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REPORT Feb. 1967 FERDY KAUFMANN

PILOT PLANT FOR TiE FEPROCESSING OF
- IRRADIATLD NUGIEAR FUELS

1) OBJECTIVES

The present report describes the small pilot
plant the Argentine Atomic Energy Commission has built at the
Ezeiza Atomic Center neatr Buenos Aires. The 1nsta11ation, equip»
ment and flow-sheets are briefly detailed.

The objectives in mind for designing this
plant were the following: ,

1) Obtaining experience in the chemicdl process and remote
operation techniques needed for the reprocessing of
irradiated fuels.

2) Formation of personnel with the necessary preparation to
design future plants on a larger scale, -

3) Reprocessing the apent fuel elements from the fimst core

of the RA 1 reactor.
The installation cost of this plant could

be kept very low without jeopardizing the security of the process
due to the low activity of the fuel elements and the limited

objectives mentioned.

2) FUBL ELEMENTS DESCRIPTION

The materlal to reprocess are 119 fuel
elements in the form of aluminium cladded sheets belonging to
the Argonaut-type RA 1 reactor. Each asheet 1s 600 mm long,

72 mm wide and 2.7 mm thick. The fuel is 20 % enriched uranium
in the form of U5°8 dispersed in aluminium. The mean weight of
each fuel element is 347 g and contalns an average of 117 g !
U30g with 19, hS g U-235, oo
" Since the start of the reactor these fuel
elements have been irradiated with times and fluxes as
ﬁhdicated in Table I. )



TP o - -

~date irracisvivii e yuwer 1
| g I RW n/em<.s
8/3/60-12/6 /60 5 10 9.5x10%9
1/11/61-6/22,/61 725 .10 9.5x1010
6/26/61-11/8/62 2373 20  1.9x10tt
11/12/62-L,/50/63 1796 15 1.x10%*

TABLE I. Irradiation times and fluxes for
first esore of RA 1.

The fuel elements were removed from the
reactor between 10/15/63 and 11/22/63. They are now stored in
the pool of the reprocessing plant. :

3) PROCESS DESCRIPTION

To perform the proposed objectives we have
chosen-a liquid-liquid extraction process using tri-butyl-
phosphate as extractant.This docision was based on the .
widespread use of TBP in reppmocessling plants resulting in an
extended litebature being available. Also, local experience
with this solbent had been acquired, since TBP is used for
the‘purification of uranium salts.

The process starts with the complete disao?
lution of the fuel &lements 1n nitric acid. Because of the
high aluminium content, the aluminium nitrate solubility 1s
the limiting factor that maintains the uranyl nitrate concen-
tration at low values. Consecuently the processing volumes and
the active waste volumes are high compared to the welight of
recovered uranium. Because of the small amount of fuel to
reprocess and for simplicity reasons, we preferred the comp=-
lete dissolution in nitric acid instead of the usual previous
caustic aluminium dissolution. . . :

: The . dissolver solution 1s very turbdbid becauae
of the pregence of coloidal 810p. It 1s necessary to olarify.
the so}jution by filtration through a porous stainless steel .
filter prior to the solvent extraction step.

. To obtain experience in the U-Pu partition
process we will try to recover the Pu present 1n,thb solution
in spite of its very small amount. For this purpose, two
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solvent extraction cycles are.provided. Each one has an
adeguate number of extraction, scrubbing and stripping stages.
- The ohemical variables are adjusted in tho first fuel cycle
to produce tho codecontaminatlion of U and Pu from the bulk of
the flssion products and Ghe alweinium. In the second cyclo,
the partition of Pu from U 1is parfurmed as well as an addit-
icnal decontamination of the U.

The uranium is precipltnted as peroxide, .
filltered, dryed and calcined to obtain U508. The Pu solutilon
which at1ll containg fission products 1s concentrated and
decontaminated by ion exchange. After adecuate adjustment of
the golution, the anion exchange resin column retaines Pu and
separ&tes Fe, U and fission products. The adsorbed Pu is |
eluted and precipitated as oxalate. All the active waste
solutions will be stored in an underground stainléss steel
tank until definite disposal in the ground.

l4) DESCRIPTION OF FLOW SIEET

The flow sheet 13 detalled in Fip. 1. All
emounts are adjustéd to'the treatment of batches of 3 fuel .
slemants to malntain the %“otal mass of U-235 within safe
linits,  © |

Dissolution

In a provioua work (1) the nitric acid
conaumption of thae RA 1 fuel elements dissolution has been
studfed. The obtained values had been compared with data found
in the llterature.

The aluminium is dissolved in nitric acid’
according to the following reactions:

&) mercury catalyzed Al dissolution in L 1INO3
AL+ 3075 HNOg ~-v AL(NO3)3 +0.225 NO +0.15 Np0+0.1125 N2 +
‘ +1.825 Hp0
b) mercwry catalyzed Al dissolution with air bubbling. Slow
addition of acid
AL+ 3,10 HNOg =~» A17"¢ 2,56 NO3 +.0.Ll HO"4 0,023 NO2+0.23 NO 4
+ 0.03 Hy 4+ 0,05 Np0 + 0.13 N, + 1.3l Hy0

{

The secend equstion gives a nitrate deficlent solution but
coinoidss with the first in establishing that 20 7 of the IINO,
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consuried 1s reduced. The equations differ only in the composi=~
tion of the evolved gases.

The U308 present 1n the fuel plates contrib-
utes a negligible amount to the acid consumption.

This acid consumption. was compared with expee
rimental results obtained dissolving samples of fuel elements
in HNO3. The Hp concentration was 0.05M and the gases were |
absorbed 1n & NaO scrub column. The results are the following:

NO3 in the Retalned in the ~ Lost

- dissolver absorption colunn .o
Calculated 78.5¢ 10.8 10465
Obtained . - 7775 10.573 1157

‘ To avold hydrolysis and assure a high recov-
ery of Pu, the nitric acld concontration 1ls kept at 1N. At !
this acidity the A];(Noa)3 saturation concentration ias 2.3M
at 19 °C. To avoid the risk of crystallization the dissolver
solution 1s kept at 2M Al(No5)5' Since the average Al/U welght
in the fuel plates 1s 2.3% the U woncentration will be approx-
1ma€©1y 2%,2 g/litre.

: The mass balance indicates that the dissolu- :
tion of 8 fuel plates requiressy 20,7 litre 1LN HNO3 , 13.4 litre
H,0 and 3l g Hg. 34.2 1;tre of a 2M A1(N03)3, 1N HNOB, 23.2 g
U/li}re and 0.005M Hg(NO3)2 solution will be obtained.

a

Filtration

The dilssolver solutlon is very turbidhbecause

of the presence of colloidal Si0,. The clarification by direct
filtration is practically’ imposasible. Howover, by addition of
100 ppm of gelatin in the form of a 1 solution, the floculation
is produced in a few hours (2). The resulting solution is ‘
easlily filtered through a sintered stainless steel filter:
covered by.a filter aid like Ilyflow Supercel (Celite). After
filtering, the filter cake 1s washed with 5 lltre 1W HHOB{

The final .solution is.analyzed and adjusted to obtain 5. 6.

litre of a solution 1l.5M Al(HO3)3, 1N HNO;: 17.9 g U/1litre

and 0,003%M Hg(NO )5

' ~ The filter ald retains an appreciable amount



of activities, particularly zirconium and niobium.
The filter cake 1s separated by counter-
current washing with water and directed to the waste tank.

Solvent extraction

. The swgstem 1s formed by two decontamination
cycles. The first one separatos U and Pu from the bulk of tho
fission products and the aluminium, The second one partitions
Pu from U and produces an additional decontamination step fon
U. Each cycle 1s formed by an adequate number of extraction,
scrubbing and stripping stages. In the firdt c¢ycle éxtraction
and scrubbing stages, the nitric acid concentration is ad justed
to 1N and the Pu valence state to IV to assure its extréctaﬁi-*
bility by TBP. Al(N03)3 is the salting agent which displaces '’
U and Pu to the organic phase.

As solvent, 5% TBP in kerosene is used.
The aromatic and unsaturated hydrocarbohs present 1n the diluent
are previously eliminated by washing with concentrated sulphurio
acld to avoid the formation of nitro-derivatives by agitation :
with the feed solution.

The 5% TBP concentration was choosen for the
convenlience of obtgining a high percentage of U saturation in
" the solvent and at the same timo to maintain the flow rate of
acqueous to organilc phases at a value near unity to Improve the
efficlency of the solvent extraction step. -

The U satwration in the solvent 1s.adjusted
to 70 at the outlet of the scrubbing section. This is high!
enourh to maintain the extractablillity of fission products at
low values and offers sufficient marglin of security to avold
losses of U due to accidental changes in pumping rates or
concentrations. <

In the scrubbing section the washing
solution i1s 1.5M Al(NO))3 and 1N HNO3 "with an aqueous/organic
flow ratio of 1/3. This ratio assures a good scrubbing effic-
iency and the high galt-concentration.avolds an excessive
reflux. With these concentrations and flow ratios the U recov-
ery 1s higher than 99.9% and sufficient flexibility is provided
to avoid any U loss due to minor changes 1in th? flow rates or
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; concentratﬁ%ns This may be appreclated in the corresponding
'Varteresxian-Fenake diagram (Fig. 2).

For strinping, a 0.01N HNOB solution is
used and the aqueous/orcanic ratio i1s 1/L. The spent.solvent
is waahed with 59 ,IanO3 solution prior to recycling.

The U-~Pu solution from the first cyclo 1is
ad justed for 1its feedlng to the second cyéle. The Pu 1s
reduced to valence III by means of ferrous sulphamate and
concentrated HNO, 1s added as salting agent to final concen-
trations of 0.05H Fe*% and 3N HiNO;. In this condition U is
extracted by TBP while Pu III remains 1n the aqueous phase.

In the second cycle 207 TBP 1s used. The
solvent 1s scrubbed with 3N HNO3 at an aqueous/organic flow
ratio of 1/3. The stripping is performed with 0,0LN HNO
solution at a 1/1 aqueous/organic flow ratio. The solvent
is washed with 5% NapCO; and recycled.

By this procedure Pu 1s separated from U.
The Pu remains in the raffinate from the 2nd cycle in a
solution with high nitric acld concentration along with the
flssion products separated in thils cycle. '

Pu recovery

The Pu decontamination and concentration
is performed by lon exchange usling Permutlt SK resin. The
process 1s based on the selective absorptioh of Pu IV as
anion complex in such conditlons that the other components
like Fe III, U and fission products are not retained by the
resin (3). ' |

For this the Pu ls stabillzed at valence
IV by making the solution 0.2M in NaNOz. Thils 1s enough to
oxidize all the (SO5NH2)2F° present. The nitric acld
concentration is raised to 7N which corresponds to the
highest Pu digtribution coefficient. Permutit SK resin 1s
chosen because of 1ts good elution kinetics and 1ts resls-
tance to chemical damage due to HNO5

After absorption, the resin 1s washed with
N HN03 and the Pu eluted with 0.3N HNOB. ‘



U recovery

The U02(N03)2 solution obtained by the
solvent extbhaction process 1s treated with H202 to
precipltate Uoh. The pH is maintained at a valuwe of 2
during the process by addition of,NHhOH and the temperature
1s adjusted to approximately 50 °C to farm a precipitate
which 13 easy to filter. :

' The peroxide 1s filtered, dryed and
calcined at 800 °C to form U§08' The filtered solutions
are neutralized with NHhOH and allowed to stand for a day
to precipitate ammonium diuranate, which 1s recycled to the
solvent extraction process. |

5) DESCRIPTION OF EQUIPMENT

Location

The plant 1s located in a bullding which
was formerly a uranium productlon plant at Ezelza (Fig. 3).
The room 1n which 1t is contained measures 2% m by 8 m, with
a heirht of 8 m. The plant units are contained in three
concrete cells. The first cell comtains the dissolution
equipment with its accessories, the second one the storage
tanks of solutlons with high activities and the thlrd one
the solutions of intermedlate actlvities. The first two cells
have 60 cm concrete wall thicknessos with a helght of 2 mf
while the third one has a %0 cm concrete wall. Adjoining the
dissolution cell 1s the storage and decay pool for the fuel
nlements. The hoods, which contain the solvent extraction:
equlpment and the filter, are located on the outaide of the .

colls (Fig. L).

