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1.0 ABSTRACT

During the period July l,'l955 to July 1, 1956 the Metal Recovery Plant was
engaged in seven programs in which four distinct types of irradiated reactor fuels
were processed by solvent extraction to recover 115 tons of uranium, 9.8 kg of
plutonium, amd 30 g of Np237¢ The overall recovery of uranium and‘plutonium was
99.0 and 98.6 per cent, respectively. Fuels were processed from the ORNL Graphite,
BNL, Argonne CP-2 and CP-3, and the Canadian NRX reactors. Approximately 15.7 tons

of uranium and 30 g of Np237

was recovered from 2.0 M uranyl nitrate solution re-
ceived from the AECL. Simultaneously with the radiochemical separation which
produced purified products, chemical and eguipment flowsheets were demonstrated

for continuous processing of aluminum~clad uranium slugs, uraniwm dioxide shapes,
and plutonium-aluminum alloy slugs. Aluminum-clad irradiated natural uranium
slugs and uranium dioxide shapes were dissolved comtinuously in nitrie acid to
produce feed for solvent extraction, Plutonium-aluminum alloy slugs were dissolved
in batches with 6 M HNO3 containing 0.05 M Hg(NO ) as catalyst. Feed gross S
activity levels ranged from th to 107 ¢ fm/ml and gross y from lOu to 5. 6x10°
c/m/ml. Two-cycle gross § decontamination factors ranged from 103 to leoh and

gross 7 from 1x105 to 8x10°.

The basic chemical flowsheet for solvent extraction was a Purex type, in
which the salting agent was nitric acid and the solvent was 30 per cent tributyl
phosphate in a kerosene diluent. For a given feed type the chemical flowsheet
was establlshed which gave the desired separstion and decontamination of uranium
and plutonlum The neptunium recovery flowsheet was 8 modified Purex type which
used low uranium saturation in the solvent for peptunium extraction and a low acid
concentration for neptunium stripping. The neptunium-uranium pertitioning was by
solvent extraction, and the neptunium-plutonium partitioning was effected by both

solvent extraction and ion exchange.

The spent solvent was continuously regenerated for reuse by washing with

sodium carbonate and dilute nitric acid in pulsed column equipment.

A waste acid recovery flowsheet was demonstrated which recovered 70 per cent
of the recoverable acid, reecycling to the dissolver all the uranium and plutonium

present in the second cycle acid raffinate streams,




Two lots of highly irradiated plutonium containing 14 and 30 per cent Eﬁ? O,

respectively, were processed for the Y-12 Specisl Separations Group. One lot was
recovered from NRX-~-irradiated natural uranium slugs and the other from NRX-irradiated

plutonium-aluminum alloy slugs.

The uranyl nitrate product solutions containing an'average of 410 g of uranium
per liter and 0.5 M nitric acld were shipped to Y-12 for conversion to U03. The
plutonium nitrate product solutions containing an average of 35 g of plutonium per
liter, were shipped to Rocky Flats.

The plant was operated at an annusl cost of $693,000. This cost includes
charges for labor, materials, and overhead by all groups supporting the operation

of the plant.
2.0 INTRODUCTION

The ORNL Metal Recovery Plant is a versatile solvent extraction radiochemical
separations plant which has been in operation since April, 1952. It has been
operated to produce purified uranium and plutonium products simultaneously with
the development and demonstration of solvent extraction techniques and engineering

applications for processing various types of irradiated reactor fuels and fuel

cycle wastes.

This report covers the ORNL Metal Recovery Plant activities for the fiscal
year July 1, 1955 to July 1, 1956.




3.0 PROCESS OUTLINE

A schematic drawing of the equipment flowsheet ié given in Fig. T7-l1. This
Plowsheet shows the continuous dissolving equipment;vtwo cycles of solvent ex-
traction equipment with continuous between-cycle feed adjustment for both the

~plutonium and uranium second cycles; the continuous resin column igolation
equipment for pluﬁonium; the continuoué evaporation of uranium product solutionsj
and the equipment fcr continuous recovery of waste acid and spent solvent.

For a given type of irradiated fuel, the equipment flowsheet was altered to
include any portion of the above flowsheet, depending on the fuel type and

radiation history.

All irradiasted feed materials were converted to a nitrate solution for
processing through the solvent extraction equipment. Pulsed column contactors
with'perforated plates were used to contact the organic and aqueous phases and
thus effect the radiochemical separations. The organic solvent contained 30
val per ceht tributyl phosphate and 70 vol per cent Amsco, a kerosene-type
diluent. The aqueous ~phase composition was dictated by the chemical flowsheet
being used. However, the basic chemical flowsheet was of the Purex typel in
which nitric acid was used as the salting agent and trivalent plutonium was
separated from uranium. The uranyl nitrate product solution was concentrated
by evaporation and the plutonium nitrate product was concentrated by cation
exchange. Spent solvent was continuously washed with carbonate solution in a

pulsed column and recycled to the extraction columns for reuse.

1 orwL-1519.



.0 BUILDING DESCRIPTION

The Metal Recuvery Plant processing cells are housed in a simply constructed
frame building 91 £t long, 60 ft wide, and 2k £t high. Figure 4-1 is floor plan
of the plant. The six 8- by 8- by 21-ft high cells contain the solvent extraction
columns and associated equipment, and the 2k~ by 18- by 22-ft high cell contains
two 2400-gal feed tanks and a 2400-gal plant waste tank., The large cell and one of
the smaller cells have 2-ft-thick concrete walls for shielding, and the remaining

five small cells have 8-in.-thick concrete walls surrounding them.

The roof is made of a thin layer of metal supporting a 2-in.-thick pad of
insulation which is coated with tar and gravel.

The nonradiocactive chemical makeup area, the uranium product withdrawal and
packaging area, offices, wash rooms, and control room occupy about 75 per cent of
the building floor area and are located adjacent to the processing cells. Radio-
active solutions are sampled at stations on & sample balcony, which is separated
from the mein operating area by the processing cells. A 6- by 40- by 10-ft deep
water filled storage canal and a covered 10~ by 10- by 10-ft deep dissolver pit

are located outside and adjacent to the main building structure.
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5.0 PROGRAM RESULTS DURING FISCAL YEAR 1956

5.1 ORNL Program

The recovery of 60.25 tons of uranium and 6.6 kg of plutonium from irradiated
slugs discharged from the ORNL Graphite Reactor in mid 1952 was begun in July, 1955
and ended in December, 1955. The irradiation level of the uranium slugs ranged from
0O - 300 Mwd per ton and averaged 125 de/ton, Uranium and plutonium losses for the
program were 0.9 and 1.1 per cent, respectively. The plant on-stream efficiency was

96 per cent and the uranium throughput averaged 904 1b per operating day.

The following chemical and eguipment flowsheet innovations were evalumted
during the program:

1. Continucus nitric ascid dissolution of the aluminum-jacketed slugs.

2. Dissolution of slugs in acid waste, containing ions of sodium, iron,
and sulfate, from the uranium and plutonium second-cycle extraction
colunms.

3. The use of specific gravity measurements for automatic adjustment of
nitric acid concentrations in scrub streams (IAS and IDS) and
plutonium second-cycle feed adjustment (IIAF).

4. Airlift pumping of waste acid and evaporator concentrate.

5.1.1 Process Description and Resultg

A modified Purex process chemical flowsheet (Figs. T-2 through 5) was used to

process the ORNL Graphite Reactor irradiated fuel elements. This process consisted

of the following steps:

1. Continuous dissolution of fuel elements in recycle waste nitric
acid (8.5 M HNO,) containing 0.005 M Hg(NO )2 to obtain a uranyl
nitrate solution. 3

2. Decontamination and separation of uranium and plutonium by a
three-cycle solvent-extraction process.

3. Isolation of the plutonium by an ion-exchange process.
L. Continuous solvent recovery.

5. Contilnuous recovery of nitric acid from extraction-column
aqueous raffinate wastes.
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Fuel Dissolution and Feed Preparation. The ORNL Graphite Reactor fuel

eléments, 1-in.-dia. cylinders, 4 in. long, contained 1166 g of uranium clad with
27 g of aluminum. Sixteen fuel elements per hour were injected into the dissolver
from the storage canal by an air-operated ram. The slugs were fed to the 500-gal
dissolver, containing 250 gal of solution (approximately 2.0 @rHNO3, 1. MU, 0.28
M Al, 0.2 M Na, 0.08 M Fe, 0.005 M Hg) and about 1100 1b of uranium metael heel.
Recycle waste acid (containing 8.5 @_Hmog, 0,005 M.Hg(NOB)g, and ions of iron,
sodium, and sulfate), flowed to the dissolver as demanded by a liquid level con-

troller. Dissolver solution was pumped continuously from the dissolver to feed

surge tanks.

