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Original article
Restoration of theisotopic composition of reprocessed uranium hexafluoride using cascade with
additional product
Valerii Palkin' (profp2004@mail.ru), Eugenii Maslyukbfeugene v_m@mail.ru)
! Department of Technical Physics, Ural Federal ldmsity, Mira 19, Ekaterinburg 620002, Russia

Abstract

In reprocessed uranium, derived from an impovedshuel of light-water moderated reactors,
there are isotopes of??**2%), which make its recycling remarkably difficult. fMethod of
concentration of*U target isotope in cascade's additional producs yeposed to recover the
isotopic composition of reprocessed uranium. A ganealculation procedure is presented and a
parameters' optimization of multi-flow cascadeshvatiditional products. For the first time a numeric
model of a cascade that uses the cuts of partiaisfiof stages with relatively high separation festo
was applied in this procedure. A novel computingpezkment is carried out on separation of
reprocessed uranium hexafluoride with providingghtconcentration of**U in cascade's additional
product with subsequent dilution. The parametersasicades' stages are determined so as to allov
reducing the®*? 3 23 isotope content up to the acceptable. It was demated that the dilution of
selected products by the natural waste makes possible to receive a low enriched uranium
hexafluoride that meets the ASTM C996-15 specificafor commercial grade.
Keywords: reprocessed uranium; separation isotopes; mulii-lascade.

Introduction

In reprocessed uranium, derived from an impoveddhel of the light-water moderated reactors,
the concentration of tH&>U base fissile substance is usually higher thamaiaral uranium [1]. This
fact makes it attractive for a rerun and nucleagl fiabrication. However, there are number of
complications that makes usage of the reprocessedumn difficult. The most noticeable item is the
presence of*> 2* 23 isotopes in the reprocessed uranium. Due to ¢bessity to fulfill conditions
of the radiological safety for fuel fabricationgtharrow requirements are imposed upon the coofent

232.234) in the low enriched uranium (concentration®5U is less than 5 %). High concentration of



238 in fuel leads to increase of the neutron pam@stpture and, as a consequence, to the neceksity ¢
increase of?®U concentration. It is necessary to clean the mmsed uranium bg®> 2% 23
impoverishment for a reproduction of a reactor .fl@r this purpose, different methods of uranium
hexafluoride separation in cascades and diluticvcgures were worked out. They comprise an
enrichment of the reprocessed uranium in a dousearle up to 97% 6f°U [2], a usage of natural
and waste uranium during an additional feed flowca$cades [3, 4] and a low enriched product as a
diluting agent [5, 6]. These methods allow paniaécrease the concentrationg8f?** 0 but have
some drawbacks. In the majority of methods thestjes' content fails to meet the requirements to
the commercial grade of low enriched uranium hexaitle, which is stated in the ASTM C996-15.
Moreover, a loss of the valuable natural raw malerand additional losses for the separation work
happen there.

In order to impoverish th&? 23* 2%} the present paper proposes a new method of cvatiag
233 target isotope with use of an ordinary cascada wadlditional product and successively diluting
the resulting product with the waist natural uramiuConcentrating is followed by dilution of the
resulting product by the waste uranium. The presgptroach provides the low content?df 2%
while a production of high concentration?3U in the main product is followed by a significaise of
these concentrations. An efficiency of an identinathod of concentration of stable isotopes of
medium mass is shown on different models: on theRi@Acascades with a feed flow which differs
through the stages [7, 8]; on the moQetascades with a continuous flow profile and iteeagion in
the additional product point [9-11]; and on thetaagular-sectional cascades with a common flow in
some separate sections of stages [12]. It shouldobed that MARC-cascade is matched abundance
ratio cascade with equal relative concentrationtsvofkey component€)-cascade is a model cascade
with continuous profile and relatively small sepama factors that is used for multicomponent isatop
separation. Rectangular-sectional cascade corgdfigeveral sections. Each of them contains stages
with equal feed flow.

The purpose of the present paper is applying &f déipproach to the cascades with bigger stage

separation factors, which correspond to the gasifieges. A multi-flow cascade [13] was chosen as
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the study object. This model is applied for thetfirme for concentrating uranium hexafluoride bgsi
on adjustment of parameters of each stage thrdwgpadrtial flows cuts. The properties analysishef t
cascades with an additional product was made bgdh®uting experiment separating the mixture of
reprocessed uranium hexafluoride which is derivechfthe impoverished fuel of light water reactor.
It should be noted that present paper is consigeavitly isotope separation issue and omitting other
complications of reusing the reprocessed uranium.

