to perfcrm the

conversion of DUF, to U,O,. The conversion process cf DUF, to
uranium oxides is comparable tc the conversion of enriched UF; to
Uuo,, a well-proven process that 1is used extensively in furl
manufacrurlnq in the U.5. and wvdarious cvnuntries abroad. T!
-conrersicn process is described in Apoendi# D.

4 - e e e - .
- "':'..'-.rr ‘- -

N (OGEMA in Fr'ﬁce is capable af lefOImlhq the conversion proces ..
_for LES.  However , 0 pstential esnflict ot fnterest (COGEMA s S
~potential compuernitorwith LES tor enrirchrent: - wr'I'Ua).dnd~$hip(xuq—77——~
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‘costs to and ftom France make thie o opt o uncesrtain, Also,

addit 1onal capdacity is et avallabiie to geeommedat o the CEC DU

Conversion would prevent atilizat ten ot the materral as refeed tor
an ~ enrichment plant wit oyt addit tonal CONVIBTS 1O steps.
Additional conversiun steps would nol be aecessary tor “future

.disposal. The uranitum oxides have charaeter:stics that- make them

well-suited for most methods of disposal witn o, the preterred’
material.

The storage area required tor the uranium oxides can-be half -the -
size necessary for UF, starage. The malintenance and inspection
requirements also would be less than those required for eithuer UF,
or UF, due to its stability and insolubility. 'Inspection would
5till be necessary to ensurc that the containers eraLn “intact and

‘maintenance would he performed as necessary

The current cost to convert DUFb‘ro U0, .is uncertain- since’ there

are no available facilities in the U.4%. Changes in the practices
of other enrichment faullltles may provide a vompetitive market for
this service. Conversion to’'an oxide could become LOMpCtltiVP with
conVersion to UF, It there is a market tor Lhe recovered fluorine
(as HF).. . If thers is no market, it could become a low-level
radloactive waste that, would require trecatment prxor ro digposal.

‘Handllng of HF alsn entails risks because it is cvorrosive and

tOXlC .

Conversion to uranium o¥xide for storage involves  additional

facilities, chemical processes, and transportation that each-entail

their own risks, however slight. A safety lmprovement .is not ' :
cbvious for conversion to uxdnlum uxadp as vompared to storage ag -

3:1.]'.."4 . Onsgite Storage as llf.‘xﬂi_.u)n Mt al

The final ortional form for‘théisrbraqe of bt at the  CEC 'is as.”
.urani-:n metal. Uranium metal is stable and insoluble in water’

though eXposure Lo the elements will result in surface oxidation.
Uranium metal is the most dense form for storage ot DU und requires
only simple containers. A substantial reduction in the size of the
DU storage =area at the CFEC would be possible, but the actual
storage requirements would depend on the "anticipated tinals
dispotition of the material. Out micde storage would only be
acceptable if the ingots wohre coaled tn minimize oxidation and
prevent migration of any utanium 21 B oLhat may bas fermed.

JUranium metal is easily utrla: nﬂ'Jd ity - 2uud ;n:'ﬁ‘]ntuiv AVLIS 3::
Cenrichient planl - G '5"'l;i« £ eennie }-'nnat¢-: Tl T(ises proaecr jla,”

shielading mateer 301, 7 Dot ee’s ~-';-n LN PN SURRRAS R T LT SRR AL LR VY $5 KTt e
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mertal would not bhe surterd tor refeed t rhe TRC without cgnversion
back Lo UF,. ' ‘

The -cost of conversion LG uranium metal s cpprodimatesy 3 times
that of other <onversion forms. The high Tast of Lhis conversion
option is prohibitive unless the uranium metal an be utilized as
described above. See Appendix ¥ {¢r the cost andlysis.

Facilities are currently operating in the U. S for the cenversion
of DUF, to uranium metal. Adeguate capacity is also available but
the eonversicn costs are significantly higher than for the
conversion of UF, to UF,. The cunvergion process also results in
a- significant solid:waste stream (MgF,) that requires disposal in
a Low-Level Radiocactive Waste Facility. The recovery and reuse of -
fluorine also affects the cost of the conversion process. If reuse
of the fluorine is not possible, it .also becomes a waste that
requires disposal. See Appendix D for a denailed description. of

_the conversxon process.

Conversion to uranium metal for storage involves additional
“facilities, chemical processes, and transportation that each entail

their own risks, however slight. Cumulatively, these risks are
greater than those associated with onsite storage as DUF; in
cylinders. Thus, there. would be a slight -reduction in overall
'safety with conversion to uranium metal compared to storage as UFi.

3.1.1v5 Indoor Storage Versus Outdoor Storage

There -are no current requxremen*s for indoor storage of DU. This

1optlon was analyzed as an alternate to outdoor storage due to the

et al, indoer rLeragan 0w witl
eimproves the Tife

potential for the reduction of maintenance costs during storage.

-The principal advantage ot indoor storage at first sight is the

prevention of continuous exposure of the cylinders to the elements.
This would reduce the corrosion and extend the time between
container maintenance, thus reducing the c¢ylinder maintenance
costs. No significant safety benefits would be realized from
indoor storage of DU.

In otder to benefit from indoor storage, a method of ‘humi.lity
control is required. Seasonal temperature changes can result in
condensation of highly oxygenated (and thus highly corrosive)
moisture cn the con'.ainer surfaces, resulting in higher corrosion
rates *rm.n those eonccuntered in cutside stordage with free air
exch ... .. Effecrive indoor storage requires the asatrol  of
relative - humidicy ' less than S6G:.  in Low iszang thisn wonldg
require some level 0l temperature control as wellos oo oI

Indoor storaae. nnly has significant ddVdu_nqpcfﬂkg“
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cantainment of UF.,. Indoor storage of ‘uranium metlal reduces the
rate of surface oxidation. Indoor storaqge of UF‘ and uranium oxide
- ofters 1ittle advantage due to the relative’ unxmportance of the
¥ ‘containers. ~

"= ‘The capital cost ot an indoor storage facility with environmental
5' controls plus the ¢ost of operatanq the environmental controls in .
. Lcuisxana makes the total cost of indoor storage significantly -
7 N ghér tﬁan—the ‘tdtal cost of outdoor storage, 1ncludiﬁg the Gusl

ontside in-acgorddnce with ANSY. N14 1, no improvement in safety
._-'xesults irom Lndoor storage,: i afe

- 3,1 1,15

'°eonv&rted to anothet Eorm or as DUF,. This option is" practlcal

- The options fon offsxte ‘storage locations are:
S :T il‘: DOE~oﬁned uranium énrlchmcnt plants.