Approximaetely 4.5 moles of nitric acid was requilred per mole of uranium
dissolved. Uranium dissolution rates varied from 220 to 1400 1b/day, averaging
900 lb/day. The capacity of the dissolver off-gas system limited the dissolution
rate to 1400 1b/day. '

The average composition of the solution pumped from the dissolver is pre-
sented in Teble 5-1. Compositiong of individual batches of feed are given in

Table 5-2. In most cases no adjustment of feed was required prior to solvent

extraction.
Table 5-1. Average Composition of Feed Solution
o Fission o
Constituent Conc., M  Products Activity, c/m/m1%
U 1.345 Gross B 1.4x108
HNOB | 1.87 Gross 7 1.1xlo§
Al 0.25 Pu 5.5%10
Fe | 0.08 Ru 7 2.9x106
Na 0.20 Zr-Nb v 6.6xlOA
Hg 0.005 TRE B 6.0x10"
| csy 8.9x10"

8For 200-250 Mwd/ton feed. See Sec. 7.4 for counting methods.
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Table 5-2. Average Compositions of Feeds According to Irradiation Levels

Iriziiition U HNO Activity, c/m/ml
de/tog g/liter M 3| er 8 Gr 7y Ru y Zr-No y | TRE B Cs y
0-50 339.5 |1.77 | 1.2x107| 7.2x10° | 2.4x10° | b.8x108 |1.5%10° | 6.bx10°
50-100 329.5 |1.53 | 7.3x107| h.ox107 | 2.6x10° | 1.75857 [3.1x107 | 1.kx10"
100-150 309.0 |2.33 | 7.6x10 | 5.2x107 2.2x10° | 1.7x107 |2.7x007 |k.3x107
150~200 322.5 |2.28 | 1.1x10°| 8.1x107 | 2.0x10° 3.6x10" |5.5x10" |6.4x10"
200-250 329.5 {1.40 .1,4x108 1.1x108 2.9x106 e 6.0x10" 8.9x:Lo7

First Solvent-fxtraction Cycle. The uranyl nitrate solution from the dissolver

was fed to the extraction column (IA) of the first cycle at an average rate of 15.1
gal/hr. 1In this column, where the scrub/feed/extractant ratio was 1/1.5/6 and the
total velocity was 365 gal/hr/ftg, the uranium and plutonium were extracted quanti-
tatively (U loss 0.005%, Pu loss 0.04%) by the solvent, and the bulk of the fission
products was discharged as waste in the raffinate stream. The uranium-plutonium-
bearing solvent stream flowed to the mid-section of the partitioning columm (IB)

where the uranium-plutonium separation weas made.

In the partitioning column the plutonium was reduced to the trivalent state
and stripped from the solvent by an aqueous solution of ferrous ammonium sulfate
(0.0 M) and sulfamic acid (0.08 M), after which the aqueous plutonium solution
was scrubbed free of uranium with solvent in the lower éection of the partitioning
column. The volume ratios of strip/feed/scrub were 1/6.1/1.5, and the total
volumetric velocity in the partitioning colum was 355 gal/hr/ftz. Uranium loss
to the agueous plutonium stream (IBP) averaged ¢ 0.001 per cent and plutonium loss

to the organic stream averaged 0.6 per cent.

The organic uranium effluent from the vartitioning column cascaded to the
strip column (IC), where the uranium was stripped from the solvent by demineralized
water. The aqueous/organic ratio was 1.3/1 and the total velocity in the strip
column (IC) was 354 gal/hr/ft2. Uranium loss to the stripped organic stream (ICW)

averaged ( 0.0l per cent.



Second Uranium Solvent-Extraction Cycle. The first-cycle agueous uranium

strip solution, containing approximately 4O g of uranium per liter, was continuously
Jetted to a phase separator, which fed the continucus between-cycle uranium evapo-
rator. A 10-fold volume reduction was made in the evaporator, and the product
stream was adjusted with concentrated nitric acid to obtain a second-uranium-cycle

extraction-column feed (IDF) containing 340 g of uranium per liter and 2 M in HNO3'

In the second-uranium-cycle extraction columm (ID), the uranium was extracted
into the solvent, using 3 M.HNO3: 0.0l M ferrous ammonium sulfate, 0.08 M sulfamic
acid as scrub. The agueous raffinate from this column, conteining residual
plutonium and fission products, flowed to an evaporator for acid recovery which
will be discussed later. The second-uranium-cycle extraction column (ID) was
operated with an average scrub/feed/solvent flow volume ratio of 1/1.5/5.5 and an
average velocity of 389 gal/hr/ftg. The average uranium loss in the agueous

raffinate was 0.005 per cent.

The uranium-bearing Qrganic stream from the second-uranium-cycle extraction
column was stripped of uranium in the stripping columm (IE)‘by demineralized
water, using an average aqueous/organic ratio of 103/1 and a total velocity of
37T gal/hr/fte. The average loss of urenium to the stripped solvent was 0.07 per

cent.

The resulting sgueous solution from the strip column, containing 45 g of
uranium per liter, was continuously pumped to a phase separator, which fed a
bubble-cap~column evaporator for steam stripping of residual organic and for
concentrating the uranium. The concentrated product was packaged in 55-gal stain-

less steel drums for shipment to ¥Y-12 for conversion to UO3.

Figsion product activities and chemical composition of the uranium produet

solutions are discussed in section 5.1.2.

Second Plutonium Solvent-Extraction Cycle. Chemical adjustment of the

plutonium-bearing stream (IBP) from the partitioning column (IB) of the first
cycle was accomplished by adding concentrated nitric acid to increage the HNO3
from approximately 1.5 to 6.0 M and by adding 2 g_NaNO2 to a concentration of 0.05
M, thereby oxidizing the plutonium from the trivalent to the tetravelent state.
The adjusted stream (IIAF) was then pumped to the second-plutonium-cycle extrac-
tion column (IIA), where the plutonium was extracted into the solvent and scrubbed
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with 0.5 M HNO3. The scrub/feed/solvent volumetric ratio in the ITA column was
1/7.5/2 and the total volumetric velocity was 279 gal/hr/ftg. The plutonium loss

to the aqueous raffinate was 0.04 per cent.

The plutonium-bearing solvent from the ITA column cascaded to the second
pPlutonium stripping columm (IIB) where the plutonium was stripped by 0.05 M hydroxyi-
amine sulfate solution. The strip solution also served to reduce the plutonium

to the trivalent state for subsequent isolation (see below).

The strip/organic volume ratio used in the IIB column averaged 1.5/1 and the
total velocity was 3hQ gal/hr/fta. The average plutonium loss in the organie

raffinate was 0.045 per cent.

Plutonium Isolation. Isolation of the plutonium contained in the agqueous
stream from the second plutonium strip column {ITB) was accomplished by sorption
of plutonium on Dowex~50 resin, using one of three resin columns operated in parallel.
After 500 to 600 g of plutonium was sorbed on & single resin columm, the plutonium-

bearing stream was diverted to an alternate column and the loaded column was

processed. The plutonium~depleted effluent from the resin column was discarded

as waste. The plutonium loss in the resin column was 0.02 per cent.
A three-step process was used to remove the plutonium from the resin:

1. Uranium sorbed on the resin was first removed from the plutdnium stream
by downflow elution with 10-14 resin column volumes (40-60 liters) of
solution containing 0.25 M HESOQ and 0.05 M hydroxylamine.

2. Approximately 80 to 90 per cent of the plutonium on the resin was then
removed by upflow elution with 3 volumes (10 to 12 liters) of solution
containing 5.7 M_HNO3 and 0.3 M sulfamic acid.

3. The column was then reconditioned for reuse by pumping up through it
30 liters of solution containing 0.1 I_Q'HNO3 and 0.1 M sulfamic acid.

Activity levels and chemical compositions of the plutonium product are pre-

sented in Sec. 5.1.2.

Solvent Recovery. All spent solvent streams flowed to a single solvent re-

covery system (Fig. 7-5) for continuous regeneration prior to reuse. The spent
solvent was first contacted with 0.2 M.Na2003 in a pulse column,~u;ing an aqueous/
orgaenic volume ratio of 1/10 and a totel velocity of 394 gal/hr/ft“. From the
carbonate wash column the solvent flowed to a static spray column, where it was
contacted with 0.05 M HNO_ using an aqueous/organic volume ratio of 1/20 and &
total velocity of 860 gal/hr/fte. The regenerated solvent then flowed to a surge

tank for reuse.
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Acid Recovery. The agueous raffinate streams from the three extraction
columns {TA, ID, and IIA) were processed in the acid recovery system to recover

nitric acid for reuse in the dissolver acid feed and in the TA column scrub.

The acid recovery system consisted of twc pot evaporators, one each for the

wastes from the first and second cycles, and a bubble-cap fractionation column.

The raffinate from the first-cycle extraction column (IAW stream) (2.3 @.HNO3)
was concentrated by a factor of 3, and the concentrate (approximately 6 M.HNOB)’
containing all the waste salts of iron, sodium, and aluminum, was transferred to a
holdup tank for monitoring and discharge to weste storage. The acidic vapors from

this evaporator flowed to the acid fractionator.