Parameters and equations of multi-flow cascade

The model of multi-flow symmetrical cascadenastages comprises a supply of external feed flow
to each stage and taking therefrom additional prbdiows of cascade (Fig. 1). The following

notations of the external flows of the cascade vegreed W — waste,F,, F,,...,F, — feed,P — main
product flow, E, E,,...,E_; andG,, G,,...,G, — additional products from product and waste fl@#s

stages consequently. The lightest isotope is eedich the main product flow of the cascade and the
heaviest one is enriched in the waste flow. Theesparameters have the product and waste flows of
the stages. The scheme allows to calculate casedatteany number of external flows. To do this all
the really missing flows have to be set equal to.ze

Let m — number of components of isotope mixture. Le¢'sade concentrations (molar fractions)

of j- component of isotope mixture in flows." —wasteC/, C/,,...,.C", —feed,C{ — main product,

C:.,Cn G — additional productsj =1,m. Then, if there are no losses, the

in-1

andC?,, C’,,...,C§

In

equations of mass balance and each component baaawvalid
n n-1 n
YF=PAWY E+Y G
i=1 i=1 i=2
n n-1 n -
ZECJ.FJ =PG +W¢V+Z EG +Z G, i=1m.
i=1 i=1 i=2
Component-wise sum of concentrations for any flawats to one. So from the reduced equations
there aram independent parameters of the cascade.

Internal parameters of cascade include feed, ptamhat waste flows of stages, concentrations of

components in these flows. They are connected byetiuations of mass and components balance
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equations of flows' connections and by the separatharacteristics. Balance equations for the stage

are

L =L+L"; LC, =L'C, +1'G}, i=1n, j=1m,
where L, L/, — feed, product and waste flows pbtage, C,;,C/;, G| — concentrations of-
component in the corresponding flows. In the giseheme each stage with number2,n-1 is fed
by the flow L, —E_, of the previous stage and flow/,, -G,, of the following one. At the cascade
edges flowL; -G, feeds the first stage, and floly_, — E__, feeds the last stage. Moreover every stage
can have the external feed flol. Thereby the equations of flow stages connectiwasexpressed as
balance correlations

I-1:|-'2'_G'2+F1; Ln=L:1—1_En—l+Fn; I-i =Li'—1_E—1+Li"£r1_G+l+ ks

L1C11 L”CJ"2_G2qu+ Fl 1 LC Jnl En—l jn—1+ FCTW

LiCj,i = Li"—1C:j,i, 4B i1t "+1'|',+ 1 .G+ 1,¢’,+ it Fj¢,’ i=2,n-1, j=1

The separation characteristics are set as sepafatitorsq;;, j =1,m, =1,n. Let's number the

components in the order of increasing of their nmasaber (molar or atomic weight). Then, taking the
heaviest isotope as base component

c,G
CI Gy

q;, =
In molecular-kinetic method of separation the safian factorsq,; are expressed through

_ . _ MM, . .
AM, =M _—-M; using the formulagy; —(qoj) , Where q,; — separation factor per unit of mass

number difference [14].
Taking into consideration the limiting conditionéineh link the external and internal parameters

=L; P=L; CW—C]"l, CP—CJn,

CE=C,;C%=Cl,, j=1m, i=1n-1, k=2,n,

Jl’



the number of the independent parameters of molti-tascade with known number of stages and

defined separation factors, equalsion+3)— 2.

Calculation and optimization of the cascade

Let given: F,F,,...,F,

n

— external feed flows,E,E,,...,E_, and G,,G,,...,G, — additional

products, C,, C',,...,C", — components concentrations in the feed flowshef ¢ascade, =1,m.

There aren independent parameters remain, which can be chosgrassing to partial flows of
components of mixture. For eagth component oi-th stage the partial flows equal to
L =LG 5 L, =LG, 5 L, =LG, .
It follows that the partial flows cuts meet the redations [15]
o; =L; /L =99, /d+g g )

where o, — parameter, defining a relation of waste and pcocenrichment factors afth stage.