Storage pool

This 1s a long and deep tank with a capaclity
of 3 m?. The tank 1is buried.and open at the top so that its
upper part is at ground level. It 1s made of 2 mm stalnlass
steel sheet and rests on a concrete layer of about 30 cm.

The width of the tank 1is [}0 cm with a depth of 210 cm. At
one end if has a dischar;o soction with a width of 80 cm and
26% cm depth. The storage pool continues under the concrete
wall of the dlssolution cell, so that fuel elements can be
loaded into the dissolver by means of a chute in the cell.
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The water is clsaned by circulation thro gh a filter and the
conductivity 1s kept low by means of a mixed bed Zon exchanger.

Dissolution equipment

The discontinuous dissolver consists of
a cylindrical tank with 95 litre capacity. It has two '
condensers, heating coils, a feeding chute and accessorles
for measurements and sampling ("ig. 5). The tank is made of
%5 mm type 70l stainless steel and has a coi . of 12.7 mm 0.D.
with a heat interchango surface of 0.32 m®. The coill can 'be.
used for steam heating as well as cooling by water circulation.
Connections are provided for air injection, ‘hermocouples,
density and level indicators, and the samples . To avoid diregt
contact of the fuel elements with the heating coll and other -
connections, a perforated bask has besan provi led which 1s
made out of 3 mm stainless steel shest. The fiel elements
whlch are loaded through the chute fall into t1ls basket.

The dissolver has two con lensers. The
first one 1s of the water jacket type with a h at exchange
surface of 0,31 m2. It has a sliding l1id by which 1t 1is
connected to the loading chute. The second condsnser, whlch
i1s parallel to the first, 1s of the shell and t ibe type wlth
an interchange surface of 1 ne. Coth are totall * constructed
of stainless steel. A constant nerative pressur: of 15 mmf
water column 1s kept in the dlaszolver so that (¢ sos cannoq
escape via the sliding 1lid, whlch 1s not airtight. The of{
gases are evacuvated through the planﬁ vontilation systemn.

The dissolution process ls controlleq
by means of one immersed -thermocouple and five thermistors -
located on different parts of the condensers and gas

extraction circuit.

Storage tanks

Storage tanks with 70 litre capacity
contain the solutions from different parts of the process,
They are bullt of stainless steel 304 wlth 3 mm thickness
(Fig. 6) and are provided with density and level probes,
connections for sampling with a Thorex-type sampler,
solutions entrances, alr entrance for aglitation, and a
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commection far véntilation or vacuum. Decontamination with a
recirculating solution 1s provided which works with a steam
Jot? ™is directs the washing solution against the top and
walls of the tank.

Four of these tanks are contalned in the
second cell. They are used for: storing the solution coming
from the dissolver, storing the filtered solution, storing the
feed solution of the first solvent extraction cycle, and ﬁ
storing the active residue from this cycle,

In the third cell five tanks are located
for the followlng purposes: storing of the TBP solutions of
both solvent extraction cycles, storing of the U and Pu solution
from the first extraction cycle, storing of the residual
plutonium solution from the second cycle, and the spent 5 %
NaZCO3 solution after its use in the washers. |

Filter for the dilssolver solution .
A porous stainless steel filter (Pall Corp.,

Micromotallic Div.) is used. The filtering medium is a cylinder

with a filtration surface of 0.1 m2 with a mean pore slzoc of

5 microns, capable of retaining 98 % of 2 micron particles. The
filter 13 mounted in such a way that the followlng operations
can be carrled out without dlsmantling (Fig. 7): covering the
filter with a filter-ald layer, filtering the solution, washing
the cake, and disengaging and removing the cake.. ''he fllter 1s
placed in a recess in the plant with 1its front covered by a 5

cm lead shield. The shield 1s perforated in places to let through
the connecting rods to the valves by which the filter circuilt

1s operated.

Solvent extraction equipmont

Four pump-mix multistage mixer-settlers of
the type do#eloped by Knolls Atomlic Power Laboratoriles form
the TBP extraction equipment. This type of mixer-settler 1s a
horizontal continuous contactor in which the phases flow co-
currently in the individual steps and countercurrdntly between
the different steps and in the overall process. Its principal
feature i3 that the impeller of the mlxer provides the neces-

sary pressure difference for moving the heavy phase and




_regulates the mixing intensity as well as the interphase
level. This eliminates the necessity of an iInterphase con-
troller snd indicstor for each individusl step, and it makes
unnecessary tilting the unit to obtaln a level difference.

A nixer-settler unit consists of an
appropiate number of horizontally dlsposed steps, each of
which haa one mixing and one settling section. The design and
the flow of the phaases are indicated in Fig. 8. The mixing
section has 2 chambers connected by a hole in a horizontal
plate. The upper chamber contains the turblne which reaches
the lower chamber by means of 1its suctloning tip. In this way
the turbine at the same time lifts end disperses the heavy
phase. The upper mixling chambor 13 1n contact wlith the
.8ettling chamber by means of a connection at the top which
avoids turbulence and causes no appreciable pressure drop.
The mixing sectlon ls also connected to the settlling sections
of the adjacent steps by openings for the heavy and light |
phases. These.ports,are desligned to oppose backward flows
but without causing a significant pressure drop. The turbine
has a much higher pumping rate than the flow of the heavy
phase. This produces an efficilent mixing of the phases and
maintains the interphase in the mixing chamber at a lower
level than the height of the aspiratlon tip. The 1interphase
level in the adjacent settling chamber 1s sutomatically
regulated through the heavy phase port. It 13 necessary only
to control manually the level In the last dilscharge step of
the heavy phaae which can be done by means of an air regulated
outlet weir. o

The mixing chamber is-% x 3 cm by 5.5 cm
height and the settling chamber is 3 x 12.5 cm by 6.5 cm height.
Two 16 steps mixer-settlers are used in the first cycle and
the second oycle uses one of 22 steps and one of 10 steps. The
first unit in each cycle is used for extraction and scrubbing
and the second one for strilpping. A stalnless steel tray 1is
provided for each mixer-settler and all of them are shielded
with 5 cm lead on the bottom and sides. The four mixer-settlers
are located in a cell with sliding glass doors, the alr of
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which is withdrawn through sa pref%ltor and then extracted
through the -general alr extraction circuit (Fig. 9).

Metering pumps

_ The reomote pumping of the active solutlons
(aqueous or solvent) of each cycle 1s made by Lapp Pulsafeeder

metering pumps; model CP3-1. These pumps are a combination of -
piaton qnd‘diﬁphragm pumps. Dosage 1s established by means
of a precise regulation of the stroke length of the plston.
Pulsation is not directly transmitted to the liquld to be
pumped but by hydraulic transmisaion through two teflon
dlaphragm heads. In thils way the stroke 1s transmitted in a
uniform way and without losses to the remote reagent head
located behind the concrete wall. With this arrangement the
same precision 1s obtained as with a plston pump and the
problems of direct pumping of active solutions are elimlnated.
For pumping and dosage of inactive solutions
(washing and stripping) piston pumps with variable stroke |
lengths are used. The pump head 1s in direct contact with the
solution in this case. The heads have a double set of ball
valves for entrance and outlet to lnsure precision in dosage.

Solvent washers

During solvent extraction, TBP undergoes
a hydrolysis process with formation of di- and mono-butyl
phosphates. At the same timo tho nitric acld present produces
nitrate derivatives with the diluent. Radloactivity of the
solutions, although low in this.case, also causes degradation
of the solvent. These reactlions, while unimportant from the
quantitative point of view, have a strong effect on the uranium
decontamination and the plutonium recovery; It 1s therefore
necessary to wash the TBP contlinuously with a solutlon capable
of retaining the acid decomposition products.

To this effect, two solvent washers have
been installed in the TBP circuilts of each cycle. Each washer
consists of an aglitation section and a settling section, ;
separated by deflecting plates so that turbulence cannot be
transmitted between them (Fig. 10). The agitatlion sectlion is
a cylinder with 10 cm diameter and 3.5 litre capaclty, where
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continuous central agitation is produced by a central axis

with five impellers. Each washer contalns 2 litre of a 5 %
Na2CO3 solution. The mean retention time of the solvent in

the agitation section 1s half an hour for each washer, with

& fdow of 3 litre/hour. The depleoted Nazco3 solution is trans-
ferred to a storage tank for analysls. If 1t contains uranium,
the solutlon can be acidified and solvent extracted; if not,:
the solution 1s transferred to the waste disposal tank for

active residues.

Samplers
Samples of the dissolver and storage tanks

can be taken with a sampler similar to the type used in Oak
Rldge Natlonal Laboratory's Thorex pilot plant. In thls sampler
a circulation of the solution is established from the tank to
the sampler's bottle and back to the tank (Fir. 11). The
circulaéion pipes cross the concrete shielding to the sampling
bottles, which are on the outside of the shielding. The sample
1s only a few cc in volume and can easily be transported in a
lsad shielded contalner.

Circulation of the active solution 1s
induced by means of an airlift alded by a negative pressure in
the sampler. The system only works if alr 13 iInjected in the
air 1ift and if a negative pressure 1s established at the éame
time. The solutlon circulates through the sampling bottle py‘
means of two hypodermic needles which perforate the rubber%
stopper. If the bottle 1s not in its place the system does
not operate since the vacuum causes air to be taken in thrgﬁgh
the needles.

4 Air and solution comlng from the sampling
bottle go to a container above the tank where they are sepa=-
fated and the solution roturns to the tank. Tho contalner 1s
also under negative presgsure. To avoid possible losses of
acﬁive solution through the vacuum line, the container
possesses a floater which closes the vacuum and opens the air

adrnission when the solution reaches a dangerous level.
The sampling system consiats of two units,
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each of which can sample from five different locations. The
first one samples the dissolver and the four storage tanks

in the second cell; the second sampler samples the five tanks
in the third cell.

Tank interconrection system

Vacuum I1s used to transfer solutions from
one tank to another. They are connected by means of stainless
steel piping and stalnless steel valves with teflon dlaphragms,
The valves are located on three racks placed at 1.2 m height
above the top of the tanks. The valves themselves are inside
the cells and thelr stems cross the shlelding wall, so that
they can be manually operated from the outside. Solutions are
transferred evacuating the tanic to bo f1lled and opening the
approplate valve. Connections have also beon provided for
relaying back solutions to a former step in the process, since
it may happen that an operation 1s not running at the required
efficlency.

