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SUGGESTLD TYPLS OF REPRCCESCING PLOITY

—— 4

FOR 0.7 REACTOR FUEL ZLELLNTS IN ARCENIINA

By W.D. Jamrack (I.4.Z.A. Adviser on Resrocessing)

THIROOUCYION

A mower reactor of about 300 I1T7(:32) capacity is cdue to be overating in dr-
gentina br about 1972, The type of rcactor is at nresent uncder discussion,
but oreswably full irradiation of the first fuel charge will be
achieved about 1975. It is, therefore, advisable to have facilities for
resrocessing, either in Argentina or overseas, au about that dave. It is
pDossible that a second reactor will be built a few years later; buv it is
unlilkely that a reorocessing nlant will be required to treat more fuel
elenents than the output from these two reactors,

It is nrobable that the reactors will be fuelled with natural uranium
metal, e.g. a llagnox' gas-cooled type, o with slightly enriched uranium
oxide, e.g, on advanced gas-cooled or a water-cooled type. <The fuel of
tne first category is likelr to reach an average irraciation of about
4,000 1miy1! eRGoEhe(E9eRAd &7 ES%%:&?Q-&‘@E#P,&BQ‘-‘%{? so, ‘the
renprocessing capacity recquirenents 1will be abovt fouvrr days per ton; or
90 tons/vr for a natural uraniun retval type or about 20 davs »ner ton or
1¢ tons/yr for a slichily enriched oxide type. Reprocessing capacity is

therefore recuired to neet one of three sets of circumstances:-

(a), About LO tons/yr slightly enriched fuel,
(b), About 200 tons/yr natural fuel,
(¢), About 120 tons/yr of mixzed fuel.

This redort considers only (a) and (b).

As with most chemical engineering operations, the cost per ton decreases
nmarlzedly with increasing throughput. If an entirely conventional plant
vere built in /rgentina, it would not, therefore, be able to corpete
economically with the much larger nlants waich exdst in the world. At
iindscale in the U.X., for exanle, a 2,000 ton/yr plant is available,

with surplus ce@@-ncity which is being used to reprocess the fuel eleaenis
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fron other countries, cheaper than they covld reprocess thenselves. [he
cost of trans-ort, vhilst not low, is not a controlling factor.

Consicering onl~ conventional wlant, therefore, Jrgentine is faced wAth the
orospect of either (a), havins fuel elements rejrocessed overseas at
econoirie raves, and losing reorocessing emmperience or (b}, repdrocessing in
Argentina at several times the worlcd narkeb cost. <he repercussions of
nolicy (b) are that the »Hlutoniwm extracted will probebly cost rore than
its value as a nuclear fuel for thermal reactors (say 57 to ¥10 ser graa)
and the loss of interest over many vears on the capital investucht of a
large plutoniwdstock-pile for a fast reactor, is Hrohibitvively exnensive(1)
One alternative exists, which is to exadine carefully the »ossibility of
building in Argentina a reorocessing »lant to slightly vnconventional
orinciples.

“he writer is of the oninion that the nany years of cevelodient devoted to

flvoride volatilitr processes, liquid metel nHrocesses, and aigh teineraiure

slagging” nrocesses, have only confirmed that these heve difficult
engineering nroblems and they ere not cieader, or not significantly cheader.
than the conventional T3P solvent extraction processes.

ternative solvents have been used, but, at best, they can only just
eorpete with T27, and a very large amount of data and experience are
available with 1BP vhich is of inestiniable value to those ceveloping anc
designing a reprocessing plant at this cdate. Consequently, nainly 1oP
exvraction nrocesses will be considered in this report.

The writer believes thet there are nanr reasons iy emfisting rejrocessing
plants based unon YBY have been more expensive to build than is necessary-
Sorie of these reasons arc listec below:-

1. JDesigners have sonetimes acontecd lajouts which are ajpropriate to

o b’

act that srace

o
L

a non-nuclear plant with insufficient regerd for the
is highly expensive vhen it is confined behind concretve shielding
walls over 1 metre thick.

2. Sone »nlants must be gucranteed to meet important nrocuction
prograrmes without celays due to maintenance, so e:lensive
ihaintenance free' units have been used and spare sectlons of plant
have been installec for emergencies, which, in »ractive, .ave not

arisen.
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3. "Remote maintenance™ plants, where all items car be removed from
the active cell and replaced by new ones. recuirz & great ceal of
specialisec equipment for 1ifting vessel
connecting nrocess lines, and for observing tl

remotely (2). In adc‘.ition_, very string:

(&)

cation tolerances are requirec. togcther 1
space for movement, over the process vegscls. his design

- - - i b ] I3 . - T hy Il \ - -
princinle is stated by the users in the U.3.4. (2 to be mainly

suitable for larger plants with throughouts of between 1 and 5 tons

per day,

is The cost of plants has inclucded high dzvelopnent charges, which
are not necessary in future. now that the informabion is avajlable,
5. The required capacity hes somebines heen over-estinaved for lack of
knovledge of future reactor prograyies or in anvicipation of
commercial orders which have not arisen,

6« A high proportion of the ecuimnent in a reoprocessing plant is

L

e urandun is present in a

normall usec to vurify uraniun.

Ao of nabural

highly depleted form arisins from
uranium to L,000 1IWD/T, it is a waste procuct of =mero coimercial

value,

There is, in the writer's opinion, scope for the building of a reproééss_ing

plant of small size whichi aveids :amy of the zbove faulus but is stdill
based upon the well-kinowm T8 (or sossibly bubenr! cxirection technology.
The object of the present report is to suzgest wars in thich this might be

done so that Argentina might be provided irilh the cheapest small scale

reprocessing plant in the world, Only ore detailed development of

£

these ideas and accurate costing of the desisns could decide

oo

whether, in fact, such a plant could be recuced in cost sufficiently to be

comoetitive with the larger plats of otlier covntriss.

DESIGHN PRINCIPLES

It is suggested thet no vre-conceived conmrchensive design principle should

be adopted, such as ‘'remote maintenance', ‘direct maintenance”, or

mo maintenance’., Instecad, the approach should be more flexible than on
other plants, so that the t7oe of mainitenance would be decicded on an
individual basis for each item or secticn of plant., The main aims of the

design would, in generel, be as follows:~

-/ -



' To make use nf eristin~ 'morledge ond esiperience throughout the
vorld as far as practicable, and so avoid high developmen ©
expenditure,

2. Yo cdesign the plant in size and function only for the work it

has to do and not to cater for anebulous additional demands which

s

may never arisc., (+4his report, for example, discusses several
nossible fuel elements and throughputs, but, ihen the type of
power reactor is knowm, only those which are appropriate to the
ciiwosen reactor svstem sinould be consicdered).

3. To achieve a compact laroud, bearing in mind the high cost of
siiielded space,

L. Yo avoic sparc plant iteus vhich nay not be required, and vhich

5

might be instelled at a later cdate instead.

A5 28
0y

To design on the asswmtion that, with onl one or two reactors,
it is not necessary to provice for a very rigid production
programme, with all that this entails regerding guaranteed
reliabilit - of cquipnent or availabilivy of alternctives, In
the case of this nlant, an occasional unscheculed interrupivion
wovld not be a catastrophe, provided the decgy ponc has an
adquate capacity to hold more than its normal load of fuel
cleents.

e To avoid wasting valuable reprocessing equipment and effort on
the uraniwn stream, where its enrichment is so low that its
value is zero.

7. To avoid sophisticatved plants for the treatment of radioactive

effluents, with evaporation, nitric acid recovery, and the

a1

storaszc of highlvy active effluent in a very concentrated foim,

Instead, simple alkaline storage in large riild-steel tanks,

underground, woulcd be more apjpropriate in Argentina.

AEFLRINCL FURL Sl osiTo

In view of the Lype of fuel element being unknown at the present time, two

main refercnce fuels 11l be discussec, as follows:i-

1. A natural uraniun metal rod, 1 uetre in lenzht and 2.5 cm diameter,
weighing about 10 Lg. and canned in iagnox, with longitudinal or

racdial fins.
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2. A 1,59 enrichacd vrandim Ainvid: fuel rod, 1 metre in length,
mnade from 1 cm long by 1 cm di~m-* - Fnt-rcd pellets of density
about 10,6 g/e‘e weighing about 0.8 Kg and canned in stainless

tubes, or zircalloy tubes, ol about 0.l mm well thickmess.

POSSLI8Ly FLOGOIL, 1S

Figurce 1 shous a suggested flowsheet for the magnox ~ natural uranium metal
fuel elements. It is based uwpon decay for about 150 days, chemical
decanning, baich dissolving, extraction of »lutoniwm alone, leaving the
valueless uvraniun {and dissolved can) behind with the fission procucts,
and subsecquent purification of the plutonium stream in equipment of very
low volumetric capacity. his is a highly unconventional IBP process and
has not, to the writer's knowledge, besn used elscwhere, It would,
therefore, require devclopment,; particularly with regard to the ceter-
mination of conditions, under wiich @ reasonably high plutonium
distribution coefficient may be ottained when the solvent is nearly
shturated with vraniwn. Yhe conditions shoun on the flowsheet are

highly speculative, but the flowshect has becn presented mainly to indicate
the many adventages which arise later, if this stage of extracting only
the »lutonium cen be implcmented in practice.

Migure 2 shows a sugcested flowsheet for stainlessesteel or zirconium clad
vranium oxide fuel elements. It includes decar for 15G days, a ''chop and
leach" stage for decanning and dissolution, followed by three cycle B
uraniun extraction and purification and four cycle - " plutonium
extraction and purification. This process is small in scale because of
the use of enriched oxide fuel at high irradiation, with a small amount
of fuel per megawatt of electiricity generatec.

A nore comdlicatbted flowsheet for 100 tons ner year of irradiated natural
uranium, together with 40 tons per ;ear of irradiated enriched uranium
oxide, is not Hresented in this report. The main outline of such a plant
could be deduced b7 exanination of the other two proposals., It would be
nore difficult to malte a mixed nlant of this type competitive with

larger plants.

