. RAS- 9471

- , INTRA-LABORATORY CORRESPONDENCE BRI
- e OAK RIDGE NATIONAL LABORATORY | -
‘ o : NUCLEAR REGULATORY COMMISSION
\_/ ' _ " Angust 30, 19FFet o SO=YISMIY-OLA otficial Exh. No.SEC 06
L In the matter of Cateab, -
‘ . , ) T Staff J IDENTIFIED 1/1'3/2)5
T0: Fo L. Caller . ... aplican receven__1/14 /o5
. Intervenor REJECTED ’ 4
TROM: D. E. Ferguson Cont'g Oftr
SUBJECT: Simrle, Cuick Processing Plafa o DATE
. Otivr Witness

¢

) Reporter . :
We have looked at the problems of providing a laclliIy capabl= O

isolsting 10 kg of plutonium end converting it to metzl buttions.
Actually, we estimate that it will take i‘cm.r to six months to start
operetion, with the :firs“.: 10 kg of plutcnium metal sbout one week J.;.ter.
¥e have a:::sumed one FWR element per day throughput {about 5 kg.plutonium
per day).
We have mssumed the following:
. ._ 1. Existing sm2ll industries (winery, dairy, oil refinery) that can
be pirated for instruments, tanks, fitiings.
2. ‘ Sympa‘éhetic end friendly populace..
3. Adequate and ready funds.
k.  Machine shop equipment (lathe, iocwer saw, drill, welder, ete.).
d 5. Iight construction firm (bulld't:zé:.'s, con.crete, sfeel).
Tne construction would vegin with excavation of = deep ditch,
about 25 ft deep, to be lined witﬁc;mcrete. A 20-ft-deep well et
one end receives the cask for unloading the fuel. After emplacement
of the concrete, the dirt will be "t':ac}:i’il_led and the covering building

completed. The dry cell will be closed with concrete slabs for shielding.

Holes for periscopes are cast in the slabs.
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. Much of the equipment can be improvised of stainless steal 55-gal
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drums, 'bui;.v_a-ll-i%r}u,,}?g easily fabricated in a small metal-working shop.
vailable from local industries,

. BN TR -
e pwin Al ol

e - 1% 'is probable. that most equirment will be a
PSR 1 3
A list of the major equipment

v e T .. requiring, at most;**minor alterations.
RPN B dashs . i B s vaiag
B o itens is attached. we
. v mevnnd
S ' I L V
~ . O.--—- RSO S
. . U, »~Lr5‘""" .“- . . ‘
5 & 5 |
Lt e )
e & How
vz . L.-.':-S -
S» T~ ETE .
SD T .k
g Q- 2 )
Lu \..-&-Q
. L. LD ‘
s (__;'.‘,?—) .
8 =%
o~ b
. . . ‘\/’
, .
. . .
~—’



l.)

OFF-GAS TREATHENT

-~ e

The dissolver off-gas (~ 50 c¢fm maximum volume) will be passed
through a caustic scrubber 1‘e&ﬁiﬁ§éd with cooling coils to maintain ihe

caustic neer zmbient temperature. The caustic will removée about 9%

‘of ;c.he coh:tained 1291. Afr will leak intS the system to oxidize o,

"ges such that it can resct with caustic. The effluent will contain

small amounts of NO, end water vapor. This effluent and other ventilstion
air (~ 500 ecfm) wilt pass through a tunnel (~ 75 t2 cross section)

£i1led with crushed limestone end then through a sand filter before .

being discharged to the environment.

Common carbon steel fans with good paint coating will last through

2 se\éral-mont'h campaign. Plastic pipe or .concrete sewer pipe would

- serve sdequately for eir ducts.



WASTE STORAGE | /

The wasfe will be stored in four flat concrete tanks (about 2 ft
deep by 1/4 acre area) containing crushed limestone, both to ensure
neutralization and to "dilute" the waste for more even distribution for
.dissipation of'the decay heat through the .tank walls to the surrounding
earth. This cooling,.along with the decreasing heat generation rate as
the fission products decay, is adeguate and cooling coils are not nesded.
The tanks are vented, however, to the off-gas system. |

Orgénic waste will be neutralized and stored in a similar but

seperate tank.
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‘PROCESS .DESCRIFTICH . -