' The followlng solution transfer operations
are possible: |

Valve number from : : to

1 dissolver storage tank

2 lst cycle product . s

b) filtered solution - ’s

L filtered solution feed adjustment

5 18t cycle waste storage tank

6 lst c¢ycle waste intermediate waste decay
7. lst washer lst cycle washer treatment

8 2nd washer lat cycle ,s s

9 "lst washer 2nd cycle ' s>
10 2nd washer 2nd cycle »s s

- 11 2nd cycle waste 1st cycle product

12 2nd cycle waste Pu recovery

13 washer treatment 1lst cycle product

1L washer treatment intermedlate waste decay

Waste disposal of active residues
A 12 m? tank 1s provided for doCay of the

aobive waste from the plant. This 1s sufficlent to contain all
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liquid residues produced durlng reprocessing of the core of the
RA 1 reactor. This tank 1s made from 2.5 mm stainless steel
type 316 sheet and 1s located underground in a concrete chamber.
Between this storage tank and the plant a 120 litre capacity
Intermediate tank 1is located, also underground and in a concrete
chamber (Fig. 12). This tank 1s made from % mm stainless steel
sheet and 1t can be evacusted, so that it can be filled with
solutions from the plant. From the 1ntermediate tank the
solutions flow to the storage tank by gravity alone.

It 1s intended to use absorption in the
ground as the ultimate waste disposal method. For this the
geophysical characteristics are approplate and a special
location near the plant will be reserved for this purpose (l).

| An underground stainless steel centrifugal
pump 1s used for discharging the liquids from the storage tank
for ultimate disposal. Double piping 1s provided as connectilon
between the tanks and the pump. One of these lines 1s remotely
operated by solenoid valves and the other manually.

Plant decontamination system

All storage tanks have been linkod to a
decontamination system to provide access toc the plant for
repairs or modifications. By means of a steam e jector, a
decontaminating solution can be recirculated in each tank
threough a spray nozzle which wets the top and the walls of
the tank. The dissolver can be decontaminated by bolling a
nitric acid solution in it and the solvent washers by agitation

with the approplate decontamination solutions.
To control the activity inside the plant

as well as to measure the degree of contamination of each
equipment, a monitor is placed near each one with a scale
ranging from 0.1 mR/h to 10 R/h.

Ventllation system

The room containing the pllot plant 1s
provided with an alr ventilation and filtration system which
maintains a 2 mm water column negative pressure. The fresh air

renewal rate 1s 8 times per hour.
The injection system consists of a battery
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of glass fiber pre-filters, a pre-heater, a humidifier, a
heater and a centrifugal injection ventilator. Fresh air
enters the plant room through 10 lnlets on the roof and 1s
injJected at a temperature of 17.1 °C and a relative humidity
of 50 . The extractlon system collects the air through 10
outlets located on the walls after which it circulates through
a battery of pre-filters and absolute filters, a centrifugal
ventilator and a 12 m high chimney (Fig,. 13). The absolute
filtration battery consists of lj glasswool pro-filters with
10 c¢m thckness and I} unlts of Vokes absolute filters, modol
CG6, which are [lreproof and acid resistant. The filters and
pre~{ilters cén be exchanged and enclosed in polythehe bagns
without danger of contaminatiion throurh an exchangie device.

, Tho cells and hoods of the plant, as well
as the dissolver, have their own ventilapion and air filtration
system. Here a depression of 10 mm water column 1s malintained
by means of a centrifugal ventilator and the fresh air renewal
rate 1s 10 times per hour. The air enters the third cell through
a pre~filter after which 1t circulates through the second cell
and the dissolution cell. It 18 then mlixed with alr coming ffom
the solvent extraction hoods and the pgases from the dissolver.
A 15 mm water column depresaion ls maintained in the dissolver
by means of controls so that gases produced during dissolution
cannot escape through its sliding 11d which is used for loading.
Bof ore the exhaust air 1is released, 1t is heated by electricél
‘Rsﬂisféﬁfﬁﬂ ;;atﬁrgbqua;anbion of water and nltric acid in:

" J* ihen passes a flass Iibre pre-rilter

e £LO o
' o :n and an absolute Vokes filter, type

YRRD wo L
Wity a

' %fem provides pure water for the make-up
B o plant. The other one keeps pure water -
“+ . 5 the fuel elements are kept.

N SEIRE O S , 4 wartlcal boller, fueled by gas qil,'
&?9?14Q?Vy?*,: DRSS A pldnt. Its heating surface 18 L me.
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6) CRITICALITY CONTROL

Nuclear safety will be kept by mass control
of total U~235 in the plant. The rem ocessing will be carried
out batch-wise, using 8 fuel elements at a time, with a mean
mass of 157 g U-2%5. This amount 1s LI 4 of the maximum safe
limit of 38l g U~-2%5 established by the nuclear safety regu-
latlons of the Argentine Atomic Energy Commisgsion for the case
of solutions with 20 ¥ enriched uranium with total reflection.
;Tho control of the amount of uranlium 1In the plant at one timb
wlll be carried out by mass balances based on chemical analyses
of samples of the solutions in the tanks and by measurement of
their volumes, ' - :
' The moat dangerous parts of the plant in
regards to nuclear saloty are the dlssolver and the solvent
washers. .

The dissolver couldtaccumulate acrap from
undlssolved fuel plates. To prevent this possibility, disso-
lution of fuel elements will be continued for a time considqred'
as safe (6 hour3) while keeping sufficient free acidity to
insure a high reaction rate. Mass balance control at the end
of the dlssolution step will show 1f a significant deviation
exists from the mean weight of 8 fuel elements. The dissolver
will be cleaned out with hot nitric acid after each five
dissolution processes or after an anomalous.mass balance.

In the solvent washers, an accwmilatlon
of uranium could happen through malfunction of the stripping
mixer~settlers. If the TBP at the mixer-settler outlet still
contains wranium, it will be complexed by the Na2005 in the
vashers and retained there. To avold this danger control will
be kept on the mass balances of the extraction cycles and the

Na2003 solution ugsed in the washers will be changed after each

five batches or after an dnomalous mass balance.
The mixer-séttlers do not present

criticality problems since their volume and shape are always
safe. The control of all other steps of the process are '
carried out by chemical analysis and measurement of the
volumes of the solutions in the tanks. .
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_7) LABORATURILS

In another soctlion of the plant bullding
aro the chemical laboratories with one section for analytical
chemistry and one for alpha active elements. The analytical
laboratory la equipped to carry out the routine analyses .needed
for the plant. The following analyses are made:

Uranium: Samples with over 0.1 mg/ml are titrated byk
coulombimetric analysis. The method has been adapted from the
one described in (5), method 1.%02.

‘ For samples with concentrations between
5 10”2 mg/ml and 0.1 mg/ml a fluorimetric method described in
(5) has been adapted, method 1.402.

I'ree acldity in the presence ofggydrolyzéble long:
: .The same method.1s used a3 described in (6),
Suppl. b, HY-Pot-l, Mod-5. |

Aluminiunm; . The mpthod followed 1s the one descrlbed in
(6), Suppl. 1, Al-1, Hod-2. ' '

Tributyl phosphatos .
| _ TBP concontration in keroseno 1s found by
titrating tho amount of IINO, extracted by the TBP. The method
follows the one described in (&), Suppl. l, TBP-2.

Fission products: Total activity 1s determlned by l; pi beta
counting. The composltion of gamma emitting flssion products is
- found by gamma spectrometry, for which a 512 channel analyzer
(Nuclear Data) is avallable.

Plutonium: Plutonium is determined by speclific absorption
on a Dowex 1l-Xl; anion exchange resin from 7.2 N HNO5. After
elution it 1is counted in a calibrated alpha counter (3) (7).

Ferrous sulphamate:
Ferrous 1lon 1s titrated by coulomblmetry.

To detormine sulphamate, it 1s first oxldized to sulfate by .
nitrite, then weighed as barilum sulfate. )

These mothoda topether with somo others
have been collected in an Anatytical Guide for use 1in the

laboratory.
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LEGENDS TO FIGURE 9

'SOLVENT EXTRACTION EQUIPMENT

'cﬁcle extraction and scrubbing mixer-gettler
oycle stripping mixer-settler
oycle extractlion and scrubbing mixer-settler
cycle gstripping mixer-settler
pressure regulators for mixer-gsettler heavy phase
let control -
cycle feed solutlon pump
cycle solvent pump
cycle gerubbing solution pump
cycle stripping solution pump
cycle feed solution pump
cycle solvent pump
cycle scrubbing solution pump
ocycle stripping solution pump
cycle scrubbing solution tank
cycle stripping solutlion tank
cycle scrubbing solution tank
cycle surlpping solution tenk
cycle fuad solution pump recycling wumrk -
cycle fved solution pump remote head
cycle solvent pump remote head
oycle feed solution pump recycling tank
cycle feed solution remote head
cycle solvent pump remote head
first oycle waste tank
first cycle product tank.
first oyocle solvent washer
preasﬁrized air line -
2nd oycle waste tank
2nd cycle product tank
2nd cycle solvent washer



FIGURE 10

SOLVENT WASHER
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7)

8)

9)
10)
11)
12)

13)
1)
15)
16)
17)
18)
19)

20)
21)
22)
23)

DISSOLVER CHARGING

Control performance of dissolver control board (see Control
Board Operation Instructions)

Measure volume (see Control Board Operation Instructions)
If volume is more than 1.0 litre suspend operation
Measure activity indicated by dissolver monitor

Control that fuel element charging 1id is closed

Verify depression of 15 mm.water column in dissolver

If depression is not 15 mm, adjust register in plant
ventilation system '

Add 13.5 litre of deminerallized water (see Control Board
Operation Instructions)

Measure volume -

Open dissolver cell 1lid

Open dissolver charging lid

Place crane with attached tong in position for submergence
in storage pool

Lower tong into storage pool

Fasten one fuel element to tong

Lift tong and place in position for charge in dissolver
Open tong

Measure raise in activity by reading dissolver monitor
Regilster annctation in fuel element contronl book

Repeat operat’ons 12 tc 18 until there ar: o fuel elements
in the disscliwvur

Close dissoiver charging 1id

Control depression of 15 mm water column in dlssolver
Take out tong and replace in his site

Close dissolver cell 1id
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3)
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8)
. 9)
10)
11)
12)
13)

1h)
15)

16)
17)

18)
19)

20)
21)
22)

23)

2l)

25)

FUEL ELEMENT DISSOLUTION

Control performance of dissolver control board

Measure volume

Measure activity

Control depression of 15 mm water column %in dissolver

Open cooling water inlet valve to Jacket condenser

Purge alr in jacket condenser

Open cooling water inlet valve to shell and tube condenser
Purge air in shell and tube condenser

Open cooling water outlet valve from jacket condenser

Open cooling water outlet valve from shell and tube condenser
Connect temperature indicators '
Connect air filter preheaters

Control minimum temperature difference of 10 °C between
inlet and outlet of filter