R Commercial waste storage fac;llt;es.

. l'\b

- - -

A§-5rége.in-tha_form of UF, dt another ~uranium enrxchment plant
. "-would result in an ihsignificant improver 1t in safety at the CEC.
;~.-€The lncreasedfhandling and the additional transportation of- the UF

=T cylinders would entail their own risks, and result in.a reduct;on
- "1n safety'for the ‘overall- U 5. population.

:; Regulatory ptoblems may prevent the storage of Fd aL a commerc1al
... . _Waste storage-facility if the material is not a waste: This option
- may’ also preclude any refeed or utilization options. -Currently,
.- ‘there _.akte- nol‘waste storage- tacilities in the U.S5. capable of

. storlng Ehe quantity of DU that wzll be produced by the CEC.,

- -

. storage fac111ﬁy s higher -than storage at the CEC. Storage ar.
-another ‘enrichment facility would inherently. have ‘the same costs as.
- stOrage at the ChC. Transportat ion c<osts for mov1ng the material

- - from the CEC -to arother site woold add to this cost and add

adﬁltlonal risks, howpvpr minimal

Any form of offsite utOTdﬂP would not necessarily relicve LES of
liabiliry for the material. o '

E on&y-if there 1§ a Suivable site already storing similar materlalp_

The.nverall cast .for storing the materlal at a commexc1al waste o

'f oylifider miintenancd. With proper maintenance of -the cylinders.-f:*




Star'\ge thiuns cﬁnclusion : ~ I

'tdnor storage of ‘DUFy at the CEC is the best storage opaun, _: NS
.fmd on.. t:rm fcnoumg. . _ ‘. VLA

Huch Imzer cos:t. without anreased safety r:.sk, than 3.ndom:—
-sr.a:age nr.h emtironmant:al controls. ST

Q;Welszrdn f:c othar- forms:

kﬁ:a disaﬁuantaga of UF, storage ts the teactmn-

T

&TEVant. of-a cylinder” leak. . Forty years.of SUCcesFEu):

= . T st

exgarIence'; pro)ger cylmder maintenance, and -che-fat:

e ad
o

-WIth

,__- port:inn af- the uz‘, to u,o. ‘may’ become a .‘mm
skt igs-Pecome available in 'the U.5- U504 15 -we =

ng.jterm sto'r:age and dlsposaL and allows Eox.’ fl‘uorin

o th. SR
t;%iab same amcmnt of- energy “from. natural UE‘,, fqr conventmnal— - —
pfam;s,— and —bdcause breéedef . reactor . chnology.: ks’ mat-lyét- '“: ST
“'available. _Ef the cost of new feed materi.i increases, the'cdst of ~ -~ o
-enrichment decieases, or alternate eneryy uwonversion processes’
=- 7 [ émerge. {é. g., breeder teactor), this material could be utxlized if

retained in ‘a’ suitable fo m.

- The amount- of ‘DU to be ‘disposed- of as. 'waste. is reduced by the— T . -
' "amount utilized, thereby reducing .disposal..cos ts.. The actuall L

reduction depends on the method 2f utilizaetion. | Far example, ™™
utllzzat1c1 ot lhe DU{-‘., as referd. to a uranium enr lnhment faCLlltr—"‘:'—“-*

22 0 fweteber 1, 19917



results .m a very small reductian of DUF 1n 1tse1£, with a - T . T
=, ---ma';enty of the material still requiring ut.llxzauon in’ anothe: -

-mannér -ox disposal. However, refeed replaces natural feed that . -
’-:—ﬂatuld praduce addn;mnal DUF,, - Alternat_wely, the utllizaz;ion bf o

zformed at: Zﬂn -faciliﬁi’es in the U.§. Most of “the. mefal is— usgé
0 fifi-a mn-rnuclear application for proaectliesf btﬁ‘.
‘*the:e are ad&itiouai mvilmn uses for the uranium met:al -

- - _. -, .;.._._. .,. . .

Mt uirz}:xz«atien r.at.es of DU are substant.l.a.lly 1e:ss thm the
:CS—vaIOdUCﬁ?EW"I’th., -Specific projections are difficuit’ to. maka :

£57: Ehe Dt Ehe material during the timé frame.involved. ShdxE:
L& DL 1XTATI0N of ‘significant quanrities of DU is not likely:™ bm:- -
—ﬁere— “£5- hi‘gﬁ“_prohablrity thar. at . least one "of.-the- 1ong-1ferm

-_uu:ﬂmatisn eptlons will be commarcialized during. the life of: ther-- L )

EEC,;-, T o .. e :_:"""' el

—ef"previously discarded by- produ"ts bas been greatly.

-:expan'de’cl &mmaghout industry in .. the . past "20-30 -years. cand. 5387

= SN = om oS

._._:exp cted" 'e. cEitinue.- ‘Approprlate stOrage as. UE‘G w111 allow this_

"i-_A'-':fl'ikiaIaii—_ -'er DUE‘; generated by the (.EC is refeed of the.- .
- matéarial’ -through a uranium enricliment plant.- Thé plant. may:be ‘the . f R,
-'-'CEC,-a SimidaxT plant, or-an advanced. uranium enrichment. plant.. "Theé - T
I TUZ3s “a5Bay. of: :DUF, 45 'determined .by. economics .of "the’ enrlchment" o
industryi; ,-:The'vandbres 4in. this:economic- analys:.s are thé .cost: o -{-.'_—'5
-natural__u -afid-the cost to operate the, enricthment plant.. Higher LR
._,cast:s fot—nat:atal _UF, (i.e., increase 'in uranium Qosts) -or lower o --:
processmq-costs {i.e:,-advancou enrichment techmques) would: ‘make - _ Lz
-DUE;-££om’ the. CEC -an- attractive feed material. . SeeAppéndix-C- fort. - LT
e @ giel;zr:.l—ed— chseussxon ‘of .the economics. -It- should be-.niotied: that - o =7
. -j'— refeedxng DUE‘G in-itself. enly reduces the quantlty of-DUF;, by afew . .
.- percent; -but refeed does. rediuce the total ~amount of UF;’ (and.its .i: -
.. - Tesulting ‘DUE‘,,) needed by a, substantlal amount by replaca.ng natural -
o .UE‘,, feed. . : : .