Parameters, , i =1,n do not depend on the concerned component andecaisdrl when calculating

the cascade asindependent variables.
Keeping in mind balances of partial flows of coments in the cascade's sections, analogically to

[16], it can be shown that
L —L5=W,, j=1m, i=1n,

i i

whereW,; — transit flow of-th component in the section before tth stage, that equals to

i-1 i-2 i
W, =WG'-> FG +> EG +> GE.
1=1 =1 =2
In these correlations there akg, =0, and sums equal to zero if upper summation indaresmaller

than the Ilower ones. Evaluating the partial flowsrotgh the cuts, in other words

L. :L(Wjj +¢H_1Lri'_1) , We can get the general formula

! 1_¢j,i




At the product end of the cascade for eptthcomponent the present condition should be met

n n-1

=Linbin =2 FC -2 EG ZG?’ W,

whereW, = WQN — partial flow ofj-th component in the waste flow of the cascade. fohmula on

the right-hand side equal to the partial flody = PCf’ in product. From here it follows that on

rearrangement we deduce

ij :i(FIC:JFI - E—qu,—l_ G+1¢fa,+]) ]A/ jB,

i=1

where E, = G,,, =0 and theA ; and B, coefficients equal to

A :1+Z ; B, 1+Z

I=i+1 s= ¢JS 1=1 s= 1 ¢]s
This formula allows to calculate the partial flowg, j =1,m using the selected parameters of the

stages o, i=1,n. The peculiarity of that formula is that the compnts concentration in the

additional product flows of the cascade is not patelent and is found during the process of

calculation. Consequently it makes sense to usetéhative procedure of concentrations matching
CF,CF,,....C5 1, CS,, CS,,...,C%, j=1m. So the first calculation can be done without tiddal

product flows and the received values of componeniteentration in the waste and product flows can
be accepted as the initial approximations.

After a determination of the partial flows of conmemts in the waste flow of cascade there can be

n-1

calculatedL,;, j=1m, i=1n flows and other parameter, :le FC Z EG Z GG - W,

W=3W; P=3R; C'=W/W; C[=R/P; L= ZL C,; =L, /L and etc. It should be

l"

pointed out that at the equal paramet@rthrough the stages it is obtained a quasi-idestaxde. It has
a random number of feed flows and additional prégluo particular case of one feed floW#AARG
cascade with additional product flows is calculat&thereby

0=1/\/a,
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whereq —is the separation factor, determined from the nmagsbers of the key components. But if
vary parameters of stages, i =1,n, an optimization of the cascade can be made iardance with

the accepted criterion. It should be noted that rtte¢thod described above can be applied for the
cascade with relatively high separation factors.

To verify the calculation and optimization proceeltine computing experiment have been carried
out. A double cascade scheme [17] for molybdenuparsgion was taken as a reference. First cascade
has 71 stage; feed stage number is 13. SeconddeakBaa 39 stages; feed stage number is 36. Wast
of the first cascade is the feed of the second Draoteoc — thermal neutron cross sectiai, — total
feed flow, Py — the sum of the first cascade product flow armbsd cascade waste. The computing
experiment presented on Table 1 shows the modedataess: results are practically match each other.

The conservation of isotopes was controlled witkecuracy of 18° % on each calculation stage.

Calculation data and argument

At first, the computing experiment was performedtbe separation of uranium hexafluoride in
cascades with one feed flow, one main product flowe additional product flow and one waste flow.
Components concentrations in feed flow corresportdetthe reprocessed uranium of the first cycle
from an impoverished fuel of light water reactor ER-1000 [18]2*%U 2.9803- 1%, >**U 5.8144-10
%, **U 1.9106-1G%, **U 0.90076%,*U 0.57311%,%*U — the rest. Cascades flows were
calculated according to the initial mass of uranibexafluoride in feed 100 ton, used within one
working year. In addition, the total feed flow dhges characterizes the number of used separatior
elements. Additional product flow was calculatednir the waste flow of cascade stage with the
highest concentration of*®U. The stage number was chosen by sample calculatio***U
concentration changes in triple-flow cascade witreouadditional product flow. Separation factors of

stages were defined from the accepted one perofiifference of mass numberg =1.119. The

calculations were made using the dilution of comedad additional product by the waste natural
uranium with concentration 62U 0.15% and 0.3 %.
Table 2 shows the calculations of enrichment ofraepssed uranium up to the concentration