Dissolution. Feed’ AdJusument and Solvent ”xtraction

PR fuel assemblies are cut under w'aterl into 3 to 5-in.-long
pieces of fuel rod and loaded into SS-gal-size perforated baskets,
one fuel assembly per basket The baskets are lifted from the pool
into the shielded proceSSing cell and lowered into thn batch dissolxera
tank. The dissolver charging opening cover is supported above the fuel
basket in such a wgy that when the basket is 1oaered into the dissolver
the cover seals into place in e water seel around the opening and the
basket support rod can move up and~down through a sleeve in the cover
to lower the basPet into the dissolvent Dissolver 1nstrumentation
consists of e thermocouole and liquid -level and den51uy-bubbler probes
The batch dissolver tank has prevaously been Lharged with 1300 liters
of 8 M HNO3 that is made up from recycled anion exchange column resin
- wash ecid and Iresh 13 h'HN03 The dissolntion reaction is ‘initiated
by heating the dissolver to ~ 80°C and by lowering the fuel basket
slowly into the nitric acid The reaction rate is contro_led by lowering
" the basket at a, controlled rate, thus limiting the amount of sheared
fuel exposed to the dissolvent Eeating—cooling COllS in the liguid
and off-gas cooling-reflux coils in the vapor space also ass1st in
tempereture (reaction rate) control and minimizc off-gas evolution rates.

Dissolution should be essentially complete in h hr; 6 hr is allowed

to remove > 99% of the UG, from the sheared fuel. At the end of the



dissolution cycle, sodivm nitrite solution is added to ensure that \\,)
all the plutonium is present as Pu(IV). This step is optional as
experience indicates that the dissolution reactions and radiation
generated nitriee ?S usually sufficient to guarantee that all the
plutonium is in the I+ valence state. The Qissolver contents are

then cooled to about 30°C and the entire 'batch is transferred via

air lift3 to the extractor. The dlssolver is refilled with a fresh

" batch of acid and the leached fuel claddlng basket is removed from

the dissolver and discarded.

The batch extractor-stripper systemh comprises two vessels in
seeies, each provided with a low-speed turbo-mixer contaetor aésembly.s’s
The mixer drive motors are located outside the shielded cell. Fresh
.30% TBP in kerosene diluenf is tumped through the extractor at a rate \~)
. of about 8 iiters/min for 10 hr, extracting essentially all the uranium
and = 98¢ of the plutonium. (TBP is a’standard industrial chemical
used in plasticisers and paints.) The o}ganic extract flows into the
stripper where it is contacted with a dilute nitric acid solution
containing ferrous sulfamate to reduce all the Pu(IV) to the inextractable
trivalent form. The plutonium selectiveiy accumilates in the stripper
aqueous rhase. Fiesion product,éecontemination is 2 100 for the plutenium
and 2 98% of the plutonium is recovered by the-extraetion-stripping
operation. The uranium-loaded solvent is discaided. The extraction-
stripping operation is complete in about 10 hr., Criticality safety is
acﬁieved by limiting tbe'plutonium concentration. (Accidental criticality

in the shielded process cell in this quick and dirty plant is not a

serious-problem. )



Anion Exchange Plutonium Furification System

Additional fission product:decontamination and separation fron
uranium and ionic impurities are Qéhieved by the anion exchange system.
The plutonium stripper product from the solvent extraction system is
batch-transferred to either:of?two'feed preparation-feed tank vessels,
The Pu(III) solution is heated to ebout 50°C and sodium nitrite and
nitric scid are added to oxidize Pu(ITI) to Pu(IV) and oxidize eny
unused ferrous sulfamate, A small amount of nitrogen oxides are evolved
by”tﬂe oxidation;~ The - feed ;olgtion is adjusted to 7 M’HHO3 for loading
on the enion exchange~resin;7:~The'solution is filtersd and fed to load
" the anion exchange -resin at a rate’of 50 mg of ﬁlutoniug ver min ﬁer ém?
bed area bylan air iift;.ETwo'resin.éolumns are required. The resin is
6 in. in diemeter and‘6.ft.tall.7-The ion exchange beds are geometrically
safe; A standard readily available enion exchange resin, such es
Permutit SK (20 to 50.mesh) or Dowex 1 X-L, is used. It should be noted
that 2 twé—qycle process using anion exchange resins could “be used
~ 3nstead of- the -solvent extractionQ-anion’exchgnge combination dgscribed,
. herein. \Although’not‘poted‘onithe‘flowsheet, a low concentration of HF,
ebout 0,01 M, would be!added:to-the anio;} e:-_:change resin *i:e'"ed to promote
ufission product decontaminationp:'The'feedris'filtered'thrbﬁgh e sand
bed filter before enfering the.resin beds.. Filter cleanup is done by
backflushing with nitric acid as needed. The anion exchange system is

operated at 50 to 60°C for all operations to promote rapid sorption-

desorption kinetics. About 3.25 hr are required to load about L.67 kg of
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plutoniun onto the resin at a conservatively estimated é.vei'age loading
of 50 g of plutonium per liter of resin. Loading losses are < 5%,