The operatlnq pldn for the .CEC is . . to operate the plant using
natural UF; as” fee< materlal and to operate at' full capacity. At _ . .
~ . current feed mat_erlal and operating costs, it .is:noct ecenomical to _:“
-+ -+feed DUF, into the CE.C because of .the reduced’ produrt output flow.
-~ A dramatic increase in-the cost of natural UF,.or- a: shortage of UE‘E mal
— may make DUF, an attrac® 1\!9 fe(—*d nprion, : -

- m— e e . .
- o e . . - . e ———



;Bﬁtithmtnt capacity abové that. required to meet contract

."...:,_33:1:-2-.2:' _Fast Brecder Reactor Feedstock

A nentron: And: mdequing ‘beta decay, becomes pu239. _ Pu239 is a

‘breedex reattm:,fﬁel. " : : : . S T

reactm: developmem: programs- in the U. 5. are o
:Eism_:x;m's Power Heactor Inherently Safe Module, {PRISM) and’

"'ihese prf rrams may represent a mgnificanc energy .j.

L ng- Iaser technology would allow fox further stripping _of-
}1&—?0235 -{sotdépe from: the "depleted. UF,. See ZAppendix .C-Tor-a C.

cém;_ilebe;desc:iipt:mn of the economics of refeed. This would resuit
_inimoya: c':ﬁmpreté utxllzation of the fissile U235 Lsotope in the UF;

15— no; currenr. market for "this appllcatlon because the
£5°not” ‘ready for- commércial applicatiodn. .. It. is

Eeohrislogy

_-".um:il .aff.-ern Ehe. 'year ‘2000. " There 18 a very good chance that the "‘ T

._.--,the specuIat:_Lve nat;ure of thlS optlon, it.is nor. con«:idered Ttoibe -
available, - : .

: p'éﬁleted uram.um metal is currpntly manufact.uz:ed commerc:ally from

'- . DUE-;. Depletad ‘uranium metal is approximately 1.6 times’as dense
~asg = leacL afid- exhibits’ high strength and -mechanical propercxes. '

- Thera are t.hree principal uses of depleted uranium metal“

1. Armor-pn.rcinq pro;ectllws for mxlxtary ordnance

2 Radiation omeldlnq . e

y oo R S . L LU IR W S

S 3. Aircfafn cougtorwpiqhﬂb

'?fﬁe; 3238 mimge in DU can be placed in a fast .breadar raactor co:e;.'._ e
“aga Eéreile materidl, “The U238 is irradiated ‘and, -aftér_ absorbing. - -

FigsiTe mekerial, some is burned in place, tha rest canbe usgd as - "‘_:'-

Hie- )}aéa,on&l Tabératories! ‘Integral Fast Reactotr {TFR) .’ -The - ._"
e‘w;r*ﬁé"t;éy and Japanesé& are dlso developing breeder reéct.or =

&nmﬁttments cmdd make xt att:’ar't we to ennch DUE’ﬁ _to a 0235 assay N

_—a&tlmated-that—this technoLogy will not be commercially available-:: -

CEC'-UF;—:QJQ ‘Be, dsed ds feed:for laser enrichment. .Howevar, _due (-




= ’i‘he largest U.S. consumer of DU in the past has been the- nulitary,

-in the form or specialized armor-piercing prejectiles. In addition
- to high - densxty, depleted uranium alloys offer mgh penetrator. ’

o - ,ffectlveness and post penetration pyrophorlc.xty. " The- Department
.:_af Be_fense Apprcpriatmns Act for FY 1991 reqmres that. an:

;foekglle Oﬂen the next 10 years. Réference 11 reports. that'the
ﬁiﬁ;i?etne..xﬁeently awarded a contract whlch w;ll uti&ize

: :oﬂﬁﬁedibY“thrCEc per yeax. While current military’ needs do nct

PGSR eyt Tid el

—constdthite aimior portion .of the. generation rate of DUF‘ at~DOE

Tt LT —_

cdufdn —xhe same period

'-‘;h_i;gh— “tevals- of radiation. - Because of its high. density,

However, thls use

- . . aree wg T e’

2 ~p_’.i.et:ed. nramﬁx{\ nretal counterwelghts are useéd -in’ airplanes,
1 15311:33 and: nelicopters to maintain center of gravity. when contrdl

1n confined ispaces. Again, this— uge

Another option is to dlspose of the DUF; as it s generated. _This

 -buffer-stordge “yard for the storage ‘of about 150 DUF; -~ylinders.
. - _ This would allow for as little as vwo annual shipments from the-

: :‘CEC.” -All material - would be " ‘converted offsite’ to either UF.,
uranium oxide, or uranium métal for disposal. '~ See Section 3,2.3

" for a descraption of the disposal material options- Currently, the

only feasible dleposal optlon 1s ehe convers;on to UF4.

: e' .
P ey oo . soTas

The cost for storage ané-&a;ﬁeenance nt the DUF} cyl1nders would be

m:‘.—:rn méral is used in numerous types of medical —and j -
e raﬁibgraphy equipment to shield the user and’ patzem:a-..

;ggd {nﬁnium metal is more effective than' lead_ {per- unif-

: ;ggfﬁéégg;’?;géjnﬁyé&:_ H:.gh density is important in-ordet to keep thé -

- ".option T would:. replace the large DUFy storage yard with a_ small .

reduced. The cost of convers;on nf fhn materidl-would be” gredter-“'”

than - the -cost -for conversidn ar .Jecummissicdning . becauv thelliz="+

]
]
t
)
e
&
0
41
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p*euuct.).on rate of tne CEC would not be sutficient to dllow for
.- conu.nuous operatlmt af the conversion pi oceSs.