Fill feed tank with commercilal 1} N }mo5 aciad

Open steam inlet valve

Open slowly and regulate coll condensate outlet valve

Shut steam inlet valve when thermocouple indicator reads

100 °C or temperature at outlet of first condenser is higher
than 50 °C

Start alr bubbling

If temperature at outlet of first condenser (indicator K° 1)
1s above 50 °C, wait until it reaches this temperature

Add 2 litre HNO3 from feed tank

Add 170 ml Hg(NO;)Z 1M

Observe temperature raise at outlet of first condenser and
second condenser. Temperature at outlet of first condenser
should not pass 80 °C and at outlet of second condenser
should not pass 30 °C

If temperature goes above these values open cooling water
inlet valve to dissolver coil until outlet temperature of
first condenser descends below 80 °C .
If there 1s no temperature ralse and thermocouple indicates
less than 100 °C, or temperature at outlet of first condenser
1s below 50 °C, repeat operations 15, 16 and 17

Wait until temperature of outlet of firast oondenser descends
to 50 °C '



26)

- 27)
. 28)
29)
30)
31)

32)
33)
54 )

395)
%6)
37)

38)
39)
1j0)
L)
h2)

L3)
L)
L5)

46)
47)
148)
19)
50)
51)
52)

53)
54)
55)
56)

Repeat operation 19 to 25 four +imes Lo add 10 litras

“HNO.” Total

3
Repeat operation 19 to 25 but adding L, litre HNOy

Repeat operatlon 19 to 25 but adding 7 litre HNO5

Stop air bubbling

Open steam inlet valve

Regulate coll cohdensate outlet valve to keep slow boiling.
Temperature at outlet of first condenser should not pasas 60 °C
Keep boliling for one hour

Measure volume

If volume 1s less than 34;.2 litre add demineralized water to
make up to this volume

Take out sample (see Sampler Operation Instructions)

Send sample to laboratory for free acid and U analysis

If free acld 1s less.than 1 N add concentrated HNO3 to make
up to this normality

Keep boiling for two hours

Repeat operations 33 to 37

Keep bolling for two hours

Repeat operations 33 to 36

If free acid 1is less than 0.5 N add concentrated‘HNoj to make
up to 1 N and return to point [0

If free acid is more than 0.5 N close steam inlet valve

Open cooling water inlet valve to dissolver coil ,

When thermocouple indicates 30 °C close cooling water inlet
valve to dissolver coll

Close shell and tube condenser outlet valve

Close shell and tube condenser inlet valve

Close Jacket condenser outlet valve

Close jacket condenser inlet valve

Disconnect air filter preheater

Take out sample

Send sample to laboratory for free acid, U, Al, and total
gamma, determination ) '

Measure density

Measure volume ' ,
Measure activity

Calculate total mass of U and Al
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2)
3)
L)
5)
6)
7)
8)
9)

10)

11)
12)

13)
1)
15)

16)
17)

18)
19)
20)
21)
22)
23)
2l,)
25)
26)
27)
28)
29)

30)

FILTRATION

Control performahce of storage tank control board

Measure density in stofage tank

Maasure volume in storage tank

Measure activity in storage tank

Control performance of filtered solutlion tank control board
Measure density in filtered solution tank

Measure volume in filtered solutlon tank

Measure activity in filtered solution tank

If sum of volumes of both tanks 1is more than 50 litre, do
not filter -

Verify if all valves corresponding to filter equipment are
closed (valves 1 =~ 13)

Verify if filter auxiliary waste tank 1s empty

Stert air bubbling in density meter of filtered solution
tank (open slowly valves 6 and 8 of oontrol board)

Start air bubbling in volume meter of filtered solution
tank (open slowly valves 10 and 12 of control board)

Start mixing in filtered solution tank (open slowly valve h
of conirol board) ‘ : | |
Start air bubbling in filtered solution tank sampler (open
slowly valve A of sampler control board)

Open valve N° 1 on filter

Open valve N° 3 until level in filter aild preparation tank
reaches red mark

Close valve N° 3 on filter

Close valve N° 1 on filter

Start mixing of filter aid preparation tank

Add 30 g Hyflow Supercel in filter ald preparation tank
Start vacuum pump

Open valve N° 1l on fllter

Open valve N° 9 on filter

Open valve N° 2 on filtered solution control board

Close valve N° 3 on filtered solution control board

Open valve N° 1 on filter

Open valve N° [ on filter

When water passage through observation glass stops, open
valve N° 8 and olose valve N° 9

Stop mixing in filter ald preparation tank



31)
- 32)
33)
3L)
35)
36)

37)
38)
39)
40)
L1)

42)

43)

Open valve N° S én filter

Close valve N° 1 o f1lter

Write down filtration starting time

Close valve N° 11 on filter

Open valve N° 12 on fil%er

Control progress of filtration through observation glass
and volume indlcator of filtered solution tank control board
Write dowR time of end of flltration when solution flow
through qpservation glass stops

Measure density in filtered solution tank

Measure volume in filtered soltion tank

Measure activity in flltered solution tank

Calculate difference between initial volume in storage
tank and volume Increase in flltered solution tank

If difference is less than 1 litre add 2.5 litre HNO, 1 N
to storage tank !

If difference is more than 1 litre walt 15 minutes and
return to point 38

L) Repeat point 36 to LO

L5)

46)

47)

Caloculate difference between initial volume in storage tank '
plus 2.5 litre and volume increase in filtered solutlion tank
If difference is less than 1 litre add 2.5 litre HNO3 1N

to storage tank .

If difference is more than 1l.litre wait 15 minutes, repeat
point 38, 39 and 0, and return to point L5

1;8) Repeat points 36 to LO

L49)
50)
51)
52)
53)

54 )

Calculate difference between initlal volume in atorage tank
plus 5 litre and volume increase in filtered solution tank
If difference 1s less than l..litre open valve N° 1 and walt
15 minutes to dry filter cake

If difference 1s.more than 1 litre wailt 15 minutes and
repeat points 38, 39 and 40, and return to point 49

Open slowly valve N° 3 on filtered solutlon tank control

‘board

Close alowly valve N° 2 on filtered solutlon tank control
board

Stop alr bubbling in density meter of filtered solution
tank (close valves 6 and 8 of control board)



55) Stop air bubbling in volume meter of filtered solution
.tank (close valves 10 and 12 of control board)

56) Stop mixing in filtered solution tank (olose valve U
of control board) '

57) Stop air bubbling in filtered solution tank sampler (olose
valve A of sampler control board)

58) Close valve N° [} on filter

59) Close valve N° 8 on filter

60). Close valve N° 5 on filter

61) Close valve N° 1 on filter

62) Verify if all valves on waste disposal oontrol board
are cloaed _

63) Open valve N° 2 on waste disposal control board

6l;) Open valve N° 1 on waste disposal control board

65) Open valve N° 7 on filter

66) Open valve N° 3 cn filter for 1 minute

67) Close valve N° 3 on filter

68) Open valve N° 2 on filter for 1 minute

69) Close valve N° 2 on filter

70) Open valve N° L cn filter

71.) Open valve N° 9 on filter for 1 minute

72) Close valve N° 9 on filter

73) Close valve N° L, on filter

74) Close valve N° 7 on filter

75) Open valve N°® 13 on filter

76) When filter auxiliary waste tank is empty close valye

‘ N° 13 on filter

77) Close valve N° 2 on waste disposal control board

78) Close valve N° 1 on waste disposal oontrol board

79) Close valve N° 12 on filter

80) Open valve N° 3 on waste disposal control board

81) Open valve N° L, on waste disposal control board

82) wait 15 minutes.

83) Close valve N° L on waste disposal oontrol board

8l;) Close valve N° 3 on waste disposal control board



FROCEDURE TO FOLLOW WIEN FILTER CLOGGS BETWEEN
OPERATIONS 36 AND 52

1) Open slowly valve N° 1 on filter

2) Wait 15 minutes

3) Close valve N° § on filter

L4) Measure density in filtered solution tank

5) Measure volume in filtered solution tank

6) Measure activity in filtered solution tank

7) Measure density in storage tank

8) Measure volume in storage tank

9) Measure activity in storage tank
10) Add 1 litre HNO, 1 N to filter aid preparation tank
11) Control rate of passage'through observation glass
12) Wait until all of the solution 1s through, or at least

one hour :

13) Open valve N® 5 on filter
1)) Wait 5 minutes
15) Repeat operations 3 to 1l
16) Continue with point 52 of filtration instructions

3y
'



2)
3)
L)

5)
6)

7)
8)

9).

10)
11)

12)
13)
L)
15)

16)

FIRST CYCLG [FEED ADJUSTHENT

Control performance of feed solution control board
Mix solution In tank for 5 minutes
Take out sample

.Send sample to laboratory for U, Al and free acid

determination

Measure density

Measgure volume

Measure activity

Add IINO3 14 N.and demineralized water to adjust concen-
trations to 1.5 M AL(NO )E.and 1N HNO5'

Mix solution In tank for 5 minutes

Take out saemple

Send sample to laboratory for U, Al ard free acid
determination

Measure density

Measure volume

Measure activity

If results of analysis are between l.l =~ 1.6 M Al(NO3)3
and 0,95~ 1,05 N HNO, stop adjustment

If results of analyslis are different from indicated in
point 15 return to point 8



FEED SOLUTION .FLOW RATE ADJUSTMENT

1) Verify, if valve N°® 1 is closed
2) Verify if valve N° 6 1is open
3) Verify il valve N° 10 is closed
l}) Verify if valve N° 9 1s open
5) Verify if level in feed pump recycling tank reaches
red mark
6) If level in feed pump rocycling tank is below red mark,
£111 up with scrub solution:
1.5 M Al(N03)3 + 1N HNO3 for first cycle pump
32 N HNO3 for gsecond cycle pump
7) Calculate flow rete according to formulse:
flow rate in litre/h = 23,5/U concentration in g/litre
in feed solution for first cycle
flow rate in litre/h = 60/U concentration in g/litre
in feed solution for second cycle
8) Read on pump calibration chart the plunger amplitude
indicator value corresponding to feed solution flow rate
9) Set plunger amplitude regulator to corresponding value
10) Start pumping
11) Wait % minutes
12) Close valve N° ( and start chronomster timing
17) Whon level in calibration tube reachos mark, stop
chronometer and open valve N° 6
1) Write <« am measur2? i.dime
19) Repun: coerations L2, 1% and 1 twice
16) Calculatse average time
17) Calculate measured flow rate according to callbratlion chart
18) If difference between measured flow rate and calculated
flow rate is more than 5%, prime pump according to
fabrlcators instructions
19) If difference between measured flow rate and calculated
flow rate 1s between 2 and 5%, adjust plunger amplitude
regulator accordingly and return to point 12
20) If difference between measured flow rate and calculated
flow rate is less than 2%, stop pumping



1)

10

SOLVENT FLOW RATE ADJUSTMENT
7 . )

Verifi 1f/valve N° 2 1is closed

2) Verify if valve N° 3 1s open

3)

L)
5)
6)

7)
8)

9)

10)
11)
12)
13)
1)

15)

16)

Set plunger amplitude regulator to value 1l;, corresponding
to a flow rate of 1.5 litre/h

Start “solvent washer N¢ 1

Start solvent washer N°© 2

Start pumping

Walit 3 minutes

Close valve 3 and start chronometer timing

When level in calibration tube reaches mark, stop
chronameter and open valve N° 3%

