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0. 0 ABSTRA.CT 

This report presents data. obtained from processing 33 Clementine 

Reactor fuel elements in the 0RNL Metal Recovery Plant to recover 

approximately 15 kg of plutonium and 0.16 g of americium. 

1.0 SUMMARY 

The Loa Alamos Clementine Reactor fUel elements were processed in the M9ta.1 

Recovery Plant to recover a total of 14,622 g of plutonium and 0.16 g of 

americium. A total of 14, 716 g of plutonium -was shown by analysis to be contained 

in the 0RNL dissolver solutions; Los Alamos S.F. data. had indicated the a.mount 

to be 15,005.5 g. 

The plutonium was recovered by dissolving the fUel elements, separating the 

plutonium from americium by a modified Purex solvent extraction cycle, and 

isolating the plutonium on a resin bed. Americium was recovered by neutralizing 

the aqueous waste stream from the plutonium extraction colunm, se:p9,rating the 

americium from ionic contclJ'.llinants by solvent extraction and isolating the 

americium on a resin bed. 

The plutonium product from solvent ert:raction we concentrated tenfold by 

sorption on Dowex 50 resin followed by batch elution with 6.o !:! nitric acid~ 

The product solution from the resin colunm, containing an avel:6.ge of 51 g of 

plutonium per liter, was shipped to the Rocky Flats site for further processing. 

The gross beta and gamna fission product decontamination factors from 

plutonium were 250 and 115, respectively. The relatively low decontamination 

factors were due to a low concentration of fission products in feed solution. 

All plutonium recovered from the Clementine fuel met fission product specifica­

tions for recovered~lutoniumo 

A total of 0.15 g of americium was recovered. 

The total cost of recovering Clementine React or fuel was $56,834, or $3 0 88 
per gram of plutonium recovered. 
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2.0 INTBODUCTION 

The Los Alamos Fa.st Breeder (Clementine) Bea.ctor used plutonium. fuel 

elements. After it had o:perated f'rom. late 1947 to early 1953, one of the fuel 

element~ ruptured, contaminating the coolant and other fuel rods, and the 
t 

reactor -was shut down. The Atomic Energy Commission requested that the 0BNL 

Metal Becovery Plant recover the plutonium and associated americium from the 

33 elements. These elements were nickel-coated, gallium-alloyed plutonium rode 

encased 1n mild steel cane. The rods had been f'abricated from 200 J!Nd/ton and 

400 Mwd/ton plutonium. and had been 1rmdiated 4 Mwd in the Clementine reactor. 

This naterial was prooeesed in the 0BNL Metal Recovery Plant from September 

15 to 0otober 15, 1954. The objeotive of this progmm was to recover the 

plutonium and americium sufficiently pure and concentrated for further pro­

cessing at the Rocky Flats site and the University of California ledia.tion 

Laboratory, respectively. 

3.0 DESCBIPTION OF THE PROCES 

3.1 History and Description of Clementine Fu.el Elements 

The Clementine fuel elements consisted of gallium-alloyed plutonium slugs; 

each slug was approxinately o.64 in. in d:la.meter and 5.5 in. long, weighed 

appro:x:1Jnately 455 g, and -was coated with a 0.003-in. layer of nickel. The 

nickel-coated plutonium rod, along with a o.345-1n.-thick o.647~1n.-dia (about 

30 g) nor.nal uranium -wafer, we.a enclosed in a mild steel can. No . bondil;lg 

material was used in the fabrication of these pieces. Inf'o:r.mation received from 

Los Alamos(l) indicated that 6 kg of' the fuel elements had been fabricated from 

200 Mwd/ton plutonium while the remaining 9 kg had been made from 400 Mwd/ton 

material. 

