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: i;bﬁé66§E£"3:f_;:‘;_ Tg}jnform%ihe.bommissiéﬁ of the expected evolution |
- : .0f a unique licensing issue related to uranium enrichaent
plants. P : o
?f]SUémafv: " This paper informs the Commission of a unique licensing

issue related to disposition of depletsd uranium tails froa
. enrichment plants. In the past, depletsd uranium tails

"~ have been considered a resource, not a waste. Presantly,
‘there .is a surplus of these tails in the Western World. The
U.S. Department of Energy (DOE) now has about one billion

~ pounds of. depleted uranium hexafluoride tails in storage.” .
‘The U.S. Nuclear Regulatory Commission (NRC) soon expscts to
‘start a licensing review of an-enrichment facility. In
accordance with .newly revised legislation, this will require
NRC staff to prepare an enviranmental impact statement (EIS).
The disposition of these tails will be considered in the
€IS. The NRC-staff does not know yet what DOE or the private
sector will decide on the disposition of depleted uraniua
‘tails. This paper discusses plausible strategies to be
considered. Since this paper is for information only, it
does -not contain recommendations. Because the expected
evolution of the tails disposition issue i's apparent, the
starf hopeswto”obtain,Conaission comment if the Commission
wishes to redirect that evolution, or. to have now a more
explicit Cosmission action on'.the issue.

Backaround: : As part of the development of atomic weapons in the early
~ ' : 1540's, uranium enrichment received {ts primary impatus from

the United States (U.S.) Manhattan Engineer District Project.
‘for many years, until the early -1970's, the U.S. was almpost
the sole supplier of uranium enrichment services for industrial

- . applications and to the commercial reactor {ndustry in the ‘
western world.  The U.S. Atomic Energy Commission (AEC),
later replaced by the U.S. Energy Research and Developzent
Administration, initially provided these services. Presently,
the U.S. Department of Energy (DOE) supplies such services.
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Toqay.‘world production of enriched uyranium is achi ~
primarily through gaseous diffusion and gas centrif:ved
processes. Laser techniques such as atomic vapor ,age
‘isotope separation (AVLIS) are still in the develo m’!r'l
stage. The readily volatile uranium hexafluoride ?u;nta.

the chemical form enrichment plants use, in the pr s) 1s
production methods, as feed material. ' Rresent

As a result of experiments conductad during the’
Pfoject. the centrifuge process was considgre:et::n::::an
likely to succeed in separating uranium isotopes. However
gaseous diffusion prevailed over the centrifuge method '
" because.of the engineering problems the latter method pre-
sented at the time. Eventually, these enginéering problens
were.resolved. : Since the gas centrifuge teéchnique is well
suited for the separation of heavy isotopes,-it is now one
of the enrichment processes used in both Europe and the Far
East (Japan). In the U.S., Louisiana Energy Services (LES)
is proposing to construct a gas centrifuge facility.

. After passing through an enrichment plant, natural yranium
hexafluoride is separated into two fractions. The smaller
of these fractions is the U-235 enriched product and the
larger fraction is the U-235 depleted tails. If 3 percent
U-235 enriched product with a tails assay of 0.2 percent
U-235 is desired, 4.5 tonnes* of tails would be generated \_/
for every tonne of product. At a tails assay of 0.3 percent
y-235, about 5.6 tonnes of tails would be generated for

. every tonne of product. In other terms, for these typical
conditions, only 12 to 15 percent of the feed material end

up as product; the reémainager becomes tails. :

Discussion: Sinca the early 1940's, the U.S. Government has been enriching
' uranium and saving virtually all the tails as depleted '
UFg (DUFg). These tails have been considered a resource,
fot a waste, beacause of uses for depleted uranium metal and
the potential use of depleted uranium oxide as breeder reactar

- blanket fuel. Laser isatope separation techniques such as
AVL1S, if commercialized, could also be used to recover most
of the U-235 in these tails. However, there would be a
tradeoff on whether to feed AVLIS with DUF4- tails or natural
uranium at current low prices. The depleted uranium metal
is used in munitions,  tank armor, aircraft counter-weignts,
and radiation shielding in transport casks for radiocactive -
material. However, because the U.S. doss not have a breedger
reactor program, the demand for DUFg is much less than the
production rate, even with military uses.

