
the high costs of nuclear fuel, and the fact reactors

e The Future of Nuclear Fuel Reprocessing
in Australia

By G. L. Milesi‘

An attempt is made to predict the nature and scale of the nuclear fuel reprocessing
industry which might be expected to develop in Australia up to about I975, and to indicate
the kind of technical advances which will be required to achieve this.

INTRODUCTION garding the future development of_ nuclear

There are many different stages involved in p°wer Austm'ha' Tms is the sub-lect of a
the production of nuclear fuel and its recovery sYmP°s1“m Paper by Baxter “Pd w9'lS°n'
after irradiation in a reactor. These include: alilérghe T;gti;€ra‘€€g§’xrsd:€g1(?l?g;:1;1S17(ggnigngg

(3') mmi_ng and ber*;e°_i9'li°n °f °1'°5 °f end of the present century), whereas in this

(b) gggculiogngrggo o1iJ'len’concentrates' pap? an §‘,'§“’“§p“ ii-made I-liodmiedidit det"°1§§'
- msineransiione canoe

(C) Pm"i°9'l9i°n °f crude u-“mum and estzblishment of a fully pmtggrated aid com-
l;%%1:::g:)n°’gd:;ta1_ petitive nuclear power industry.

(e) fuel element fabrication, including con- F°1' cnvenience, the stages of possible de-
tamment; velopment have been considered at three dates

(f) recovery of spent fuel after irradiation; -1955» 197° and 1975- The P1_'ln°iP9'1 a5s“mP'
and tions used in the subsequent discussion of pro-

(g) refabrication orfuel e1ements_ cessing requirements are collected together in

It is with stage (f), the reprocessing of Table 1'
irradiated fllél, that l3hiS PEPE!‘ iS primarily TABLE ‘:_AsSUMED DEVELOPMENT op
concerned. This includes the separation of NUCLEAR POWER IN AUSTRALIA
ssile from fertile fuel, such as uranium 233
from thorium and, of course, decontamination
from ssion products. °‘“° R°“°“°’ TY” (,‘;,‘,t‘1‘;,°.§§%,

A number of the chemical processes and 1955 Natural uranium 40°

, chemical engineering operations are common 1970 Natural uranium 2,000

to more than one stage in the fuel cycle, but 1975 Natural uranium 339°
the reprocessing of irradiated fuel involves 1955 small um; __

special technical and economic problems. The 10-25 MW (E)
technical problems are mainly associated with 1:133;-g1Ye$%gn1:%mp. high 50

. the intense radioactivity of spent fuel and the 19-10 n y’ 200

need for highly ecient separations and fuel 1975 500

recovery. The economic problems arise from 1965 Prototype power 50

that fuel reprocessing changes may represent 1970 ., .. 100

a. substantial proportion of the overall cost 1975 " " 1°°

Of Dower generation. 1965 Research reactors 7

. . . . 10
* The reprocessing of irradiated fuel gives rise 19-10 exdudmg pr°t°typ°s 39

" to a variety of radioactive effluents, and their 1975 50

treatment, storage and disposal is an essen-
tial part of any reprocessing plant. The prob-

; lems associated with effluent treatment and P°55|5|-5 PR°C555|NG R5QU|R5M5NT5-
disposal are considered in a paper being pre- PART l—PROCESSlNG IN RELATION TO
sented to the Symposium by Temple, and only POWER 5Y5-|-5M5_

1;; a limited discussion of the possible scale and
1 f cost of eluent storage is included here. Ntvwl 0|‘ Slightly ¢I"i=|1=d ~

The principal aim of this paper is to provide "'°"l""“ "°°‘*°"
a general picture of the nature and scale of These are the only power reactors which
the nuclear fuel processing industry which have, at present, been developed to the stage
might be expected to develop in Australia up where they afford early promise of competitive

" to about 1975, and to indicate the kind of power at costs comparable with those of large
technical advances which are required. cgal-igirecii stations; Yvhlnien aicgcount is Jaken of

In order to assess the processing requirements t e _ ac 9: “S 1'3 3' 9' pm ucer °
- - - _ uranium, but is unlikely to invest in U235 en-it is necessary to make some assumptions re richment, it likely that age first large;