-

- ' ~The abiliry vo utilize the DU for any future purpose would be lost
“j: with any type- of immediate disposal option. Depending on the

‘futm value of the material, a sizable economic loss. may be . .
L -suff&fed.by'LBS with this option with no benefit. Furthermore; the .
—.".'.- - amcunt of- tatal waste disposal required may be mcrz,ased along thh, ,

=3 ~-x3;$ _therént x.‘lsk and cost . .o e

AT C mn?‘ ymmmgm OBTIONS DURING CEC oscouuxsaxommc

':“~-- ~Even -Somplaras depletion of thi U235 contained in the DUF, will

%.reszrlt dn matenal for disposition during ' he decommusionim} of-

J

i, OFBheTCEC.T.

iﬁﬁfer of Qunership ' _— : '_'~f

LU eransfert. £he. mmership of the material and move it to another -

- .._facil}.ty at-thelend oF the operational life of the CEC in the form -
- s -—va‘UE'h.- “No, prdcessing or disposal costs would be incurred. - Thia-
"""" optian-vtouId Be attractive provided there is not a t‘ommercxal
atdrization: -process availabl= at the time the material must. be.
Jremoved froém- Ehe- CEC site bur neax-term commercialr’atlon is
ant;nclpated.:_ Co. .- :
.-The mcst J.J.lmly parr:y to agree to be a recipient.- af the CEC DUE‘; in -
i rhe 0.8, -isthe .DOR,. which is” the most likely operator of a U.8.-
- ‘advanced " enrichment” plant.  "Another possible recipient for. the

_ material-ig. h_breeder reactur program. -Such programs are ander
S deveIoDment. in: the U.S5. and in- other ecountries ‘{See aectxon
3. 1-2 ) R - : -

-Concrece plari'«*frann;sr: e made and all option= envisiened for .

ownership -“transfer and movement thirty vears in the f{uture,
- Current management policie:s should be . established that keep. such
options’ c¢pen as long as possible to maximize the po-sibility of
utilization. .

©.3.2.2 Refricvable Long-Torm Storage sdtsite 4 e

-The'.most.at;t;ractive eption for final disposal of DUF,-Lor LES- i.s to

.I:urrenhly_i, commarcxal and government demands for DU consumeé only a
“fraction of tha~maner1 al produced by uranium enrichment faciliries, -

“£he - CEC: "‘l‘he-followxng sections review the options available for |
= .i-permﬂaeﬁt dlsposn.tion of DUI-, produced during the operational life. - -

Long~tecm relrinvahlv staraqe in also uu'hpfidﬁ"fﬁwﬁffow tor futizres=s=

“utblization ofF M Tl ._f-x’_l-l HIH !‘n IR AR NV RASIU s at ion e,

‘provide this type '.st Gl el Thee ll" ?"' v '1',' sy bt ant ialld




o
quﬁ.
J

mora DUF‘ in lang-ferm storage than the CEC will produce in its :

\/ operatlonal life. The final disposition of, the material .could T
_then wait for a national .policy for long-term DU management. - .
Spetlfzc legal questions would-have to address the llabzllty of LBS -
Tor the mater1a1 during storage. .

5'EThe spec1f1e form for storage of the materiai would depend on the'_ R
T ocation- and .the method of. storage. The same advantages and [ I -
T éﬁ£advantages for ‘conversion to UF,, uranium oxide, and:uranium > .7 755

—metal: described zn Sectlon 3.1.1 for onsite storage apply ‘to th;fa ~

y "n’.
.

—";-_'*T:ossz,ble. T TRiS- optlon ‘is . considered only becduse of the “LEIS-
54”comm1tment to rémove all DU from the CEC site at decommzssionxﬁg.“.. .”' .
Y. Tnis: option:should hot be the preferred long-term nataonal poliqy
E - ﬁE-managemént. o - . ; . S ?'
*. Uranm um‘hexafkgorlde is not an acceptable form for disposal of~DU '
T R Ly -highly feactive with water forming two compounds, hydrogen. -41?

N flnoride AHF)="and. uranyl fluoride (UO,F;). HF is an-acidic gas-that™': - i

-;-can cause Eurns_of the skin and lungs if it is concentrated. tKhEl-; <AL
e -0 Axaniym: Qcmpuund that is highly soluble in.water. - These, two, -. . .=

Jgg'compounds dr& also: not dcceptable forms for disposal. - Chemizdal-~ - o

“eShVErsiow_ kb . stable form would be required prior to dlsposal.u;. LT
“The dvailable dptions are conversion to a uranium oxide, to uranium Lo
tetraflucrxdey -~ or to -uranium metal.: See Appendix D 'for a - . LT
;-descrxptxon-of the conversjon processe¢. - - A , R

TS
. - N - e *

Cutrentry, the dlsp031tlon optlons are limited. See Section'2{3"'_ B
C.for-d discussiofi on waste type detérmination. ‘The- most - likely =7 =~
_dlsposal OthLOnS are burial in’a Low-lLevel Radiocactive Waste.. -
: Eaciilty or purisl.in some unigque facility. TOne! such. facilzty is © SR
" the’ DawnrM1n1ng Company - uranium millsite in WashlngtOn., ‘The_ srfe BRI
is- acceptlng:very lo® level radicactive fill for remed1at10n of - .a - T =
-below-ground- mill  tailings impoundment.”  DUE; would reduire =~ .- -
- - conversion tg-a’ stable material such as UF, or a uranium oxide with . -
.an -activity. level below the level required by the disposal site.
~Such sites almost certainly will be available at the time of CEC
deCommissioning. :

Low—luvol radloactxve waste rrom thp CuC wlll be “hindled by rhe e
~“Central States Low=Lcvel Waste Compact:” ”rom 1993 until 2012 the & - =
\\/"state ‘of Nebraska is5 proijected to hasr the di&prHlyﬁiré;‘”!n 2013
7. anothoy. state in the eampact wilil host . Lthe =mite, - It is not 2z -