Write down measured.time

Ropeat operations 8, 9 and 10 twice

Calculate average time _

Calculate measured flow rate accourding to callbration chart
If measured flow rate 1s below l.l, litre/h, prime pump
according to fabricators instructions

If measured flow rate is betwsen 1.40 and 1.47 litre/h or
above 1,53 litre/n, adjust plunger amplitude regulator
accordingly and return to point 8

If measured flow rate is between 1.47 and 1.53 1lltre/h,

stop pumping
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SCRUBBING AND STRIPPING FLOW RATE ADJUSTMENTS

1) Verify if corresponding recycle valve is open:
scrub solution, valve N° )
strip solution, valve N° §
2) Verify if corresponding mixer-settler feed valve is closed;
scrub solution, valve N° 7
strip solption, valve N° 8
3) Verify 1f level of corresponding tank reaches red mark
;) If level ol éolution does not reach red mark fill up with
corresponding solution: .
first cycle scrub, 1.5 M Al(NO3)3 + 1 N HNO,
{irst cycle strip,.0.01 N HNO5
second cycle sgrub, 3.N HIIO3
second cycle strip, 0.01 N HNO3
5) Set flow rate adjustment screw to the following values:
first cycle scrub, 0.5 litre/nh -
first cycle strip, 0.375 litre/h
second cycle scrub, 0.5 litre/h
second cycle strip. 1.5 litre/h
6) Start pumping
7) Wait 3 minutes
8) Close corresponding recycling valve and start chronometer
timing
9) When lovel in corresponding calibration tube reaches mark,
stop chronometer and open recycling valve
10) Write Zown measured time
11) Repeat operations 8, 9 and 10 twice
12) Calculate average time
1%3) Calculate measured flow rate according to corresponding
calibration chart
1) If measured flow rate is different from following values,
regulate adjustment sorew accordingly and return to point 12,
first oycle scrub, 0.48 - 0.52 litre/h
first cycle strip, 0.35 - 0.40 litre/h
second cycle scrub, 0.48 - 0.52 litre/h
second cycle strip, 1l.45 - 1.55 litre/h
15) If measured flow rate 1s between the preceding values,

stop pumpling



1)
2)
3)
L)

5)
6)

7)

8)
9)
10)
11)
12)

13)
k)
15)
16)

17)
18)

19)
20)
21)
22)
23)
2l)
25)
26)
27)

28)

12

IPIRST CYCLE SOLVENT EXTRACTION

Control performance of feed adjustment tank control board
Meagure density in feed adjustment tank

Measure volume in feed adjustment tank

Measure actlvity in feed adjustment tank

Take out sample from feed adjustment tank

Send sample to laboratory for U, Pu, Al, free acid and
total gamma determination

Control performance of first cycle solvent tank control
board

Measure denalty in first cycle solvent tank

Moasure volume in first cycle solvent tank

Neasure actlivity in first cycle solvent tank

Take out sample from first cycle solvent tank

Send sample to laboratory for TBP, U, 'Pu and total gamma
determination

Control performance of firat cycle product tank control
board

Measure density in first cycle product tank

Measure volume in first cycle product tank
Meaaure’activity in first cycle product tank

Take out sample from first cycle product tank

Send sample to laboratory for U, Pu and total gamma
determination

If volume in first cycle product tank + % of volume in feed
ad justment tank is more than 50 litre, suspend operation
If total amount of U in first cycle product tank and feed
ad Justment tank is more than 1000 g, suspend operation
Control performance of first cycle waste tank control
board

Measure density in first cycle waste tank

Measure volume in first cycle waste tank

Measure activity 1n first 6ycle waste tank

Take out sample from first cycle.wagste tank

Send sample to laboratory for Al, U, Pu and total garma
determination '

If volume in first cycle waste tank is more.than 1.5 litre,
guspend operation '

Ad juat pumping rate of first cycle solvent pump to 1.5
1itre/h (see instructions for solvent flow rate adjustment)



29)
30)
31)

32)
33)

3L)
35)
36)

37)

38)
39)
Lo)

L41)

L2)
L3)

L)
L5)
1i6)
L7)

148)
L9)
50)
51)
52)
53)
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AdJjust pumping rate of first cycle scrub pump to 0.5 litre/h
(see instructions for scrubbing and stripping flow rate

ad justments)

Ad juat pumping rate of firat eycle stripping pump to 0.375
1itre/h (see instructions for scrubbing and stripping flow
rate adjustments) |

Ad Just pumping rate of first cycle feed solution pump to
23,5/U concentration in g/litre in feed solution (see
ingtructions for feed solution flow rate adjustment)

Control if level in feed pump recycling tank is above red mark
If level in feed pump resycling tank 1s below red mark, fill
up with sorub solution 1.5 M Al(N05)5 and 1 N HNOg

Control if level in scrub solution storage tank 1s above

red mark

If level in scrub solution storage fank 1s below red mark, -
£111 up with scrub solution 1.5 M Al(NO5)3 and 1 N HN05
Control 1f level in stripping solution storage tank is above
red mark :

If level in stripping solution storage tank 1s below red mark,
£111 up with stripping. solution 0.0l N HNO,

Control if valves N° 1, 2, L, 5 and 9 are closed

Control 1if valves N° 3, 6, 7, 8 and 10 are open

Control if heavy phase outlet of extraction mixer-settler

1s closed

Control if heavy phase outlet of stripping mixer-settler 18
cloged

Control if extraction and stripping mixer-gsettlers are full
If mixer-settlers are full, pass points Ll to 63 and continue
with point 6l

Start first cycle solvent pump

Open valve N° 2

Close valve N° 3

Wait until solvent overflows stripping mixer-settler's outlet
welr

Start first solvent washer

Start second solvent washer

Start mixer-settler agitation

Start scrubbing solution pump

Open valve N° L

Close valve N° 7



5k)
551
56)
57)

58)
59)

60)

61)
62)

63)
64)
65)
66)
67)
£8)
69)

70)
71)
72)
73)
)
75)
76)

77
78)

79)

80)

81)

82)
83)

Start stripping solution pump

Open valve N° § '

Close valve N° 8

When aquacus level in interphase level indicator of extraction
mixer-settler 1s close to mark, connect air pressure regulator
Open heavy phase outlet of extraction mixer-zettler

Start controlling interphase level of extraction mixer-gsettler
with air~regu1ator

When aqueous level in interphase level indicator of stripping'
mixer-gsattler 1s close to mark, connect alr pressure regulator
Open heavy phase outlet of stripping mixer-settler '
Start controlling interphase level of stripping mixer-settler
with air regulator

Pass points 6l to 81 and continue with point 82

Start first solvent washer
Start second solvent washer
Start solvent pump

Open valve N° 2

Close valve N° 3

Conneot extraction mixer-settler interphase level air
regulsator :
Conneot stripping mixer-settler interphase level air regulator
Start scrub solution pump &=
Start strip solutlion pump

Opsn valve N° I,

Open valve N° §

Close valve N° 7

Close valvo N° 8

Start mixer-settler agitation
Open heavy phase outlet of F:P 'AS FAST AS POSSIBLE
extraction mixer-gettler

Open heavy phase outlet of
stripping mixer-gettler
Start ocontrolling interphase
level of extraction mixer-
settler by alr regulator
Start controlling interphase
level of stripping mixer=- ' oo
hettlen by alr regulatog_______J
Start feed golution pump

Open valve N° 1

PERFORM OPERATIONS 71 TO 81
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8;) Close velve NN° &
85) Walt until both mixer-settlers reach steady state (interphase
level keeps steady without ohange of air pressure in regulator)
86) Stop feed solution pump |
87) Close vdlvys N° 10 PERFORM OPERATIONS 86 To 89
88) open valve N° 9 : ? IN LESS THAN 10 SECONDS
89) Btart foed solution Pump_
90) Observe 1é%rease in volume in first cycle waste tank and first
cyole product tank, and decrease in volume in feed, sorub and
atrlp solution tanks, Write down density and volume in each .
tank at one howr intervals
91) At end of feod solution (stop of flow in feed solution
observation glass) open valve N° 10
92) Close valve N° 9
93%) Wait 15 minutes
9l) Stop feed solution pump
95) Close valve N° 1
96) Open valve N° 6
97) Wait two hours
98) Opon valves N° 3, 7 and 8
99) Close valves N° 2, L and 5
100) Close heavy phase outlet of extractlion mixer-gettler
101) Close heavy phase outlet of stripping mixer-settler
102) Stop mixer-settler stirrer motor
103) Stop first cycle solvent pump
104) Stop scrubbing solution pump
105) Stop stripping solution pump
106) Stop air supply to interphase regulators
107) Stop first solvent washer
108) Stop second solvent washer
109) Measure density in first cycle feed adjustment tank
110) Measure volume in first cycle feed adjustment tank
111) Measure activity in first cycle feed adjustment tank
112) Take out sample from first cycle feed adjustment tank
113) Send sample to laboratory for U, Al, Pu, free acld and
total gamma determination
11l4) Measure density in first oycle solvent tank
115) Measure volume in first cycle solvent tank
116) Measure activity in first oycle solvent tank
117) Take out sample from firat oycle solvent tank ‘
118) Send sample to laboratory for TBP, U, Pu and total gamma
determinations




119)
120)
121)
122)
123)

12)
125)
126)
127)
128)

129)
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Measure density in first cycle product tank

Measure volume 1n first cyéle product tank

Measure activity in first cycle product tank

Take out sample from first cycle product tank

Send sample to laboratory for U, Pu and total gamma
determination

Measure density in first cycle waste solution tank
Measure volume 1n first cycle waste solution tank
Measure activity in firast cycle waste solution tank
Talke out sample from first cycle.waste solution tank
Send sample to laboratory for Al, U, Pu and total gammsa,
determination

Calculate mass balances for U and Put

before extractlon after extraction

volume feed sol. x U concent. in feed sol.

volume lst cycle solvent x U conc. in lst cycle solvent
volume lst cycle product x U conc. in lst cycle product
volume lst cycle waste x U oonc. in lst cycle waste

etc,



1)

2)
3)
L)

5)
6)

7)
8)
9)
10)
11)
12)
13)
L)
15)

17

SECOND CYCLE FEED ADJUSTMENT

Control performance of first cycle product tank control
board .