These flowsheets will be referrced to tihroughout the remaincer of this

report, where the two possible nlants are discussed in more detail.
F 3 p £
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5. SUCGESTED PLANT FOR 200 T/yr HATURAL IARADILTED URANIUM FUZL SLE.2:0u5

5.1 Fuel Decay

150 dars decar is adequate for the radioactive iodine to be reduced
to a negligible amount. Zach reactor 1ill have its own cooling pond,
but it is suggested that for the whole of the decar to be cone there
demands a capacity sufficient for about half a year's production,

say L5 tons, The reactor pond may have this capacity, or more, but

t mar be required to be lkept enpty for the accormodation of largc
quantities of fuel eclements discharged in a possible cmergency.

A cooling pond is therefore required at the reprocessing plant, with
a capacity of at least 2 x L5 tons, or say 100 tons. Tais pond
should be about 12 i by 12 I and 5 M deep, and it should be
irmmediately adjacent to the dissolver end of the reprocessing plant.
Tt should have 100 clearly cefinec positions for baskets 1 I square,
with a few centimetres between each. Bach basket would held aboutb
100 elenents of total weight sbout )L ton. The baskets would be
constructed preferably of stainlessesteel (since mild-stecl requires
frequent painting ) in a very sirmle manner. Liovenent of the

baskets under water would be br means of a 3 ton overhead cranc capable
of traversing the whole area of the pond., Lifting chains could be
ttached to four eyes at the corners of the basket, or possibly only
one chain attached to an eve on the end of a vertical post attached
to the centre of each bhasket, This attaclment would be by thc aid of
nanually operatec but hydraulically powered long vongs. <The sane
‘tongs could be used for any handling of individual elements within
the baskets,

A small bay at one corner of the ponc would be used for discharging
the baskets of elements from their individual shielded container as
they come from the reactor site. This shielded container would weigh
perhaps 10 to 20 tons., If the walls were hollov- steel, filled with
lead, the exrternal dimensions would be about 1.5 Ii square by 1 M high.
It might, therefore, be appropriate to 1lift the whole container

from its lorry into the pond, by means of a fixzed 30 ton cranc.

After removal of the lid, under watcr, the basket could be lifted out
quite simply, and the empty shielded conteiner lifved to the surface

for washing and decontamination, The baskets would arrive at the pond
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in their shielded containers at the rate of 200 per vear, or less than
one ner day. Regular transport from the reactors would be required,

with perhaps three containers and lorries per reactor.

The pond should not become heavily contaminated, since tite corrosion of
magnox can be considerably reduced by the use of water which has a
chloride ion content below 1 p.p.m. This is obtained, if necessary, from
an ion-exchange water purifier attached to the pénd. Aso, it is not
aroposed to carry out mechanical decanning operations in tine ponc.
However, sone contamination will arise from occasionel damaged fuel
elements and perhaps as a result of cubting away end fittings or braces
of massive liagnoxi, by means of an under-water guillotine. Uhis
guillotine could be located in a small bay of the pond at the separation
plant end, connected to the main noncd by only a small hole through vhich
the elements were passed., L flow of water could be used from nond to
bay, to further restrict the contarination to the bay.

With a relatively uncontaminated pond, the immersion of the shielded
transport contaziner described above, becomes practicable, although it
would need thorough external washing and decontamrination before being
transported on the public road again. #lso, the hazards to the ponc
operators, and the number of operators, would be minimised. Another
possible advantage of a relatively unconteminated pond is thet the
hazaerd arising from a possible leak of water through the pond wall could
be minimised, This would probably allow the pond to be sunk into the
ground, which, in some locations, can be considerably cheaper than
constructing entirely above ground, wiere lcaks can be delected. 1f a
sunken pond were used, a suitable ground drain would be »rovided below it.
rith a monitoring facility to cdetect leakage.

The pond would be constructed of concrete, perhaps 0,5 Il thick, with an
irpervious layer in the middle and an immervious lining of c.g. bitumen
or rlazed tiles. llo building need be nrovided over such a pond. ILven in
a windy location near the sea, the chloride content of the water from sca
sprar can be kept low, without a building, if the ion;-c::cliz*nge plass is
used continuously. A flow of new water is also required, to »urge the
pond of small amounts of fission procuct activity and to prevent the
growth of algae.

There should be an underwater connection beiween the nond and the
separation plsant, i.e. a short tunnel, with an inclinec base, so that a
basket of elements could be pushed down it by means of tongs, once it hac

s
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been nositioned by the crane. The basket would enter a small heavily
shiclced 1ift shaft of the separastion plant, where %&)would rest on the
flat bese of a two ton hoist, reads for lifting up/the dissolver charge
tube.

5.2 Lecanning and Dissolving

llechanical decanning has been developed for the large U.K. separation
nlan®ts and, once the nany commissioning problems are overcome, this is
slightly cheaper than chemical ﬁecanning. However, the high cost of the
heavy hydraulic equinment and control devices, operating under water or
in a shielded cave, is probalily not justified if it has to be allocated
over only 200 tons/year as in Argentina. It is possible that simpler
and cheaper mechanical decanning equinment could be developed, with more
memual assistance, to suit the lower throughput of the Argentina plant,
but this is a field where the amount of skilled mechanical engineering
required, and the cost of development, is very easily under-estimeted.
The writer prefers to recormend the more straightforward and more
conventional chemicsl decanning process which is used in other countries.
The principal disadvantage of the chemical method is the high cost of
storage of the liquid megnesium salt effluent, which camnot be
cvaporated, and is contaminated with fission products. The loss of
uranium and plutonium into the decanning liquid is probably about the
same proportion as the loss of small nieces of metal in the mechanical
decanning process, i.c., about 0.1%. DBesices the nroportion of fission
product activity associated with the wranium end plutonium, there is a
further similar quantit—~ which has diffused into the magnox and become
separated from uranium ancd plutonium.

The scrap megnox metal ffom a mechanical decanning process wuld still
require to be stored as solid active waste, in a special silo, under
water, to minimise the firc hazard, and with adequate ventilation to
dilute the hydrogen (from corrosion) below the explosive limit, Eventuallyy
such a silo becomes filled with suspended and precipitated magnesium
hydro:Zide, as a result of corrosion, but it is smaller in volume than

the corresponding wet storage tank of the chemical decanning method.
£ (s L

It should also be noted that the large U.X. plants have both involved
contimuous dissolving of the vranium metal, and there is, therefore, no
opportunity of carrying out chemical decanning in the dissolver vessel.
Instead, a separate vessel in the highly active cell would have been
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necessary for chemical decanning. In the suggested Argentina plaat, the
throughput and simplicity required are such that batch dissolving is
appropriate, and it is possible to use the same dissolver for chemical
decanning. )

The chemical decamning process is simply the dissolution of the magnox in
a suitable chemical reagent which coes not dissolve the urenium to any
appreciable extents The quantity of magnesium is usually about 10% of the
weight of uranium. Various solutions have been used,

If the exbraction of plutonium, without uvrenium, is successful, by the use
of a salting-out agent as proposed in Section 5.3, the possibility of
using magnesium for this purpose should be exarined. Then, it might be
possible to dissolve the whole fuel elerent, including the can, in one
operatioﬁ, in nitric acid, so avoiding completely a separate decamning
process. Tthis has been shoim on the flowsheet, although it is not a fully
ATOVEN Process.

The dissolvinz vessel is locabed in the highly active cell of the
separation plant, i.e. the first cell after the pond, and the one of which
the shiclded 1ift shaft forms a part. Since batches of 600 kg arc to be
dissolved in the vessel, to a concentration of 300 g/1, the vessel should
be capable of accommodating a liquid volume of 2 I*IB_, or a total volume of
say 5 HB. In order to accormodate fuel elements which are about 1 Ii long,
it is suggested that the vessel is 1.5 N diamecter by 2,5 i deep, steam
jacketted over the base and 0.8 1 up the sides. Therc should be a facility
for changing the jacket contents from steam to water cooling. The dissolver
should have a substantial condenser, as showm in Figure 3, of a tube and
shell type, sufficient to condense all the evolved steam in the magnox
dissolution reaction, or the steam and nitric acid in the uranivm dissolving.

This condenser should be followed by a cooled colurmn a1 ~..7 .1, about
1 M high and 20 cm diameter, draining through the condenser, in which nitric
acicd could be re-formed by reaction of the nitric fumes with a calculated
flow of oxygen. A little water should be sproyed into the top of this
packed colum. The oxygen flow would be variecd throughout the uvranium
dissolution, to fit a cycle basec upon expericnce. Any nitric fumes remain-
ing unreacted would pass to a sodium hydroxride scrubber, also in the highly
active cell,
The fuel element feed should be throush a simple inclined tubular condenser,
as shown in Migure 3. “he whole charge of 60 fucl clements should be

o

handled by menipulators from the basket into this entiy point, afier the
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the baslet had been raised to a position just below the entry point, by
means of the hoist. A window would be providecd in this cell wall to
observe the charging operation, the top part of this lift sheft thus

resembling a small stendard type of fuel clement handling cave.

The fuel element entry point should be sealed tichtly by means of a
suitable clamp. It might have a lid conteining a trapped "0" ring seal
nace of necoprene, but it should %be possible to introcduce into the cell a
neu 1lid complete with new "0% ring, when required, #&s an acdditional
safeguard, this entry point should have a small stoinless-stecl drip tray
uncer it, in case liquor were cver forced through the joint. Any liquid
which ever collected in this tray would be removed by 'ad hoc methods
(eege a suction boitle) using the manipulator. A further safesuard against
active liquor ever reaching this point is that a flow of oxggen would e,
provided through an installec pipe inside the charge tube, near the scal,
during dissolving, the oxygen being that required for recombination with
nitric fumes.