The raffinate streams from the extraction columms of the second uranium and
plutonium cycles, containing 72 per cent of the recoverable acid, were combined
and concentrated to 8.5 Q_HNﬁg. The concentrate was airlifted to a storage tank
for reuse in the slug dissolver. Acid vapors from the second cycle acid evaporator
flowed to the bubble-cap fractionator for concentration, along with the vapors
from the first cycle evaporator, to 8.5 g'HNO3, The fractionator concentrate, con-
taining no metallic ions, was pumped to a surge tank which supplied nitric acid
to the first-cycle extraction-column scrub (IAS). Fractionator bottoms in excess
of phe IAS requirement overflowed to the recovered acid storage tank for reuse in

the dissolver.

The principal advantage of this acid recovery system is the ability to auto-
metically return to the process via the dissolver any uranium or plutonium lost
to the second-cycle waste streams. The presence of iron, sodium, and sulfate ious
in the recovered acid from the second-cycle waste did not cause excessive foaming
in the digsolver. Satisfactory uranium and plutonium losses (each less than 0.1
per cent) and one-cycle gross 7y decontamination factors (7.3x103) were obtained;
however, no comparison was made with the decontamination obtainable when fresh

acid was used in the dissolver.

5.1.2 Decontamination Factors and Product Purity

Uranium Decontamination. Two-cycle uranium decontamination factors (Table 5-3)

ranged from 2xlO3 to 5xloh for gross B and from 3xlO3 to 8x105 for gross y activity,

and increased with increasing activity in the feed solution while product levels

remained essentially constant.



Table 5-3. Two-Cycle Uranium Decontamlination Factors
Product Decontamination Factors
No. Gr B Gr vy Ru 7 TRE B Zzr-Nb 7 Cs 7
S-1 2.2x103 | 3.0x103 | b.7x10° | 3.1x10" | 2.24103 | 3.9x10"
8.5 1.6x10" | h.ox10" | 1.1x10" | h.ox10° | 9.5:0" | 5.2x10"
§~9 1ot | 1.1x0® | 2. 110" | 1. 9::106 8.ux10" | 2.hx10°
S-1h 2. 1x10% | 1. 5x10° | 1. ox1o” | 2. 3x106 2.1x10° | 2.0x10°
516 | wmyaot | 8.3x10° | 1.2x10° | 84100 | 1.4x103 | 9.0x10°

]2 -

concentration of the uranyl nitrate
averaged 0.9 M; it met fission

Uranium Product Purity. The uranium

product solution averaged 420 g/liter and the HNO3
All product solutions were accept-

product and plutonium content specifications.
able for U03 production at ¥-12. Two product shipments contained 230-290 ppm of
calecium ag & result of using process waker in place of demineralized in the
uranium strip column. Two product shipments contained 118 and 270 ppm of iron

as & result of carryover from the ID column; otherwise, the total metallic ion
impurities in the urapium product were of a satisfactory magnitude, 20-100 ppm.
Fission product activity levels, chemical composition and metallic ion impurities

of the uranium product solution ars presented in Tables 5-4 and 5.

Table 5-k. Uranium Product Composition
Product U, mo._,| Px, Fission Product Activity, c/m/ml
No. | g/liter] MO |ppb | Grp Gry | Ruy | 2zr-Nb y|TRE g| Cs 7| ux %
1 396.7 | 0.98| 17 | 7.0x10° | 2.6x103| 618% | 189 807 | 204 | --
5 407.7 | 1.15 |<2.0| 5.5x103 | 1.1x103| 291 | 222 78 | 332 | --
9 435.0 | 0.93 | 6.4 T.4x105| 676 | 147 | 276 20 | 25 |1.1x10"
14 418.9 | 0.81 |<1.0|6.5x103 | 671 | 251 | 216 30 | 41 |5.5x103
16 uoh.25] 0.72 | 1.9 | 2.2x10" | 1.7x103] 313 | 590 o | 126 | --

& UX, B and gross 3B measured st same time.




Metallic Jon Impurities in Uranium Productl

Table 55
i Contaminants
Product U, 5 .

No. g/liter| A1® | B Ca Cr Fe Mg Mn si P Pu Cu Ni
{ 1 397 5 2 b3 b 33 1 - 1 16 17 - -
2 | 3% 5 4 | 288 5 | 53 5 - ]3| 13 20 | e | -
3| bo3 5 3 | 237 b3 5 -~ | 73 | 20 4 - | -
b k05 9 3 43 1L 36 21 - 25 b 2 -- --
5 408 9 | 5 5 21 1 - 20 18 2 -- -
6 396 — 29 5 22 L - 53 18 2 -- -
7 406 5 | 2 16 2 17 1 -- 3 15 2 -- -
8 425 2 5 15 2 16 1 -- 22 19 2 . --
9 435 3 5 10 6 18 1 - 17 6 2 3
10 L3k 2 F - 7 b 20 1 - 16 2 b 3
11 Lho L 3 10 5 118 1 3 i 35 14 1 2 2kh
12 437 5 2 b 3 19 1 1 P31 16 2 1 -
13 Lo o 2 2 3 13 1 8 16 5 1 -
14 419 1 1 1 1 23 1 33 16 1 1 4
15 hes 1 5 2 3 15 1 —- T3 19 1 1 -
16 kol 2 b 3 - 27 1 102 o1 2 7 18
17 het 2 5 & 3 12 1 1 10 20 5 12 -n
18 Lop 2 4 5 3 271 1 - E 11 20 5 1 -

lConcentration in perts per million,

2Concentration parts per billion.

- g-[..
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Plutonium Decontamination. Through two cycles of solvent extraction plus ion

exchange the plutonium decontamination factors (Table 5-%) ranged from l.5x105 to
l+.9xlo5 for gross 8 and from 7.3xlo5 to lt.8xlo7 for gross y activity and increased
with activity level of the feed solution.

Taeble 5-6. Plutonium Decontamination Factors
Py, Decontamination Factors
g/ton U Gr B Gr 7 Ru 7 _ Zr-Nb y TRE B Cs 7
50-100 | 1.9%x10° | 3.1x10° | 3.2x10° | 6.8x10° | h.2x10® | 2.0x10°
100-150 4.ox10° | 7.3x10° | 1.ux10° 2. 4x10° l.3x106 1.4x107
150~200 2.3x10° | 8.3x10° | 1.4x10° 3.3x106 5.lxlo6 1.2x108
200-250 | 1.5x10° | 8.6x10° | 1.6x10° | 6.3x10° | 6.2x103 | 5.5x107

Plutonium Product Purity.

The plutonium product solutions contained from

37.6 to 46.5 g of plutonium per liter snd were 3.4-3.9 M in HNO3 (Table 5-7).

Table 5-7. Plutonium Product Composition
Pu, o, Fission Product Activity, c¢/m/ml
g/liter | M3 Gr B Gr y Ruy | zZe-mby | TREB | Csy
37.6 3.4 | hoxio” | 1.6x10° | 1.0x10° | 3.0x10" | 9.2x10" |8.5x103
43.1 3. 1.8x10° | 8.3x10" | 1.8x10" | 8.2x105 | 2.5x10" |3.6x103
)
46.5 3.9 | 3.5%107 | 7.wact | 1.1x10" | 8.1x103 | 8.2x103 |k.2x10°
5 L
39.3 3.9 5.0x10° | 6.5x10" | 9.6x103 | 5.5x103 | 5.2x103 |8.5x10°
5.2 Special Plutonium Separation Programsg

Two special separation programs were conducted for the recovery of plutonium

with a high content of Puzuo for the Special Separations Group at Y-12. During

the speciasl separations program 160 1b of irradisted uranium containing 162 g of
L

plutonium (13.7 per cent Pug’o) was recovered from NRX irradisted natural

In the plutonium~aluminum alloy program 171 g of plutonium with

2ko

29.7 pver cent Pu

uranium fuel.
was recovered from 11 NRX irradiated plutonium-aluminum alloy

slugs.

" 5.2.1 Feed Preparation

Feed for the special separations program was obtained by dissolving the

central-third sections of four MRX rods which had been irradiated to 2025 g of

plutonium per ton of uraniuwm and sawed to 8-in. lengths. The aluminum-~jacketed

uranium slugs were dissolved in 8.7 §.HN03 containing 0.01 b_&_‘Hg(Nog)2 at a
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dissolver reflux temperature of 110°c. The resulting dissolver solution contained
159 g of uranium per liter and 4.3 M HNO3. For each mole of uranium (plus
associated aluminum) dissolved, 5.6 moles of nitric acid was consumed. This dis-
solver solution ﬁas mixed with'approXimately 300 gal of 1.75 M uranyl nitrate
solution and adjusted to 320 g of uranium per liter and 2.5 }_Q_HNO3 to facilitate
processing under the same Purex chemical flowsheet used in the ORNL slug program

(see Section 5.1.2).

Feed for the plutonium-aluminum program was prepared by dissolving eleven
10-in. -long plutonium-aluminum slugs which had been irradiated in the NRX reactor.
Dissolution of these slugs in 5.4 g_HNO3 containing 0.05 M.Hg(NOB)2 was 80 per cent
complete after the initial 62-hr digestion. Two additional Lh-hr digestions were

required for complete dissolution of the Pu-Al alloy slugs.