> Z, l us f u le wer will vo ve na ura
, ezmiisiaz m*:.:i,'::’s..;§:a.-"=i'r::;:. tress: 3i“§1ch'i1§’ Jtthi ‘ifmrum me
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TABLE 2:—NATURAL URANIUM INVENTORY Pl-oduegion uf uranium 233 in l

Yea‘ easel to given date Requirements! type of reactor to the production of uranium

t

.a,.~.»..M9’-=&M4\?vl~v

X

t

t

3

I

A

233. In order to increase the amount of thorium1333 1,338 mnnes 238 l°““°5 which could be inserted in a natural uranium1975 4,000 500 fuelled reactor, it may be necessary to providesome additional enrichment with plutonium.‘ Based °n 3°° ‘lays mll °Pe"*'°l°11- Two alternative approaches are possible:could, for example, be a development of the (a) to burn the U233 in the reactor and toCalder Hall gas-cooled reactors. ¢0I1Ve1’t gradually f1‘0m 11I‘e1'li11m '60 eIt may be assumed that the reactors are U233'llh°l‘lll-m fuel; and .fuelled by uranium metal whleh could be eon_ (b) to recover the U233_for use in some othertained in magnesium alloy or beryllium metal 1‘_e¢t0r System having a higher conver-cans. while the initial supplies of fuel will 51°“ fa°t°1'-
-probably be imported, it is to be hoped that Alternative (a) is unlikely to be adopted inthe purication of the raw materials and fabri- the early Stages Of a DOWEI‘ reator D1‘081‘am.cation of uranium and beryllium would eventu- beeallee Of the 10118‘ time required to eeetally be carried out in Australia, such a conversion. It is, however, quite likelyUnless supplies of pure ssile material are tha'll_th°l”lllm wmlld be m,sel‘ted ll? 9‘ natllralreadily and cheaply available from abroad in ura¥lluln'fuelled l'e3'°t°l' wlth 9' vlew t° p¥°' l

adequate quantities’ it will be necessary I-or ducing U233 for small power_ reactors, which
EAustralia to manufacture in natural uranium Wlfllld °Pemte °l'{ an allPr°xlll'lat°lY Self'su5‘reactors the pure ssile material that will be tammg U233‘tl'l°l'l“m fuel-required for the initial investment in the poten- The emelmt Of uranium 233 which couldtially attractive breeding reactors that should eenveniently be produced from natural uraniumbe developed by 1970. reactors, without substantial extra enrichment,On the basis of Table 1 the scale of su l ls pr°l?a‘bly hmiteq t° ab°1¥t 10% t° 20% °f theand processing of fuel would be as set pgulg plutonium production. This would represent:—in Table 2. It is assumed that the fuel irradi- {H 1965 epl>r<>X- 10 Ks/yearation limit is 3,000 MWD/tonne and the fuel 311 1970 anl>r<>X- 50 Ks/yearinvestment is based on a heat rating of 2 MW m 1975 a-PPl‘°X- 2°°Kg/Yea1'-per tonne of uranium. Assuming an irradiation limit of 0.1%Exeludlu an i.e_e sled lutenluml the (U+Pa) 233, the quantities of thorium to beplutonium gconteit of tllle irraldiated uranium pmcessed W°.u'ld be 10' 50' a'nd.2°0 lmmes perwould be about 02% maxlmmm (In addition year, respectively. A total thorium investment

I.5ND PR°cES5mG REQUIREMENTS natural uranium reactors
lFuel Investment Annual Pmcegmg It may be possible to adapt the Calder Hall

to Pu239 this plutonium would contain a con- °.f less than L000 “ms w°uld pr°b5‘bly be sum‘ lsiderable proportion of the higher isotopes Clem to a°hleVe.thls output °f uranium 233 byP
1975. The thorium would probably be irradi-U240 and P112“) ated either in the form of metal or oxide.Natural uranium reactors with Small thorium-uranium 233 systemsre-=Y¢|e4 P|"\'0I‘IiIII11 The current research programme at Lucas

reactor fuel, it may be desired to re-cycle at $Y$tem$- b°l?h based °n “Tanlmn 233'th°1'lum