The engineering construction of this dissolver is most important. It
should be made of 18/13/1 niobium stabilized stoinless-steel (or cquivalent).
A11 welds should be to the highest possible standard, and fully radio-
graphed for inspection. The corrosion rate of this stainless-steel in the
dissolver system is about O.lp mm penetration per year. In view of the
vessel's importance, however, and in orcer to withstenc the siresses of
charging 10 Xg elements, the walls and base should be at least 2 em thick.
The method of attaching thie base should be to use a specially nanufactured
"gished end®, 1.5 Il in diemcter ond 2 cm thick, and ©o butt-weld this to
the vertical wall. OCther condensers, entrv point, etc. ccn be recduced in
thickness, but they should not be below about 0.5 cie

Below the dissolver, the highly active cell should contain a receiver for
the decanning solution, after usec (if scparatc decanning is used), and

two conditioner/feed vessels, All these should be about 3 h3 cepacity,
and of say 1 cm.thiclmess 18/8/1 molybdenum stabilized stainless~-stecl,
but fully radiographed. ILiquors should syphon into them, the sy»bhons being
started br means of steam ejectors. The lines should, of course, have
high lutes to prevent the syphons starting accideqtally owing to pressure
fluctuations insicde the dissolver. Bach of these lines, lutes, and

ejectors, should be duplicated, anc all ejectors should be brought to a
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concrete
series of lead-brick shielded cavities let into the ~sversife shicld wall

of the cell, for easry maintecnance.
A1l active vessels in the cell should be connected to the stainless-steel
vessel vent manifold, at a high level, the stainless-stecl lines leading
to this manifold containining spray traps of a simmle 'type.Tk}%.S? might,
for instance, take the form of short colurms packed with stoinless-steel
gavnze lessing rings, with a facility for spraying down cach colunn wita
nitric acic when required, for decontamination. All vessels should have
wash-out? facilities, consisting of steam and nitric acid sprars. ash-
out liquors would be conveyed to the decanning liquer receiver or the
conditioners, through the ejectors provided.
lion~active feeds to the vessels should be orovided from stock tenks in a
separate room at high level, serving the whole »lant.
The whole of the floor of the cell and the walls uvp to the level of the
top of the dissolver vesscl (exelucding condensers ete ) s should bc lined

with stainless-steel, about 2 mm thick, with sound, radiographed welds.
3 ] 3 (=]

A duplicate dissolver cell should be proviced, as shown in figure L, but
the plant should not be installed. Instead, appropriate connections

should be provided, adequatel: blanked off and shiclced, so that the second
cell could be commissioned easily if cver it were required. DBy leaving

the equipment until later, the opportunity is providéd of nerhans saving
its cost entirely, and of possibly rectifying amr faults found in the

design of the equipment in the first cell.

Plutonium Ertraction

The flowsheet inclucdes the novel process of extracting only the plutoniunm,
at fairly high solvent saturation, with a solvent which is, in fact,
already almost saturated with uranium. There is the possibility, under
these conditions, of obtaining a high decontamination factor from fission
products and of keeping the scale of the remaincer of the plant very
small incdeecd. :

+ is based upon the assumption that uranium obtained by 4,000 1LID/T
irradiation of natural ureniwa has only about 0.L% urenium 235 content,
anc is of zero value,., Taking the world market value of natural uranium as
U35 7 per 1b for the 1970's (3) (The present value is only about U3Sl perlb),
and the value of "separative work" as U3S 30 per Kg, (3) (The present US

value, unlikely to change) then U 235 concentrations below about 0.l% are

o
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not worth fecding to a seperation plant, If, instead, one considcrs
blending the depleted uranium with cnriched urenium, U235 concentrations
even up to 0,53% have no valuc.(3)

Under the above circumstences, and since cvaporation of the highly
active effluent is not being recormended, it is suggested that all the
uranium should remain behind with the fission products. Although Tlis
will increase the cost of fission product storage, it means that the
renaining. nlutonium extraction stages of the process need only be of a
similar size to the [zeiza pilot plant! PFurthermore, the stoges of
uranivin stripping, wranivm purification in one or two adcitional cycles,
urenium evaporation, and conversion to solid form, become conpletely
unnecessary.

The key to a nrocess of this type is the plutonium distribution
coefficient in a system where the solvent is ncarly saturated with
uraniun, Data available sugzest that without a salting-out agent this
nay be as low as 0.5 in a 20% TBP?, 3N nitric acid systen at 75 saturation.
The fi~ure is known to be about 1.55 with 30% TBP, 607 saturated, or
C.5 when 8C% saturastec. 30% TBP at 6 acidity and 80% saturated gives a
figure of 2,6, which is more promising., The addition of say 1 or 2 i
alwadnium nitrate at say 3 acidity would be expected to give a large
increase, although data arc not available, It is also possible thet
magnesiun in solution would cause a substential increase, but again, there
are no data, However, this has been included on the speculative
flowshect to indicatc how simnle and small would be the vhole scparation
process, if this or a similar stagec werc successful, The nagnesiunm
would be obtained in solution by complete dissolution of the uvhole fuel
element, without separate decanning. 411 the megnesium and uranium
would then pass to the highly active storage plant with the fission
products, in one operation, in a single solution.

If conditions cannot be found with TBP as the solvent, which allow
extraction with a reasonably high plutonium distribution coefficient
vhen the solvent is nearly saturated with uranium, it is suggested that
an atﬁmqﬁ:iﬁ made to use "butex" (dibutox§r diethyleneglycol). ihis
solvent was used very successfully in the first ‘Andscale reprocessing
plant, it being more stable to radiation and nitric acid than TBP, The
distribution coefficient of tetravalent plutonium is knowm to be 7 when

the solvent is feirly highly saturated, The ruthenium distribution

o J
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coefficient is wmch higher than with TB?, but the TBP cycles on the pilot
plant scale could be reteined, the cost of an extra TBP cycle if necessary,
being negligible.
This process differs from thot of a conventional first extroction in that
the volume of first cycle solvent cen be considercebly less, e.g. a ratio
of solvent to active feed of 1:1, instead of the more usual 3:1 or more
(with the urenium feed concentration 300 g/1). A generous scrub has been
shown, of ratio 1l:4 with the solvent. Under these conditions, the first
extractor above is quite small, with feed, solvent and scrub flow rates
of 83 1/hr, 83 1/hr, and 21 1/hr, '
The revercussions of the low solvent flow, fairly high scrub flow, and
feirly high degree of solvent saturation, on the fission product de-
contemination factor, should be very favourable, although the influence of
a salting-out agent would be unfavourable. A figure of 3,000 has been
asswned,
Having obtained the plutoniw: in this low volune of solvent, the next
stage is to strip into an cven lower volume of aqueous phase by necans of
ferrous sulphamate solution, Unlike conventional flowsheets, no account
necd be taken of the behaviour of uraniuwm end of fission products at this
stage. Consequently, full advantage can be teken of the high degree of
volume reduction obtainable with this systems The flow rate is, in fact,
reduced to only 10 1/hr, Besides concentrating the plutonium, this small
volume has the advantage of restricting the amount of vra iuwm, and to
some cxtent of fission procducts, which can be stripped with it. The
flowsheet estimates are 6 Xg uranivm and 20 Ci activity, per day,
associated with 1.2 Kg plutonium.
After this stage, it is casy to sec that all flov rates would only be of
the same orcer as those used in the Ezeiza nilot plant, and the nunber of
stages and process vessels wou'd be similar. Criticalitvy safety can be
guaranteed quitc casily and the level of fission products is no higher
than in the highly active section of the pilot plant (modificd for RA-3),
Consequently, it can be precicted that the cost of the remainder of the
plant should be about the same as the Ezeiza pilot plant (U»S 20,000) or
allowing for better engincering, say U%S 100,000, Thus, costs aftcy the
first extraction cyecle, are verv snall,
It is suggested that mixcd-scttlers shoulcd be used for this first solvent
extraction cvcle (as for the later small scale plutoniwm purification
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cveles), Their size would be sufficiently sm2ll for the comperison with
the size of pulsed colurns to be unimportant. ldxer-settlers, however,
do have the important advantage over pulsed columns that they can be
shut—down anc re-started after hours or cven days without appreciable
changes in the stote of equilibrium in the verious. extractor stages. This
might be important in Argentina with a2 batch plant, and one constructed

as cheaply as possible, where occasional shut-downs might be neccssary,

The "simple type’ of mixer-settlers (l,5,6) arc recommended for this duty,
although the more compliceted KAPL ‘pump-mix” tyoe could be uvsed instead
if desired. The writer has already made recoimendations mhich have led
to the renlacement of the "ump-mix" type by the "simple~tyne’ in the
Ezeiza pilot plant, (7), and these show promise that thcy will have a
lover mainitcnance rate. The design principles are the same for the
larger units.

The first extractor should have six steges for exiraction and six for
scrubbing, cach stege having mixing corpartuents of about 3 litres
worlding capacity and scttling corpartments of about 9 litres working
capacilty, giving overall dimensions for one stage of 12 cm x L8. e x 22 cn
woriing depth., Thus, the whole extractor should be about 1,5l x 0,511 xC, 3l
deep, M1 stages should bLe fitted with wash-out pipes in both mixers and
scttlers., Thesc should have individual small steam ejectors, conveying
the contents of their various compartments via a 1 M high lute, into

the highlv aetive raffinate tank. This wash-out systen i:ay, in practice,
ondky be used about twice per yecar, to remove emulsions and particulate
matter which has accuymlated on the bases of the mixers or setilers, or at
the interfacwes, However, this, in the writer's view, is »referable to a
feed filtration system which would remove some of the solids, but not

the silica “post-precipitated on contact of the two phases. Before
operation of the wash-out system, the cxtractors would, of course, be
run-dovn with a little dilute nitric acid or non-irraciated uramium, to
nake sure that soluble plutoniun was not cjected. The small amount of
solvent ejected to the tank, and later to the fission product storege
tank, can be neglected, since it is smaller than that entering this tank

regularly in dissolved and suspended form, over six months.

In order to guarentee that plutonium build-up in this miver-scttler did
not take place e.g. adsorbed on precipitated solids, it mar be considered
desirable to locate two neutron counters directly under the mixer-scttlers.,
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These would respond to tens of grams of plutonium. If so, they could
be fitted inside horizontal closed stainless-stecl pipes cittending
through holes in the shiclding wall, the holes being normally closed
with lead plugs. This would enable the insbtrunients to be kept free
from contanmination and ther couvld be withdraun for naintenance after
first running doim the errtractor with non-active solutions.

The plutonivm stripping mixer~setvtler extractor would be made to the
saiic principles, but it would contain only six stages of working cadacity,
6 litres cach. Dach stage would be 9 cn x 35 cm x 18 cm working depth,
so the overall dimensions of the si:z stages would be about

0.6 M x 0,11 1i x 0,25 1, Jash-out facilities are not so essential in
this easc, although they i}ligh'b be advisable in view of the continual
recirculation of solvent wvhich is proposec, without alkali treatment.
This solvent might, in tine, carry small amounts of "erud” from the first
extractor to the second. They should again, eject to the highly active
raffinate tank. ileutron counters should again be instelled if advised
b the Health and Safety Department.,

The mixer~sctitlers should be located inside a highly active cell devoted
only to first cycle extraction, scrubbing and strinping. It should also
contain the & 1-13 holding tenk for the highly active fission nroduct
raffinate solution, vwhich ariges from this extractor, togetier with The

simall solvent holding tanlk of O. @;3 canacitvy.