4.4 % of?*U in cascade with the minimal total feed flow. Nwenlof cascade stagesris20, stage
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number of feed supply fs11. The received concentrationsdf 2** 230 in the product flow meet the
ASTM C996-15 specification for the low enriched negessed uranium with additional arrangement
between the parties. But they are essentially mioea the defined in ASTM C996-15 limits for the
commercial uranium?U not more than 1-10%, U — 11 000 mg/g™*U, *%U — 0,025 %).
Particularly this is the case of th& ?*U isotopes, of which content in the selected prodguals to
1.68-10° and 2.145 % respectively. And that leads to diffierrestrictions. In particular, because of
high concentration of*U, at nuclear fuel fabrication a radiation situatibecomes significantly
worse. That concentration 8fU expects an increase in contenf8U in the product by 0.4-0.6 %. It
is calculated with the compensation coefficient0df—0.3 £2%U/?**U concentration ratio) in order to
compensate fof*°U parasitic captures. So the real concentratiof?of in the product without regard
to 22U neutron parasitic capture is 3.8—4.0 %.

Improvement of isotopic composition of reprocessethium hexafluoride is possible whef*aJ
concentration of 97 % and more is provided in thaditoonal product flow. However, the
accomplishment of such a content®®J does not guarantee low concentration of eaci’of** b
isotopes. These concentrations can redistributerddpg upon the place of additional product flomw. |

this context the parameters were chosen on the separated sections of the dmseith content

analysis of the mentioned isotopes. Referring ie teason the total feed flow of stages was not
minimized at given concentration é°U. The flow was taken into account during compariss
different options of cascade.

Table 3 shows the calculations?3fU concentrations in the cascade of 160 stages Wiefeed

was given to the 40-th stage. Parametgrsvere set equal to 0.752 for the section of stéiges 1-st

up to 80-th and 0.65 — from 81-st up to 160-th.sTdonforms to a direction of enrichment’dlU and
lighter isotopes in the first section towards theduct to the 80-th stage. In the second sectien th
direction is changed £°U and more heavy isotopes are enriched towardsvéisée. The flow of the
additional product was chosen close to the maxinpossible. As a result, a concentration*ot
96.9 % was received in additional product of then#2stage. The total feed flow is 31.2

thousand ton/y that is 3.6 times higher than tbe fhowed in the Table 2. This is resulted from the
8



enrichment up to the high concentrationdlJ, as well as from its bigger extract to the praduc
owing to the lower concentration of waste. Conatitns of 23> %*2%) in the resulting product,
received after dilution, are significantly lowemththat given in the Table 2. Concentratiorf-8 is
less by an order of magnitud@U is around 30 times lower. The product mass 1828-fon is close
to the mass of low enriched reprocessed uraniunyeteby the direct process without concentration,
overpassing it by 0.5-1.2 ton.

Splitting the cascade into three sections on tharpeter o, could increase the flow of the

additional product. Table 4 shows calculations asoade made of 130 stages when the feed flow is
given to the 25-th stage. The first section comgiftstages from 1-st up to 30-th, second — fropst31

up to 80-th, third — from 81-st up to 130-th. Pagden o, through the sections was: 0.822; 0.74 and

0.61. This selection of sections was defined byative of concentrations maximum&U in the
depletion part of the cascad&U — in the enrichment one. In the first section ¢meichment of*°U

and lighter isotopes was in the enrichment parthénthird sectioi*U and more heavy isotopes were
concentrated in the depletion part. In the seccextian the directions of*U and % isotopes
enrichment were opposite: first concentrated inghechment part, the second — in the depletion one

This setting ofo;, provided the maximum concentration BfU in the 40-th stage waste equal to

22.0 %. Concentration 6f°U in the additional product of the 73-rd stage anted to 97.2 %. After
its dilution the mass of low enriched reprocesseghium with the concentration 6f°U 4.4 %
amounted to 19.4-20.1 ton. The increase of masnfipared with the above example can be
explained by the lower concentration U (0.07 %) in the waste of cascade and its biggemet
into the products consequently. As to the concéntra of 2% 23 2%) in the resulting products, they
are significantly better than shown in the Table 3.