The roas were irradiated for a total of 4 Mwd in the Clementine reactor, 

which was operated at an average power level of 20 kw, from late 1947 unti~ 

January, 1953. :Based on the radiation history of the plutonium, it was estimated 

that approx:tma.tely 3 g ar americium was associated with the 9 kg of 400 Mwd/ton 

plutonium. 
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3.2 Chemical and Equipment Flowsheets 

The chemical flowsheet(2)(3)(4)(Figs. 3-1 and 3-2) was designed to recover 

the plutonium and americium from the Clementine fuel elements at a purity and 

concentration acceptable to Bocky Flats and Livemore, respectivelyo The major 

items of process equipment and the flow of process solutions are sbown schemati­

cally in Figs. 3-3 and 3-4. 

Processing consisted in dissolution of the fuel elements; one solvent 

ext:re.ction cycle for plutonium separation, decontamination, and isolation; and 

neutralization of the aqueous waste stream from the plutonium extmction cycle 

followed by a solvent extmction cycle for americium. separation and isolation. 

A fuel element was removed from the shielded shipping container to a small 

lead pig and placed in the dissolver dry bo:x:. The slug was then txe.nsferred to 

a small eta.in.lees steel basket, which was secured to the dissolver hatch 1!1 th a 

eta.in.less steel ob.am, and lowered into the dissolver. Fifty gallons of 13 !! 
nitric acid and sufficient concentrated hydrofluoric acid to obtain 0.05 !!HF 

were added to the dissolver, and the solution was refluxed at maximum tempe:re.ture 

(approx:bna.tely 125°c) for 12 holll's. After refluxing, the dissolver solution 

was allowed to cool, was steam-Jetted to one of two feed tanks (A-6 or A-8), and 

sufficient 2 ~aluminum nit:re.te was added to the solution to give an extraction 

feed solution which was lo3 !'! in aluminum nit:re.te and 4.0 ~ 1n nitric acid. 

Aluminum nitrate was required to promote the extraction of americium. 

The adjusted f'eed solution was pumped to the plutonium extraction column (IA) 

in which the feed solution flowed countercurrently to a stream of solvent (tributyJ. 

phosphate in Amsco diluent). The plutonium was extracted by the solvent. The 

plutonium-bearing solvent, after being scrubbed with dilute nitric acid, cascaded 

into the strippmg column {IB) in which the plutonium. was stripped by an aqueous 

eolution of hydroxylamine sulfate. The plutonium-bearing aqueous stream (IBP) 

from the IB column cascaded through the IBP slll'ge pot and sand filter and then 

through one of three resin columns, o:perated in parallel, where the plutonium. was 

sorbed on Dowex 50 resin. When one resin column was loaded with approx:lmately 

500 g of plutonium, another column was put on stream, and the plutonium was 

eluted from the loaded unit with a mixture of nitric acid and sulfamic acid. 
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Prior to elution of the plutonium, the lll'anium th.at was retained on the resin was 

removed from the column with sulfuric acid solution. The Pu(N0
3
)3 product 

solution -was transferred to shipping containers and shipped to the Rocky Flats 

siteo 

The americium was recovered from the aqueous stream from the plutonium. 

extraction column (IA.)11 This was neutralized (:pH 2) with anhydrous ammonia, 

90 per cent of the neutralization being accomplished continuously in the neutia­

lizer and the reminder in one of' two feed tanks ( C-3 or D-1) o The neut:re.lized 

solution was pumped to the americium extI8.ction column (IJA) in which the americium 

was extracted by a stream of solvent (TBP-Amsoo) o The americium-bearing solvent, 

afier being scrubbed with ammonium nitrate solution, overflowed into the IIB 
stripping columno The americium was stripped from the solvent with dilute nitric 

acid. The acidic americium solution (IIBP) flowed to the IIBP surge tank, from 

which it was pumped through a Micro Metallic filter to a resin column for sorption 

of the americium on Dowex 50. reaino The americium 'Wa.S eluted f'ram the loaded 

resin column with ammonium acetate -- acetic acid solutiono 

The solvent -was continuously contacted with sodium hydroxide solution and 

then -washed with acid prior to being reusedo 

The principal process waste, aqueous waste from the americium extraction 

column was collected in a storage tank (A-3) and disposed of in the OBNL ab.ale 

pit., Other process wastes, principally from the resin columns and solvent 

treatment, were combined in a tank (P-1) and jetted to the tank fann. (tank W-5 
or W-6)0 