The highly active raffinate tank shouvld have sampling facilities and an
ejector to discharge the contents, after analysis, to the highly active
storage systen, together with a facility for spraying internally with
nitric acid and steam. Al vessels, mixer-settlers, and pipes should be
of 18/6/1 sﬁainloss-steel, with good welds, fully radiographed,

The main active feed system must be guaranteed and in the U.R., where no
maintenance at all is tolerated on this item, a very cxpensive rotating
wheel device is used. [For the Argentine plant, which would be batch
oncreied  ond would not onerate to a highly integreted programie, the
writer recormends a simpler and cheaper system. A reliable type of
diaphragn metering pump might be satisfacotry if a duplicate installed
spare werc provided and if ecach pump had a facility for washing with
nitric acid, so that it could be maintained. To allow rcasonable access
for maintenance, the two fced pumps would be located in "bulges” or
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cavities in the nain shicld wall, adequately shielded from the remainder
of the plant by concrete, and shiclded Tron the operctors by a perspex
panel and lead bricks. The lattcr items would be removed for maintenance,
after washing out. Zperience on the fzeiza pilot plant would give some
knowlecdge of how satisfactory this systen is in practice. It should be
noted that the larger size of metering nwrm, as reouired for this
production plant, is lilkely to be mere reliable than the smaller size
used on the »ilob plant, The %ymwe of puwr would be that where the active
liquor is contained in a scecondcr circuit, activated by 2 primary circuit
filled with hydraulic fluid.

The inactive feeds should be by conventional metering purps or rotameters,
located ncar their fecd tanks, in a separate room, outside the active
cell,

The active solvent feed purm instellation should be similar to that of the
main active fced., It has becn noted carlier that the uranium loaded
solvent would circulate between exbtractors 1 and 2 tdthout alkali treat-
nent, This would necd ciperimental trials in the »ilot plant, but the
mriter is of the cpinion that a considerable muiber of cycles could be
tolerated before this system became unsatisfactory. Then, say after six
nontns, the solvent, together with its uranium load, and any plutoniun
and fission products retaincd, would be discharged to the highly active
storaege systen. The volwie in the circuit is normally enougn to half-
£i11 both erbractors (70 1), and keep a rcserve in the 0.5 1i3 vank. This
volune would graduglly decreasc in use as a result of solubilit and
entraimsent losses, and it would be made up again as required, with 1B2,
or diluent, or both, However, the timing of the discharge from the
s7stemn could usvally be arreonzed o coincide writh the volume being at

a minimum, i.c. about 70 litres, This would not present any special
problen in the highly active cffluent plant.

L . mm

Degracation of the T3P

in this solvent, under the oction of nitric acid
and radiatvion, tnkes place to dibutyl phosphate and monobutyl phosphate,
and finely to inorganic phosphote. The nain product is the dibutyl
ester, but, vhen uraniwi is prescnt, this coiplexes it, so not leaving

it free to comple: plubgnium or fission nrocuct zirconium. The inorganic

phosphate is similorly climineted in the aquecous phase. Consequently,
wilike a systen which requires to cittract uraniwm efiiciently, or to

extract only plutoniun in the absence of uranium, only the build-up of
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monobutyl phosphate is imortant., A little plutoniwn loss would gradwally
occur as a result of this build-up and a certain cegree of zirconiun
build=-up in the solvent would occur, followed by its partial Utransfcr into
the plutoniun stream in extractor 2. Fortunately, the nlutonium loss is
likelyr to be a very small proportion of the throughput, with such a small
volume of solvent., Also, a substontial deterioration of the zirconium
decontamiination factor can be tolerated in the first cycle becausc the
snall size of the later cycles nakes decontamrination casy and cheap. (dn
additional cyele at only pilot plant throughputs would involve negligible
costs)e
The degracation of the diluent also occurs and this is less wcll understood.
However, its offcct on the flowsheet is mainly irmortent at higher fission
product concentrations end longer residence times than those considercd
herc. In view of the exccptional natuvrc of this {irst solvent cycle
hovever, without alkali trcatment, it is recormended that the dilucnt
should be a pure straight chain paraffin, e.g. Dodecane or n-hexane,
instead of the usual crude mixtfre of peraffine referred as "odourless
kerosene”, The additional cost is fairly high per ton of diluent, but
negligible as a proportion of reprocessing costs.
The extractor would be arranged at a fairly high level in the cell, with
the tanks underneath., The main highly raffinate would flow to its tonk
by grovity, as would the main plutoniunm product, to its own tenk., The
solvent flowing between the extractors would, of coﬁrso, be elevated b;lr
neans of its feed pwp,

Plutonivm Purification

This part of the nrocess could b: made to resanble the Zzeiza pilot plant,
except that the dissolver system would be reslaccd by an evaporator to
recuce the volume by a factor of 10, Therc are several cheep alternative
processes which arc then possible, to remove about 6 Ig or uronium and
20 curies of fission nroducts from 1.2 Kg »lutonium, in a volwae of
30 litres. The flowshcet illustrates only one of these. It is basecd upon
two cycle 207 TB? extraction, with s»litting of the uraniun fron the
plutoniun in the first cycle, followed by cveporation, because data for
this is immediatcly available to the writer. 4 similar 30'% nrocess o uld
be used, but the reduction in volwme is unimportent in this part of the
plant,
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It should be noted thet it is not essential to achieve the final purity
at this stoge, since the oxalate precipitation stage gives a good
decontamination from uraniw: and iron, and sane decontarination from
zirconium (the principal remaining fission product). The 65 day half-
life of zirconium, in any case, gurarantees its elizidnation if the
nlutomium is stored at amyr stege, including final storege as the oxdde
product. Handling is only a problen so far as the gama activity of the
plutonium isotopes (ancd any americiwm vhich grows on stonding) is
concerncd,

The first plutonium purification cycle consists of three extroctors of
12, 8, and 12 steges respectively, for cxtraction of plutonium and
uraniun together (with an aquoeus scrub), plutoniwm stripping (with a
solvent scrub) and vrenium strinping. The strioped solvent can then
pass through the simmle 2lkali wash svstem of the Ezeiza pilot plant
type before being re-uscd.

The second cvcle involves a simmle forward ciciraction, scrub and strip,
to remove iron, Sone fission product elimination also occurs.

The same solvent coulc be usec for both cycles, this decmending the use
of only one set of solvent washing equipient. . '

‘he raffinates fron extractors PP1, PP3 and PPL, together with the
alkali wash liquors, would all pass to the main fission product storage
systen, cven though the activity levels and concentrations arc quite low.
The reason for this is that dilution would, in any case, be required

in this storcge srsten owing to the »resence of a high concdntration of
uranivi,.

The extractors for these stoges should be quite siiall. Prefercbly they
should be of a geonetrically safe type, i.c, with a cross«zzctic - 1. rea
of less than 300 cmz. I ther are difficult to mamufecture in this small
size, in the nermel double-benk arrangenent, then an in~line design is
available (as used at DERT), which will 2llow the individual corpartments
to be a little larger,

The equipment, both the extractors and the stock tanks, trould probably
best be housed inside 2 conventional concrete cell, in vicw of the
uncertain fission nroduct activity, rather than having the nixer-settlers
in lightly shielded cavities in the well, as in the Lzeiza pilot plant,
Two sides of thie cell could be used, with the mier-seitlers on benches
against the wall, and tanks underncath. “he ccll would have windows to
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allow wvision of the riier-scitlers.
Access would be provided (after cmptying the cell vessels) via a cdoor ab
the end of the wall, so allowing a man to walk between the two lines of

equinnent,

Plutoniun Evanoration

A final plutonium eveporation stage is included to give a product
solution of about 250 g/l.

The evaporator cen be made simply from a long glass tube of about 15 cm
diancter, which would be geometricclly safe. The glass should be well
amealec industrial pineline and it should preferably be heated by neens
of a high freguency induction coil, so that it is casy to sce the liquor
level through the window in the wall of the ccll in which it is located.
AQtbernatively, o spceial 2K immersion heater could be used, inside a
long silica sheath, as has been recommended for the smaller scealc
plutoniw: nrocessing of the RA-3 blanket nlutonivg (8). Caeration would.
be by continuous feed and cvaporation at 1 litre/hr, naintaining the
liquor at a constent level of 5 litres. The concentrate could finally
be discharged into 1 litre bottles, for passing to the plutonium oxdide
production nlant.,

The cell should be coﬂstructed to floor level but of glove-box stenderds,
and it should be attached to the end of the plutoniun npurification

section.

Active Effluent Storase Svsten

If the very small plant to extract only the plutonium proved poccible,
for natural uranium fucl clemcnts, then all the effluent, both high and
low activity, including the streans containing uranium, would be nade
allkaline and stored in a single tank or system of tanks. Plant wash-out
liquors would also take this route. 7This is because the large quentity
of uranium would recuire thesc solutions for dilution, so that it would
form a fairly homogeneous slurry of not too high a viscosity, and not too
hich a specific activity, on making alkaline, The whole efflucnt system,
therefore, would have the virtue of great simplicity,although it would be
relatifcly expengive in view of the large volune involvec.

The svsten used would reserble those of Savannah River, Hanford and
Idaho Falls, in the U.S.A. (9). t is based upon storagc alkeline in
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mild-stecl tanks, suoported br concrete vaulis.

The mein fission product and urenium effluent would have o volume of

2.5 1-'13 per day, associabted with 0.6 tons ureniwm and nerhaps 60 g of
aluiinium or mognesivm, and an acidity of SH. To this woulcd be adced
the vorious otner cffluenve showm in the flowshecot, totalling aboutb

0.7 I or, with wash-out liguors, aversging about a totel of 3.5 12 /day,
at an acidity of about L I, An addition of 1.5 I of 1211 sodiun
aydroxide solution would nrecinitate o1l the vrenium as sodium diuranate,
arecipitate sonie of the fission oroducts and the mognesium as the
hycdroxides, convert am- aluminium to the soluble sodiwn alwiinste, and
lecave an excess of almost 1N free alkali. The solids content, ,mainly
ureniun and magnesiwy, wovld be about 150 grams (dry weight) per litre,
this is a higher solids content than is usual in an alkaline storage
system, but it is no higher than the 125 g/l to 360 g/l solids obtained
in the U.K. acid storage system after cvaporation of the fission procducts
by a factor of 200, Furthermore, the possibility might be considered

of using a sodium carborate solution for neutrclization,instead of sodium
hydroxicde, which would dissolve some or all of the uraniuui.