Although plutonium is not a good thei-mall Heights is concerned with two possible reactor

is
least a proportion of the plutonium recovered fuel» and °lTel'lng the Pl'°$Pe°l5$ °f €°°d lle11t1‘°11from the uranium This could be added to economy and high fuel burn-up for relatively E’the uranium fuel, hut in View of the additional small power installations. One of these systemsfabrication problems, would more likely be used —the high temperature gas-eeeled reeet°r—as 9, separate alioy with, for example, elu_ would use either a ceramic type of fuel (oxidemihium This 3,1-1-ungsmem; might he used or carbide), or uranium-thorium-beryllium in- f,either to reduce the size of a reactor or to termetalllc ¢°mP°ll11d5lI1 berylllum meta-L The ifacilitate the inclusion of thorium so that the <>_'1her $YStem_iS based on the use of e $11Sven-reactor is used as s uranium 333 pi-odueei-_ sion of uranium or a uranium compound in.

. 5;;-:5!The amount of Plutonium which might be lm“ f,‘?°l“‘m' These “’° ’°a°‘°‘ l”'°le°"s arere-cycled in this way is hard to predict. If all e Sn ‘lest of Sl-'mp°sium- pa‘per.s by Dalton ii§. . d Ald , l .at 5;ml’ um uramwn re“ °rs’ 1 w° d 9‘. e al°°“t and several will be in use by 1970. By 1975 is15 to 20 years to build up the plutonium con- more than one t e of small nuclear owertent to double the original concentration of - - - yp - - p "unit is likely to be in operationssile material. After plutonium has been re- '
i

lus‘.

cycled two or three times the conversion factors Tlle Pl'°°e5smg requirements are llllcult t°drop substantially because of the high H1242 predict at this stage. The quantities of fuel ,

O

the,e

LA>J:l—Qil|i‘l"‘v~

content It has been assumed that it is un_ to be handled, calculated on t_he_basis of 2007 Ilikely that signicant amounts of separated b"m‘“P~ w°"l‘l be as sh°wn 1“ Table 3- ifplutonium would be re-cycled in 1965, and that Beryllium recovery will be essential onby 1975 the amount of re-cycled plutonium grounds of cost and availability if this is incor lwould only total a few kilograms per day. ported in the fuel. _
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TABLE 3.—ESTIMATED PROCESSING REQUIREMENTS FOR SMALL Th~U233 SYSTEMS

| Moderator -
Fissile Fuel Fertile Fuel If incorporated

Date U233 (Th) In Fuel. (as Me)

1965 10Kg 1 tonne 1 tonne

1970 40Kg 4 tonnes 5 tonnes

Annual Processing Requirement?“

(

1975 100Kg 10 tonnes 12 tonnes

*Assuming U: Th : Be = 1 : 100 : 3,000 atoms.

The processing requirements would involve carry out processing—is, of course, determined
the separation of uranium and thorium from by the fuel and moderator costs, but on the
ssion products, and possibly from beryllium Preceding assumptions, Should not exceed about
or sodium. £17,500 per kilogram of ssile material con-It has eeeeslenelly been suggested that it tained in the fuel, or about £80,000 per tonne
may be possible to develop e lene_bumlne fuel of total fuel and moderator (assumed as metal).
for this type of reactor system, for which pro- Thls °nlY °°"'el'$ 1'e°°"e1_'Y °f bewlllum as °X1de~eesslne may be unnecessary, in the sense that It is clear that processing costs would have to
the fuel could be discarded without greatly be very high t° Justlfy c°mPlete releetlen °f
affecting power costs. It is interesting to con- the Spent mel-
sider the value of the fuel and moderator in Possteut PROCESSING REQUIREMENTS

gf§_'§fn;fr:;‘c‘tt§r °f P°“’°" P'°d“°°d by E l°“g PART ll—PROCESSlNG IN RELATION re
If lth t f r ximatel self RESEARCH PROJEC1-5'

sustalilfmagsuilggctoi? (itgitlilalll aggncversion yfactor P'°"°'YP° P°"’°' '°°"°"s
“Y ‘ about unity) the atomic ratios U 1 Th ; Be are Ii is eleer that the investigation of future