To facilitate plutonium recovery, the solution from the three disgsolvings,
containing 171 g of plutonium and 8 1b of aluminum was added to 1000 gal of 1.75 M
uranyl nitrate solution, and a feed containing 320 g of uranium per liter and

2.0 M in HNO, wes prepared for solvent extraction.

3

The initial dissolver solution, containing 98 per cent of the plutonium

(162.4 g) in 363.4 liters, was analyzed for fission product (Table 5-8).

Teble 5-8. Fission Product Distribution in Pu-Al Alloy Dissolver Solution

g Activity, c¢/m/ml
Gr B or y Ru 7 7r y Nb y TRE B Cs v |Pua (TrA)?

4.2x10° | 2.3x10° | 1.7x10° 2.9x10° | 7.8x107 | 1.5x109 | 5.hx10° | 5.9x10

8The plutonium concentration was 0.447 mg/mi.
5.2.2 Solvent Extraction

The chemical flowsheet and solvent extraction procedure described in Sec. 5.1.2
were used to effect uranium and plutonium recovery for both programs. Plutonium
recoveries during the SSP and Pu-Al alloy programs were 99,7 and 99.8 per cent,

regpectively.
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5.2.3 Plutonium Product

The plutonium product solutions frow the special separations and Pu-Al programs
were transferred to the Y-12 Special Separations Group. The isotopic analyses of

these plutonium products are given in Table 5-0,

Table 5-9. Special Separations and Plutonium-Aluminum Plutonium Products Mass Assay

Amount, wt % SsP Pu-Al Alloy
Pu-239 84.3 64.9
Pu-240 13.7 29.7
Pu-241 1.8 4.5
Pu-242 0.2 0.87

5.2.4 Uranium Product

During the special separations and Pu-Al plutonium recovery programs, the
one-cycle uranium product solution was continuously recycled to an alternate feed
tank for use in recovering the plutonium that remained in the system during the
initial processing pass. When all the plutonium had been recovered, the uranium
was teken from the system as product and returned to the usual production channel

through Y-12.

5.3 Brookhaven National Laboratory Reactor Fuel Processing

Approximately 6.4 tons of aluminum-clad uranium fuel elements irradiated to
500 de/ton in the Brookhaven National ILaboratory Reactor and decayed for approxi-
mately one year were processed to recover 6.4 tons of uranium and 2.7 kg of
plutonium. Uranium and plutonium recoveries were 97.6 and 08.1 per cent, respec-

tively, of the feed content.

5.3.1 Process Desecription and Results

The BNL fuel elements were very similar to the ORNL Graphite Reactor fuel;
therefore, the chemical and equipment flowsheets used for the processing of the
BNL fuel elements were essentlally identical with those used for the ORNL fuel
elements (Sec. 5.1). This discussion is therefore restricted to significant

variations and results of the various steps in the process.
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Feed Preparation. The previously described (Sec. 5.1.1) continuous nitric

acid dissolution process was used to dissolve the BNL fuel elements. The
average chemical and individual fission product activity composition ©f the

dissolver solution are presented in Table 5-10.

Table 5-10. BNL Dissolver Solution Composition
U, HNO3, Activity, c/m/ml

g/liter M Gr B Gr v Ru 7 Zr vy Nb y TREB  Cs v | Pua
318 2.0 |1.1x107]5.6x10%|8.1x107|8.0x10" | 1.3x10°| 7.0x10°| 2.2x10° | 1. 2x10°

Recovered waste acid (8.5 M_HNOB) was used to dissolve BNL slugs during the
firgt half of the program, and fresh nitric acid was used during the remainder
of the program. The recovered acid contained sodium, iron, and sulfate ions
from the second~-cycle wastes, and the fresh acid was a commercial grade product.
No difference was noted in the dissolving action of the recovered and fresh
acid. In the change from recovered to fresh acid, the program was terminated
before the recovered acid could be completely flushed from the system; therefore
a direct comparison of the relative effect on fission product decontamination

of the use of fresh and recovered acid was not possible.

Solvent Extraction. The average flow rates and chemical composition of the

various streams of the modified Purex chemical flowsheet used in the BNL program

are presented in Table 5-11.
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Table 5-11. Average Composition of Entering Streams
Flow Rate
. Stream Compositions gal/hr
o 318 g/liter U
; IAF 1.94 M HNO, 17.4
| IAX 30% TBP 58.6
IAS 3 M HNO, 14.0
0.04 M FeS0, .NH, SO
IBX = WL 9.0
0.08 M NHQSSSH
IBS 30% TBP 15.3
ICX 0.005 M HNO, 102.5
340 g/liter U
IDF 2.3 M A0, 14,2
3.0 M HNO,, 0.02 M FeSO, .(NH, ),S0, ,
08 0.0% M NR,50_H TR 10
IDX 30% TBP 55.1
TEX H,0 76.0
6.0 M HNO
ITAF 0.101 Naﬁo? ~17.0
TIAX 3C% TBP 4.9
TIAS 0.5 M HNO, 2.0
0.05 M (NH_OH),.H_SO
TTBX 0.0 HNgf 21550, 6.2
)
SRS 0.05 M HNO_ 16.1
CWC 0.2 M Na CO, , 9.2

An unusual amount of interfacial solids appeared during the processing of
the BNL fuel elements. This particulate matter collected radioactivity at the
organic-~aqueous Iinterfaces and was then redistributed, primasrily in the solvent
streams. O8ome reduction in the solids formation and an increase in the gross vy
decontamination factor across the solvent recovery system from 7 to 19 was ob-
tained by decreasing the organic/aqeuous ratio in the carbonate scrub column from
8/1 to'S/l. Other flowsheet changes made to improve decontamination included:

1. PFirst-cycle extraction-column scrub-section height increased from
12 £t to 16 ft

2. Uranium saturation in solvent of first-cycle extraction column in-
creased from 60 per cent to 75 per cent

3. Nitric acid content of the scrub to the first-cycle extraction
column increased from 3.0 M to %.5 M
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The combined effect of these flowsheet changes was an B8-fold increase in fission
product decontemination. A comparison of individusl fission product decontamination

factors for two cycles of uranium extraction under the conditions stated are given

in Table 5-12,

Table 5-12. Uranium Decontamination Factors
60% U Saturation in Organic, | 75% U Saturation in Organic,
Fission 12-ft Scrub Section 16-ft Scrub Section
Product IAX/IAS = 5.8/1 IAX/IAS = h.7/11
Two-Cycle Decontaminstion Factors
Gross B 5.5%10° h.1x10"
Gross 7 2.8x105 2.0x10"
Ru ¥ 640 h.2%10°
Zr y l.3xloh 6.Ox10h
Nb ¥ 2.8x103 2.0x10"
TRE B 1.8x10° 1.1x10°
Cs 7 J,.6:cmLL 5.6x105
One-Cycle Decontamination Factors
Gross B Th 609
Gross ¥ 28 345
Ru y 178 68
7r ¥ 36 1.2x103
Nb 7y - 265
TRE B . - - 1.2xloz

Cs 7y - 1.6x10
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The two-cycle uranium product did not meet fission product specifications
and was recycled through two additional solvent-extraction cycles at the end of
the program for additional decontamination and for equipment decontamination. A
gross 7y decontamination factor of 30 was obtained during the recycle, after which

the product wass acceptable for shipment to Y-12 for U‘O3 preparation.
After two solvent-extraction cycles and one resin-column isolation, the BNL
plutonium product was packaged for shipment.

The average Tlowing stream and composite plant losses {including reprocessing)
of wranium and plutonium are presented in Table 5-13.,
Column upsets accounted for & major part of the relatively high composite

losses., During equilibrium operation poor organic stripping in the first cycle

and second plutonium strip columns contributed the major losses.

Teble 5-13. Flowing Stream and Composite Losses
Losses, %
Stream Uranium Plutonium
TAW 0,12 C.005
IBP 0.002 -
IBU? - 0.33
IcwW c.26 0.18
IDW 0.00k o
IEW 0.0b -
ITAW - 0.16
LIBPW - 0.07
IDF e 0.15
IIBW - 0.40
Total Flowing
Stream C. 45 0.81
Composite 2.4 1.9

%1BU Pu loss = IDF + ICW.