The normal U.5. alkalince storoge systcm when used with fission procucts
from a "Purex'" process, involves cvaporation beforo_;im.‘;:ing alkaline
(which is poscible in the absence of urcnium) but by a much smeller factor
than in the U.K. acid systen (about a factor of 10). The overall cost
of the U.5. all:aline systew is similar to the U.K. acid system because the
smaller cveporation factor is counterbalanced by cheaper plant, e.g.nilc-
stecl tanks instcad of steinless-steel, and a less intensive cooling

S7STONe

The system proposed for fArgentina, (with natural uraniunm fuel clements)
which has an actual increase in volwne, would be more expensive than
cither the normal U.S. or U.K. systems, per ton of uranium reprocessed.
Its only virtuc is that it might allow a very cheap reprocessing plant to
be used, which does not extract the uranium,

There are several types of system used in the U.S., involving water
cooling by rieans of pipecs within the tonks, or evaporation or condensation,
or the cheapest process, without special hect-removal facilities. In view
cf the lov concentration of the fission procucts, the system without
cooling could probably bc used. <Yhe specific activity would be about

70 curies of beta plus garma activity per litre as it entered ihe storaoge
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tank or tenks. The first solvtion to enter the tonk would have a larger
area than normal available for heat transmission, because of the tank
being alnost emptv. If a 5,000 12 tank were vsed, lasting say 3 ycars,
as the last liquor entered the tank, the first liquor would have decayed
by a factor of about 10. Consequently, the average specific activity in
a full tenk would be about 25 curies ner 1itrg. The activitr level of a
full tank would, therefore, be about 1.2 x 10° curies.

The heating effect of the fission products in a full tonk is believed to
be equivalent to about 400 K. (but this requires more precise calculation).
The wetted area of the tank (say 30 I diameter by 7 ii deen) is about
1,L00 1-12. The heat transfer coefficient required is therefore only about
1 B'l’U/hr/ftz/ F, for a terperature of 100 F above ambient. This should
be achievable even with a thick stecl walled tank, and with a high
proportion of solicds in the tank, particularly if the solids are kept in
notion.

The oconstruction of the tank should take the form of an upright
cylindrical wvessel 30 M in ciameter by about 8 Ii deep, with o domed roof.
The tank thickness should be about 2 cm and the welds should be ecarefully
made and radiogrepneds This should rest in a concrete vault, lined with
stecl, the concrete being ebout 0.5 I thick. The ton of the tenk should
be gbout 3 M below ground level., The tank would contain o nuiber of
large air-lift.-circulators, to maintain the liquid, and suspended solids,
in motion by the use of a rela‘ively low flow rate of air, It ig normal
practice to use only four of these circulators but, in view of the snall
acditional cost involved, and the rather large quantity of solids
present, the writer would use aboult twenty circulators. The air fron
the circulators is passed through a cooler, condenser and sciubbing
srsten ond filtered befeore rclease to atmosdhere. When the fission
nroducts have decared for a nu ber of vears, it micht be found racticable
not to renlace the condensec wier carried by th's air stream, bHut to
allow cvepurction and an inercase i concentration to Solke nlace. liore
sclution could then be accormodated in a “enk theon 2llowed o in the
original design. Ultimately, by the use of air over the surface of the
liquor, it might be nrocticeble to ellow the well-aged fic ion nroducts
and ur:niwa to become solid. This acts as a protection againct leckoge
cue to corrosion of the tenks over man - rears, The presence of the
urapium would be an advantage in this respecct, since it would allow
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solidification at a rclatively early date.

Verticel crv wells and horzéntal laterals around and under the vauli are
used to detect leaks., It is cdesircble that the location should be one
with a low water tcble and that the ground should have good ion~exchange
propertics in case of leakage. Leakage would normally be countered by
numping the liquor fron the leaking tenk to a new tank, liore than one
type of remote punm should be instelled for this purpose, Cage 2irlifus
and stean ejectors. In this case, it might be adwisablc to allow the

uraniunm to settle (if the self-heating effect did not cause convection)

and pwm»m only the supernatont liquor to a new taonk,

TT the reorocessing plant is intended to last ten yecors, tirce tanks,

each with a capacity of 5,000

12

would be required. 4 fourth spare

tanl would also be desireble, although the building of this might be

postponed, to sce if, in the last few yeaors, additional liquer could

be placed in the first two tonlzs, as a result of deliberate cvaporationa

5.7 Plant Cells a2nd lain Plant Ttcns

The teble belowr lists the cells, etc. with orincipal diniensions anc

main plant itens, A very approxinate estimate is macde of the cost of

purchasc or fabrication of the main items of equipment inside ecach cell.
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A simle sketeh of the proposed layout is given in Figure L.

Total Cost

—

The roughly estimeted cost of the main plant itens totcls USS 265,000.

Tae piping and minor items arc difficult to cstimcte in this mamner, with-
out detailecd dramrings, but a figure cqual to the main plant itcis would
probebly be ajyropriote, malking UGS 530,000,

In view of the high stoncards of welding and inspcction required for nost
of the cquipment in the active cells, it is proposcd to double thesc

estimotes, vhich makes a total »lant and equipment cost of USS 1,060,000,

The volume of concrete used in the cells and pond is estimabed 2 about
1,200 H3 or say 3,000 tons., If the cost of reinforced concrete, leid in
position, is about USS 70 per ton, the totol conercte costs arc cbout
USS 200,000,

The building itself can be eonstructed quite simply of normal brick,
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with plastered interior. The volume cof the main port showm on the sgketch
is about 1,300 53, or about 1,500 L3 if small comoartments are added for
the rod feed cclls. At say UTS 200 per h3, the building cost would be

UGS 260,000, Ventilation systems for vessels, cells and the operating axca
might double this, making UJS 520,000.

The totcl cost of the pond end scpcrobion plant is therefore estimated at
about U}S 1,780,000, or, with design cherges, say UsS 2 Ii,

The hichly active effluent storage systom adds consicderebly to these costs
however, Frr a 10 year programe, it is proposecd to use four storaoge tvanka,
each of 5,000 L3 cooacity., The totel cost of each tenk of about this size
(ectually 1,330,000 gallons) at Savennsh River, including all installations,
was U35 630,000, Four tenks would, theref-re, cost about U$S 2,5 k., It is
usual, olso, to »rovide a2 cepitel sun, the intercst from which would cover
all operational and maintenance charges, including the Hrovision of new
tenks in future ycars to redlacc the corroded old ones, “his sum is
estimated as about 1007 of the initicl capitcl cost.

The totcl cost of effluent disposal is therefore UGS 5 i, Adding this %o
the separation plaent costs gives USS 7 M.

By comparison, the cost of conventionsl reprocessing plants, exclud ng
effluent disposcl,‘(uhich is normally relatively small) is for plants of
0.1, 0.2, 0.3, 0.5, 1, 2, and5 tons per day, U8 9 M, 13 I, 15 I, 20 Ii, 28 I,
LO 1, and 60 II respectively.

‘A conventional plant of the Argentine size, therefor:c, should cost about
U8 25 14,

The Windscale plant in fact, conforms iith the last figure of USS 60 for a
designed throughnut of 5 tons/day, but, =4 actuasl throughpuﬁ rather higher,
about, 2,000 tons/yecar. Uhis did not include the full_cost of effluent dis-
posal, or cven the cost of capital for this purposc. Adding say UGS 10 I
for this purpose gives a to%tel of U3S 70 lf capital. This plant has a
throughput about ten times that nroposecd for the Jrgentina plant, and a
cepital cost 2lso ten times as high. Since ceapitcl costs constitute 80% of
the full costs of rcorocessing, it oppears that the small unconventional
plant pronosal. for frgentina might just be cormetitive with a large plant,
which at the »resent time is quoting the lowest reprocessing cost per ton

in the world.
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Taking the life of the plant as 10 years, and in interest rate, in stable
currency, of 8% per annum, bthe capitecl cherges for reprocessing would be
15% of the initial capitel cach yeer. Thus, the capital charges for
reprocessing 180 tons would be 15/ of UBS 7 1i, or about U$S 10.5 M. This
is equivalent to only U$S 6,000 per ton. The figure already includes the
operaving cost of the effluent storage nlant, waich is ros_gonsible for
most of the capitel. If, however, another 50% of the totcl copitel
charges are accded for operctional cost, t:e totol reprocessing cost
becones US 9,000 per ton. Sincc 2 Kg of plutonium are anticisated per

ton, the cost of exirocting plutonium is about U$S L.5 per gre.
lbO//
SUGGLOTED PLATY FOR T/yr T__x;.-DI-.TJJ Al ?.IC:-ISD U;?h__llquﬂ FUSL ELE TS

6.1 Fuel Dec oy

Although the irrediation dosc is likely o be much higher in this
case, 150 days should be suffielent decar for the iodine o be reduced o
a negligible anount. Iach reactor cooling pond, in this case, nceds only
be large enough to hold about 1C tons, if cooling is carried out there.
However, these thin fucl elements mey olse requirc to be disassenbled from
their stiringers or clusters, for more convenient tronsport to the
reprocessing wlant, so exira space moy be requirec, if not a_'chac‘.;r
present to receive unexpected dischaorges ;rom the reactor in emergencies.
It is possible, with these fuel elerr;ents, because of the smaller
quoentities involved, thot a sccond cooling pond might be avoided at the
reprocessing plant. A cave would be used for mcchanical-opcrations on the
elements, or stiringers, after decay, ond this would have limitec storage
syacc associatved with it, The shielded trcnsport flask used for traonsport
fron the reactor poncd would, therefore, require to feed its contents to a
cave. Therc arc stencdard methods of carrying out operaotions of this tyne,
using manipulators anc rcmote cranes. The weight of a fuel elenent
stringer, with perheads up to 100 elements, will probably be about 0.1 tons
ner necire of lenpgth,.