Measure density

Measure volume

Measure actlivity

Take out sample | -
Send sample to laboratory for U, Pu, free acld and total
gamma determination

If volume is more than 19 litre, suspend operation

Add l;.3 litre U;.NW HNO

Add 0.5 1itre 1.2 M Fe(30;MI5),

Add water to complete 20 litre

lieasure density

Measure volume

lieasure activity

Take out sample

Send sample to laboratory for U, Pu, free aold, Fe**/?e‘*‘
and total gamma determination |



1)
2)
3)
L)

5)
6)

7)

3)
9)

10)

11)
12)

13)
1)
15)
16)
17)
18)
19)

20)

21)

22)

2L)

26)

27)
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SECOND CYCLE SOLVENT EXTRACTION

Control performance of first cycle product tank cohtrol board

Measure density in first cycle product tank

Measure volume in first cycle product tank

Measure activity in first cycle product tank

Take out sample from first cycle product tank

Send sample to laboratory for U, Pu, free acid, Fe *t/re***

and total gamma determination

If free acid concentration.is different from 2.0 = 3.2 N or

Fet*/re*** 13 less than 10, suspend operation

Control performance of socond cycle solvent tank control board

Measure density' in second cycle solvent tank

Measure volume in second cycle solvent tank

Measure activity in second cycle solvent tank

Take out sample from second cycle solvent tank

Send sample to laboratory for TBP, ﬁ, Pu and total gamma

determination

Control performance of second cycle waste tank control board

Measure density in second cycle waste tank

Measure vollme in second tycle waste tank

Measure activity in second cycle waste tank

Take out sample from second cycle waste tank B

Send sample to laboratory for U, Pu, free acld, Fet?/rottt

and total gamma determination

If volume 1n second cycle waste tank <+ twice the volume 1in

first cycle mroduct tank 1s nmore than 50 litre, suspend

opoeration

Control Iif second cycle product tank is clean and empty

Ad just pumping rate of second cycle solvent puwup to 1.5

litre/h (see instructions for solvent flow rate adjustment)

Ad just pumping rate of second cycle scrubbing pump to 0.5

litre/h (seo instructions for scrubbing and stripplng flow

rate adjustments)

Ad just pumping rate of second cycle stripping pump to 1.5

litre/h (see instructions for scrubbing and stripping flow

rate ad justments)

Ad just pumping rate of second cycle feed solution pump to
60/U concentration in g/litre in feed solution (see

instructions for feed solution flow rate adjustment)

Control if level in feed pump recycling tank 1s above

red mark
If level in feed pump recycling tank 1s below red mark, f1ll
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up with scrub solution # N HRO,

28) Control if level in serub soluéion storage tank 1s above
red mark . '

29) If level in scrub solution storage tank is below red nark,
£111 up with 3 N HNO,

30) Control if level in strip solution storage tank is above
red mark '

31) If level in strip solution storage tank 1s below red mark,
£111 up with strip solution 0,01 N HN05

32) Control if valves N° 1, 2, L, 5 and 9 are slosed

33) Control if valves N° 3, 6, 7, 8 and 10 are open

34) Control if heavy phase outlet of extraction mixer-settler
is closed .

35) Control if heavy phase outlet of stripping mixer-settler 1is
closed ‘

36) Control if extraction and stripping mixer-settlers are full

37) If mixer-settlers are full, pass points 38 to 57 and
continue with point 58 |

38) Start second cycle solvent pump

39) Open valve N° 2

L0) Close valve N° 3%

1) Wait until solvent overflows stripping mixer-settler 's
outlet weir '

L4,2) Start first solvent washer

L;3) Start second solvent washer

Li}) Start mixer-settler agitation

45) Start scrub solution pump

L46) Open valve N° |

L47) Close valve N° 7

);8) Start strip solution pump

i) Open valve N° §

50) Close valve N° 8

51) When aqueous level in interphase level indicator of extraction
mixer-gsettler is close to mark, connect air pressure regulator

52) Open heavy phase outlet of extraction mixer-gettler

53) Start controlling interphase level of extraction mixer-settler
with alr regulator |

5l;) When aqueous level in interphase level indicator of stripping

_ mixer-settler 1s close to mark, connect air pressure regulator
55) Open heavy phase outlet of stripping mixer-settler
56) Start controlling interphase level of stripping mixer-settler



57)
58)
59)
60)

61)
62)
63)

6L)

65)
66)
67)
68)
69)
70)
71)
72)

73)

7h)

75)

76)
77)
.78)
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with alr regulator

Pass points 58 to 75 and continue with point 76
Start first solvent washer

Start second solvent washer

Start solvent pump

Open valve N° 2

Close valve N° 3

Connect extraction mixer-settler interphase level air
regulator

Connect stripping mixer-settler interphase level air
regulator

Start scrub solutlon pump
Start strip solution punip
Open valve N° )

Open valvo N° §

Close valve N° 7

Close valve N° 8

Start mixer-settler agitation
Open heavy phase outlet of
extraction mixer-settler E>’

PERFORM OPERATIONS 65 TO T5

AS FAST AS POSSIBLE
Open heavy phase outlet of

stripping mixer-settler
Start controlling interphase
level of extraction mixer-
settler by air regulator
Start controlling interphase
level of stripping mixer-
settler by air regulator

e
Start feed solution pump

Open valve N° .1
Close valve N° 6

79) Wailt until both mixer-settlers reach steady state (1nterphasd

80)
81)
82)
63)
8l)

85)

level keeps steady without change of air pressure in regulator)
Stop feed solution pump :

Close valve N°® 10 PERFORM OPERATIONS 80 TC 83
Open valve N° 9 ' IN LESS THAN 10 SECORNDS

Start feed solution pump

Observe Iincrease 1n volume 1n second cycle waste tank and
second oycle product tank, and decrease in volume in flrst
cycle product tank and scrub and strip storage tanka. Write
down dengity and volume in each tank at one hour intervals
At end of feed solutlion (stop of flow 1n feed solution
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'fobservation glass) open valve N° 10

86)
87)
68)

89).

90)
91)
92)
93)
9)
95)

96).

97)

98)

99)
100)
101)
102)
103)
10l )
105)
106)
107)

108)
109)
110)
111)
112)

113)
11k)
115)
116)
117)

118)
119)
120)
121)
122)

Close valve N° 9

Wait 15 minutes

Stop feed solution pump

Close valve N° 1

Open valve N° 6

Walt two hours

Open valves N°® 3,.7 and 8

Close valves N° 2, L and §

Close heavy phase outlet of extraction mixer-settler
Close heavy phase outlet of stripping mixer-settler
Stop mfxer-settler stirrer motor

Stop second cycle solvent pump

Stop scrub solution pump

Stop strip solution pump

Stop air supply to lnterphase regulators

Stop first solvent washer

Stop second solvent washer

Measure density in first cycle product tank

Measure volume in first cycle product tank

Measure activity in first cycle product tank

Take out sample from first cycle product tank .

Send sample to laboratory for U, Pu, free acid, Fe*‘/Fe“‘
and total gamma determination

Measure density in second cycle solvent tank

Measure volume in second cycle solvent tank

Measure activity in second cycle solvent tank

Take out sample from second cycle. solvent tank

Send sample to laboratory for TBP, U, Pu and total gamma
determination

Measure density in second cycle product tank

Measure volume in second cycle product tank

Measure activity in second cycle product tank

Take out sample from second cycle product tank

Send sample to laboratory for U, Pu and total gamma
determination

Measure density in second cycle waste solution tank
Measure volume 1in second cycle waste solution tank
Measure activity in second cycle waste solutlion tank
Take out sample from second cycle waste solution tank
3end sample to laboratory for U, Pu, free acld and total



22

~ gamma determination
123) Calculate mass balances for U and Pui

before extraction , after extraction

vol. feed sol.x U conc. feed sol.

vol.2nd cycle solv.x U conc. 2nd cycle solv.
vol.2nd cysle prod.x U conc.2nd cycle prod,
vol. 2nd cycle waste x U conc.2nd cycle waste

etc.



1)

2)
3)
L)

5)
6)

7)

8).

Q)
10)
11)

12)
13)
1)
15)
16)

17)

18)

19)
20)

21)
22)

23)

2L)
25)
26)
27)
28)

29)
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DRAINING OF FIRST AND SECOND CYCLE SOLVENT WASHERS

Control performance of corresponding solvent tank control
board '

Measure density

Measure volume

Measure activity

Take out sample ,

Send sample to labaratory for U, Pu and total gamma
detarmination

Caloulate total content of U in solvent tank

Caloulate total content of Pu in solvent tank

Verify 1f valve N° 2 in corresponding mixer-settler hood
is closed

Verify if valve N° 3 in corresponding mixer-settler hood
1s open . .

Ad Just corresponding solvent pump to flow rate between

1 -3 litre/h

Start solvent pump

Adad SOQ ml water to corresponding recycle funnel

Wait one minute

Observe increase in volume in corresponding solvent tani
Close valve N° 3 untll some liquid is dbulld up in the
corresponding calibration tube

Observe if there is aqueous layer in the liquid in the
callibration tube

Open valve N° 3

If there was no aqueous layer, return to polnt 13

If there was aqueous layer, regulate valve -N° 3 1n order
to recycle aqueous layer but no solvent for 10 minutes
Stpp solvent pump

Close valve N° 3

Control performance of solvent washer waste treatment tank
control board

Measure density in solvent washer waste treatment tank
Measure volume in solvent washer waste treatment tank

Measure activity in solvent washer waste treatment tank

Take out sample from solvent washer waste treatment tank
Send sample to laboratory for U, Pu, total gamma and pH
determination

If volume is more than 25 litre, or pll is below 7, suspend
operation '



30)

31)

32)

2l

Open valve N° )i of solvent washer waste treatment tank
control board until there 1s strong air bubbling in
corresponding observation tube

Open slowly and simulteneously valves N® 6 and N° 8 on

‘gaolvent washor waste treatment tank control board until

there 1s strong alr bubbling in corresponding observation
tubag. Take care not to produce fast level changes in
density indicator.

Open slowly and simultaneously valves N° 10 and N° 12 on
solvent washer waste treatment tank control board until
there 1s strong air bubbling in corresponding observation

. tubes. Take care not to produce fast level changes in

33)
34 )
35)

36)

37)

38)
39)

Lo)
1)
L2)
L43)
Lk)

L5)

volume indicator
Open corresponding interconnection valve:

valve N° 7 for first cycle

valve N°® 9 for second cycle
Start vacuum pump
Open valve N° 2 on solvent washer waste treatment tank
control board ,
Close slowly valve N® 3 on solvent washer waste treatment
tank control board until vacuum gauge indicates a
depression of 2.5 m of water column. Regulate valve N°® 3
to keep this pressure
Observe through volume indicator the progress and end of
the solution transfer
Control on obgervation tube the end of solution transfer
Open slowly valve N° 3 on solvent washer waste treatment
control board
Close slowly valve N° 2 on solvent washer waste treatment
control board
Close valve N° |, on solvent.washer waste treatment control
board
Close simultaneously valves N° 6 and N° 8 on solvent
washer waste treatment control board
Close simultaneously valves N® 10 and N° 12 on solvent
washer waste treatment control board
Drain all the aqueous layer in solvent pump calibration
tube through valve N° 3
Start corresponding solvent pump and simultaneously
regulate valve N° 3 4in. order to draln only aqueous phase

but no solvent



46)

L7)
1,8)
49)
50)
51)
52)

53)
51;)
55)
56)
57)

58)
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When organic phase in calibration tube reaches red mark,
stop solvent pump and close valve N° 3

Repeat operations 30 to U3

Measure density in solvent washer waste tank

Measure volume in solvent washer waste tank

Measure activity in solvent washer waste tank

Take out sample from solvent washer waste tank

Send sample to laboratory for U, Pu and alkalinity
determination

Calculate U content 1In solvent washer waste tank
Calculate Pu content in solvent washer waste tank
Calculate volume of 1l N HNO5 necessary to neutralize
content in solvent washer waste tank

Add by slow increments the volume of 14 N I-INO5 calculated
by point 55 .