5.3.2 Product Purity

Uranium Product Purity. The composition and fission product activity of the BNL
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uranium product are presented in Table 5-1L,

Tablg 5-1k4, Urenium Product Composition
u, HNO_ , U-235, Pu, Specific
Shipment g/liter @‘3 Wt % ppb Gravity at QSOC
1 396.8 1.37 0.660 3 1.5726
2 406.2 1.23 0.663 L 1.5835
. Fission Product Activity, c¢/m/ml
Shipment Gross B| Gross y| Ru 7 Zr ¥ No ¥ TRE B | Cs ¥ |
L.3x10% | 2.8x10" | 2.3x16" | 1.1x103 | 5.9x10% | ~770 |1.7x103
2 3.9x10% | 3.0x10"| 1.9¢0% | 610 | 6.5%103 | ~630 |1.6x10

As previously mentioned, the two-cycle uranium product did not meet fission
product specifications and was recycled through two additional cycles of solvent
extraction. While the four-cycle uranium product still did not meet fission
product specifications, it was of sufficient purity to be acceptable to ¥-12 for
Uuo

3

in the uranium product.

preparation. Ruthenium comprised 80 per cent of the fission product activity
Wiobium, cesium, and zirconium were the other major
contaminants in the product. The uranium met the plutonium specification (10 ppb)

after the first two-cycle pass.

The metallic ion contamination in the BNL uranium product is presented in
Table 5-~15,

Table 5~15. Metallic Ion Concentration
Metallic Ion Concentration, ppm i
Product Al B Ca Cr Fe Mg Mn Si
1 1.3 6.3 310 3.3 36.9 8.8 1.0 57
2 - 3.9 2.2 3.k 28.8 1.0 1.0 21.4

Metallic ions not listed were present in concentretions below the limit of
detection by spectrogrephic analysis. The first shipment was contaminated by
calcium and magnesium present in the untreated process water, which was used

insterd of demineralized water for urenium stripping.
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Plutonium Product Purity. Chemical composition and fission product activities

of the BNL plutonium product are presented in Table 5-16.

Table 5-16. Plutonium Product Solution Concentration
Product Pu, Gross ., Seint. 7, HNO., , Moss Assay
No. |g/liter ¢ /m/ml ¢ /u/ml M 3 | Pu-239, %|Pu-24o, %|Pu-2h1, %
1 32.1 | 2.5x10° | 2.5x10° | L.2 95.9 3.8 0.3
2 35.9 2.6x10° 1.4x10° L.6 96.1 3.7 0.2
[ =
3 43.3 3.ux109 1.8x10’ 4.5 95.7 4,1 0.3
| =
L 32.8 2. 4x10” 1.6x10° | 4.6 96.8 3.1 0.2
Avg. 36.0 2,7x109 1.8x10° k.5 96.1 3.7 0.25
Fission Product Activities, c¢/m/ml .
Gross B Gross 7 Ru 7y Zr vy Nb ¥ _TRE B Cs 7
5 - 5 L 5 5 5 3
2.2x10 5.1x10 3.5x10 1.2x10 1.2x10 2.0x10 1.4x10

Plutonium decontamination factors are given in Table 5-17.

Table 5-17. Plutonium Decontamination Factors
One-cycle Plutonium

Decontamination Factors Two~-cycle Plutonium

Activity 60% U Sat. 5% U Sat. Decontamination Factors
Gross B - h,7x103 lelx106
Gross ¥ Tho 1.4x103 2.3x105
Ru 7 740 550 %.8x107
Zr vy 206 133 l.hxlo5
Nob ¥ 52 1.2x103 2.1x10°
TRE B - l.hfxlo5 T.3x105
Cs ¥ - h.8x10° 3.3x107

Zirconium and niobium each contributed 24 per cent of the gross y activity
in the plutonium product, while ruthenium contributed only 7 per cent of the gross 7y.
The presence of the large percentage of zirconium and nicbium in the plutonium after
ion exchange is attributed to the existence of interfacial solids in the system
which selectively sorbed these products., The solids containing the activity were
filtered from the plutonium-bearing stream as it flo%ed through the resin bed and

were then washed from the resin, during the plutonium elution, into the product.
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5.4 Chalk River Tank Car Program

During the CRIC program 19.7 tons of uranium and about 30 g of neptunium were
recovered from two 5000-gal tank car lots of uranyl nitrate solution received from
Atomic Energy of Cenada Limited. This uranyl nitrate solution had been partially
purified in the Chalk River radiochemical separations plant and was shipped to ORKNL
for final purificetion and recovery of the uranium. Because of the sizeable amount
of Np237 in the solution, ORNL decided to develop a flowsheet for simultaneous

recovery of the nepbtunium with the uranium.

A modified Purex chemical flowsheet using 30 per cent TBP in kerosene diluent
and nitric acid as salting agent was used to separate neptunium, plutonium, and

uranium and to produce purified uranium and neptunium. The plutonium was not re-

covered.

5.4.1 Feed Preparation

Concentrated uranyl nitrate solution containing 450 g of uranium per liter
was transported in 1500-gal batches to the ORNL Metal Recovery Plant from the rail-
road siding at XK-25. Each truck load was monitored for uranium and transferred to

the plant feed tanks.

At the beginning of the program the solution was processed with the chemical
composition as received. However, as it became apparent that a higher concentra-
tion of nitric acid in the feed aided neptunium recovery in the initial extraction
column, the feed acid comncentration was adjusted to 2.0 M and the uranium con—r
centration was adjusted to 330 g/liter. Additional oxidizing or reducing agents
were not added to the feed tanks. The average composgition of feed solution is-

given in Table 5-18.

Table 5-18. Feed Composition

Compesition Concentrations

o/mfml T U, HNO.,,
Gr p Gr Puc | Mo | g/l M3
1%10° 1x10° 1x10° 600 356 [ 1.8




5.4.2 Solvent Extraction

Two cycles of solvent extraction were used for recovering uranium and neptunium
from the feed solution. The first cycle was used to recover uranium in a usable form
and to make a gross separation of neptunium and plutonium from uranium. The second

cycle was used to further purify neptunium of plutonium and other metallic ions.

The chemical flowsheet, incorporating neptunium and uranium recovery, differs
from the usual Purex flowsheet for uranium and plutonium recovery in the following
points: (1) The equilibrium concentration of nitric acid in the partitioning
column aqueous effluent (IBP) was maintained at 1.0 M instead of the usual 2.0 M,
(2) the addition of sodium nitrite was omitted from the second cycle feed prepara-
tion step, and {3) flow-rate changes were also made to effect approximately 60 per
cent uranium saturation in the solvent in the first cycle extraction column.
During this program, the effects of nitric acid concentration on neptunium extrac-
tion and partitioning were observed, A reducing agent was added to the extraction
column scrub stream during a portion of the program. The effects of these changes

are discussed later.

The average chemical flowsheet conditions are listed in Table 5-19, along
with conditions found in this study to give the best neptunium recovery. With
thig flowsheet, neptunium, uramium, and plutonium were extracted in the IA column
and the neptunium and plutonium were partitioned from the uranium in the IB
column, The neptunium and plutonium in the agueous phase effluent from the IB
column flowed to the ITA column, where neptunium was separated from plutonium by
omitting the oxidation of plutonium with sodium nitrite. The neptunium plus some
plutonium was extracted in the ITA column in the orgenic phase, which flowed to
the IIB column for stripping. The strip solution, containing neptunium plus
traces of plutonium and uranium, flowed through a T-in. dia by 1lb-in. high bed of
Dowex 50 cation resin which sorbed these elements quantitatively. The neptunium
and uranium were eluted from the resin with a solution containing 0.25 Q.Hésoh
acid and 0.05 M hydroxylamine sulfate. The plutonium remained on the resin and

wag eluted later with 6 M HNO, containing 0.3 M sulfamic acid.

3
From the IB partition columm, the organic phase containing uranium free of
neptunium flowed to the stripping colunm (IC). The strip solution containing the

uranium was evaporated to 400 g of uranium per liter and packaged for shipment.
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Neptunium-Uranihm Recovery Flowsheet

Actual Recommended

Enter-| Flow | Aversge Stream Composition Flow Stream Composition

ing Rete,{ HNO_,| U, Rate, HNO3’ U, A
 Stream|gal/hr @'3 g/1 Others gal/hr| M ° | g/1 Others
let
Cycle
IAF | 12.5 | 1.8 |356|Pu 1.3x105 o c/m/ml 14 2.0 1330 -

Np~-237~ 600 @ ¢/m/ml
IAX | 58.5 - - |30% TBP 58 - - 30% TBP
IAS 8 3] - - 8 3 - -
.08 M N H .
IBX | 10.6 | - | - z ol M FZS(S)%(NH ).s0, | *° o 2 zi ﬁgHg(S)OS}(INH ).,80
Rty M TR ! PO D EERR AT TRy

IBS | 15.2 - ~ |30% TBP 15 - - -

IcxX (110 - - [0 100 - - B0
2nd
Cycle

IIAF | 17.4 | 6.0 | - 16 6 - -

I1AX | 4.5 | - | - [30% TBP .0 | - |~ |30% TBP

IIAS | 2 0.5 | - - 2 0.5 | - -

IIBX | 6.1 - - 0.05 M (NHQOH)Z.HQSOh 6 - - |0.05 M (1\71120}1)2.}129@1L




The spent solvent from the IC and IIB stripping columns was continuously
washed and recycled to the extraction. The solvent was washed with 0.20 M.NaQCOSQ

The acid recovery unit was not operated during this program.