1 : 100 : 3,000; and the eiciency of conver- P°We1' P1'°-leelis W1ll_11"1V9lVe D1‘°ee$$l11€te1T°!‘li at
sion of heat to electric power is 30%. Then l?W° $t9'8eS- F11'$tlY» ll? W111 be neee$$e1‘_Y to earry
for a factional burn-up “b”, the consumption ‘lull _l9*b°1‘9'l°1'Y and subseqllent Dlleli Plant
of fuel (discarded) would be approximately one Studles t° 9-Sseee the fee-ellfillliy of Droeessing
kilogram of ssile material per 300b MW days Partlcular 1'ea+°l?°!' fuels Whleh may be lmflel‘
of electric power pl.odueed_ If the U233 is development. In fact, the ease of processing
valued conservatively at £10/gram, the cost and 1‘e?°Ve1'mE tlle fuel W111 be an llnpeftant
per unit of power of the ssile fuel discarded fact?‘ ln detenmmng the nal Seleeliien Of 9»would be l/3b pence per tmlt_ particular type of fuel element.

This only covers the replacement of the Secondly, it will be necessary to make ar-
uranium 233 in the initial charge. The value rangements '50 Pmcess and 1’ee°Ve1‘ the fuel
of the thorium in the initial charge is relatively from Preioivhe reeeter eXPerimehis- While this
sme_ll__ebout 10% of that of the uranium 233, will probably mvolve a small scale of operation,
er £1 per gram of U233 in the original fuel substantial research eort may be involved.
ehet.ee_ Alfter 1935 it may bte assumtedt that there will

. . . aways e one or wo pro o ype reac ors in
asgtlhcgaggagiluvigl légihbgrygrlhmgf vgggiuglgge bi: operation m Australia._ The scale of processing,
about £65 taking the value of recovered based upon 3' heat mung Of 5° MW and 200%' ' fuel b1u'n-up, would amount to only about 10beryllium oxide as £20 per Kg. This assumes . .
that the fuel is incorporated in the moderator. glfteer ofsgsgg fulinvggégh Ilgohliggl ass;
Thus, when allowance is made for the recovered thorium g S

value of thorium and beryllium, the cost per '
imit of power of fuel discarded could be as Processing of research reactor fuel

The preceding discussion only takes account At present the fuel for the I-IIFAR research
of the value of the spent fuel and moderator reactor is being supplied by the U.K.A.E.A.,
ill terms Of the eleelirieiliy generatedr I11 P1‘9-e- and will be returned to the north of Scotland
tice, the scarcity value of these materials would (Dounreay) for processing. This arrangement
Probably make 1‘ee°Ve1’Y e$$e11liie1- has several obvious disadvantages, and it may

if ll § These savings must be offset against the pro- be necessary to make arrangements for local
cessing costs involved in fuel and moderator processing of HIFAR fuel. This would involve
recovery. The maximum permissible processing the separation of highly enriched uranium from
cost—beyond which it would be uneconomic to altuninium, and ssion products. The scale of

CHEMICAL PROCESSING PAGE 415
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TABLE 4 —- SUMMARY OF PROCESSING REQUIREMENTS
Estimated Annual "I'hroughput—Tonnes/Year

;

1 s ti
Type or Reactor 1965 1970 _1975 Type o epara on Re uirq edssile Total Flsslle T0tai~ Fissile

i Total (Removal of F-P-‘S in all cases)Fuel Fuel Fuel Fuel Fuel ,Fuel_

I U-Pu from metalPower Natural uranium 40 200 800 IConverted Pu .08 .4 1.6 P11 from Pu/Al(Large) Recycled Pu — -1 -5
Natural uranium
and thorium
conversion

}Th-U233 from metal O!‘ Oxide
Th 10 50 200 Possibly Pu-Th-U233 separationU233 _01 .05 .2

Power Small Th-U233
Systems

( Small ) Th 1.0 4 5 Th-U233 and possibly recovery
U233 ,o1 .04 .1 from Be and perhaps Na-from_metallic or ceramic systemsResearch Prototype

Various and awkward U-Th-B
reactors _01 ,5 .02 1 _02 1 separations from a variety of
Research reactors .02 .03 .05 fuels.

T

\
1 U from U/Al, etc.