If amount of U in tank 1s more than 1.0 g, transfer
solution to first cycle product storage tank

If amount of U in°tank 1s less than 1.0 g, transfer
solution to intermedliate waste decay tank
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STORAGE TANK CONTROL BOARD OFERATION

A) Control of performance

1) Verify if velves §° 1, 2, L4, 6, 8, 10 and 12 are closed
2) Verify if velves N° 3, 5, 7, 9, 11 and 13 are open
3) itart alr puap -
't} vpen alowly valve N° L until air bubbles in corresponding
observation tube ‘
5) Close valve N° |
6) Verify if liquid level in density indicator 1s close to
half of scale
“7) Open slowly and simultaneously valves N° 6 and.8 until
air bubbles in corresponding obmervation tubes, taking
care not to produce fast liquid level changes in
density indicator
8) Close valves N° 6 and 8 simultaneously |
9) Verify if liquid level in volume indicator is close to
half of scale
10) Open slowly and simultaneously valves N° 10 and 12
until air bubbles in corresponding observation tubes,
taking care not to produce fast liquid level changes
in volume indicator
11) Close simultancously valves N° 10 and 12

B) Addition of solutions to tanks

12) Take off funnel cover

13) Control if inside of funnel is oclean

1) Open valve N° 1

15) Add slowly to funnel and wait until funnel 1s empty
16) Close wvalve N° 1

17) Cover funnel

C) Mixing of solution in tank

18) Open valve N° L for strong air bubbling in corresponding
observation tube

19) Wait 3 minutes

20) Close valve N° |

P) Measurement of densiﬁx

, slow
21) Open slowly valve N° 8 until/air bubbling in corres-

‘ ponding observation tube and observe if.1liquid level



22)
23)

2h)

25)
26)

27

in density indioafor changes. Close immediately

valve N° 8

If no change in liquid level was observed, there 1s not
enough solution in the tank and it 1s not possible to
measure density |

Lf a change in liquid level was observed, open slowly
and simultaneously valves N° 6 and 8 until air bubbles
3lowly in corresponding observation tubes, taking care -
not to produce fast liquid level changes in density
indicator

Measure liquid level difference between both arms of
donsity indicator

Close valves N° 6 and 8

Calculate density using formulae:

d -.Kl. hd
where d = density in g/cm?
Kl = characteristic constant for each tank
written on control board
hy = level difference in cm 1n density

indicator

E) Measurement of volume

For

the measuremont of volume 1t 1s necessary to know

previously the density of the solutlion contained in’ the
tank, or h; as measured in step 2l

27)

Open slowly and slimultaneously valves N° 10 and 12 until
air bubbles slowly in corresponding observatlion tubes,
taking care not to produce fast liquid level changes in
volume indicator |

28) Measure 1liquid level difference between both arms of

29)
30)

volume indicator

Close valves N9 10 and 12

If hy as measured in step 2l 18 known, calculate volume
by formulae:

: h
v
where V = volume of solution in litre contained
in tank

K2 8 characteristic constant for each tani
written on control board
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level difference in cm in volume
indicator

level difference in cm 1n density
indicator

dead volume in tank; characteristic
for each tank, written on control board

> (=3
o4
n "

Vo

31) Iy density of solution is known, calculate volume by

formulae h
where = characteristic conatant for each\

, tank written on control board
32) If no level difference ias observed between both arms of
voluro indicator, the volume of solution in the tank 1s

less than V°



1)

2)
3)

L)
5)
6)
7)
8)
9)
10)

11)
12)

13)
k)
15)
16)
17)
18)
19)
20)
21)
22)
23)

29

SAMPLER OPERATION

Verifly ii' vulves A, B, C and E corresponding to sampler
contr. Luard are olosed

‘Verify, that valve D corresponding to sampler sontrol

board is open

Coatirol performance of control board corresponding to
tark to be sampled

Place sample bottle in conveyor

Place conveyor in sampler equipment

Staert vacuum pump

Start alr pump

Open valve C corresponding to tank to be sampled

Open valve E corresponding to tank to be sampled

Close valve D corresponding to tank to be sampled until
vacuum gauge indicates 50 mm nercury column depression
Open valve B

Open slowly valve A until a strong alr bubbling 1is
observed in observation glass

Weit 3 minutes

Lower sampler handle to introduce necdles in sampler bottle
When enough sample has been collected, rise sampler handle
Open valve D

Close valve C

Close valve E

Close valve A

Close valve B

Stop vacuum pump

Stop alr pump

Take out sample conveyor
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TRANSFER 6F SOLUTIONS BETWEEN TANKS

The present instructions apply to the operations described

in Table I.
- Interconnectior]
from tank
Pt S RSt~
dissolver
first cycle product storage 2
o filtered solution storage 3
filtored solution feed ad justment ly
first cycls waste storage 5
second cycfb waste first cycle product 11
second cycle waste ion exchange feed 12
solvent washer first cycle product 13
waste treatment

TABLE I. Transfer operations.between tanks

The transler of solutions from solvent washers to the solvent
washer treatment tank (interconnection valves N° 7, 8, 9 and
10) are described in the solve§p\yasher draining instructions.
The transfer of waste solutions the first cycle, solvent |
washer treatment and lon exchange to the waste storage tank
(interconnection valves N® 6, 1l and 15) are described in

the waste storage instructions.

1) Control performance of feeder tank control board

2) Control performance of recelver tank control board

%) Measure density in feeder tank

;) Measure volume in feeder tank

5) Measure activity in feeder tank

6) Measure density in receiver tank

7) Measure volume in receiver tank

8) leasure activity in receiver tanik

9) If sum of volumes in feeder and receiver tank 1s more than

. 50 litre, suspend operatioﬂ

10) Open valve N° || on receiver tank control board until air
bubbles strongly in corresponding observation tube

11) Open slowly and simultaneously valves N° 6 and 8 on receiver
tank control board until air bubbles strongly in correspon-
ding observation tubes, tanking care not to produce fast
level ohanges in corresponding density meter



12)

13)

)
15)
16)

‘17)
18)

19)
20)
21)

22)
2%)
2L)
25)
206)
27)
28)
29)
30)
31)
32)

31

Open slowly and simultaneously valves N° 10 and 12 on
receiver tank control board until air bubbles strongly
in corresponding observation tubos, taking care not to
produce fgst level changes in corresponding volume meter
Opon «¢orrosponding interconnection valve .corresponding
to Thbbls I ’

Start vecuum pump

Orsn valve N® 2 on receiver tank control board _
Close slowly valve N° 3 on receiver tank control board
untll vacuum gauge Indicates a depression of 150 mm of
Hg column |

Observe through volume indicator in feeder tank the
progress and end of operation

Control with the observation glass corresponding to the
used interconnection valve the end of passage of solutlon
Open slowly valve N° 3 on receiver tank control board
Stop vacuum pump

Close corresponding interconnection valve according to
Table I

Close valve N° 2

Close valve N° |

Close simultanoously valves N® 6 and 8

Close simultaneously valves N® 10 and 12

Measure density in feeder tank

Measure volume ln feeder tank

Measure activity in feeder tank

Measure density in recelver tank

Measure volume in receiver tank

Measure actlvity in receiver tank

Calculate volume balance



1)

2)
3)
It)
5)
6)
7)
8)
9)
10)
11)
12)

13)

15)
16)
17)
18)
19)

WASTE STORAGE

The mresent instructions apply to the transfer of
s9lutlons from the first cycle waste tank, tho solvent
washer treatment tank and the lon exchange waste storage
.ank to the waste decay tank. The interconnection valves
are nuvmbered in Table II.

TABLE II. Transfer operations to waste.

Verify if all valves on waste storarge coﬂtrol board are
closed

Measure level in waste storage tank

Verify if intermediate waste tank 1s empty

Verify performance of feeder tank control board
Measure density in feeder tank

Measure volume in feeder tank

Measure activity in feeder tank

Open valve N° 10 on filter equipment

Open valve N° 2 on waste storage control board

Open interconnection valve according to Table II
Open valve N° 1 on waste storage control board

Start vacuum pump

Observe through volume indicator 1in feeder tank the
progress and end of operation

Control with observation glass corresnonding to the used
interconnection valve tho end of passage of solution
Stop vacwu pump

Close valve N° 2 on waste storage control board
Close valve N° 1l on waste storage control board
Close valve N° 10 on filter equipment

Close corresponding interconnection valve according
to Table II

Interconnectlon
from tank to tank valve N©
first cycle Intermediate 6
waste wagte
solvent washer intermediate ,
treatment waste
ion exchange intermediate 15
waste waste .

32



20)
21)
22)
23)
2L)
25)
26)
27)
2{")
29)
30)

Measwre level In Intermediate waste tank
lieasure density in feeder tank

Measure volume in fesder tank

Measure activity in feeder tank

Cpun valve N° 3 on waste storage control board
Opan valve N° L on waste sterage control board
w 1t 15 minutes

Cioze valve N° 3 on waste storage control board
Close valve N° L on waste storage controli board
Measure level in intermedlate waste tank

Measure level in wasto storage tank
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NUCLEAR SAFETY EVALUATION OF A PILOT PLANT FOR THE

REPROCESSING OF IRRADIATED FUEL ELEMENTS .

INTRODUCTION

In order to gain experience in the chemical processes and
techniques used in spent fuel reprocessing, the CNEA has built a
small pilot plant at the Ezeiza Atomic Center. The present study is

an evaluation of the nuclear safety of this pilot plant.

Plant description.
The plant is composed of several units (1), of which the follow-

ing are relevants to this study (fig. 1):

Unit 2. Dissolver

Unit 3. Storage tank, for solution from dissolver

Unit 5. VFilter tank, for solution from filter

Unit 6. Adjustement tank, for solutions going t o mixer-settlers

" (Unit 11)

Unit 7. Active waste tank, for first cycle waste (coming from Unit 11)

Unit | 8. Storage tank for solvent (TBPi, used in the first cycle.

Unit 9. Filter for solutions from storage tank 3.

Unit 10. Solvent washer formed by four subunits, two for solvent from
first cycle hood (Unit li), which are connected to Unit 8, and
two for solvent from second cycle hood (Unit 16), which are

connected to Unit 12,



Unit 11. First cycle hoéd, mixer-settlers, when fission products are
separated.

Unit 12, Storage tank for solvent (TBP), used in the second cycle,

Unit 13. First cycle product tank where solution coming from mixer
settler (Unit 11) is adjusted before going into second cycle,

Unit 14. Waste tank for low level waste fr(;m second cycle which
contains the plutonium.

Unit 15. Waste tank for Unit 10.

Unit 16. Second cycle hodd, mixer-séttlers, where U and Pu are
separated.

-The uranium solution from the second cycle (UOZ(NOS)Z) willlbe_
converted batch by batch to U308 and sent to the special fissionable
material storage, at the Metallurgy Department, in Constituyentes

Center.

Basis of the safety evaluation.

The operating procedures adopted in the plant (1) imply that under
normal conditions not more than 210 grams of U23s will be proces,sea
at a time. Under these conditions the operation is intrinsecally safe.
However, the plant is studied under more general conditions to estimate
gafety margins in view of possible unforseen events or future changes in
operating procedures,

. The evaluation of the nuclear safety of the plant is based on_

(2)(3)(4)

published experimental data



The values of critical concentrations as a function of the H/U ratio
correspond to 93, 5% enriched uranium (2). Estimations based on these
values are conservative, since they ignore the presence of other prissons
such as HNOB, etc.