- - possible now- tu~anlxclwatp 'HP"OH1i£ erJlatinnd ‘han all; cover DU =

. : . : (R gee 1Y 2 33
M . . 2o "} sz Ly J‘l‘.‘)‘o



e

e T dispcsa}. in .the fr.ure. However, it is not unraasonable to expect -

T that appropriately packaqed DU .as DUF,.- or U,04 would meet any. -\/l
" "yeagonable avceptance criteria  established for Lovw-Level Waste
Compacr:s. Pariodic review of the current and future regulations
-Riu be 'performed, by - LES to ensure that the disposal costs
alloca?ted for decommiss:.onmg are correct. :
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“ma falléwing concluszons ara reached based on the analysis ,Ln' :
Sagt-ion30' ) . . ) _ S -
“DBE; is an energv regource with additional non-energy -
-~:j: ~reiated*uses._- As. such it should, wherever possible without: | -
Ll inm:easmg -the xisk to the public or the environment;. he’ :-.;f: -
= maintained 1in] a useable, or at least retrievable, A form In TR

tstx&“?i:aﬁ‘x.‘e.stﬂf"future genexations._ LT - ==

<2 B@@ ','-DD’E\ stbrage at the. CEC is safe and is the mogt :_~ g
—ieseconomicat “opridn for DU management by LES. This optipn~ -, "~
ar_gi_{j,’:'_:f_e}the-possibihty of future utilization or. ownership =

i!;:\thx.-ch mll minimize the dxsposition cost to ‘LE&. 5. F .:-'-’;"-

e mem -

-.-..‘-

"E'" uram.um ox1de, ox: uram.um .me!;al- - 4

“'Gﬂfsfi;e:stoxage only adds to t‘ne toLal management‘ cost‘. %md
'ﬁi_ﬂgﬂ‘ﬁ‘g’ifsk wn'.h NO improvement in overall safet,y._._: Ve ;.'.-'- .

HSP5: ,___;-c-f Du- s ., 11: is -genexated only adds to the tot.al"’ o
'a‘-naégement ~¢ost- with no: ‘"sighificant . improvement ‘is saf.ety, Do

élminat;ng..the posszlbllz.ty for- cost. savIngs and wassem L E

"_(_:’I_E'g”ce QUF, “and dlsposal at A Low~Level Radloactlve .Wast'.e .
AC hty., ThlS opt:ion i35 available currently and allocat:ing
d§ =TE. CoveEr” t—hese anti"cipated costs ensures- that -the-‘ - r
- .—c']' .

,Q@nex&mp'transfet and movement offsa,te fox use by a breeder -,T L=
L_ire agtot-pmgram or an’ advanced -engichment, program provide
3 ﬁ'ér‘ 'best opt.mn for future utxll..at.ion of | the energy

= H - “E.
. H -,
. = — - —_—o— — - - . . L
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T;LZ_Eéfwill enSuré‘that approprlate financing is: avallable'to

IES' sHould -store DU at the CEC in the form of ‘DUF, umtil -

' ~uulized or ‘until the ‘end of the operational life of the .-

I LQEET" mzr; Storage onsite should meet all of the guzdelmea .

_j‘f’ﬁlxnea.in SeerionZil. . ) e ,ggm_:“-i'

-pqsaiﬁle:to :xéduce the amount of natural feed material that--.

hak :g'agl,_‘_'i"éed ﬁz:om ‘DUE,: S : L — -:. S

3 _-‘_ P —

i];ﬁermxt.’cve to-mnnmize dlSpOSal costs. .

e ie . '.‘-‘. - fe - - ¥ .—"_'—.

Eld” remain mformed of related. industry developments

=) B et e e -

afjti——:-ﬁr:‘ggxams- (i—~e. 7y DOE,- ot:her em::.chment fac:.lities,_ .and_

T T ey oSS

Breed LirB4TEOY program$) to ensurfe that ‘the’ CEC longﬂ:erm-'-'-' -

” facilx-ties, to— ensure ‘the maximum _practical utilization- ‘of -
~—dépIet-ed urammm as-a.resourée-and- for: the-safe and vecononuc .
d:.—s_posa&.— of DU' if. and when 1t is ultlmately declared B

,m

Ecemmxssmnnrg._ LES - curreﬂtly usés DUF,.conversion to . -

,_:-._U_E.':_agd_b_urlal at a Low-lLavel Radioactive Waste E’acnity as.’

:‘thecost basis- for this financing plar. . LES should review

" the. plan every five years -to ensure that the plan remains

adequate.

’tifa—refee& DQE‘ to the maximum extent economica-lly-- - -
Fadixéd - -Excess: capacir.y could be. used to - Produce--_- -_,. -

LIRS ;asl}cmld support- BU aitilization. for bot:h nuélear and nons .-'." e T
'_ci;ear"-uSes, . . This utilization provides the bes’t:' Ton

MAnagenent i "pkan. promotes . complete “and . effici‘em; - "/
:x_x;tf_z‘_‘_._l-xzat;idﬁ of the DU r.esource.. B R T _ z -

TR werk. closely ' with' the NRC, DOE,_ and:- the LR
.commercial sector, who‘prov1de appropriate regulations’ and . <

rg_fnﬁqe-all DU.from the CEC and provide for its disposition ® - - _

wm_

Busablen” = - il - | ST o



l-ne'i‘mucw.ty of . Uranium Hexafluorlde Relatec_i_ t‘n
..-Doses "7 _NURFG-1391 Draf’c Report for’,comen_r.,---:

1ete& Uran:mm Taa.ls FrdnL Enri%h‘fi““%

ury-(:qmmission SEGY—»SJ.-O}:S, hjg—v?té”ﬁ
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jHLw - ngh level radloactlve wa"tﬁ

APPENDIX A

NOMENCLATURE

Below is a list of the terms, abbreviationé, and acrohyms'uéed in
thi; report. ' '
ANSI 4'American Natiopnal Standards Instituté

AVLIS - Atomic Vapor Laser Isotope Separation

-BETA - Bfeék—even Tails Assay

'CEC - Claiborné Enrichment Ceﬁter

COGEMA — Compagnie General de Matirere Atomique — A French
company that provides nuclear fuel cycle services