9

processing in terms of ssile material is quite Processing requirements may fall into one o
small—only about 15 Kg per ar b. ye , ut the two distinct categories In the rst virtuallssion product content i b t

I
. , Ys su s antial, amount- complete decontamination of fuel is required.ing to about 10‘ curies/Kg. of uranium after This means that the active isotope content must150 days cooling.

be d
' '

re uced to -a. level such that direct handlingOTHER RESEARCH REACT-ORS of the product is possible. In the second cate.
. gory, we have processes which aim only to yield..::;i::::s2r iriaiisisszzizi "*s%2°"n: a of and

most urgent requirement Wm progably ‘be for separation of the principal neutron poisons As
low reaqtors 9f the swimming p001 type’ reactors are developed with higher s ecip calthough late in this period further high ux oger mtmgs’ usmg separated ssne fuel’facilities will bpm ably be required_ The pre_ ecomes economically necessary to reduce fuel .t t 'sen rend in research reactor design is towards cycle times to 3‘ minimum Even if adequateh . . . . chemical separations can beachieved, the pres-‘; e use of ura‘mum'a1ummmm fuel and °rdm' ence of short lived isotopes such as U237 andMy or heavy water as moderator’ Th234 may necessitate remote fabrication ofTaking a'°°°unt °f these P°s$ib_1e deV°1°P' fuel. In these circumstances partial decon

ments, it is possible that the processmg re u.ire- - -

i

I

1

1

<

s:
is

‘1 t t b d ate.
ment for this type of reactor will rise to about amma Ion processes may e a equ ‘
50 Kg. of ssile material per year by 1975, in- Aqueous processeseluding HIFAR requirements. It would ob- FUEI U-I-Iviously be desirable to standardise the design DISSOL ONof research reactor fuel elements to a minimum The rst research and P1'°d“°ti°n rea'°t°mnumber of types, and to provide some central be °°nstr_“°ted used’ ml: the 1_n°$t part» metal‘processing facilit .y lic fuel which was contained m aluminium ormagnesium cans. These cans could generally beSUMMARY or PROCESSING REQUIREMENTS stripped by mechanical means or dissolved inThe requirements which have been described nitric acid with the fuel. The search for higherearlier are summarised in Table 4. This table W°1'king temperatures and better °°n'°$i°n
only gives an estimate of the quantities of resistance has led to the development of lessssile and fertile material involved and only easily 50111519 cans which may be tightly b°!1d°dbrief notes on chemical separations are in- 17° the fuel m9—t°1‘ia1- The Present trend is f°1'
c1uded_ It should be noted that about 105 to the diiculties of fuel element dissolution to10‘ curies of ssion product activity would be inease as I-WW6!‘ 1’ea°t°1‘ deV°1°Pm°nt Pm‘associated with each kilogram of ssile fuel to 8m$°5- The Present status °f "9-1'i°‘1s di-‘5°1"ing
be processed.

teclmiques is summarised in Table 5. This andthe subsequent table is based on publishedPRESENT STATUS OF SEPARATION PROCESSES iI1f01'mati0n, and may err On the 00I1$e1'V‘a-tive'""°='"="°"
§.i.‘ia°'ei‘1‘€§§§”o§‘d1-;Zo1$‘§?; tit?-ZisqtéiiiéitPmcesses £91‘ the §epa'r9‘t1°n °f nuqlear fuels essential if the Australian nuclear power pro-

may be considered in two groups._F1rstly, the gram is to develop along the lines suggested inaqueous processes (solvent extraction, ion ex- the preceding Sectionschange, etc.), which are in general fairly well 'established, and secondly, the non-aqueous FUE1-—FI5$I9N PRODUCT SEPARATIONSprocesses, including pyrometalluri 1 ' 'gca and uor- This stage mcludes the separation of ssilemallln 1I1eth0dS-
and fertile fuels from one another, -as well asPAGE 416
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TABLE 5—DISSOLUTION OF NUCLEAR FUELS FOR AQUEOUS PROCESSING

Fuel Type Method of Dissolution Technical Status‘
Metal U HNO, A
and U-Al

Separable Pu-Al HNO, A

Can Th HNO, + HF A
Can A1 HNO, or NaOH A
Dissolution Mg HNO, A

HNO, + HF or Chlorination A

Stainless Steel HNO, + HCl A

HNO, — HCl or Chlorination C
HNO, (anodic disintegration) C

Oxides U0, HNO, Fluorination A
T110, HNO3 + HIE‘ ‘ A

+ Moderator + Be0 High temp. Chlorination C

Carbides UC2/UC HNO, c
ThC,/ThC HN03

C+ Moderator + C HNOS (anodic dissolution) C

*Technical Status:
A—Process operated on technical or production plant scale;
C—Small-scale laboratory studies only.