4oO PLtm>NIUM CYCLE 

4.1 Plutonium Recovery and M3.ter:t.al Balance 

Analyses of dissolver solutions indicated that the 33 Clementine reactor 

fuel elements contained a total of 14,716006 g of plutonium, or 98 per cent of 

the 15,005052 g shown on the SoFo tmnsfer document from Los Al.amoso A total 

of 14,622~54 g of plutonium was recovered as product, representing a recovery of 

99.4 per cent, based on dissolver ana.lysieo 



-9-

4.2 Dissolution 

Besul ts of the first slug disaol ving ( solution analysis and visual inspection 

at 4-hr intervals) :lndioated that the slug would completely dissolve :in 12 hr 

(Fig.· 4-1). The majority of subsequent dissolutions were complete in 12 hr, 

although, 16 to 20 hr of boiling -was required for complete dissolution in a 

few instances. 

The detailed dissolving data are presented in Table 8-l. 
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4. 3 Feed Adjustment _ 

Laboratory studies indicated that the concentration of' ammonium nitrate in 

the feed solution to the americium extraction column would be insuf'f'icient to 

salt the americium into the solvento Therefore, sufficient 2.0 !! aluminum 

nitrate solution was added to the dissolver to make the feed solution 1.3 ! 
in aluminum nitrate and ~pproxinately 4.o !! in nitric acid. (The salt solution 

was added to the dissolver because it was easier to add it to this tank than 

to the americium cycle feed ta.nk). 

4.4 Extraction Cyole 

The Metal Becovery Plant extzaction columns operated at an on-stream 

efficiency of 88 per cent. An average of 578 g of plutonium was processed 

per o:peratj.ng day. 

4.5 Flowing stream and Composite Losses of' Plutonium 

The plutonium loss from the first cycle was 0.14 per cent, based on analyses 

of flawing stream samples taken at 12-hr intervals. The plutonium loss for the 

whole program was 91.4 g, or 0.63 per cent, based on samples taken from waste. 

tanks (P-l and A-3) in 'Which all process waste streams were collectedo Individual 

stream losses are presented 1n Table 4-lo 

Table 4-1 

First Cycle Plutonium Losses 

Loss, 
Stream ~ of' !AF Pu 

JAW 0.003 

IBW 0.135 

IBPW OoOOl 

Total Ool39 

Composite 0.625 
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4.6 Plutonium Fission Product Decontamination 

Iediochemical analyses of feed and product solutions indicate that the 

plutonium. gross beta and gamma decontamina. tion factors were 250 and 175, 

respectively. These relatively low factors were due to low fission product 

activity in the feed solution. All plutonium recovered met fission product 

specifications for highly purified plutonium. 

The individual fission product decontamination faotors are sh.own in Table 

4-2. 

Table 4-2 

Plutonium Fission Product Decontam:lnation ~ctors 

- l~~a. Anal;,tS~B, . E:codna:t AJ:Jal~aaa:, Decontamination 
Constituent ctsL"Jld:D.LmJ. otslminZmg Pu· ctslrm:n.Lml cteLmm.Lmg Pu Jl3.ctor 

Gross f3 9.65xio5 6 l.22xl0 2.40x105 4.89x103 250 

Ru f3 4.44x105 5.57xlo5 5.79x10
4 l.18xl03 470 

Zr f3 3.2 x103 4.o6xio3 · 226 5 800 

Nb 13 lo58:x:l03 2.0 x103 484 10 200 

Ce f3 2.6 :x:105 3.3 :x:105 4 
4~~4:x:10 861 400 

THE f3 3.7 :x:105 4.69x105 5oo6xl04 1.03:x:103 45() 