= (n the uranium enrichment industry, metric and English units are used inter-
changeably. The shipping cask's capacity is given in pounds, kilograms (kg) 2
shart tons (2,000 pounds). Yet, the amount of enriched product ana tails is ./
given in kilograms and metric tons or tonnes (1,000 kg or about 2,200 pounas).
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Usvally, OUF, is stored outdoors, at the i i
plants, ‘in Model 48G cylinders, ;ith abougazgag;0d1::g:1°n
- (12,700 kg) maximum fi11 1imit. (The 48G cylinderpit$¢?f
weighs about 2,600 pounds). O0OE now has on the order of 500
x 108 kg of OUFg (500,000 tonnes or about one billion pounds)
in gtoragg,_ma)nly in 48G cylinders. Presently, there are
various sizes of cylinders used for storage. - F;r‘simplicit
if all cylinders are assumed to be the 48G type, and filIedy'
to the maximum limit, the '0OE inventory of'cyliaders is
;approxxmgtely'40,000. In the past, the staff was not aware
that OOE had .any specific plans for disposition of DUF,.
However, recent comrunications with 00E personnel ssem to
_ 1ndicate';ha;:they are studying various options for dispositicn
of this material. ‘It should be strassed that 0OE does not '
. consider OUFq-as waste, but as a resource material. .

. 1n-contrast, at the COGEMA center located in Pierrelatte,

- .France, the DUFq tails from the EURODIF enrichment plant‘ '
have beén partially recycled .since 1984. The French Ministry
of . Industry limits the quantity of OUFg tails that can be
stored onsite at the enrichment plant. For this reason,
COGEMA's W Plant was commissioned to convert DUFq tails into
Us04 for safer storage and reuse in due time,* and into hydro-
fluoric acid (HF) aqueous solution for current commercial use.
Based on information from COGEMA, and staff calculations,
the cost of conversion would add to the price of product a
parcentage roughly equivalent to the percent of U-235 enrich-

 ment in the product, e.g., if the product were 3.7 percent
enriched, the added price per kilogram of product would be
about 3.7 percent. ' )

It should be noted that HF is a very reactive and corrosive
chiemical that may cause unusually severe burns. Special
precautions must be taken when handling jt. These character-
istics make manufacturing relatively expensive. Yet, it is

" marketable because of its wide commercial applications. HF,
-parketed in solution strengths of 30, 51, 60, and 80 percent,
is used for etching glass and for cleaning metals, ({.e., as
.pickiing acid in stainless-steel and non~ferrous metal
panufacture). ‘

- There are large capital expenditures involved in setting up
a defluorination plant similar to COGEMA's. But once this
in{itial investment.is'madg._this'expenditure:méy be offset
by having the uyranium as U404, -a more stable form than UFg,
and by potcntia11y'marketing the HF for other commercial
‘uses. Presently, there are four major companies in the U.S.

%2  The.Us0g might be used in France's breeder réictor program or in its -
developing laser enrichment program.’ :
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with a total annual'production capacity of about ~
tons (198 x 10% kg) of HF.. Anhydrous HF sells foilgéggg
$1,375/ton, and for $1,000/ton if 1t is 70 percent Hf
aqueous solution. -

In aadition, the U.S. supply monopoly of the i i
ment market has changcd.cohsidcrablyysincn th:r?:§2°13933§“°
_Competition has created a OOE over-capacity estimated at
around 6,000 tdnnes of Separative Work (SW)* per year

in 1990 with no significant change forscast for the next
five years.

It is 1ikely that OUFgq will sooner or later-be treated as 3
.waste, since there is such a surplus of depleted uranfum
‘available. If so, it is a.unique form of low-level wasts
that would require disposal. o

,The'developmint‘df review procedures and Ticensing re uirezents
for the disposal of UFg tails to be generated by gn'.:rich,.ﬂt
facility depends on the evaluation of several factors.

These factors are:
1. Oetermination of:whether tails are a waste or resource

2.. Assessment of the'prqd&étion rate and the chemical and:
_radiological charactaristics of the final form of the
enrichment process tails :

3. Dnttrmiﬁation of the probcr waste classification for
tails : T '

4. Analysis of disposal options
Each of these factors is discussed in the enclaosure.

Notwithstanding these considerations, NRC soon expects to

~ start a l{censing review for an enrichment facility. In .
accord with newly revised legislation, this will require NRC
staff to prepare an EIS.” The disposition of tails will be
considared in the EIS. The NRC staff does not know yet what
00E or the.private sector will decide on the disposition of

: Ppolftical and economic factors will undoubtedly have an

" - {mpact on their course of action. Navertheless, to give
the Commission a general idea of plausible strategies, this
paper discusses some, based on present state-of-the-art

technology. ‘

. ¥ A Separative Work Unft (SWU) or tonne of SW {s a measure of the effort neces’ -
‘$0 enrich uranium in the U-235 isotope, and is the basis for the sale of vraniw__J/
enrichment services. A typical 1,200-megawatt nuclear power plant requiras

"about 30 tonnas of enriched uranjum per year, equivalent to about 130,000 SWUs.
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The plausible strategies to be considered include:

1.