5.4.3 Uranium Product

The 19,7 tons of uranium recovered from the AECL uranyl nitrate solution was
shipped to Y-12 for U’O3 preparation. The uranyl nitrate product solutlon averaged
4ok g of uranium per liter and 1.4 g“HNO3° The average total metallic ion concen-
tration was 150 ppm of uranium., Iron and silica were the major conteminants,

with a total of 109 ppm. The averages of individual metallic ion concentrations

are given in Table 5-20,

Teble 5-20. Concentration of Metallic Jon in Uranium Products
Conc. Conc.

Ton ppm of U Ton ppm of U

Al 2 S5i 25

B L Cu 1

Ca 7 Ni 15

Cr 6 | P 12

Fe 8l | Pu 3 ppb

Mg 1 Total 158

Mn

The gross gamme activity in the uranium product ranged from 1.6xlO3 to 3:3::10”r

c/m/ml and averaged l.2xlO,+° The fission product activity distribution in the.

uranium product is given in Table 5-21.

Table 5-21. Fission Product Distribution in Uranium Product
Shipment | U, Activity, c/m/ml

No. g/liter|Gross Bl Gross y| Ru y Zr vy Nb 7y TRE B| Cs v Pu o
o8 |6.8x103|1.7x10"|8.6x103| 3.9x103| 3.1x103| 388 870 106
2 509 |3.3x10%|3.2x10%|9.3x103|6.0x103| 1.8x10"| 3. 0x103[3.0x103 | 205
3 b2 [8.0x103|4.9x107|1.8x103| 300 |2.3x103| 180 113 | ¢50
4 408 |1.3%107|7.8x103|3.2¢103|4.8x103| 1. 9x103| 532 698 | ¢ 50
5 113 |1.8x10%|3.7x103 |3.1x103] 146 893 | 303 ohl | ¢50
6 noe  [8.9x103 |1.6x103 [1.5x10°| 191 |1.3x103| 360 |1.1x103| 4 50
7 375 |2.0x10" |2. 0x10™ [h.5x103 |1.3%103 [1.2x10% {1.4x103 4. 4x103 | 101
Avg. hoh  |1.5x10" [1.2x10" [b.6x103 [2.hx103 |5.6x103 | 594 |1.6x103 | 87
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5.4.4 Neptunium Recovery

It became apparent during the initial phases of flowsheet de#elopment for
neptunium recovery that thé feed solution should contain at least 2 moles of nitric
acid per liter and that the uranium saturation of the solvent should be maintained
at gbout 60 per cent. Under these conditions and with & 3.0 M.HNQ3 scrub, approxi-
mately 95 per cent of the neptunium in the feed solution was recovered in the

extraction column (IA).

On one occasion, some freedom was exercised in improvising a flowsheet to
provide better decontamination of the wranium from plutonium in & single solvent
extraction cycle. A reductant was added to the scrub solutlon entering the ex-
traction column to reduce the plutonium to the less eﬁtractable trivalent state
and to cbserve the effect on neptunium recovery. Unfortunately, the addition of
the reductant was accompanied by a simultsneous decrease in the nitric concen-
tration from 2.0 M to 1.25 M in the extraction column raffinate {1IAW). During
this period both plutonium and neptunium losses to the IAW were high, and the
neptunium loss remained high even after the addition of reductant was discontinued.
Extraction of the neptunium was resumed when the acid concentration of the
raffinate was increased to sbout 2.0 M by increasing the scrub HNO3 to 3.0 M,

The conclusion remched was that the effect of low acid concentration on neptunium
extraction was greater than that of the neptunium valence state. This conclusion
was supported further by the fact that reduced neptunium was stripped by 1.5 M

HNO3 in the partitioning column (IB}.

The neptunium and plutonium were separated from the uranium in the parti-
tioning column (IB). The organic stream, which contained uranium, plutonium, and
neptunium from the extraction column, was contacted wiéh an aqueous reducing
solution (0.0h M FeS0,.(NH),),80,, 0.08 ¥ I\IHQSOSE). The flow rate of the reducing
solution was controlled to give an aqueous effluent from the partitioning column
1.0M in HNOB'
was separsated from the uranium, which remained in the solvent phase. During part

Under these conditions more than 99 per cent of the‘neptunium'

of the program the nitric acid concentration of the equeous effluent stream (IBP)

was increased to 1.5 M without affecting the uranium-neptunium separation.
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The aqueous effluent from the partitioning column was processed through an
additional solvent extraction cycle to purify the neptunium from iron that was
added to the partitioning solution. The second solvent extraction cycle chemical
flowsheet 1s shown inm Table 5-19. It differs slightly from thé usual Purex
plutonium second cycle flowsheet in that the oxidizing agent (sodium nitrite) was
omitted from the feed preparation step. Previous work in the plant indicated that
only about 60 per cent of the neptunium in the feed would be recovered if an oxidi-
zing agent was used, and, since only a small quantity of plutonium was involved in
the feed, the plant was operated with chemical conditions favoring neptunium
recovery. Approximately 95 per cent of the neptunium in the second cycle feed was
recovered in the extraction column. The ratio of plutonium to neptunium (a2lpha
counts) in the feed was 333/1. After the second cycle solvent extraction, the
ratio of plutonium to neptunium decreased to 3/1. The strip solution (IIBP).con-
taining neptunium plus traces of plutonium and uranium flowed through an ion
exchange column (Dowex 50) which sorbed these elements gquantitatively. A further
separation of neptunium from plutonium was achleved by eluting the resin with a
solution containing 0.25 M sulfuric acid and 0.05 M hydroxylamine solution. The
neptunium and uranium were removed, leaving the plutonium. The neptunium-uranium
eluate was processed by the Chemistry Division to recover approximately 28 g of

purified neptunium.¥*

5.5 Argonne National laboratory Reactor Fuel Processing

During the T2-day period from April 3 to June lh,’l956, 29 tons of uranium was
recovered from the Argomne National Laboratory CP-2 and CP-3 reactor fuel. The
aluninum~clad CP-3 reactor fuel contained 2.7 tons of uranium and 200 g of plutonium.
The uranium oxide fuel from the CP-2 resctor conteined 26.5 tons of uranium and
trace amounts of plutonium. The aluminum-~clad slugs were dissolved continuously
and processed through two solvent extraction cycles for uranium and plutonium
recovery using standard Purex flowsheet conditions. The uranium dioxide was dis-
solved continuously and processed through one cycle of solvent extraction to
recover uranium only.

5.5.1 Feed Preparation

The uwranium dioxide was packaged in 2,500 ordinary l-gal paint cans, each
containing approximately 12.5 kg of oxide. Single cans were charged manuslly to
the dissolver through an interlocking system of valves to permit continuous dis-

solving. The rate of oxide addition to the dissolver wes limited to one can at

¥ "Chemistry Division Progress Report for Period Ending June 20, 1956",
G. W. Parker, in ORNL-2171.
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20-min intervals to prevent overloading of the dissolver off-gas system. Nitric
acid, 6-7 M,was added to the dissolver on ligquid-level demand, and the withdrawal
rate from the dissolver was adjusted to maintain a specific gravity of 1.5k at
106°C. Under these conditions a Peed solution containing 342 g of uranium per
liter and 2.35 M in nitric acid was continuously prepared. About 6 moles of acid
was added and an average of 2.2 molés of nitric acid was consumsd per‘mole‘of
uranium dissolved. A correction was made for the 6 mcles of iron from the can dis-

" solved with each 40 moles of uranium.

On one occesion the dissolver solution became acid deficient and iron oxide
precipitated from the uranium solution. This iron precipitate was inscluble in

nitric acid and soluble in hydrochloric acid,

The aluminum-jacketed CP-3 slugs were dissolved continuously in 6.7 1‘_II=_H.I\}IC)_2
containing 0.005 E.Hg(m03)2° Digsgolution acid was supplied to the dissolver on
liquid level demand as the equilibrium dissclver solution was pumped from the
dissolver to the feed tanks. 8Slugs were charged to the dissolver at the rate of

16 per hour to maintain a dissolution rate of 0.5 ton/dayu

5.5.2 B8olvent Extraction

Feed prepared from the CP-3 uranium slugs @onhainéd about 50 g of plutonium
per ton of uranium and was sufficiently high in fission product activity to re-
quire two cycles of solvent extraction for purification and recovery of the
yranium and plutonium. The fission product activity level in this feed solumion
is given_in Table 5-22.

Table 5-22. Fission Product Activity Distributicn in Feed
Prepared from ANL CP-3 Fuel

Activity,® c/m/ml
Gross B[Gross 7| Ru 7y Zr vy ¥ v |TRE B Cs v Pu o
3.9x1071|3.0x107| 2.5%10°| 6.1x10 | 1.4x10%| 1.6x107| 2.7x101| 1.6x10
8pctivity measured April 13, 1956. Uranium concentration was 270 g/liter.