A correction factor of 1. 3 was used in our case (20% enrichment)
as prescribed in the basic safety standards used by CNEA (5); these
’ safety standards are consgervative, since the maximum allowed values
("MAV'") are . 45 of the critical values. Thus, criticality is avoided even

with double batching.

SAFETY EVALUATION,
Maximum allowed concentrations for each unit were calculated.
Furthermore, interaction between units was calculated by the solid angle

method (5).

Evaluation of individual units.

Dissolver (Unit 2)

This is a 95 liter cylinder, which is not geometrically safe. A water
coil for refrigeration is placed inside; therefore, the unit is completely
reflected. In each batch 8 fuel elements are processed, together with 13. 38
liters of water and 20. 72 liters of 14N HNOg4 which gives a total volume of
35 liters. We. assume that the 8 elements are those with maximum uranium
| content, which implies 206. 5 grams of U235 Thus maximum possible
concent_ration under homogeneoué conditions is 5.9 gram U235/liter, while
maximum allowed concentration for a 35 liter of solution of U(20) is 17.5

grams U%3%/1jter.



If the 206. 5 grams U235 are dissolved in 95 liters the safety margin -
is even larger, since maximum allowed concentration for this volume is
11. 7 grams U23%/liter and the actual value is 2.2 grams U25°/liter.

The dissolver is placed inside a cell with thick (60 cm) concrete

walls, so that interaction with other units can be neglected.

Tanks (Units 3,5, 6,7, 13, 14, 15)

All these units have a 70 liter capacity. They are not geometrically
safe, Maximum allowed concentration for this volume is 12.2 grams U235
/liter. A mass of 206.5 grams U235 in 70 liters results in a concentra-
tion of 2. 95 grams U239/liter.

Units 3,5, 6 and 7 are inside a 240 x 110 cm. rectangular concrete
cell, so that interaction between this group of units and the rest of the
systerp can be neglected; .V

In the improbable case that the solution leak from one of the tanks
and is retained by the cell, it would have a slab configuration with a thick-
ness c;f 2. 6 cm, which is geometrically safe.

Units 13, 14 and 15 are placed in a concrete cell which is larger than

that of units 3,5, 6 and 1.

Filter (Unit 9)

“This unit is a cylinder 10 cm. in diameter and 50 cm. high which



" First cycle hood (mixer-settler) (Unit 11)
The mixer-settlers are of the multistage pump-mix type and are

n(6) 1t ig formed by two sections 8 x 14 x 55 cm.

quoted as "ever safe
each, with an internal volume of 4. 25 liter, which is geometrically

safe for solutions.

~ Second cycle hood (Mixer-sgettlers) (Unit 16)

This mixer settler is of the same type as that of the first cycle
hood but it h‘as different dimensions. ’fﬁe sections are 78 x 8 x 14 cm.
and 35 x 8 x 14 cm. with infernal volumes of 5. 6 and 2. 5 liter

respectively. These volumes are also geometrically safe for solutions.

Solvent washers (Unit 10)

This unit receives no fissionable material unless the mixer-~
settlérs work incorrectly.

It is formed by four contaiﬁers placed on the vertices of a 45 x
55 cm. rectangle. The upper part is a truncated cone of 7 cm. height
and 12. 7 and 4. 8 cm. radii with a volume of 1. 75 liter, the lower part
is ;cylinder of 4. 8 cm. radius and 42,2 cm. height with a volume of

3. 25 liters. The total volume of the unit is 5 liters. Consequently,

“the unit is geometrically safe by volume and by dimensional criteria.

Table I synthesizes the valuesg obtained in unit evaluations.



TABLE

UNIT Maximum allowed Actual concentration
concentration

Ne Vol. (1) (gr U235 /1) (gr U235/1)

2 95 11.7 2.2

3)

5)

6)

7) 70 12,2 2.9

13)

14)

15)

9 3.9

10 5.0

11 4,2 Criticality not obtainable
11 4,2 with solutions in these

16 5.6 volumes.

16 2.5

Evaluation of the interaction between units.

(5)

Interaction between units was estimated by the solid angle method

In view of the operating procedures only two units at a time have

to be congidered. Maximum interaction takes place between the units

that are closest, If this case gives safe values the rest need not be '

considered. From fig. 1 we conclude that the worst case is that of

units 5 and 6.




Since these units are interconnected (Unit 6 is used for adjusting
the solution coming from Unit 5), maximum interaction takes place when
. . . s () =2d .
the tanks are half filled. In this case the solid angle is = — 8in

0 = 1. 31 ster. (fig. 2),

k

The multiplication factor Xeff for the solution is calculated taking

y235 y238

into account the amount of and the presence of , aluminium,
nitrogen and hydrogen. |

With these considerations, Xeff = 0.44 {7,

Thereforé ﬂ maxa. 9-10'keft: = 4,6 ster.; and the interaction

between units can be considered negligible.

" CONCLUSIONS:

The plant is nuclearly safe. To reach criticality, load must be
increased by a factor of about 6 in the dissolver and above 10 in the
others which, in practice, is impossible due to operating conditions

and administrative controls.
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(1)

(2)

{(3)

Criticality Control in Operations with Fissile Material - H, C.
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ANNEX 1

RADIATION PROTECTION

‘“he plant was designed so that operations would comply with the
basic safety standards of CNEA (5), a copy of which is enclosed with

this paper. Health physics services will be provided for the plant,
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The following instructions aré complementary to the

Keport on the Pilot Reprocessing Plant and its Operation Manual:

1,

3.

4,

Safety instructione which are normally adhered to in other establish=
ments handling radioactive materials will apbly in this plant. These
cover the following matters:

a) Responsibility for the operations

b) Access to the area

c) Protective c¢lothing

d) Prohibitidh of eating, drinking and smoking
e) Film badges and urine samples

f) Monitoring of the working area

g) Criticality procedures

h) Other emergencies

It is intended to reprocess the first charge of the RA-1 reactor in
shifts of 8 hours (effective time 7 hours) a day, operating one shift
a day, with a shift leader and one other fully responsible person
(see 4.).

At least two persons concerned with the reprocessing operation
shall normally be present in the pilot plant room while the plant is
operating. ;

Full responsibility towards the plant impiies:

a) Orders for starting or finishing any operatidn in the plant in
which fissionable material is moved.

b) Orders for carrying out operations according to the Operation ~
Manual.

c) Allowance of access to the plant of other persons not directly
concerned with operation of the plant.

d) The handling of situations which are not contemplated in the
Operation Manual or which might be considered accidents.

It is privative of the full responsibility category to take decisions

concerning points a) to d).

Persons with full responsibility towards the plant are:
F.Kaufmann

J.Flegenheimer

N. Venturini

S. Morazzo

Other persons concerned with operation of the plant are:

Technician: A. Bratt

Skilled workers: J.Bordazahar
A, Briga

Analysts: O. Cristallini

“vesssasesss (technician, to be named)



. A logbook will be kept in the plant room on all operations carried

out in the plant and a separate record on all movement of enriched
uranium. For all samples taken out of the room for analytical
purposes, one of the analysts must sign the appropiate entry in the
logbook. The reprocessed uranium of each batch of 8 fuel elements
will be taken away by the "Gerencia de Tecnologia" and the appropiate
entry signed in the record by its responsible officer. The logbook
will be signed and agreed to be correct at the end of each shift by one
of the fully responsible persons.



DETAILS ON PERSONNEL

Ferdy KAUFMANN: Rorn in 1928. Studied at the School of Sciences, Buenos
Aires, where he obtainedhis degree of Licenciate in Chemistry, specialized
in industrial and technological chemistry, in 1935, After private industiry
work, he entered the Chemistry Department of the CNEA in 1957, carrying
out research on uranium extraction and rklated problems. As head of the
Solvent Extraction group and later as head of the Pilot Plant at Constituyen~
tes, he has had a varied experience in plant installations foir the obtention
of nuclear grade uranium from minerals, including ore mills, lixiviators,
thickeners, pulsed columns, mixer-settlers, and ion exchange processes.
In 1962 he engrossed the the starting Reprocessing Department at Ezeiza
where he has been in charge of the design, installation and operation of the
pilot plant., During 1963 Kaufmann was at the Argonne National Laboratory
with an IAEA fellowship where he worked out the flow sheet for the RA~1
fuel elements under the direction of Dr. K. A, Varteressian. During the
experimental work, distribution coefficients and decontamination factors
were obtained with simulated RA-1 fuel elements. Three reports have been
produced at Argonne on these results.

Juan G. FLEGENHEIMER: Born in 1927. Studied at the School of Sciences,
Euenos Aires, where he obtained his degree of Doctor in Chemistry in 1954,
Entered the Radiochemistry group of the CNEA in 1952 which at the time was
directed by Prof. W. Seelmann-Eggebert. He was at Cambridge, England,
from 1956 to 1959 where he obtained his Ph, D. carrying our research work
on protactinium chemistry under the direction of Dr. A.G. Maddock, As
head of the CNEA Radiochemistry Division and later of Radioisotope Pro-
duction, he has had a wide experience in the radiochemical field. He start-
ed and headed the Reprocessing Department in Ezeiza since 1962 which is
also concerned with research work on the actinides. During 19565 he carried
out research in Karlsruhe, Germany, with a von Humboldt fellowship. He
has represented his country on international meetings and has several
publications in his name.

Néstor R. VENTURINI: Born in 1937. Studied at the School of Sciences,
University of Buenos Aires, where he received his degree of Licenciate in
Chemistry, specialized in technological chemistry, in 1966. Forms part
of the Reprocessing Department since July 1966 having participated actively
in the installation and operation of the pilot plant.

Santiago M. MORAZZO: Rorn in 1941, Studied at the School of Sciences,
University of Buenos Aires, where he received his degree of Licenciate in
Chemistry, specialized in physical chemistry, in 1966. Forms part of the
Reprocessing Department since September 1966 and has been engaged in
trial running the plant as well as with investigations concerning modificat-
ions.




Osvaldo A, CRISTALLINI: Born in 1934. Studied at the School of Sciences,
University of Buenos Aires, receiving his degree of Licenciate in Chemistry
in 1957, After a varied experience in the private industry entered the CNEA
in 1957 and was analyst at the Malargle uranium plant until 1961. He took
the radiochemistry course at CNEA and entered the radiochemistry group

in 1961, where he concerned himself mainly with alpha emitters and general
radiochemical separations. Forms part of the Reprocessing Department
sidce its origin in 1962 and has adapted or developed the methods contained

- in the analytical Guide of the pilot plant. He was at Argonne during part of
1964 and 1965 carrying out research on analytical chemistry in the Chemistry
Division headed by Dr. D.C.Stewart. During his stay at Argonne he followed
several of the courses at the I. N. N. S. E, and had a varied training program.
He has a wide experience in the analytical field and several publications in
his name,

Alberto N. BRATT: Obtained his certificate of Chemical Technician at the
Technical School, Buenos Aires, in 1966. He has been working at the De-
partment since November 1966 and has operated the plant regularly.

José M. BORDAHAZAR and Anibal I. BRIGA: Both have been working at the
Department since its origin in 1962 and have assembled the plant. They
have constructed parts of the plant and are familiar with its ope ration.
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