After loading, the resin i1s washed with 30 volumes of fresh T M HNO3

containing 0.0l M HF to remove fission products, uranium, and ionic

impurities from the resin. This washing waste is collected, butted

to 8 M HNO3 and recycled to-‘the dissolver“ for dissolvent, recovering any
plutonium losses. The small amocunt of fluoride is tolerable, corrosion-
wise, foz: the limited useful life of the di‘ssolver and is beneficial for
fission product ;ieconta_*ninat.’f.on in the first extraction cycle. The
plutonivm is eluted from the resin using 0.6 M HNO3'a.‘t: a rate of about.
1ml in{,\l 't:.':n"g bed area. Essentially all the plutonium is eluted from

the resin at an average concentration of 50 g of plutonium per liter.

\J

The spent resin is discarded each time, although it could be recon‘ditioned \J

with T M HNO3 and reused for several cycles, as limited by radiation and

chemical damage effects. About 14 hr are required to load, wash, elute,

and replace the resin; 2.5 complete column cycles are required each day

" for 4.2 kg of plutonium. Fission product decontamination for the anien

exchange operation is = th, giving an overall DF of = 106 for the system.

The plutonium product is suitable for shadow-.shieided glove box operaticns,

Plutonium recovery by anion exchange is 2 954, giving an overall system

recovery of ~ 93%

o



PuFq Production

The productlon of PuFB follow= a well—knovn, routinely used production
procedure.8 Prec1pitation, PuF3 preparatlon, and reductlon to petel is
done in shadow-shielded equlpment in glove boxes. The enion exchange
plutonium éroduct is'collected in»1.67-kg-plutonium batches (~ 33.4 liters),
reduced to Pu(III) with ascb_it};c acid (vitamin C), and butted to 4 M HiOs
wlth fresh hiéric acid and eooled.to room temperatule. This solution is
fed et‘e rate of 12,5 liters/ﬁ; to a two-stege, stirred precipitation
vessel made'of polyethyledero? eo?elother aqueous/HNO3-HF-;eeistant plastic.
In the Tirst stage Tprec:f_.p‘i.tatolz"é' b MEF is added to.;mainteip en HNOg/HF
ratio of > 6. Resideoce tlme ld.the precipitator is 2 5 min (ebout
2.5 liters.stage foldme)f fhe elurry overflowe to the second stage, where
addltional.ﬁ? is added (ﬁqps/HF;retio < 3) and additional crystal growth
occurs to yield a éeadilx-filte;eole'poecdpitate of PuFS. The slurry
overflows to plastic batch filfers.(laboratorj type Buchner filters)
collecting about 1 kg of PuF3 on each filter. The orecipitafe is washed
with dilute HF to Temove traces of HNO3 and is alr—drled to about 2%
moisture bj drawlng dry air through the cakes for 3 hr.x Flltrate losses
of plutonzum aTe generally low (O 05 to 0.1 )} and the flltrate is
discarded to waste storage. loe precxpltatlon ope*atlon requ1r°s,about
10 hr/dey to Process ~ h 2 kg of plutonlung leav;ng adequate tlme for
’feed adgustment and preclpltator cleanuo operatlons. The ‘air-dried PuF3

is loaded onto shallow trays and oven-drled at 600°C for s 1.5 hr in

an argon or hellum atmosphere to produce anhydrous Pqu. One oven to

ot - oAt
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accommodate ebout four small trays of PuF3 (1 kg of plutonium per tray) \\,)
is required.