6

The chemical flowsheet conditions for processing ANL CP-3 fuel through two
eycles of solvent extraction were essentially the same as those -used for processing
the CRNL end BNL slugs {(Sec. 5.1.2). The actusl stream flows snd concentrations

are given in Table 5-23.
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Table 5-23. Actual Chemical Flowsheet for ANL CP-3 Fuel Processing
Entering Flow,
Stream gal /br Composition
IAF 14.5 275 g/liter U, 1.95 M HNO3, 1.61x10° Pu o ¢ /m/ml i
TAS 9.6 3.0 M HNO,
I 58.0 30% TBP l
L IBX 10.6 | 0.0k M'Fe'", 0.08 M sulfamic acid
1 IBS 15.3 30% TBP
i IcxX 105 Demineralized water
| IDF 11.2 355.5 g/liter U, 2.06 M E1\103
DS 11.1 2.5 M I:n\ro3 ﬁ
| IX 57.5 30% TBP
% IEX 68 Demineralized water
. IIAF 20.7 | 6.0 M HNO,, 0.1 M NaNO,
IS 2.0 0.5 M HNO,
; TIAX 5.0 30% TBP
| IIBX 6.2 0.05 M (N‘HQOH)E.HESObr
SRS 9.5 0.1 M H:NO3
‘ CWC 16.0 0.125 M Na,CO,

Feed prepared from the ANL CP-2 reactor oxide fuel contained fission product
activity and plutonium in small amounts, and one cycle of solvent extraction pro-
cessing was used to recover purified uranium. The gross § and gross 7y activity
% ana jz‘,)clOLF ¢/m/ml, respectively, and
The

in the oxide feed solutions averaged 6.5x10
the solution contained 338 g of uranium per liter and was 2.13 M in HNOB.
fission product activity spectrum in the feed prepared from the ANL CP-2 reactor
fuel is given in Table 5-2k.

Table 5-2k. Composition of Feed Prepared From ANL CP-2 Fuel
Constituent Concentration
Gross B 6.5x10u ¢ /m/ml
Gross ¥ 3xlOu ¢ /m/ml
Pu o 2x103  c/m/ml
U 338 mg/ml
HNO 2.13 M



A revised chemical flowsheet was used to process the CP-2 reactor fuel feed.
Ferrous iron wag added to the extraction column scrud stream to remove traces of
plutonium, and 0.2 g'HNO3 solution was pumped to the former plutonium-pranium
partitioning column to remove metallic ion impurities from the wranium prior to

stripping. Actual flow rates snd chemicsl composition of entering stream are given

in Table 5-25.

Table 5-25 Chemical Flowsheet for ANL CP-2 Fuel Processing
Entering Flow,
Stream gal/hr Composition
IAF 13.% 338.4 g/liter U, 2.13 M HNO,, 1.5%10° Pu ¥ ¢/m/ml
IAS 10.1 3.0 M HNO,, 0.02 M rett
IAX 57.5 - 30% TBP
IBS 15.3 30% TBP
IBX | 9.5 0.2 M ENO,
ICX 106 Demineralized water
SRS 9.5 0.1 M ENO,
CwWe 16.1 0.125 M Na,CO,

5.5.3 Plutonium Product from ANL CP-3 Fuel Processing

The 200 g of plutonium recovered from the ANL CP-3 fuel was isolated by resin
column sorption in the usual manner (see Sec. 5.1.3). The plutoniuvm was sorbed on
2 resin column that contained approximately 300 g of plutonium from s previous
program, and then the loaded column was eluted. This plutonium eluate contained

28.6 g of plutonium per liter and was 5.3 M in HNO3°

5.5.4 Uranium Product from ANL CP-3 Fuel Processing

The 2.7 tons of uranium reccvered from the ANL CP-3 reactor fuel was shipped
in a single shipment. This two-cycle uranyl nitrate solution contained 409 g of
uranium per liter and was 1.k M in HN03° The gross B and gross y activity was
lxlOh ¢/m/wl and there were 6 ppb of plutonium in the uranium. The metallic ion

concentrations in this product solution are given in Table 5-26.
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Table 5-26. Metallic Ion Concentration in Uranium Product
from ANL CP-3 Fuel Processing
Concentration,

Components ppm of U

Al

B

Ca

Cr 6

Fe 87

Mg 0.1

Si 0.2

5.5.5 Uranium Produet from ANL CP-2 Fuel Processing

The 26.5 tons of one-cycle uranyl nitrate product solution from the ANL CP-2

reactor fuel was shipped in eight lots.

uranium per liter and 0.3 §~HN03;

The average concentration was 420.5 g of

the average gross y activity was 2.6x10° c/m/ml

and the plutonium contamination averaged 2 ppb of uranium, The metallic ion

concentrations are listed in Table 5-27.

Table 5-27. Metallic Ton Concentrations in Uranium Product
from ANL CP-2 Fuel Processing
Concentration,
Metals ppm of U
Ca 9
Cr 2
Fe 16
Mg 1
si
Al 10
B 2




6.0 OPERATIONAL CQST AND MAN-POWER REQUIREMENTS

The gross operating costs for conducting the Metal Recovery Plant activities
for the one-year period between July 1, 1955 and July 1, 1956, was $693,000. This
cost includes labor, materials; and o?erhead for all supporting groups such as _
analytical chemistry, health physics, and maintenance. Chérges for capital invest -
ments, depreciation of eguipment, taxes; ianventories, etc.; are not reflected in
this cost report. A breakdown of the annual operating costs is given in Teble 6-1.

Teble 6-1, Operational Cost Summary
Per Cent of
Distribution Cost Total Cost

Direct labor for plant operation $152,400 22.0
FEngineering and maintenance 62,048 3.0
Analytical chemistry - 85,725 12.4
Chemicals, clothing, and misc. supplies 102,245 1h.7
Worked material® , 70,920 11.3
Expense allocation ' , 160,096 22.2
Health physics service ' 27,702 . k.o
Chemical Technology Division research and development 2L,153 3.4
Research Director's Department 7,326 1.0

. $692,615 100.0

Includes cost for air, electricity, SS material control, steam, water, and waste

storage. ‘

Twenty-two men were required to operate the plant continuocusly; the operating
staff consisted of four shifts of three operators plus a foreman, two technicians,
and four technical supervisors.

The analytical chemistry cost of $85,725 includes the labor and materials
used in performing 22,793 control analyses. The sample load ranged from 1400 to
2900 per month and averaged 1899 per month.

Of the $102,245 spent for chemizal, clothing, and miscellaneous supplies,
$94,000 was spent principally for nitric acid; ferrous smmonium sulfate, sulfamic
acid, and sodium hydroxide. Approximetely $6,000 was spent for protective
clothing.
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The $62,048 spent for emgineering and maintenance includes costs of equipment
changes made to accommodate the processing of four distinct types of feed material
during the seven separate programs. These costs also include the fabrication and
installation of experimental equipment. The four craftsmen (pipefitter, welder,
electrician, millwright) stationed in the building on the day shift to perform routine

maintenance contributed to the total labor used in equipment changes.

Of the total craft lebor used, the pipefitter (24.7%) and millwright (21.6%)

were the major expense. A breakdown of the ugage of craft labor is gilven in

Table 6-2.
Table 6-2. Craft Labor Usage
- Per Cent of Total Per Cent of Total
Craf't Craft Hours Worked Craft Craft Hours Worked

Pipefitter 22.6 Utility 2.5
Millwright 22.6 Machinist 2.0
Welder 12.0 Ca?ﬁenter 2.0
Electrician 9.0 Leadburner 1.9
Transportation 7.7 Sheet Metal 0.6
Leborer 5.9 Refrigeration 0.4
Instrument Mechanic 5.4 Painter 0.3
Rigger 5.3 TOTAL g7.0




..35..

7.0 APPENDIX

7.1 Equipment Flowsheet

Figure T-l1 shows & schematic equipment flowsheet.

7.2 Chemical Flowsheet

Figures T-~2, 3, 4, and 5 show the chemical flowsheet used to process ORNL
graphite reactor fuel.

7.3 Column Dats

The column sizes and pulse characteristics were:

M-Column Dimensions .
Pulse
Diemeter, Height,| Amplitude,  Frequency,
Column Section in. ft in. IPS
A Extraction 6.625 20 1.1 53
Scrub 6.625 16 1.1 53
B Partitioning 6.625 15 0.77 43
Serub 6.625 15 0.77 43
C Strip 9.625 22 0.85 L9
Extraction 6 IPS 12.5 1.2 72
Serub 6 IPS 12 1.2 T2
E Strip 8 1PS 20 1.1 66
I1A Extraction L 1PS 18 1.5 75
Scrub 4 IPS 6 1.5 75
118 Strip 2.5 IPs 23.5 0.8 62
Solvent wash

(NaQCOB) 8 20 0.7 39

Solvent wash (HN03) 5.5 16 not pulsed



~36=

7.4 Methods of Counting and Calculating Activities

7.4.1 Counting Methods

Gemma Counting. All gamma activities were determined with a Model SU-1

D
gscintillation counter built by the Nuclear Measurements Corporation. A 5.0 g/cm“
lead sbsorber was inserted between the thallium iodide--activated sodium iodide
detector and the sample.