The reduction of the flow of additional product whesing three sections of cascade allows to
improve the concentrations 8t 2** 2% in the resulting product of reprocessed uranidinis is
followed by an increase of concentratiorfof) and the total feed flow. So in the previous cdscée

boundary of the first and the second sections eanhanged to the 40-th stage and the paranmeter

can be set through the sections equal to 0.82;@nhd4.62. Then, by reducing additional productsnas
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down to 0.83 ton, the concentration %3fU in it is equal to 98.6 %, and the total feed flofvthe
cascade equals to 40.4 thousand ton/y. After diluthy the waste uranium hexafluoride with the
content ofU 0.3 % and*U 0.0015 % the concentrations in 19.9 ton of theted product equal to,
%: 22U 2.15-10, U 9.94- 10, »*%U 2.77-10, U 4.4,V 3.31- 10 The mass content 61U is
fully correspond to the requirements of the AST996-15 specification for the commercial grade of
uranium hexafluoride, but the mass conterf®6f*U is a little bit higher than necessary.

Full compliance to these requirements is showedalgulation in Table 5. Number of cascade

stages i$1=130 and stage number of feed suppl{~&5. Parameteo, is set as 0.822 from 1-st up to

40-th stage, 0.74 from 41-st up to 80-th, 0.61 f@irst up to 130-th. Additional feed is taken frtme
waste of the stage=77. The distribution of feed flow through the stags shown in Fig. 2. Two peaks
are characteristic: the first peak is at the paihfeed supply in 25-th stage, the second is at the
boundary of sections in the 80-th stage, closeh&additional product. Characteristically, the flow
expansion is similar to that of th®-cascades. In Fig. 3 the diagrams?t 2** 2% 2 isotope
concentration changes in the waste of stages awersiMaximum concentration 6f°U is in the stage
where after the peak on 38-th stage, the concéntraif U is sufficiently declined and the
concentration of>U is not yet increased. The same thing goes foctimeentration of>°U isotope: it
increases towards the product flow with a slightrdase from 3.85-10% in the 44-th stage
to 2.17-10 % in the 77-th stage. This effect is due to thakgéke increase in the feed flow associated
with the concentration of th&°U isotope in the 77-th stage. It is similar to thBuence of the flow
expansion noted in [12]. As a result, the conceioima of lightest components are lower than that in
the previous stages. Higher total flow in compariso previous example shows that this separation
program needs more separation elements.

A utilization of the main product containirf§™U in sufficiently great concentration should be
mentioned from the point of view of common useisluseful to dilute it down to a nuclear-safety
mixture with the concentration 6f°U < 1 %, by the waste uranium with the low concatitn of the

isotope mentioned above. Special mixing statiorukhbe used on the final stage of the separation
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process [2] to exclude military or other non-peatapplication of the product. The mixture is shi&a
for long-term storage.

To compare the economical productivity of the pigab method two reference cascades for
natural uranium separation were calculated: botte lmoduct flow 18 ton/y ant¥U concentration in
product equal to 4.4%. First of them H&2J concentration 0.15% in the waste flow and separat
work is equal to 103.9 thousands SWU. The secordchas™U concentration 0.3% in the waste flow
and separation work equal to 73.5 thousands SWWumsg separation work price around 40
USD/SWU and natural uranium price around 80 USD18j corresponding expenses are 11.5 million
USD/y and 12.7 million USD/y. Calculation results those cascades are shown in the Table 6.

To implement the proposed method in practice trexigp cascade for the reprocessed uranium
purification could be built. This cascade could gss centrifuge technology. According to total feed
flow ratio, number of gas centrifuges there woutdZb— 7 times more than in the ordinary separation
cascade. That means it will pay off when ordergéprocessed uranium are available even taking into
account operating and staff costs. Therefore, jgatibn cascade with dilution down to 4.4% could
make a profit comparable to expenses for natu@ium enrichment up to the same value (Table 6)
and helps to save it.

Conclusion

A new method is worked out to reuse the reprocessmuium and save natural uranium. It allows
to separate uranium isotopes with use of an ordioascade with additional product and successively
dilute the resulting product with waste naturalniwan. Sufficient separation power makes it possible
to meet the requirement of specification ASTM Ca%cfor the commercial grade.
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Parameter

Numeric model

Reference model

Table 1 Comparison of calculation methods on double cast@d®olybdenum separation

[15]

First cascade

Feed flow, ton/y

10.0

Product, ton/y 1.184
Waste, ton/y 8.816 No data
>L, tonly 2750.137
Oc, barn 0.122
Second cascade

Feed flow, ton/y 8.816
Product, ton/y 7.985
Waste, ton/y 0.831 No data
2L, tonly 878.781
Oc, barn 0.287