Plutonium Metal Production

The produétion of plutonium metal follows a well-known, routinely

used production procedure.9 Anhydrous PuFq (1-kg-plutonium batches)

is dry blended in a laboratory-size V shell blender with finely divided
calcium metal and iodine booster. The calcium reduces the PuFy to

’ metai end the iodine "booster" reacts with.calcium metal to provide flux .
for the slag and additional peat to produce 2 solid metal button. The

‘ charge is tamped in a magnesia or calcium fluoride crucible placed in a
carbon steel reduction "bomb." The bomb is capable of withstaﬁding |
internal pressures < 4OO psi. The space between the crucible and the
“bomb wal%s is packed wiéh refractory granules. Aféer'filling, the bomd )
is capped, and evacuated and backfilled with argon to remove'air. The
bomb is placed in an induction or resistance furnace and heated to about
300°C throughout the charge and then rapidly heated to 600°C tc initiate '

" the booster reaction and reduce tpe charge to plutonium metal. The
reaction takes only a few seconds; much more time is consumed in heating
the bomb to the initiation temperature and by cooling it to near room

temperature after removal from'??e furriace. The bomb is opened and’
the crucible is removed and broken up to remove the plu£onium metal regulus.
The crucible, slzg, and bomb are discarded. The yield of plutonium

metal is generall& = 97% and generally is = 99.8% puré. The plutoniunm

"button" is cleaned by washing (pickling) in concentrated nitric acid

end is ready for remelting and cesting into nuclear explosive parts.
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Shear -

Dissolver -

EQUIRMENT LIST

Metal cutting saw, abrasive disk. One required,
k.ft-dian x 8. S—ft—iligh, type 304 stainless steel,,
0.12-in., wall with condenser coil (~ 100 f£t2) in
upper portion. lower ;iortion water jacketed.
Note: Suitable tank likely available from light

industry.

Solvent extracticn contactor - 3.2-ft-dian x 8-fi-tall; type

304 stainless steel tank eguipped with turbomix

unit (see Item U).
Wall thicknaess, 0.12 in. .

Note: 55-gel drums could be used.

Plutonium stripper contactor - 2.2-ft-diam x 5.5-ft-tall;

0.12 wall, type 304 stainless steel tank equipped
with turbomix unit similar to one described in

Paper 518, Second U.N. Conf., Vol. 17, pp. 555-63.

Anion exchange feed tank - 3-ft-diem x 6~ft-tall; -0.12 wall,

type 301 stainless steel tank with coils for

heating and cooling. Air sparger for mixing.

Anion exchange columns - Two required. 6-in. -ID x 7-f‘-higb.

Gless pipe with type 304 stainless steel end pieces.

Plutoniuvm product storage end PuF3 precipitation feed tanks.

Six required. 6-in.-diam x 12-ft-long. Use 6-in.
pipe or memufecture from O.12-wall type 304 stainless

steel,
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8. Dissolver feed tenk - 0.12-in.-wall type 304 stainless steel tank,
3-ft-diem x 8- ft-high.

8, Off-gas scmbber'- 2-ft-diam x 10-f{-long éacked with reschig rings
made from 1/2-in. steinless steel tubing. Febricate
from O. l2-wa1.1type 304 s‘tainless steel or three
55-gal stainless steel drums. Provide cooling coils
and liquid recirculation sy;tem ;1sing air lift.

a0, PuF3 precipi’cation equip;ér;é_- Eo-vft-iong hood or glove box

.' equirped with two stirred PVC precipitation pots,
Bachner funnels, drying furnace (electric resistence
type, 600°C), vacuum source.

11, Me’tal preparation hood - 20-ft-long hood - solids blender (lab..scale).

‘ 6-in.~diam x 18-in.-long steel reduction vessel.
Mg0 c.rucible to fit into above vessel (one vessel
) . and cz-;lcible per kg Pu). .Vecuum pump, a.;-gon supply.
2. Metal redu;tion furnace - Electric resistance furnace with 6-in.-

diam x 18-in.-long cavity. 600°C maxdimm temperzture

capability.
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Tadle 1. Typical Fnysical Charzcteristies cf
Unirradizted LWR Fuel &zzecblies

BHR3 vt
Overali asserbly langth, n L.470 L.059
Cross.sacggon, cz 13.9 x 13.9 21.k x 21.bL
fuel elenent lenzih, =m0 - h.qéh 32.851
Active fuel heigat, n 3.759. 3.858
Fu2l elerent OD, c2 1.252 0.956
Fuel element array 8 x8 ) 17 x 17
Fuel rods per asse=bly 63 i 254
Asise.ézbly total z:aight, kg 275.7 £57.9
Uranium/aséembly, =z 183.3 L31.h
U0, /assesbly, ks 208.0 523.h
Zircaloy/assecbly, kg 56.9% 108.4°
Herdware fassembly, kg ’ é.? . 25.1% |
Total structural mztzl/assembly, kg-. 67.7 134.5 °
Bncludes Zirc2lsy fuel-elexent spacers.
b las,

Includes Zircolsy control-rod guide thirmt

¢ : . .
Includes S§S tiz-zlates and Incorel sprinss.