their separation from ssion products. Table use of ion exchange resins for basic separation
6 attempts to summarise the types of separa- processes, particularly at the later purication
tion required, and estimates their present stage stages. The major industrial use of ion exchange
of technical development. resins in the nuclear eld has, however, been inIt should be noted that solvent extraction the recovery of natural uranium from leach
techniques have been more extensively developed
than other methods of nuclear fuel separation. TABLE 6.-AQUEOUS SEPARATION PROCESSESA number of basic solvent processes for the
separation of uranium, plutonium, ssion pro- Techniwl Status 0fVv»r1<>l1s
ducts and of thorium, uranium 233, and ssion Sep‘“a'°n P'°°°sS°s‘1 products are well established. These processes

:
1 f .<-,.'~\~ .
it

1,!“ are highly eicient in recovery, and further smiggn
Ly. p, ,

- _i are unlikely to have any revolutionary eect
s,>~"»§:.~: ~' ii
Q‘ ii r

V} (a) to adapt the processes to quick turn-round Tbut' (b) to make provision for separation from other A B c
\. : la

i 1' g In

"j number of extraction cycles. ' Te¢h111<=°11s1=°-W51

‘ '
=",1~'f>.1;\‘~ 1

i E1

} I;a.~.~ =-1'1

,

i

- , T* ’\ ,.
, H

<%r
W,.

w§~l=‘*'z:§

renements m the chemistry of the processes

‘Ede
'11

:1I
F1

ni

Th-U-F P '5

F1
Z"

ta

»-1

2'1‘?

39$‘
mm

(D

F5
T"

do

C1

F141

gm:

m"U
Q|

on process economics. Important chemical Solvent
requirements are: Extraction

. 1 A A ‘P cof fuel, with consequently much higher P11053173}-;g,1;e

concentrations of short-lived ssion pro- D1bum_ A __ _
ducts, and carbltol

beryllium and its subsequent recovery. Solvents
addition, further advances may be ex- [°n °"°h°‘n5° B B C

pected in the development of more specic sol- P1‘°°1P1t"1°n A B C
vents, which could, for example, reduce the

Considerable improvements in solvent pro A-réfgfjal gggfgfed °n P’°d“°t1°n Plant; °1'
cessing can be anticipated in the eld bf cheini- ' _

cal engineering. For example, substantial econ0- B"P11°‘ Plant “umes;
mies should be possible in the design of shielded °*Sm*‘-11's°a1° 1ab°““°'Y smdies °n1Y-
facilities by extending the provision for main

"

T '- tenan liquors, although a pilot plant has been operated<;~;§;,, . . . .Considerable pilot plant experience has been in Canada for processing irradiated plutonium
gained in the U.K., Canada, and U.S.A., on the fuel. Two major factors limiting the use of ion
CHEMICAL PROCESSING PAGE 417
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TABLE 7.—SUMMARY OF NON-AQUEOUS experience gained with uranium hexauoride inPROCESSES ' 'diusion plants, and partly because uoridesar co mon ' termediates in metal 0 'Type Variant Objective e m m pr ductlonSome of the uorination processes show promise

Melting ging) oxidatlve
metal slagging

Fused halide
extraction

vvvv

simple remew Metal refabma_ of yielding fairly complete decontamination ofing (self- siag- tion fuel from ssion products, but for the most part
these non-aqueous processes are more likely toenolsonlns nd application in cases where “active” remote

F_‘*l§f°rsf_%°“1;;1 an fabrication of fuel is possible.

UU

It does not seem likely that these rP ocessesMetal Separation of Na, Bi removal, W111 nd a great deal of application in an Ausdistillation distillation U41“ Se ammo ttalian mtclear power Pr°gmm °f the WPEP 11 discussed m the preceding sections. HoweverU_Pu separation two possible exceptions should be noted Firstly’Home B Fuel element dis- it may be necessary to use some dry l.l0rina.,distillation Zr Cl* distillation solution tion or chlorination method to dissolve ceramicPa.Cl5 distillation Pa. separation fuels should these be used in high temperaturethorium-U233 reactors. Secondly, if liqujqU a. i . tal reactors are developed to the prototLiquid metal " “ “m/Ag U-P ti me . . . . YPBextraction Q55-é eéfémng oe,,§,s§,‘i,11;‘§ °n construction stage, it is hkely that some pyro-

Chlorination
Metal and reduction
Reconstitution Electrolysis

‘yo-

U

metallurgical method of fuel processing will benecessary.