0e2 Fuel Preperction for Reprocessing

For fuecls of this type, it is generally agrecd that the fchop and
leach' technique is chesper than normal c-ccamnr-g before dissolving, wiaich,
with oxide fuel clenents, could only be carricd out by a chemical methode

The chop and leach technique is at oresent being actively develoned in
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other countries ond it is vossiblce thet a gnillotine and awdliory
cquipment could be bought more cheaply than it could be devcloned in
Argenting. y

Hormelly, a guillotine woulcd chop the whole fuel striiger into short
lenghs, sey 1 cm., For this purposec, with either stcinless steel or
girconium cans, it is best to greatly over-design the power unit. The
thrust would depend on the time of fuel siringer being sheared, but it
is cnvisaged that 2 unit of about 100 tons would be used. The blade
should be of hot-work tool-steel, (e.g. Inglish Steel Corporciion

type TCVII 27, or Firth 3rown cromodie N¥, or Arthur B2lfour QCTUM),
The life would be abcut 10,000 cuts, and facilitics would be needed for
replacenent of the blade, or the vhole cutting unit, remotely, by mcans
of manipulators,

The machine woulcd be operated hydroulicelly, the hydraulic equinnent
being slow acting, to keep the initial cost and the cost of mainvcnance
low., As much of the non-zctive hycdraulic equipiient as possible would
be located ouvsice the ceave. )

For a throughmut of LO tons per year, the muber of cuts of o hundred
element stringer is only chout an avercge of one every 15 irinutes, so
any machine of this type would no® be in use for the whole 2L hours of 2
day. {n alternctive method is to commletcly dismantlc the stringers
into individual eclements, if this is nossible with the particuler
stringer design, The individual clemcnts could then be cut with a cheap,

low-pressure, rapid acting mechine, requiring very little develchrent.

With cither machine, if the blade moves in a horizontal »lenc and the fuel
is fed vertically, it is oasy' to arringe for the chooped nicces Lo fall
directly into a stocinless-basket. This basket should be cormlete with
an outer contziner of only slightly larger diameter, to retoin any swmall
| particles of fuel which fell through the holes in the besket, When the
basket alone is finally nlaced inside the dissolver, it may be possible
to invert the oubter container and erpty the fine moteriasl on top of it.
If this is mechanically inconvenient, in the dissolver cell, a containcr
from cne chopped batch could, more casily, be inverted over the neih
chopned bateh, in its container, in the chopping ccll, before transfer
Lo the dissolver cell.

Te cutting ccll should have a nitrogen or carbon dioxdide atmosphere to
avoid the fire hagerds from finely divided vrenium dioxide and fron

zireoniwi.
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6.3 Dissolving

For a L0 ton/yr plant oncreting regularly, deily quantities of about
120 Xg woulcd be required, or about 150 Kg, including the chopped cans.,
The packecd volume of these pieces would be about 35 litres and the
plutoniwm content, at a nominal 5 Kg/ton of fuel, would bc 0.6 Kg. 4
heteh epcerated leaching vessel with only low urcnium enrichment might
be allowed on critvicality grounds without any restriction on shapc,
owing to the presence of ncutron-absorbers such as nitric acid,
stainless~steel and urcnium 238. However, this epproach is not
recormended in view of the difficulty of guarentecing the abscnce of
accurmlated undissolved »lutonivit, The plutonium content of the
leaching vesscel comnot even be cdetermined as a resuvlt of a carclful mass
balance of input minus output, since the plutonium is liable to vary
rierkecdly,
The leaching operction takes only e few hours and the daily quancity
could be divided into say three U0 Kg batches, ‘cach of which would
have well below onc half of a critical mass of nlutonium under normel
circunistences. Iven so, the writer is of the opiniéfl that cven snell
batches of this type are best dissolved in a vessel of restricted
geonetry. The maxdirunm allowable diameter for such a dissolver is
9 inches (22.5 enm} and the basket could be zbout. 2l ci: diameter. A4
Cadldrr cooning bateh would therefore be divided into three dissilving
batches, each in a basket of 21 cm diamcter an a packed depth of 35 e,
or say a totcl bhasket denth of L5 cri.
The basic design of the dissolver would be a vertical tube about 2 1
decp by 22.5 cn diameter, with a 1 Il condenser above, having side limbs
connected to a 100 litre slab tank, size about 2l x Ul x 5 em thick.
A seconcary condenser would be attached to the primary condenser, but
this would be packed with glass lessing rings (flane anncaled with
rounced edges) to allow recombination of the nitric fumes.with an
oxygen feed. The primary condenser would be unpacked to alloir access
by the basket of chooped fuel. It could have a 1id capable of being
sealed remotcly, perhaps br neans of a water lute. Oxygen could be fed
at this point to keep this pert of the system in a concdition relatively
free from contemination.
A sketch of the proposed design is given in Figure 5, This should be
then ddagrontie, simeco develeopiient twould be

-/~
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meecad i his stage.
The dissolver, slab tank, and awdliary equipment, should be fabricated

entirely of 18/13/1 niobiun stabilised stainless-steel, and the welds
fully radiogreophed, | The stecl thickness of the main vesscls should be
about 1 e to 1.5 em, since it is known thaf,under these concitions,

he corrosion rate can be 0.02 to 1 mm/yr at 110 C.

Leaching, to dissplve the uwranium and plutonium, would teoke place once
every eight hours, using 133 litres of 5.5N nitric acid. <“he nain part
of the dissolution shoulc take about 2 hours so that a further 6 hours
is available for charging, discharging, heating, cooling, and rinsing.
The heat of dissolution is about 17 K c-l/mole, so that the heet of
reaction during the two hours is cquivalent to about 1,5 KW. A further
fcw hundred watts is contributed by the fission nroduct heat. This
totcl heeating rate is too low “for for speedy reaction, and & narrow
stoam jecket should be provided on the main wertical limb. - If this
takes the totol diameter outside that allo':-.rabl‘c on cri‘bicz: ity grounds,
then the dissolver diamcter could be slightly c’-_ecrc_as'e"d and the 1cn§“bh
slightly increased. Alternatively, it night be poésiblo to include
the jocket on the bottorm limb from the slab tank, if this limb is
inclined at an angle. This jacket would also be used for woter cooling,
wherever its location, but additional air cooling would be cdesired from
the large surface of the slab tank, so as to discharge at a reasonably
low temperaturc. At the end of a lecaching operation, 133 litres of 300g/1
solution would be discharged by means of a force-lift steam ejector
(duplicated) into one of the two duplicate feed and conditioning tcnlis.
This coulc be perhaps conventional in shape, with a neutren counter
underncath to cetect a build-up of solids on thc base. Alternatively,
if cheaper, another slab tank could be uscd.

Aifter discharge and draining, the ncxct batch of 5.5H acid would be fed
to the dissolver fairly ranicdly so that it would.wash the drainage liquor
from the leached nieces of can, into the slab tank. To make this
rinsing operation more efficient, the basket could be raisec into the
main condenser section and the acid added as a coarse spray, from the
top of the dissolver, with the dissolver 1lid open. Opcratioz(ts such as
raising and lowering the 1id and baslket would be cerried out using
nanipulators which had only a »nre-set cycle of movenents, since it

might not be convenicnt to arrange for vision within the dissolver

cell. - // e
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The old basket should be erchanged for a new one with the acid cold,

end the lid quickly repleced. If this operation were founc . ©o lead to
an undue anount of reaction, and fwiing, before the lid could be closed,
then the rinsing oneration should be with half the volume, of water (or
very dilute nitric acid) only. 4An cqual volwac of 111 acid should then
be added to the dissolver, after the scaling operation.

The basket of leached nieces of stainless-stecl or zirconium can, should
be sent to an active solid waste silc since cach batch would have an
activity level .7 " ru of a few curies., Owing to the hazards involved
in the storage of zirconium metal, this sheuld be first passcd through a
small concrete mixer, mixed with concrcte, and the wet concretc passed
to the silo to set hard.

The prineciples of design of the dissolver cell would be the 'same as for
the natural uranium metel dissolver cell, The dissolver should be at a
high level so that the ejectors used for discharging it only hove to
oderate for a few nimutes to start a syphon. All vesscls sheould be
vented through treps capable of being washed with acide

The cell should be lined with stainless-stecl up to the top of the
dissolver. A completely duplicate cell should be provided, but ety of
equinnent. "The size of these enriched vranium o:dde disselver cells
shouvld be similar o those for natural uranium metol, since, altiough
the throughput is less, the extcended shase of the c‘-_issolvef, mnakes any
apnreciable saving of snace irpossible.

The ventilation air from the dissolver cell should pass to a chirney on
top of the cell. It shoulc also take the finel gas strecam léaving the
dissolver, after passing through a conventional soBiwnm hydro:dde scrubber.
Besices Krypton and Xenon fission products, about 10 curies per day

of tritium will be cxpected in this gas, i.e. about 25% of that cntering
the cissolver, but it should not constitute a hazard with o reasonably
tall chimney enc. a high dilution with air.

R though dependent upon the particuvlar type of reactor, it is probable
that the uranium after irrediation of enriched wraniwn oxdide will still
have a value. Its enriclment may even be greater than that of natural
uranivm. It is not, thercfore, in this case, proposed to extract only
the plutonivm,. The flowsheet con be quite conventional and need not be

discussed in great detail, since a number of alternatives arc available.
>
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The nmein saving will arisc from the fact that the plant will be sized
for a throughput of only LO tons/yr. Mixer-settlers and the vessels can,
therefore, be quite small, Iperience thoughout the world suggests

that the coiplications and incrcase in size of plant needed for recnote
maintenonce to be possible, are rarcly justified. In Argentina,
particularly, with relatively small vesscls, and in the absence of highly
integreted production schedules invelving a large number of reczt-_;';,r‘,
it is suggested thet the plant items should be enclosed in relatively
snall and sirmle cells, with 1ittle cmphasis upon access, for reinote
naintenance or direct naintenance. The obvicus provision for duplicate
transfer devices, wash-out facilitics, and the use of "bulges” for
occasional zcces to pups, mobor drive units, samwles, ctc, should be
mace. Under these circwistonces, the precise flowsheet is less important
in controlling the plant costs,.