.Hafntain the -current préttice in the U.S. a
Lair cu ; «9. and sto
. OUFg” at an enrichment plant site. If .a licensee ::re
-.to pursue this strategy, NRC would have to impose

certain conditions such as inspection, surveillance. ang
maintenance programs. The staff does not expect th;sc
programs to have much impact on NRC resources. Storage
appears to be relatively cheap and safe. DOE has I

found few incidents and safety probliems in storing QUF,

-over Tong periods. As UFq4, the material is considereg
.a-resource, and it may offer flexibility to convert to a

more ‘desirable chemical form in the future. For. example

it ‘may ‘be cheaper to convert DUFg to a more suitable -

: .Jcﬁemica1<for@'for AVLIS feed.

.On the other hand, this approach leaves open the questions

of final disposal if OUFg were ultimately considered ts
be a waste and not a resource. If released, it may pose

. potential hazards, (e.g., produces toxic compounds (HF ana

UOzF2) upon reacting with moisture in ambient air]. NRC
could be open to criticism for not determining final dis-
position of -this licensed material at an early stage.

. Continuously tbnvert DUFg during the enrichment proddction
~and dispose of converted product. As mentioned previously,

France is converting some of the DUFg to Uj04, which is
a more stable and environmentally safe form of uranium.
Yet, it is still a resource. In addition, HF, which is
a byproduct of this conversion, is sold in France for
other commercial uses. As U30a, the material may be
stacked in storage containers, saving storage space. If
considered a waste, it could be disposed of by placement
in a mi1l tailings impoundment or in a LLW facility.
(See enclosure.) There are also political and economic
jmplications involved in these possible forms of disposal.
This strategy requires less complex surveillance and
maintenance programs at the enrichment plant site., But
the conversion process is relatively expensive. It will
also involve NRC resources to license and inspect the
new conversion facility. '

Conversion of DUFg at end of plant 1ife and disposition
of converted material. This is a combination of °
Strategies 1 and 2, with similar advantages and disaa-
vantages.. Ultimate disposition of U304, OT any other
form of converted product, must be made in due time.
This material may be used as a resource for not yet
defined uses, in the future. As mentioned in Strategy 2,
if Ug0g is considered a waste, it will require final
disposal (See enclosure).
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Conclusions:

Coordination:

Enclosures
Factors Involved

The need to address the fina) disposition of DUF4 tails ;;;:
the enrichment plant has been discussed with the prospective
applicant, LES. However, LES has not indicated its choice of
options. " Under 10 CFR 70.25, the applicant must provide
financial assurances for decommissioning. Since NRC does

not reguiate DOE, this will have an economic effect on LES

but not on 00E. ‘As discussed previously, defluorination of OUF
is currently being done in France. Annually, the major producz
at the COGEMA defluorination plant are 7,000 tonnes of U,04,
which are stored as a future fuel resource, and 4,300 tonnes

of 70 percent agueous solution of HF, which are sold for
curreat industrial applications.

There are several factors that will influence LES' (or any
other U.S. enrichment plant's) final disposition of DUF,.

- There are large capital expenditures invelved in setting up

a2 defluarination plant similar to COGEMA's. But once this
initial investment is made, this expenditure may be offset
by having the uranium as U;0s, a more stadble form than UFs,

‘and by potentially marketing the HF for other commercial

uses. In the future, there may be reasons to restrict or

1fmit the amount of OUFq stored on site. In conclusion,

disposition of tails from an enrichment plant presents a
unique licensing issue.  The staff anticipates that these
jssues will be furthar evaluated in the EIS for the LES

plant and in the licensing process. N

The Office of the General Counsel has reviewed this paper

and has no legal abjection.
mes M. ;g-lor

xecutive Director
far Ope(ations
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(QUFQ) Tails
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ENCLOSURE