Co60 - Cobalt isotope 60
Cs134 - Cesium isotope 134

Cs137 - Cesium isotope 137

" Depleted Uranium - Any uranium isotope mixtur%_containing less

than 0.711% U235 - ' o L

DOE - U.S. Department of Energy

DU - Depleted uranium

DUF,- - Depleted uranium hexafluoride - i

\

DUF, - Cepleted uranium tetrafluor:ide o 7 ‘ ‘

Feed Material -~ Ur.nium compounds specially tormulated for
introduction intce a uranium enrichment facility

FR - Federal Register

FY - Fiscal year

fjHazardous Waste - Wa~t~r *hu.contain materials_1li sfed by the _:zi.iin
.. EPA-oOr exhlbltlng hazardou° chara terlstlcs (non—radloartxve)-j e

IFR - Integral Fast RedgrovV




. kg - Kilogram
'kgU — Xilogram of uranium
LES - Louisiana Energy Services

" LLW -~ Low—level radioactive waste

LEU - Low Enriched Uranium - Uranium containing between 0.711%
and 20% 1235

-.yiged Yaste — A waste that contains both radiocactive material and
hazardous material

:MiU - Metric.tons of uranium
NRC - U.S. Nﬁclear Regulatory Commission
Pa234 - Pr&tactinium isotope 234
'Pu239 - ?lutoniqm iso;ope'239
; PDU.- Partially depleted uranium
. PRISM — Power Reactor Inherentiy Safe Module
Product ﬁateriai - Enriched uranium
' Ra226 - Radium isotope ~:6
RCRA -~ ﬁésouice Conservation and Recovery Act of 1976
Téils Maﬁerial - Depleted uraniuﬁ
Th230 - Thorium isotope 230
Th234 - Thorium isotope 234
TRU - Transuranics.
UF, = Uranium Tetrafluéride
UF, - Uranium Hexafluo;ide
':;J;ﬁ235;4 Qranium,igogééé;issi:;:f ":.; %;;3;”‘

\

4 q238 AWEEanium'isotope_23§

tLm_
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: Hll'bUF(.cylinders shall be stored in designated.areas of.

' NO -stacking of cylinders shall be allowed.

9.

. cylindex in ‘the DUF, storage yard.

APPENDIX B

UF, CYLINDER STORAGE REQUIREMENTS

All- DUFy shall be stored in 48X,
which are fabricated, tested,
with ANSI N14.1-1990.

48Y, or 48G cylinders,
and inspected in accordance

‘the facility. These storage areas shall be segregated from
"the_rest: of the facility by barriers (e. g ’
ralls)

-All.DUFs cylinders shall be stored on concrete saddles, or-
-_other saddles made of materials that do not cause corrosion

_of . £hé. cylinders. These saddles shall be placed on stable
surfaces  such as concrete or compacted gravel.

deslgn shall permit easy visual inspection of all cylinders.

All DUFG cyllnder vdlves shall be fitted with valve guards

‘to protect-the -eylinder valve during transfer and storage.

."Only . designated vehicles shall be allowed in the DUc"

storage yard.

Only tralneq and qualified personnel shall be allowed to
operate vehicles in the DUF, storage yard.

Ail DUFs cylinders shall be. abrasive blasted and coated with

a minimum of one coat of zinc chromate primer plus one zinc-

'_rich topcoat, or equivalént anti-corrosion treatment.

All DUF6
receipt "at the facility and prior to placing a filled

All DUF cylinders shall
" be reinspected annually for damage or surface coating

defects. These inspections include inspections to verify
that:
A) Lifting points are free from distortion and cracking.

Cylinder skirts. and stlffener rings  are. free from
__dlstortlon and cracklng. - . '
Cylinder surfaces are free from bulges, dents; gouges,

cracks or sxgnlflcant corrosion - (e g., -uSt).
B-1 .. Octcber i, 199:

vehicle guard

‘cylinders shall be inspected for d~mnage upcn.

Storage array-

L



D) Cylinder valves are fitted with the correct protector
and cap, the valve is straight and not distorted, 2 to
6 threads are visible, and the square head of the valve
stem is undamagued. :

E) -Cylindef plugs are undamaged and not leaking.

.10,

If - inspection of a cylinder reveals significant

.deteriodratrzion, the contents of the 'cylinder shall be

transferred co another cylinder, and the defective cylinder

‘properly discarded.

a1,

,Prdbérfdééumentation on the status of each cylinder should"

be available on site, including information such as

. -contents, -inspection dates, etc.




1..m_

NA
L. s
-
f .
.
v
-7

\/l
" APPENDIX C
TAILS ASSAY PHILOSOPHY o }
. - N
P -




APPENDIX C

TATLS ASSAY PHILOSOPHY

The economic objective for tails assay optimization is to minimize

the. overall cost of enriched uranium productlon by strlking an
_optimum balance between feed and separative’' work costs. This
balance is quantified as the optimum, or break-even, tails assay.
“The break-even tails assay (BETA) is a function of the ratio of the

feed costs to the separative work costs and is completely

Lndependent of.the enriched product assay.

At any givéh time, the optimum tails assay for an ‘enrichment
process can  be calculated as  described below based on the

': methodology of - Appendix IV of Reference 6. The process- will be

N

-. fact be a 31gn1f1cant increment above the curre... BETA to make

operated 3o that the DU output is as close to this calculated BETA

"as possible. As feed and separatxve work costs change, the process '

.is adjusted so that the output always remains close to the current
_BETA, within the operatlng range of the CEC.

Partially depleted uranium at any assay greater than the current’m

- BETA is a candidate for recycle as fred to an enrichment process to

: prqduce enriched product.and DU at the current BETA. A.-significant
improv: rent in the separative efficiency of the enrichment process
. also -mukes material from a laess efficient ‘enrichment ‘plant
" attractive as refeéed.. DU at an assay less th..n -r equal’to the’

current BETA canno. be economically re-fed. Tn: DI assay must in

product:on costs attractive compared to that of natural feed.