In the U.K.; it was decided that the stencdard TSP process as usced for

L, 000 IZD/T irrcdiated natural uranium, did not quite give the desired
rothenium decontrminotion factor when uvsed with enriched oidcde fuels
thich were to be irradiatecd to a much higher level. It was, therefore,
dceided to usc a preliminary extraction cycle with "butex, a solvent
which is particulorly resistent to degrodation in the presence of
irradiation. “his was convenient since an olcd butex extraction nlant
was available for use. In Argentina, it is probable that such special

measures con be avoided, for the following reasons:-

1, An 2]11-7TBP plant can be developed specially for the purpose of
reprocessing cnriched oxdde fuels.

2. The irradiation level will not cxceed about 20,000 iiD/T, and
nay be less.

3. A greater ruthernium concentration of the recycled uraniun
might be tolerated in Argentina because of the snaller quantity
of uramiwa to be handled in the fuel element febricacion plant.

lis There is ruch more opportunity. of adjustment of the rutheniun
species for low entractability, in a small batch dissolver or
as a special »re-treatment afiter dissolving. For example, a
sizmle nitrite treatment, by passing nitrogen dioxide through
the solution, gives a small but cdefinite improvement. Various
precipitshts could alternatively be used, but it is suggested
that the cost and complication of a highly active filter should

-/ -
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at all possible.

An outline, description of

plonts is given in the table belo+rie=

cycles of some well knowm reprocessing

—

U.K. U.S. ) D

Plant Windseale Pavex £ oow OB 1 U NIO Furochonle
4 TBP 20 30 30 5 to 30 30
Eorly or late split p— - D Earlr
&8 Pu Prom U late late Eorly Larly arly
Mumber of U solvent
cveles 3 3 2 3 2
Ihmber of Pu
sovent cvcles L 3 2 2 2
Total nuwmiber of
solvent cvcles 5 N 5 L 3
Nunber of intercycle 1 Pu/U 1 U
evanorators 0 10U 10 0 1 Pu
Adcitional U |
PN G AL ot ilone None |Silica gel |Silica gol ! Silica gel
Additional Pu :7
Purification Hone None Ton~exchange | Ion-cichange TLL crele

—

It is scen that, including the purification cycles which arc not with
IB?, the total number required is L, 5, or 6.

The Windscale nrocess has onc plutonium cycle vhich is a rescrve, anc is

not strictly necessary, so it should be classcd with Purex A as a L cycle

process, for natural uranium fuels, ORNL, also for natural uraniun fuels,

would be in the same category excent that it has a fifth cycle because of

an early split instcad of a late split. The NFS and Zurochemic plants

have 5 or 6 cycles but they are cdesigned to toke the more highly

irradiated enriched vronium fuels.

It is suggcsltcd that the Argentina plant, for enriched fuels, sihould
have a simple pre~treatrient to modify the ruthenium, and then 5 cycles,
which would thus be the equivalent of the maximmum number of cycles of

these nlents listed. By comparison with the table, therefore, for

Irgentina is suggested 30% 1BP?, a late split, 3 urenium TBP cycles,

3 plutoniw TBP cycles and one plutonium ion-exchange cyecle, This should

product content q%%h E% tabout
plutonium fission content to about

reduce the urenium fission
0.1 millicuries/Kg and the
Furthermore, this

=

1 millicurie/Kg, both of which are acceptable. is
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achieved without operrting to a very high degrec of solvent saturation
in the fo}ward extractors. The adventage of this is thot flows do not
have to be controlled with extreme accuracy, anc since flow errors can
be avoided, there is no need te have focilities for "re-work" cycles.
It right be considered thet the last uraniunm cycle, with its fission
product decontarmination factor of only about 10, is not esscntial.
Hotrever, again, the writer would Hrefer to sece this extractor included,
rathér then have to recycle unsatisfoctory batches of wraniun producte
Heiﬁﬁcr would the writer replace this cxtroctor by a silica gel colunn,
which would ‘be cven less effective and the savings of spacc and
onerating materials would be very small on this size of plant, Murther-
nore, silica gel colwms require nore operational and meaintenance
attention, in genercl, than mixer-setilers.

It should be noted that the proposed flowsheet also does not include
inter-cycle evaporation., These evaporators do not achieve greot:
savings in the size of plant, at least vhere uraniwm is being extrocted,
since the volumetric flow of solv.nt, to an extractor is dependent
nainly upon the weight of uraniwn in the feed solution to the extrector,

Sk

and not upon the volume of the feed sclution. Inter-cycle cvajorators
do, however, save nitric ascid, but the writer has considered thot the
size of the plant (and therefore its cost) and the casc of operation,
and abscnce of maintenance, are more importont consicerations. Another
important rcason to avoid inter-crele evaporators is the fact that they
causc greatly cnhanced degradation of the TBP and diluent which is
dissolved and entrained in the solutions being cveporated. These
nroducts can form precipitates and have a narked effect upon subsequent
cycles. This effect is not a uniform onc, since the quantity of
entrained solvent varies, as do the evoporator Ra- thias conditions, and
the quantity of the precinitated degradation product which leaves the
evaporator with the concentrroted solution, Conscquently, this whole
effect is one which varies from batch to batch. At its worst, it is
responsible for o high proportion of the 're-worl' which is nccessary
in those plants which include inter-cycle cveporation (c.ge in the U.S.).
By contrast, the indscale plamt, with no inter-cycle evaporation, and
no critical flow~rates for the achievement of very high solvent

saturation, 2lso has no ‘'re-work" requirements.

-/ =
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An attampt has been made to draft a possible flowsheet based uvpon the
above principles, in Figure 2. It resembles the lindscale flowshect in
the deteils discussed above, but rescmbles the other floushects
tabulated in that 30% TBP is used instead of 20% TBP?, anc a sincll but
flexible jon-exchange cyecle is proposecd in nlace of the last plutonium
solvent cycle, Iany of the figurcs shown in this flowsheet are
approxinate, since theyr are not bascd upon direcct experinent, and
developncnt work would be necessary. |

The solvent wash systens are not shown in Figure2 . The writer at this
stage, sees no recason to deviate from the standard practice of washing
the solvent from the first highly active cyclc senarately, using first
sodiun carbenate., If found necessary during develepment, the socium
carbonate solution could be replaced by sodium hydroxide in cne or both
solvent treatment creles. The-Hndscale system of washing is highly
effective but rmch more complicated and it adds substentially to the
wiole cost of reprocessing. Iluch of the coimlicatvion derives frowm
caution, which is now not necessary, and also from the fact that, with
a very large plant, it is irportant on criticality grounds to nake sure
that plutoniwn cannot deposit in the wash systeis. These factors wuld
not apply to the Argentina =21 %,

It is suggested that the ciiraction plant is divided intdé threc scparate
cells. The first, highly active cell should contain the two 'sirple type!
rixer-settler extrectors, cach of cbout 18 stoges. With stage sizes of
approzinately 10 em x 10 em x 20 cm working height, for the mixers, and
10 en x 30 cn x 20 em working height, for the sctilers, the overall
dinensions of each extroctor would be about 1.810 x Q.41 x 0,311 high.
They could be located quite close together, with grovity flow of the
solvent betireen them and srovity flow of the highly active fission
product raffinate from the first extractor to a 2 Matank underneath. The
nain active feed purp would be located in a bulge in the shield wall
and the non-active feeds would come from a scparate room, as ciscussecd
in Section 5.3. The recycled solvent could be kept to 2 small volwme
anc right be located in the non-active feed roem but with a little local
shielding

or:lln, 1f necessary. Other gencral mechenical features, such as tie
installation of wash-out facilities and neutron counters, would clso be

as in Section 5.3.

-/ -



.

The second ex"raction cell should contain the splitter cycle and the
uraniun purification cycle, together with a heat treatment tank for
ruvhenium ond the two solvent wash cycles. It should be adequately
saielded from the highly active ccll in casc access i1s cver required,
since decontarination would be relatively casy in this case.

The »nrinciples of construction should otherwise be the sane as for the
highly active cxbraction cell, the first two mixoer-scttlers should be
sbout the same sizc as the highly active ones, i.c., 1.010 x O.LI x 0.3 high,
with 18 stages, The third extractor, for urmiun stripping, woulc only
have 11 steges, although ecach stage would be of about the smme size, so
its overall dimensions would be about 1.1l x 0.1 x 0,3 high., The fourth
extractor for the final cibraction of uranium would be of 10 steoges and
the fifth of 11 stages, size 1.8 and 1.1 I in length respectively, by =
O.lL 1i and 0.3 H high. '
Two small mixer-scttlers, of four stages each, would be used for solvent
washing, one mixer-scttler for the highly active solvent and onc for low
active solvent. In both cascs, the first two stages treal with sodium
carbonate solution (or possibly sodium hydroxide) and the second two
with nitric acic.

The third extraction cell would be for nlutonium purification only. Since
the total fission pyocduct activity in the feed to this cell is cxmected
to be only about 200 rillicuries per dey, in a total volume of less than
1,00 litres, this cell could perhaps be quite lightly built, with a little
local shiclding of the nizcr-scttlers and other vessels, as requirec,
together with thick persyex pencls. For sxample, the first eiiractor
should, at any tine, only have a fission »rocduct activity of about

10 millicuries, although the low cnergy gamia activity of plutenium
isotopes woulcd also be aresent. _

The two extractors in this cell woulcd be quite small, with mixcrs of about
6 ern x 6 e x 10 en working height, and settlers of 18 em x 6 en x 10 cnm
worlking height., The first, with 20 steoges, would have overall dimensions
of cbout 1.2l x 0,25 x 0,15k in height, end the second, with 12 steges,
would be about 0,75M xx 0,25H x 0,15 in height.

Installecd wash-out facilities arc not neecded in the mixer-setilcks since
there is relatively casy access at all times, A portable neutron counter
covld be uscd, outside the box, underncath the extractors, to meke sure
thot excessive quantities of plutonium were not building-upe.

-// -
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The plutonivii oroduct solution from the last mixer-settler would »nass

h |

through a small siirred vessel into vhich was fed nitric acid and sodium

i

nitrite solution, to give a solution 5N in acid and with 211 the
nlutoniun in the tetravelent condition. The residence time would. be
about two hours, ond the solution would then flow continuously into 2
glass ion-exchangc celwm containing cbout 8 Kg of De~aciditc FF resin.
The colwm weuld be about 12 cm internal diamcter and 1.2 nctres high.
Two coluns would be provided, so that one could be used for adsorption
whilst the other was used for washing with 5N nitric acid and clution
with C.2I 2cid. The cvele time would be 2l hours. The wash volume would

depend uwpon the required, decontadnation fector from fission product
zirconiwn, and frem iron, but about 20 litres should he satisfactory,
Flution following this stege would have ammle capacitys.