Total
>L/Pg 1800.95 1807.68
F/Po 4.96 4.98
Oc, barn 0.190 0.190
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Table 2 Manufacturing of the low enriched reprocessed wnariexafluoride in the optimal cascade
at the total feed flow) | L=8621.9 ton/y

UFe mass, 232U, 233U, 234U, 235U, 236U,

Parameter tonly % % % % %
Feed flow 100 2.98:10 [5.81-10 | 1.91-10° | 0.901 0.573
Product 17.66 |1.68-1F |3.24.1¢ | 1.03-10" | 4.4 2.145
Waste 82.34 [156-10 |1.01-1¢ | 1.07-1C° | 0.15 0.236
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Table 3 Concentration of>*U in additional product flow of the cascade{60,f=40) at the total feed

flow > L=31192.3 tonly

23 23 23 23 23

Parameter Uligrr]r/]?ss, zz zz :/t" : ;L: ;;'
Cascade:
Feed flow 100 2.98.10 |5.81-10 | 1.91-1¢ | 0.901 |0.573
ProductP 0.009 |2.89-10C |5.08-10° |86.646 13.346 | 6.86-10°
ProductG,, 0.8 3.99-1F¢ |1.39-1¢ |1.382 96.914 | 1.696
Waste 99.191 |5.50-10 |9.49.10% | 2.78:1C | 0.125 |0.564
Dilution No. 1:
Diluting agent 17.41 5-10* 0.15
Product 18.21 |1.75-10 |6.11-10 | 6.12.1¢° | 4.4 7.45.1C¢
Dilution No. 2:
Diluting agent 18.05 1.5-10° 0.3
Product 18.85 |1.69-10 |5.90-10 | 6.01-10° | 4.4 7.20-1C°
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Table 4 Concentration of*U in the additional product flow of the cascade(30,f=25) at the total

feed flow > L=30990.4 tonly

UFG mass, 232U, 233U, 234U, 235U, 236U,

Parameter tonly % % % % %
Cascade:
Feed flow 100 2.98.10 |[5.81-10 | 1.91-1C 0.901 0.573
ProductP 0.012 |2.32-10 |4.35-1C |72.283 27.709 |1.11-1C
ProductGrs 0.85 1.40-1¢ |5.21-1¢ |1.193 97.202 | 1.603
Waste 99.138 |2.04-102 |6.77-10" | 4.11-1C | 7.17-1¢ | 0.564
Dilution No. 1;
Diluting agent 18.56 5.10% 0.15
Product 19.41 |6.11.1¢ |2.28-10 | 5.28-1F | 4.4 7.02-1C°
Dilution No. 2:
Diluting agent 19.24 1.5-1C0° 0.3
Product 2009 |591-1¢ |2.20-10 | 520-1F | 4.4 6.78-1¢°
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Table5 Concentration of*U in the additional product flow of the cascade(30,f=25) at the total

feed flow >" L =54863.2 tonly

Parameter U'igrrvss& 233:, 23}:, 23:/?, 23(\}:’ 23§/L:’
Cascade:
Feed flow 100 2.98.10 |5.81-10 |1.91-1C° 0.901 |0.573
ProductP 0.040 |7.40-10" |1.43.1C¢ |38.797 61.200 |1.18-1C°
ProductG,, 0.8 2.17-10 | 1.04-16 |0.443 99.055 | 0.501
Waste 99.160 |1.99-10 |6.43-10" | 3.54.1C | 8.45-1¢F |0.574
Dilution No. 1:
Diluting agent 17.82 5.10* 0.15
Product 18.62 |9.31-10 |4.47-1F |1.95-1C 4.4 2.15-1C¢
Dilution No. 2:
Diluting agent 18.47 1.5-10° 0.3
Product 19.27 |9.00-1¢ |4.32.1¢ |1.98-1C¢ 4.4 2.08-1C
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Table 6 Expenses for the YFseparation

Cun. % Total flow, |U equal mass, U.C.OSt’ Separation SW cost, T_ot_al,
w; 70 tonly tonly million work, million million
USD/y thousands| USDly USD/y
SWUly
0.15 10919 92.2 7.376 103.9 4.156 11.532
0.30 7701 121.4 9.712 73.5 2.940 12.652
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C§32, x104 %

75 100 125 |

50
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C235 %
100
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