FACTORS INVOLVED IN THE DISPOSITION OF OEPLETED URANIUM
HEXAFLUORIDE DUFG TAILS

Develop{ng review procedures and licensing requiremants for dispasing of
DUFg 'tails generated by an enrachment facility depends .0n .evaluating the

"follou\ng factors:

" 1. ‘Datermination of whether tails are a waste.or resource

z.ftAssessment of the production rate and the .chemical’ end radxolog1cal
" characteristics of -the final form ‘of the enrichment process tafls

3:lv0eterm1nation of the proper waste class1ficatian for uranium
"'.hexafluortde (UF,) taxls

4. Analysis of disposal options

: Each of these factors {s dlscussed in the following paragraphs. However, it .

should be noted that without knowing the specifics of the enrichment process,

 the following discussion must be generic. The amount of UFy tails and their

activity depend on specifics such as the uranium-235 content of the feed.
~and the efficiency of the process .used for enr1chment - . PR

DETERMINATION oF NHETHER THE TAILS ARE A VASTE OR RESOURCE

The v.s. Department of Energy (DOE) has conszdered. in the past, that

;f UFg-tails were a resource for future use as blanket material for breeder
' reactors, for mun1tions, and for other purposes where the high denstty of

uranium metal is desirable, (e.g., aircraft counterweights). DOE stores the"
DUFg -in 10~ to 14~ ton steel cylinders at its three gaseous d1ffus1on plant

sites. About 40,000 cylinders have been used to store approximately one

b1llion pounds of DUFq, increasing -at thc rate of about 40 000 000 pounds per
year. -~ N

‘The recently passed Defanse Approprtations Bi11 for 1991 includes a prov:sion R
for the Government to acquire, from domastic sources, for the National Defense
stockpile; 36 ni{l11{on pounds of doplcted ‘uranium metal, over a peariod of 10
years. --This amounts to about 5.3 mfilfon pounds of. DUF, per year, which is

:i only O. 5 parcant of the stored OUFQ, or about 7.5 percent of ‘the DUF4 created

par year in .the United States.  In.other words, acquisition of ‘depletad uraniua
-metal for the National Defense stockpile will have little effact on the tails
dispos1tion situation and a determination of whather the tails are waste or a
resource. - Inasmuch as ths Unitad States has no current plans for breeder
reactors, and the usas for depleted uranium metal are limited, any determination



i!s are a resource will Iiioly'haveAto be made on a policy or
sis. For the purposes of this paper, the rest of the discussion

OUFg tails are waste, requiring conversion to a chemically stable
apriate disposal.

* THE PROOUCTION RATE AND THE CHEMICAL AND RADIOLOGICAL CHARACTERISTICS

FORM QF ENRICHMENT PROCESS TAILS

viously, a thorough analysis of the UFg product to tails ratio is
without a detailed description of the planned enrichment process.
fallowing generic facts are known. . Approximately. 85 to- 90 percent
ocessad through an enrichment facility are returned as tafls.. For
roduce 1,000 kg of 3 percent U-235 enriched uranium, approximataly
ranium feed would be put through tha enrichment process, and
5,000 kg of 0.25 percent U-235 OUFg tails would be generatad.*.
ils output from the U.S. reactor enrichment services is 20,000

{ at room temperature and pressure, but it is volatile and

i degrees centigrade. When exposed to maisture, UFg will

produce uranyl fluoride and hydrofluoric acfd. Both products are
:ar and pose potantial health hazards. Although UFg is not listed
i w ‘e, both uranyl fluoride and hydrofluoric acid are
Pru—dction Agency (EPA) hazardous wastes. The cheaical ,

iy disposal of UFg will most cartainly necessitate conversion to
form before disposal. The most stable of the uranium fluorides
ch the hexafluoride is easily reduced. " However, conversion to
her oxides offers even greater stability. Regardless of the
cess, hydrogen fluoride recovery could possibly be an economic
conversion. For purposes of this paper, it will be assumed that
be converted to uranium oxide. '

OF THE PROPER WASTE CLASSIFICATION FOR UFg TAILS

1.58, the Commission may authorize other provisions for the

-and characteristics of waste, on a specific basis. This will

, aftar evaluation of the spacific charactaristics of the waste,
and method of disposal, the Commission finds reasonable
ympliance with the performance objectives of Subpart C of

irison of depleted uranium tails to uranium mill taflings, LLW
waste (HLW) can provide insight fnto altarnate disposal options.