Alpha Counting. Alphe emigsions were counted a8t 52 per cent geometry

by methane proportional counters.

Beta Counting. Beta radiation was measured at 10.18 per cent geometry

with & helium-filled G.M. {Tracerlab) counter.

T7.%.2 Method of Calculation

Fission product activities were corrected for radicactive decontamination
between sampling time and counting time. The background activities of wranium

and plutonium, as measured by CRNL Anslytical Chemistry Division,are:

U-238
Alpha; 757 ¢/m/mg {varies depending on amounts of U-235 anpd U-23k4 present)
Beta: 75 c¢/m/mg at equilibrium; 2 c/m/mg immediately after separation
Gamma Scintillation, 5 g/cm2 Pb absorber, 8 ¢/m/mg; G.M. counter, not

detectable

Pu-239
Alpha: TlelO7 c/m/mg {varies with irradistion level)
Beta: 2°Ox104 c/m/mg {uranium irradiated to L00-700 g of plutonium per ton)

ea"{xlol‘L c/m/mg (uranium irradiated to T00-15C0 g of plutonium per ton)

Gamma : Scintillation, 5 g/cm2 Pb absorber, 1.205 c/m/mg
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CONFIDENTIAL

FOR PROGESSING ORNL SLUGS

FUEL RECOVERED ACID IAS - 1IBX I1CX UNDOCUMENTED
SLUGS 16 /hr HNO3z  B.5M HNO3z 3.0M FeSO04INH4),50,4 O0O07TM PROCESS Hy0 ORNL-LR-Dwg 5899
U LOOO ib/day Nga 0.166M FR {Ogqal/hr NHpSO04H 0.14M FR 100gal/hr R-1
Fe 0.07M FR 10.0 gai/n
. . ] ..
{ ' v
OFF GAS e CATALYST IAP 1BU ICW
Hg(NO3), 0.075M U 76.7 mg/mi U 62.2 mg/ml U <O0Oimg/ml
’I ‘ Pu 00084 mg/mi Pu <103c/m/mi TBP 2999,
! FR 63.4 gal/ hr FR  78.2 gai/hr Gr g 289 e/m/mi
DISSOLVER IAF FR _544g4al/hr
U 328 mqg/mi U 322 mg/mi = prd *
Py 0.036 mg/m| Py 0035 mg/ml s s > T0
HNO3  2,10M pseeengped  HNO3  2.0M et O 3 = SOLVENT
Al 0.28M Al 0.25M 3 o 3 WASHING
NG 0.20M ~ - Na 0.196M o O o
Fe 0.08M | Fe  0.079M a O
Hg 0.005M Sc y 47x107 c/m/mi — |@ P
FR 15.0goli/hr ' Hg 0.005M =
l FR  15.1qal/hr
-&-—*
FEED ADJ. B ecmm——
Poscse e TAX IBS IC PURGE
2 > Bl = |
TBP 29.2% TBP29.2% PROCESS H,0 _-j
FR 59.4 gai/hr _l FR 14.8 gai/hr -1 FR 44 gm%hr
ACID VAPORS IAW EVAPORATOR 1AW IBP ICU
T0 - CONTINUQUS e—— U 0.002 mg/mi U 0002 My/M!  haw-emalpeT( U 46.6 mg/mi
ACID STILL EVAPORATION Pu  <0.000| mg/mi Pu  0.0535 mg/ml CONTINUQUS | Pu  <0.000! mg/mi
HNOz  0.30M & HNOs 23M HNO3 1.70M SEGOND FR 104 gul/hr
PR 14.9 gal/hr ; Na 0.12M Fe  CO7M PLL&%EI&JM !
IAWC Fe  00SM S¢ 5 4.7x10° c/m/mi TO CONTINUOUS
U 0.0065 mg/mi FR 25.1 gal hr FR” 10.0 gal/hr SECOND URANIUM
CYCLE
Pu <0.0001 mg/ml
TO WASTE ws————— HNO3 5.10M FIG. 7-2
No  0.30M METAL RECOVERY PLANT
;?? 18"22;_Amm ACTUAL FIRST CYGLE CHEMICAL FLOWSHEET

~8¢-



ICU iIDS Fe 108 HN03 IEX UNDOCUMENTED
U 46,6 mg/ml FeSO,{NH,},50, 0.35M HNO;  3.6M PROCESS H,0 ORNL-LR-Dwg 9900
Py 10% c/m/ml NH,SO3H 07IM FR ~ 8.8 gal/hr FR 76 gal/hr R-|
FR 104 gal/hr FR }.Ogal/hr L
—p- ¥ e —
CU EVAPORATOR IDU IEW
[ T H,0 TO WASTE U 84 mg/ml U 0.03 mg/mi .
FR_ 92 gal/hy HNOxz G.I5M TBP 30% VOL soLT\?ENT
' FR  58.04gal/hr FR 544 gal/hr STORAGE
HNOy  134M
CONTINUOUS FR 2.3 gal/hr
ADJUSTMENT
3] 338 mg/mi P = U 80 mg/ml
L Pu <[O3 c/m/imi ereserare——— 3 3 -n-——'—* Pu <f020/m/ml
HNO3 2.2M o o HNOy O.IIM
Scy 2.7x10%c/m/mi o o FR 81.2gal/hr
FR 4.4 gal/hr fa) w ¥
TAW CONTINUOUS
Pua 356 c¢/m/ml W———— EVAPORATOR
HNO3 S.25M
NG S em IDX - IE PURGE )’ Y
o LU= TBP  29.2% VOL |- PROGESS H,0
R 18.7_gav/hr FR__ 54.4g0i/hr | FR 52 gal/hr TEP
, U 414 mg/mi
Pu <20 ppb
ACID VAPORS IDW EVAPORATOR IDW HeO TO RECYCLE R ,I:S“;Wh,
10 t——i CONTINUOUS .jat—riy 0.0020 mg/ml FR  69.4 gol/hr
ACID STILL EVAPORATION Pu <103 o/m/mi
HNO3 1.8M ‘ HNG3 1.9M
FR 25.9gal/hr FeS04(NH4,50, 002M
IDWC FR 19.2 gat/hr
U 0.904 mg/mi
Pu <107 c/m/mi
7-3
HNO3 77M FtG'
TO ACID STORACE=g—— | ™%  5o5M METAL RECOVERY PLANT
F; 0.04M AGCTUAL SECOND URANIUM GCYGLE CHEMICAL FLOWSHEET
F 10.0gal/hy FOR PROGESSING ORNL SLUGS

CONFIDENTIAL
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I8P IAS IBs UNDOCUMENTED
U 0.002 mg/mi HNO3 0O50M HYE* 0.044M ORNL-LR-Dwg $90/
Pu 0.0535mg/ni FR 20 gaimr HNOz 0.02M
HNO3 1.70M FR 6.1 gol/hr
Fe C.07TM
Scy 47xI0%c/m/mi Lel | l_.
FR 100 gal/nr
OAP IBW
U 0.0057mg/ml Pu  ~103 c/m/mI
Pu 013 mg/mi TBP “25% voL | 10 SOLVENT WASH
HNO3 0.4 M FR 5.8 goi/hr
OAF FR  4.{ gal/nhr
U 0.0014 mg/mi
Pu ©.036 mg/mi pd bl
:" ANO3 6.0M ——y = g
Fe 0.05M > =
No  O.17M o Q
HNO3 13.4M FR  14.65 gai/hr o ©
FR 3.4 gal/hr < o
= |
NaNO, 2.0M
FR i .25 goi/nr ospP
IAX IIB PURGE —]__» Pu  0.087 mg/mi

HNO3 0.27M
FR 6.1 gol/hr

¥HYE  (NMpOH)p-HpS0, TAW !
Puga 356 ¢/m/ml -
HNO3  5.25M TO iON EXCHANGE RESIN

——»T0 1DW EVAPORATOR

FR 4.1 gal/hr FR 1.7 gal/hr

TBP 29.2% VOL ™™ ”‘J TBP 29.2%V0L ™

Na C.15M FOR PLUTONIUM {SOLATION
Fe 0.044M
FR 6.7 gol/hr

FIG. 7-4

METAL REGOVERY PLANT
AGCTUAL SECOND PLUTONIUM CYCLE CHEMICAL FLOWSHEET
FOR PROCESSING ORNL SLUGS
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UNDOCUMENTED
ORNL-LR-Owg 930?

Nap,C03 0.2M HNO3 0.20M TIEW
FR 7.3 qot/hr FR 2.6 gal/hr FR 544 goi/hr

L N
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{ ]
IcW >
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(& IB PURGE U 0.009 mg/mi

B Gr g~200 o/m/mi
0 ®)
= =

>
a =
o
- > L _»70 1AX,1BS, & IDX
- |
Y = TO WASTE
FR 10gal/hr

FIG. 7-5
METAL RECOVERY PLANT
ACTUAL SOLVENT WASHING GHEMICAL FLOWSHEET
FOR PROCESSING ORNL SLUGS
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