Plutonium Evaporation

The same type of -~ —orator would be used as described in Section 5.5

for the commarable plutonium stream erising from the reprocessing of
irradiatec natural uraniun fuel elenents. In the nresent case, the
plutonium throughput would be only cbout 0.6 Kg ner day and the volume
for evaporztion would be nerhaps only 10 L/day. The requirced evaporation
rate, thercfore, is below 0,5 1l/hr,

The tubular cvaporcotor would operate with a constant volume of concentrate,
abovt 2.L litres, ond this would be discharged at the end of cach day

into 1 litrec bottles, when the concentration had reached about 250 g/1.

Active Effluent Storeose Systen

3ince the flowshect, for renrocessing, is fairly conventional in this
case, and the quantity of urandium ner year is low, the highly active
effluent systen weuld be very small. The LO tons/year would:7cld highly
active liquor of volunic less than 200 I-'13 s which might be evaporated to
20 1P if storec alkaline, or 1 I if stored acid, so the whole 10 year
programie would ol involve the storage of either 200 1\‘i3 or 10 ;.;3 of
highly ective effluent, against.l1l5,000 2 for the special natural uranium
prograrme. On this small scale, the more complicated acid systenm is
probably not competitive, and a small alkaline storage systen is
recormended, -

In this case, with irradiation to a postulated 20,000 l47D/T, and
evaporation, water cooling would be required,
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liediun active cfflucnts would be evaporated and sent to the highly active

storage system. Ground cisposal would be used for low active effluents.

THth this reorocessing »lant, speciel provision will have to be made for
the disposal of low active effluents. " If the location is not ncar the
coast, then ground cdisposal will presumably be used, olthough the site
should be sclceted carefully to ensure that the ground had good ion-
exchange provertics for rctention of the fission products, and the water
teble should be loir.

Those low or medium active effluents which were frec from salts could be
eveporched and stored with the highly active offluent. With a Dlent of
the size envisaged, it might, however, be difficult teo justify the cost
of such an cvaporator, with its thick shielding and force-lift steam

-
L

ejectors for discharging the concentrete. Mitric acid recovery, by
re-cveporation of the distillate, is even less likely to be economically
justified. This renort, thereforc, tentatively recormiends ground
disposal for 211 effluents cxcept the highly active liquor from the

first extractor,

6,7 Plant Cells and l:ain lant Items

4s in Scction 5.7, the cells are listed, in the tcble below, with their
suggested diensions and the nain plant items. Again, a very

aypredncte cost estinate is included in the table, for the main plat

itcms.
' |
; all Rogsh ?irs;
nternal Dimensi . 14 o JMstinate o
Cells CHISLONS $p+ noss Hain Plont Items Cost of Plant
Ttens - USBS
1.Chopning |,-- = e Guillotine
——22 PH x 1M x LIl high 1.5 11 {About  baskets
geld, Ca-nd containers
(2 cells ell inlet from
one only - shielded containex 755000
corplete Stainless-stecl
with cell lining
equipnent

w f) -



2, Dissolver

Geometrically safe

61l 3 2 z B high 1.5 11 |disselver
Cell Ceometrically safe
(2 cells, one ‘Elabnf k -
oy ceiche e
. A Y L naG
with equipnent) 2 Stainless-stecl 50,000
111'3 tonks
Ejectors
Spray troos f
Liash-out facilitics
Steinless-steel cell]
lining
2 llaninulators
S S A
3. Solid aste 30 x W 2 121 cdeep ,0'5 it | Crane :
- (below (Concrete rixer)
Silo I -
S (10l sunk below cround)
ground) 1.5 I
(cbove)
e =R SR < -~ | 2 mixer-setulers
L. Highly Lo5i1 = 310 x 3f-'_ ; 1.5 ¥ Raffinate ., tank
tive D1EN (1.5 1:3) '
Fertraction Cell Ur“ﬁ'?ic selyeny
— e stock tanlc
“lash-out fecilities -
LEjcctors 115,000
2 Iiain active feed
purps (in cell
wall )
2 Active solvent
feed pums (in
cell wall)
Stainless=-steel cell
lining
li ncutron counters
5, lledium 61 =z Wil x 31 high 11 5 mixer-sctilers
Active Cell 2 solvent wash
—_—————2 mizer-settlers
2 roffinate tenks
(1.5 19)
Uranium nroduct
tank (1.5 1) 60,000

Plutoniwna product
tank (1 4¥°)

Solvent stock tank
(1 1) |

2 Solvwrent wash

raffinate tanks
L Active feed unps;
(in cell *..T:Lll)P

-



(4]

2 Active solvent
pups (in cell wall)

deat treatuent
vessel

Ejcctors
Steinless-steel cell
lining

i neutron counters

6. Low

SH xx 2H x 3 high
Active Cell

2 Ilixer-scttlers

Raffinate tank

2 Active feed pwms

2 Active solvent
pwins

Conditioning vessel

2 Ton-cxchange
colunns

Zjectors

Stainless-stecl cell
lining

Portable neutron
counter

Continuous alpha
couitter

Cell windows

10,000

TeBveporation .. _ .- e
.-c-é-l‘:l:“ —— 2 xx 211 x 3H hirh

0,2 1l

Plutonium
evayorator
Condenser

Alvha counter
Bottle filling
systen

Bottle tronsfer
systemn

Product pump
Stoinless~stecl cell
lining

Porteble neutron
counier

Cell windows

15,000

8. Inective . o oy - 3ii high
Reagent
Boom (clevated
2,51 high)

0.1

Aboyt 1l fanks,each
21172 with pneu-
nercator type
level gauges

16 feed pups

16 rotemcters

16 filters

Mtric acid tank
waggon (ouf-side
plant)

Oxygen tank (out-
side plant)

70, 000

< I
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i . 2 ;
| Uitrogen or carbon

dioxdde tonk
(outside plant) |

#

6.8

A sirmle sketelh of the proposed layout is given in Figure 7.

Total Costh

The roughly estimated cost of the nain plant items totals U"-SS‘ 325,000
Doubling this figurc tc include piping anc minor items gives U$S 650,000
Doubling agein for the high stencord of welding and inspection gives
_t_I_f;_'SS 1,300, 000. 3

The volume of concrete, for this plant is estimatec at about 1,200 1T,

or 3,000 tons, waich, as in the other »nlant, shoulcd cost about
U$S 200,000.

(The two estimates for concrete arc similar since although this one has
more shielc’.ef‘-colls, it does not have a pcnc‘-_).

The building volwre shown on the sketch is about 2,8C0 12 . At USS 200/14::'
the cost is UpS 560,000, Doubling this for ventilation gives

U5S 1,120,000, The totel cost thercfore is estimated at about

U3S 2,620,000, or with design charges about UGS 3 IL

In the present casec, the cost of the cffluent storage plant can alnost
be neglected. The volume of effluent, after eveporation, is 200 5 in
10 vears, agains 15,000 le3 unevacrated from the natural uranium fuel
elenent plent, On a »ro rata basis, the full nermanent storage cost
would only be U8 70,000, but it would be nore reasonable to treble
this figure for the verr small scale of operction. Adding say

U$S 90,000 for the highly active effluent cveporator gives U$S 300, 000.

The additional cost of ground disposal of low active cffluents is not
knovm, but it is assumed thaot, on this small scale, it would not
exceed UBS 100,000,

= a  —— -

nm,

ithe totel cost of the senaration plant end effluent plants, therciore,
is estimeted as very eyproxinctely UsS 3.l M.

By corparison, a normal nlant at a throughput of 0.1 tons/day, costs
about USS 9 1L

The annual equivelent of a cepitcl cost of Upd 3.4 I, with a plant
1ife of 10 years, and on 87 intcrest rate ner annun, is 155, or

USS 510,000, AL o throughput of 36 tons per yesr, thc copitcl charges

= e
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per ton are about U$S 14,000, In this case, it is doubtful if
operational costs could be reduced below zbout 100% of copitel costs,
so it would be more reelistic to take the full reprocessing cost as
gbout UpS 28,000 per ‘on.

Since, in this case, a ton of fuel should contain about 5 Kg of
plutoniun, after 20,000 Ii7D/T irradiation, the cost of extracting
plutoniun would be about USS 5,6 ner gram,

COLCLUSIONS

l. It might be possible to build a very cieop, uncrthodox rejlrocessing
e L v_R I’ s
plant for 200 tons/ 0f irracicted natural urenium fuel clencnus,
based upon extrocting the plutonium only, and leaving the uroniwm

(vhich has no value) with the fission products.

2. This small, inexpensive rooprocessing nlant would have very high
fission nroduct storage charges. However, the combination of
cheap reprocessing and cxoensive fisslon procduct storage appeors
to lead to an overall cost which woulc be commetitive per ton of

uranium, or ner gram of nlutoniwi, with the world's largest plent.

3. The celculated cost of reorocessing irradicited naturol uraniuwm fuel
elemcnts in the above nlent is cbout UBS 9,000 per ton, or cbout

=T

US3 l.5 per gram of plubtoniun extracted.

L« Large savings can be ::ade in the building of a reorocessing »nlant
for only L0 tons of enriched uraniwm oxicde fuel elements, if the

lant is built for 2 srecific purpose and takes full acdvaniage of
A e * S

previous techinicel and engincering ciperience.

5. Such a2 plant might be almost competitive with ruch larger
reprocessing plants which exdst.

6. The calculated cost of reprocessing irradiated enriched uranivm
oxice fuel elements in the above plant is about USS 28,000 ner ton,

or about U,S 5.6 per grom of plutoniun extracted.

RECOLL ENDATION

It should be noted that the reliability of the data usecd in this very
ropid assessnient, and of the cost figures cobtained, is very low, since,

in the nature of the assessment, it was not based upon specific

- =
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development work. It is believed, however, that the two sysiciis show

enough promise to justify such develonment worl and a more thorough
assessient, 1his is rccormended if Mrgentine wishes to reprocess its
ol irradiated fuel elements on this relatively emall scale but on a

corpetitive basis.
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