1

"laser enrichment process might have a very different
| charactaristics than tails from the gaseous diffusion or gas
‘esses.

.
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depleted uranium tails frém the enrichmént proces§ are sour ateri

i : : Ce mat :
waste, are included within the definition of LLW, and could be ;i:;;::qang'-,f'
LLW disposal facility licensed under 10 CFR Part 61, if in. proper waste ?o .
.Review of the Environmental Impact Statement supporting 10 CFR Part 61 sho::.

=7 that although NRC considered the disposal of uranius and UFg conversion

facility source terms in the analysis supporting Part 61, NRC . e
disposal of large quantities of depleted urlhiug from an*enricglgngogigz??:d.r
~ the waste streams analyzed because there was no comsercial. source at that t¥ .
~ Therafore, analysis of the disposal of depleted uranium tails from an e

enrichment facility at-a Part 61 LLW disposal facility should be conducted

similar to the pathway analyses conducted in support of Part 61. .Under 1D CFR

61.55(a), DUFq tails are Class A wastes. Howaver, if stored or disposed of in

48G casks, they would not meet the minimum waste form requirements: in 10 CFR

61.56(a). : h ' . g

© - It is customary for the‘provide} of the enrichment service to offer the

" depleted uranium tails, togethar with the enriched product, to Nts customer

The general expectation is that the customer will decline to accept the |

_ depleted uranium tails. In the present competitive market, it is also likely
that the enrichment plant would agree to keep these tafls. Then, there are

_several possible scenarios concerning the responsible entity that would

_ regulate the offsite disposal of the depleted uranium tails. ’

- One scenario is to assume LES to be the enrichment plant accepting the

" depleted uranium tails and converting them to a proper waste form for final
dispesal. Classification of these converted tails as LLW, under the current
_provisions of the Low Level Radioactive Waste Policy Amendments Act of 1985,
therefore, makes the Stata of Louisiana, an Agreement State, the entity that
would regulate the offsite disposal of deapleted uranium tails. Depending on
the details of the central compact of which Louisiana is a member, classifica-
tion of these tails as LLW could automatically require the compact facility to
accept the tails for disposal. But conversion of these tails on the LES site
would change the nature of the enrichment plant license, and the NRC would have

to address the issues.

Another scenaric could be for the enrichment plant to send the depleted tails
to be convertad to a propar waste form to 3 processing plant in another State,
with access to a LLW disposal facility, therefore, likely providing a route R
for final disposal. 1f the processing plant is, however, in a State that does
not have access to a LLW disposal facility, final disposition of the tails may

be cumbersosme.

If we compare the radiological characteristics of depleted uranium tails with
the radiological charactaristics of uranjum mill tailings, and with LLW and
HLW, the depleted uranium tails froa the enrichzent process appear to more
closely resemble uranium mill tailings. However, the diffarences are
sufficient to consider them a unique waste form.



ANALYSIS OF DISPOSAL OPTIONS

If DUFg tails are datermined to be waste, there appear to be three options
that might be considered for disposal of the tails after conversion ta a more
chemically stable form of uraniun. The options would need additicnal
investigation by an applicant and the staff. to detarmine their accaptability.

-

3.

Legally, tha tails.are considered source material and can be disposed of

as LLW waste under the requirements of 10 CFR Part §1. As stated previously
detailed pathway analysis of depleted uranium, as conducted in the dcvelopncﬁz
of 10 CFR Part 61, should be conducted following tha provisions of

10 CFR'61.58. Saction 61.58 states: "The Commission may, upan request or

on its own initiative, authorize other pravisions for the classification

and characteristics of waste, on a specific basis, if, after evaluation, of
the specific characteristics of the waste, disposal site, and method of
dispasal, it finds reasonable assurance of compliance with the performanca
objectives in Subpart C.3f this part.”

The second option is to dispose of the depleted uranium in an existing
uranium mill tailings impoundment and apply the regulatory provisions of
Appendix A to 10 CFR Part 40. O0Once again, pathway analysis should be
conducted to ensure protecticn of the public health and safety from. the
additfon of concentrated Us04 to the impoundments. In addition, the
disposal of the tails in this manner ultimately will involve land transfer
of tailings disposal areas to the Federal Government.
The third option {s to dispose of the dapleted uranium in a separate ~
facility licensed under Part 61, also applying the provisions of

10 CFR-61.58.