[ ] .

d. - . .
Includes SS nozzles ond Inconel-718 grids.
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Table 2. Typical ﬁuclear Charzzteristics of LWR Fuels

Pa;rameter - BWR PR
Uranium per assembly, kg . :
Initial ' P 183.3 ' 5
Discharge e T 175.3 L4o.7 -
Parichzent; wt % 25°0 . ~ _ |
Initial R T S L - R © 3.20
Discharge ST 0.69 . : - - 0.Bu4-
Plutonium per ass.embly at . : - ‘
‘discharge, kg Lo N 1.57 . ¢ k32
Avercge power, Mi-!/éssemblyi - :' 4.75 | | 17.3
Average specific power, . @ U : 25.9 - 37.5
kufkg initial uranium - . ‘ ’ -
Averaze discharge burnup, Co : 27,500 . 33,000
Mid/metric ton initial = L - :
uraniun - ; . .
‘Irrediation duration, . © 1652 - 880

full-power days




Time elapsed alter spent fuel discharge

Patacater Y 5Y 10Y Joy 100Y 1000Y 10Y 10*y
Thermal power, vacts/assesbly
Structural materfals 1.00}:401‘ 4.86E400 1.98E400 2,06E-01 7.44E-02 1.88E-02 1.59g~-02 5.08E-0)
Actinldcs .
Spent fuel 1.06E402 $9.14E401 9.57E+01 1.02E402 8.89E40L 2.56E401 6.J7E+q0 4,89E-01
Less (U + Pu)b 5.,J0E40L J.15E+01 2.67E401 1.49EH0L 4,74E400  1.12EH00 2,26E-0) 2.80E-02
Fisslon products 2.47E10) 8.65E402 4.534E402 1.J9EH02 4 LLEHOL 9.10E-01] 8.68E-01 S.73E-0) .
Total
Spent [ual , 2,59E403 9,61E4+02 5.32E402 J.41E402 1.3JE4+02 2.56E401 6.3J9E400 5.00E-01 o
Spent fucl less (U + Pu)b 2.5)E40] 9.01E402 4 .8)E102 2,54E402 4.92E4+0L 1.15E400 2.51E-01 3.88E-02
Actlivity, curlcs/assexbly
Structural materfals 4.08E101 1.72E403 ° 6.82E402 2.44E402 1.41E402 2.72E400 2,20E400 8.66E-01
Actinides
Spent fuel 5_.66E404 4.91E404 3.95C+404 1.72E404 J.21E40) 71.98E402 ) 2.08E402 1.8JEH01
Lesy (U + I’u)h 1.77E+40)] 1.,15E40) 9.66E402 | 5.15E402 1.54E402 4,04E401 . 9.9BEH00 1.18E+00 -
Fisston products "6.L1E403 2,27E403 1.47E405 B8.45E404 1.62E+04 1.0SE+0L1 9.94E400 7.77E400 an
Total . [}
Spent fuel 6.72E405 2,18EHQ5 1.87E+05. 1.02E405 1.965+0k 8.11E402 2.202H02 2.69E401
Spent [uel lesa (v + Pu)b 6.17E405 2.J0E+0S5 1,49E405 8.5JEH04 1,65E404 5.16E410L 2.21E401 9.82E4Q0
Ingestion toxtelty,® m’ vacter/assemdly .
Structural aaterials 2.46EHQ8 2,85E407 1.29E407 8,30EH06 4,87E406 © 2.17EH0S 1.5JE+05 1.0JE404
Actinides " “ )
Spunt fuel 1.66E+08 7.48E408 7.53E408 7.43E408 6.,29E+08 1.80E+014 . 4.33E407 2.27E4Q7
Less (U + ru)b }.825+05 1.44E408 1.25E408 '7-565407 J.21E407 8.10E406 1,.58E406 71.)J6E405
Fiaslon products 1.44E+]11 1.14E+1L 9.73E+10 5.91E+10 1.0SE+10 4.40E404 3.B6E404 3.00E4+04
Total .
Spenc fuel 1.45E+11 1,15E+11 9.81E+10 5.99E+10 1.11E+10 1,80E+08 §4,35E407 2.27E407
Spent fuel less (U + Pu)b 1.44E+]L- 1.14C411° 9.741+10 5.92E+10. 1.05E+10 8.3)6E406 1.77E406 7.76E4+05