: The équation for calculatinq BETA is:

%M = Vixe) -Vl < Gr - ) (V)
- Swu o . '

Creeqg = COSt ‘of feed in $/ng
Cswy = COst of separative work in $/kgSWU
. = feed assay in weight fraction U235.
. X, .= tallb assay'ln welght fractlon 0235 (BEIA)

i
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"énd where:
= - ln (—%
V(x) = (2x - 1) [1n( 1= x)]

= Vi(x) = [=2X

x -
Sl R | -m——T] + 211'1(-;—:{)

'{rThis set of equations condenses to:

x,(l-x,)] s (1 - Xty 2x, —1)'

Xw(l - xt) Xw 1 - Xw

CFaed
CEWU

(Zx, 1) Inl

Note that ‘for a ‘given feed assay, the BETA is a function of the’

ratio -of feed.costs to separative work costs and is completely

.independent of the enriched product assay. Since the na:uralj
~ uranium feéd assay is essentially a constant, BETA becomes a direct ~

- function of the desired feed-to-SWU cost ratio. This means that

- BETA.is the ‘sameé for any.product assay and, if both feed and SWU

. costs increase by the same. percentage (e.g., due to inflation), the
BETA is unchanged.

The feed and -SWH costs used.éhould be the incremental costs that .

' apply to the specific circumstances. Therefore, enrichment
‘customers with different feed costs will have different optimum
transaction - tails assays. Plants of different desiga (e.g.,
-gaseous diffusion vs. gas centrifuge vs, AVLIS) may have different
incrementdl “separative work costs so DU from one plant may be
attractive as feed material to another plant with a different BETA.
Likewise, the incremental production cost for LES is different from
the cost to customers, so BETA for LES may be different, making
recycle. of DU into feed a possibility.

- The above equation includes the proportional costs for DUF, storage
and dispcsal. The effect of including the storage and disposal
gosts is to lower the BETA,
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APPENDIX D

UF, CONVERSION PROCESS DESCRIPTIOMNS

This appendix describes the basic elements of the various
- conversion processes for UF,, All of the processes described are
-suitable for large—scale production but facilities may not be in
" existence or avai.able in the U.S. to convert DUF, from the CEC:

“A. CONVERSION TO A URANIUM OXIDE

" Three uranium oxide compounds are suitable materials for disposal,

- These’ compounds are triuranium octoxide (U,04), uranium dioxide

(U0}, and uranium trioxide (UO,).

_“Any of the nranium oxides can be formed from UF; either by vapor-

!

phase ‘(dry) pyrohydrolysis-reduction or by dissolution in water

‘followed by precipitation with a variety of reagents such as

ammonia, ‘ammonium carbonate, or hydrogen peroxide and then
subsequent calcination of the collected precipitate. The process

‘method and equipment selected depend on the product characteristics
~desired and the design of the HF by-product recovery system.

Tluidized beds, rotary kilns, and screw reactors are used in the

“. vapor ‘phase process. In the wet process, filters and centrifuges

collect precipitates, which may then be dried and calcined in screw
or rotary kiln equlpment.

Triuranium octoxide is also known as uranous- uranic oxide and
uranyl uranate. It normally consists of olive green to black
crystals or .granules that are insoluble in water. Environmental,
safety, and health issues favor U,0, as the best-suited uranium
compound for long~term storage or disposal. U;0y is the most inert
chemical form of uranium and therefore, has the lowest potenttal
impact cn people and the environment. U,0, is insoluble even in
weak acids and bases typically iound in soil and groundwater. More
‘details concerning risk characterizations of the alternate chemxcal
"forms of uranium can be found in Section 3 1.1.3.

U,0, 1s formed by reaccing UF, with superheated steam to form uranyl

_.fluq:ide and hydrofluoric acid.

UF, + 2H,0 = UO,F, .+ 4HF




The uranyl fluoride is then reacted with more superheated steam,
sometimes augmented with hydrogen, at about 750°C to form the oxlde 3
- plus “hydrofluoric acid and oxygen.

GUOZFZ + 6H,0 = 2[,0, + 12HF. + O,

3U0,F, + 2H,0 + H, = U0, + 6HF

- ..Conversion to other uranium oxide forms is also an option. U0, is -
-ﬁormally in powder form, consisting of black crystals. U0, will
' lgnlte spontaneously in heated air and will slowly convert to U:0g°
in air at ambient temperature. - Its stability in air can bei“
improved by sintering the powder in hydrogen. Uranlum dioxide" 18;
formed by reacting UF, with steam and hydrogen to form '‘uranyl
-fluorlde, which is then converted to the desired oxlde.

. .-
Fl

UOF, + H, = UO, + 2HF

U0; can .also be formecd by conversion of UF, to UF, followed by
conversion to the oxide. See Part B.following for details of the
UF¢~-to~UF, conversion. The UF,~-to-oxide reaztion is reversible so
operating conditions must be carefully controlled to prov;de good
vields. . .

UF, + H, = UF, + 2HF
- and o
UF, + 2H,0 = U0, + 4HF

- e - -
(R - -

\,/- Uo,normally consists.of red—to y°310d powder:’ Uo;&s'difficult-t&§;?ﬁ;
‘produce’ in the - pure “form and. will ‘hydrolyze':insair at ambientz:
temperatures. UO decomposes to U,0. whern heared n"tb GV1des, UoT
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and UO,, are relatively stable chemically, noncorrosive, and
resistant to leaching by groundwater. _ . - : Y,

An  additional benefit of conversion.to a uranium oxide is.the

recovery of fluorine as a byproduct. This recovery is an important

- economic consideration for the process because the recovered
" fluorine .can be. sold or reused, eliminating the disposal cost of
the - fluorine. . The French have demonstrated the commercial CTL

" feasibility of - recovering 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 fost

© efficient way to utilize recovered HF would be in the conversion. of

.- patural uranium to UF, for feed to an enrichment plant. Uranium - -

...industry. Commercial  facilities. for c0nvert11q .UF, to YF, -are=
P

: Lo more than 2%,600 MT yoar :f marzet zongitic WH'HP'“,:JV raple,

'-cgntdmiﬁaﬁion would not be a concern in this process.