FISSION PRODUCT EFFLUENTS

epoisonlng

No discussion of nuclear fuel processing would
be complete without some consideration of theexchange resins for the processing of irradiated P'1'°_b1°ms °f the treatment and di$P°$a1 Of radio-fuels are: active eluent. The estimate of the effluent

(a) radiation decomposition of the resins volumes and sision product activity arising. from the processmg program just discussed canhi h k th
-éthihe’21“1,rZZcc€‘;‘p1‘;?1i“;Z?t§t£i>ni?€$53 °“1Y be "W aPP*P**m=“e- an attempthas been made in Table 8 to indicate the(b) technical problems associated ith th isW B order of magnitude of ssion product eluentem ' ;

sp ying and recharging of resin columns. which may be expected.
The ion exchange processes are relatively The bulk of the ssion products will arisesimple to operate and often a'ord a convenient from the natural uranium roootor program andmeans of reducing -solution volumes. They may it is assumed that a, solvent process is ‘usedwell play an important part ' f t ‘ - ~

111 11 We DrocesS- which permits concentration by evaporation‘ of1118 in Australia. the main ssion product stream On this basi ‘"3
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P-ii

Separation by precipitation processes has ssion products may be concentrated to about 1special advantages for aqueous homogeneous 1°°_11t1'°$ Per t°m1° °f uranium P1’0°e$Sed- The ‘reactor fuel, and also in cases where complete $s}°n Pmdllct 9'°tiV1t-Y is calculated On thedecontamination from ssion products is not b?*$1s °f 10*“ °"1'1_e5'Watt'Ye94' °f I‘ea°t°1’ 0D61'8-- 'room;-od_ An advantage of precipitation pl-o_ tion for long lived ssion products (mainlyoesses which has not boon fully exploited is Cs13'7)._1'-"or short cooling (about three months),their adaptability to very highly active so1u_ the activity will be about twenty times greater. »

l7i0I1S- Although the rst large-$0616 $8_P8I'9-111011 It seems that the total volume of highly active *'of pllltopluln from uraliium was achieved by eluents which is likely to arise in the perioda nreclpltatwn process. it seems unlikely that under consideration will not constitute a seriousthis kind Of Dl‘0¢6-$8 Will eve!‘ Cmliete with problem It should be feasible to rov'd I. p i e orsolvent extraction and ion exchange unless it is safe stgragg in und t 1; . ierground an s, on a semi f Aassociated with "active" fabrication of fuel in permanmg boom *remotely operated plant. The principal diicul- .ties are associated with solid-liquid separations. The more dimcult problem Wm be to arrangefor the treatment and disposal of the largerNonmqueous paces“; volumes of intermediate activity eluent con-During the past few years considerable re_ taming tens or hundreds of curies of ssion
search eort has been devoted to the investiga-

* "tion of a. variety of non-aqueous separation TABLE 8=—ES'I‘IMATED ARISING 01“
» Jprocesses—these are listed in Table 7. The CONCENTRAWD F-P- EFFI-UENTSprocesses are mainly designed to meet a. require- ,'ment for quick turn-round of fuel, with limited Volume of ‘mufgs ft’! §'°ng {‘;§§i,%o1,',::decontamination from ssion products, but with Year Annffgls (cur es a er monremoval of the bulk oi’ the neutron poisons. 4°ufls]i'd_P'5 Annual clgwggtlggtem

Most or these processes have not passed
beyond the laboratory or pilot plant stage. The iggg 2? m’greatest eort has been concentrated on the 1975uorination processes, partly because of the
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‘T products. There are only two practicable order of £5 million, excluding fuel ele-

111

A to be taken to treat intermediate effluents and ten? um W ecome met” ng y lmpor
5,, .

?