Yead 1.0 ~ 10°

bg9.51 rem: ' of uranium and plutonium assumad,

C. e .

=t == ~F soeren rancivad tn diluta aarh fanropa ta tha noinr .. it ia accentabls
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8 HR
1 ASSEMBLY/DAY

8 HR

10 HR

-

; E ' E

UNDER WATER

ABRASIVE CUT-OFF SAW

- -DissoLuTION

RANSFER SHEARED FUEL TO DISSOLVYER
DD NITRIC ACID

EXTRACTION AND STRIPPING

TRANSFER DISSOLVER SOLUTION TO
'. EXTRACTOR

. "PUMP ORGANIC THROUGH EXTRACTOR

! AND STRIPPER

" Jon ExcHanGE

14 HR/cYCLE
(2 coLuMNs)

—,

I Hr/BATCH
I} BATCHES/DAY

~ 8 HR/BATCH
4 BATCHES/DAY

~ 'PASs STRIP SOLUTION THROUGH

- JON EXCHANGE
WASH COLUMN
ELuTE coLumn

FLUORIDE PRECIPITATION

Repuce To Pu3* AscORBIC ACID

App HF
FiLTER (BUCHMER FUNNEL)
DRY CAKE .

METAL REDUCTION

-

ADD TODINE AND CALCIUM METAL

TAMP MIXTURE IN CRUCIBLE IN
' STEEL REDUCTION BOMB

EVACUATE AND BACKFILL - ARGON
"RAISE TEMPERATURE TO 600°C
CooL AND REMOVE METAL
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SHEARED FUFL EXTRAGTANT. Py _SIRIP
! PWR FUEL ASSY 30 % TOP 1.0 M HNO
~46] Kq1 U+Pu+FP 4600 & e n 2
~4,33 ag Pu ~0 1/min Q2 Fl(“"zsol]z
: 10 he 460 8 /DATCH
. ‘/,.
OFF GAS
_ £0.3 CFM NOX
~20 CFM IHLEAKAGE ! .
JISSOLVENT i BATCH —_— OATCH X —F DATCH '—"-D___G-AHIC was
0 X hHnoy DISSOLVER EXTRACTOR ) Pu 10 % T8P
1300 1 AND —t —& QRGANIC EXTRACT —] STRIPPER ~07 am U/
. FEED VARIADLE U, Pu, HHOy - ~004 M HHO
ADJUSTMENT . =0 1/ min AGQQ A/DOATCH
EEEQ_ADJUSTMENT—*|  TANK — EEED_SOLUTION— ~10hr
2 M HahO,y ~13 MU
10 2 3.33 gine Pu/d T0
* 4 H HNOy MEUINRALIZATIO
1300 2 _ANO
8 by DISSOLUTION TIME STORAGE
2 hr FEED ADJUSTMENT AQUEQUS WASTE
~ 3,39 gm U/ PLUTONIUM PROOUCY
~ 07 gm Pu ($£2 % LOSS) 9.2 gm Pu 571 (4.2 xg Cu)
~3.3 M HNOy ~20 gm UZL
13002 ~2.0 M NHO;
l‘ 57*:3 r&’ 042 M Fe
e 4G01/0ATCH
. a_ ¥ M
'5/{00) A O.F.2 100
T0 \/0
NEUTRALIZATION o°° Ta
AHD 30 ANION EXCHANGE
STONAGE PUNIFICATION

OASI3: ) PWR FUEL ASSUMOLY /24 hr

DISSOLUTION , FEED ADJUSTt’ T AND SOLVENT EXTRACTION : L

~
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P."_OXINANT . 1.9 4/, e . .
§ s 380 §/ LOADING  sormem e {y ’ .
PPt ; 3.23 . ‘
53278BAT0M . .
. @ _wasn
«-Q otir
R TU—Y 701 104 e o] FREDM
ML/ BATCH 36GD/mw RESIN .
- - * 13?0"1 33,4 ¢/ 0ATCH
"
fieten|'r @ e LLUTION | 4o : , :
p STRIPPER 06 M 1IN0y O ————————] . b .
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