.The HF. collected from the conversion process that is not .recycled

can be-neutralized with lime and dehydrated. The resultant calcium
- fluoridé is. then disposed of as.a waste. The equation for this T

tLm_

process .is as follows~ - ' ' -

c - L . : ‘ ‘ ~

Qurrently, these oxide conversion processes are not commerc1ally T

- available in the U.S. for the conversion of DUF,. All existing

capac;ty is ‘used for nuclear fuel fabrication. COGEMA currently
operates .an - oxide conversion facility in France, converting a
portior of their DUF, to U,0,. _ ' o -

B CONVER%IGN TO_URANTUM TETRAFLUORIDE

Uranlum tetrafluorlde (UF,) 1is also known as green salt. it
nornally consists of green crystals which are slightly corrosive

and _slxghtly 'soluble in water. The advantages that UF, offers are

that it is an intermediate in existing proce:sses for the production

of uranium metal, the fraction of recovered HF is easily recycled

in the UF, production process, commercial facilities exist in the

U.S., and the cost of conversion is relatively low. A fully
developed production .process 1is already  in'.use’ in an exXisting T:i=p ..

curfently’in operation witn installed updrxt1es of more *han 4, 000”
MTU/yoaL. Pofoxuuco's a!aL-“ that this ﬁuD:’lt; fduid ke expanded T



-. Containers for storage of UF are currently in use, so development -
\_/ 0f new containers would not  required. However, protection from
" the elements is essential for proper storage since UF, reacts
- slowly with moist air forming oxides and releasing corrosive HF .-

B The UF¢ to UF, reduction process reacts hydrogen with UF¢ in a tower

> - reactor. The reaction becémes self-sustaining at approxlmately

-_'80D°F which is~achieved either by heating the reactor wall or by

‘_; 1n3ect1ng ‘fluorine with the UF,. Once ignited, the .reaction .

proceeds v1gorously and requires con51derable cooling to malntaxn
- @ wall tempera*ure below 1000°F. " The products are finely’ dxvmded

. UF, powder and- anhydrous HF. The equation for the- reaction is as

- follows'. .

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

'.C.. CONVERSION TO URANIUM METAL

The most compact storage torm for DU is in the form of uranium
metal. * DU requires about B80% less storage space than DUF,.
‘Uranium meétal is-virtually insoluble in water but readily undergoes
" surface oxidation to U,0,. To prevent or minimize this oxidation,
- uranium metal placed in long-term storage would have to be q1ven a
protectlve -coating.

" The current UF;—to~uraniUm metal conversion is a two-step operation
" that reqgdirés conversion to UF, as an intermediate Step. The
" double conversion process consists .of the initial UFto-UF,
‘conversion followed by a lﬁ}-to—uran:um metal conversion which
-requires ‘increased handllng costs over .the more direct conversion
‘method&.  Cuirent U.S5. conversion capacity is more that 8,000
MTU/year ‘which is expandable to 12,000 MTU/year.

The current.scandard method for donverting UF, to uranium metal is
to first convert the UF, to UF, as described in Part B above. The
finely powdered UF, is then reacted with magnesium in a batch
reactor. -The reactor and its contents are heated to between 550°C

--.and 7007C to initiate:the reaction. The reaction of the magnesium - . .

- ....and .uranium tetrafluoride - y:elds, uranxum metal and magnpszum;-
- fluoride.  The equa!xon for Lhzu zeac*:un is. as tollowS'
N/ - - - . ST ,,; e '
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. UF, + H, = UF, + 2HF o

- : ~ and

KQE} slaq. Z Th:;s_' materlal quires disposal -as low-*-level -
"a’c‘!ioactzv@-waste. 'rhis process alsc does not permit: recovery of: | ¢
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APPENDIX E

COST ANALYSIS

. This appendix compares the costs of the UF; conversion options
_ (i.e., UF,, uranium oxide, and uranium metal). These cost
' - estimates lnclude transportation, conversion from UF,, and
_- disposal. The costs are on a annual basis, and are based onh ‘the
‘projecred.yearly capacity of 300 UF, cylinders and current 1990
cost ‘estimates "from the uranium processing and waste disposal

industries.

A. CONVERSION TO UF, AND DISPOSAL

Transportation Cost S, 635,000
' . . Cost of Conversion to UF, $ 10,600,000
T Disposal Cost $ 2,400,000

Total Cost: $ 13,635,000

Conversion to UF,, which is the majority of this cost, is

anticipated to decrease by 20-50% based on a long-term

contract, resulting in lower projected costs. This -
conversion and diéposal method is currently available in the

U.5. A 30% reduction was used for the $9.5 million per year

estimate for disposition of UF, at decommissioning.

B. _ONVERSION TO URANTUM METAL

Transportatiosn Cost : S 760,000

Cost of Conversion $ 31,000,000

Disposal Cost , S Not Avail.
i

Total Cest: S 31,760,000 *

* Excluding dispos:l cost

2o This cost does not incliude.digposal costs.. A by-product O
ST .. .20 7 rhis convernion i3 contamintiated MaE, o snlag, which requiresizto
disposal as low-level radisactive waste. This conversiasn™
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C.

and disposal method is currently available in the U.S. Due
te the extremely high cost and MgF, disposal, this
conversion 1is only considered viable for the amount  of
uranium metal which can be utilized (See Section 3.1.2.4).

CONVERSION TO U.0,

Transportation Cost $ 2;600 000 (l-way)

Cost of Conversion to U,0, $-10,500,000
Disposal Cost : $ . N/A *

*.Aséﬁmes U0y is retained by COGEMA

" These cost estimates are based on conversion of DUF to Jﬁh"

in France since these are the only facilities currently
available. Due to the increased transportation .costs,
problems with shipment overseas, and the lack of additional
capacity at these facilities, this option is uncertain..

. U0, is well-suited for long-term storage and disposal. - If

facilities for converting UF, to U,0, were to becomeé
available in the U.S., it is expected that the cost would be

‘very attractive. .To maintain this option requires storage

as UF; "until commercial faclllties to convert. UE‘6 to U,0,.
become available.
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