>

S‘

‘* methods for the ultimate disposal of large ment fabrication. . . ‘

volumes of active waste: (iv) After about 1970, the emphasis would

(a) ground disposal in desert areas;' and be on eeerwmieelly competitive larger-
(b) sea dispose; scale plants. Initially the major capacity

‘
- will be required for the separation of

i The latter appears the more convement and plutonium from natural uranium type

is 5”“ flbt t" r ni 233:
It is almost certain that some steps will have ta?) u Sijaga Ion 0- um Sim‘; - mu:

.. to drop the ssion product concentration to a (V) The total expenditure on nuclear fuel

ii, level such that disposal is possible. _Methods reprocessing required to meet the 1-e_

of effluent treatment are dlSCllSSEd in other qiiirements iisted in Table 4 can only

. $YmP°S111m Pepe“ be guessed at this stage, but seems likely

‘ CAPITAL INVESTMENT m REPROCESSING ‘° be s°‘“"‘”h-"R °f the °“‘e’ °f £15
iii PLANT million to £25 million. This exludes pro-

Qn the basis of Table 4 the author has made involve smother £5 million to £10 million.
VlSlOIl for fuel refabrication, which could

estimates of the capital investment which wo ld - - - -

. be required to meet the costs of the .“ While a total expenditure of £25 milhon on
~ *1, various - - -

stages of plant cmstmction As these esti t fuel reprocessing by 1975 seems by itself a high

. ii

ii
<

b b d y i3 ve an °a'nn° at his stage of about £10 per installed kilowatt of electrical

ll

i
“i

5 highi ecuiati d ‘ t t ma‘ es gure, in fact it only represents an expenditure

e ase .°n om] experience’ 1t1§n°t °°Pside1'ed generating capacity. This expenditure, on pres-
. worthwhile to reproduce them in detail. How- em indications will be iess than 1017 of the

. . , 0

§§°§»oi§§§,S{“a‘“ °°n°lus1°ns can be summarised total capital cost of the reactors and associated
power generating equipment.

(1) During the next ve years it will be
necessary to devote a substantial effort CONCLUSIONS

t° the °°“s"“°ti°'n °f Small “Pi1°°” It is realised that much of the data presented
plants. These should cover- - ih- - h- hi e iii ii d iii ii iii
(a) U233 separation from irradiated Th In 17$ -paper ls lg y §p 9‘ ve'al_1 a e

metal or .d quantities, costs, and time-scale presented may
r gge oxi e; - - ,. --- -

(b) i f HIFAR f be substantialiy in erro wever, if we accept

p SS ng ° ue1' the two principles:4.
(c) recovery of Th, Be, and U233 from

1-1_T_G_g_ 1-“E1; (i) that Australia’s requirements for nuclear

’ iii (d) recovery of U and Na from L.M.F.R. P°W°1' W111 f°110W approximately the pat-
? .
iii fuel; and tern shown in Table 1 and

K 4

I

is (e) U-Pu separation. (ii) that Australia will endeavour to become

by multi-purpose plants. The total investment cessing °f nuclear mas?
5 involved at this stage would probably be of then within the next 15 to 20 years it is clear

the order of £1.5 million to £3 million. that a substantial new chemical industry must

Z: (ii) After about ve ygars 11; W111 be news- be established in this country. This will require

fii sary to develop a central processing si1;e_ careful long term plaiming to ensure that an

Initial site development would cost about adequate reserve of trained staff and experi-
£3 1111111011 to £5 n-11111011, inomding pm- enced industrial support is available.

Some of these requirements might be met selsumcient in the pr°vis1°n and pm‘

I

vision of control laboratories, of!-ices,
eluent facilities and normal site ser- ACKNOWLEDGEMENT

. vices. During the preparation of this paper, the

1

1

X. (iii) Plant construction on the processing site author has had many helpful discussions with
will develop gradually. Initial process- the Chief Scientist and members of the Chemis-

e ,

ing costs will be relatively high because try and Chemical Engineering Sections of the
if; of the wide variety of dierent types of A.A.E.C. Research Establishment. However, it

process required. Over the period up to should be made clear that the views expressed

about 1970 the total expenditure required are those of the author, and do not necessarily

5 for reprocessing plant would be of the represent the policy of the Commission.
l 1'
i .

F .

F

CHEMICAL PROCESSING PAGE 419

I
r

‘ >\/