Zr f3. 3.2 :x:103 4.o6:x:103 

Gross 7 404 mv/ml 511 mv /ml. Pu 145 mv/ml 295 mv/ml Pu 175 

4.7 Plutonium Product Analyses 

The plutonium product from elution of the resin columns had a.n average 

plutonium oonoentmtion of 50.84 g per liter, an average nitric acid concentration 

of 4.23 M, and an average umnium content of o. 73 per cent of the plutonium 

content.- The specific activity of the plutonium product averaged 7.49 x 107 

~lpha counts/min per milligram of plutonium, calculated from the mtio of the 

gross alpha concentmtion (counts/min/ml) to the plutonium concentration (mg/ml) 

as determined by the potentio:metric :method of analysis. Analyses of the 

individual product solutions are presented in Table 8-2, Appendix. 
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At the request of the AEC, the plutonium product from the 200 *d/ton 

nater:f.al was kept separate from the 400 Mwd/ton ma.ter:lal,.for sepa.mte processing 

by Bocky Fl.ate. The contents of nine containers were analyzed for plutonium 

isotopic content (see Table 4-3)0 

Container No. 
PP-

lOl 

102 

103 

104 

105 

lo6 

107 

108 

109 

Table 4-3 

Isotopic Alla.lysis . of the Plutonium Contained in 
Nine Shipping Containers 

Approximate 
Plutonium Isoto~io Content .z wt ~ 

239 240 241 
Irradiation Level, 

Mwd/ton 

98009 ± Oo05 l.84 + Oo04 0.07 ± Oo02 Mixed (200 + 6oo)a 

98.118 :!:. 0.05 lo48 ± 0o05 O.o4 + OoOl 200 

98.59 ± o.o6 1.40 + 0.06 0.01 .:!:. 00005 200 

98.55 ± 0.05 lo44 ± O.o4 0.02 + OoOl 200 

98.60 ± Oo04 1.38 ± 0.03 0.022 + 0.014 200 

98.45 ± 0.07 lo51 ± 0o05 0.033 ± 0.018 200 

98oo6 ± 0.18 lo91 =!:, Ool8 0.006 ± 00014 400 

97086 ± o.o4 2.08 ± 0.03 Ooo6 + 0.01 400 

97.91 ± 0.02 2.04 ± Ooo4 0.053 ± 0.014 400 

(a} The first resin column loaded with clement:lne plutonium had a heel of (2 ) 
600 VNd/ton material from the previous Hanford Metallurgical Waste Program. 

5. 0 AMEBICIUM CYCLE 

5.1 Americium Beoovery aDd M3.terial Balance 

The feed to the americium extraction column contained 2.505 g of americium and 

since 0.94 g was lost to the -waste streams, 62.4 per cent of the americium should 

have been recovered. However, elution of the americium resin column at the end of 

the program yielded only 0.155 g of americium. Analysis o:f' the eluted resin 

indicated that the resin retained 0.138 g. These values gave an exceedingly poor 

over-all material balance of 49.6 per cent. The ea.m_ples of waste solutions, 
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:particularly the IIAW samples, contained a great deal of precipitated salts,. 

making it dif':f'ioult to obtain a representative sample and to pipet an aliquot 

:f'or analysis. The poor quality of the ea.mples is probably the reason for the 

low material balance. 

5. 2 Feed Prepa.ra tion 

The americium recovery cycle was not operated when fuel elements containing_. 

200 Mwd/ton plutonium were processed. The aqueous waste stream from the 

plutonium extmction column was neutralized with ammonia and sent directly to 

the waste storage tank (W-6). When 400 ~d/ton material -was processed, 

americium was recovered. 

5.3 Americium Losses 

The americium loss for the program we 37 .6 per cent, based on analyses of 

collected 'WS.ste solution. Individual stream losses are presented :In Table 5-l. -

Table 5-1 

Americium Cycle Losses 

Stream 
Loss, 

~ o:f' IrAF Am 

IJAW 14.8 
IIBW 15.51 

IIBPW 7.3 

Total 37.6 

6.0 PBOGBAM COSTS 

6.1 Total Cost 

The total cost of the Clementine pro~ was $56,834 (Table 6-l) • A total 

o:f' 14.7 kg of plutonium was recovered at a unit oost of $3.88 per gram~ 
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6.2 Opera.tillg Cost-

The Clementine program lasted from September 15 to October 15, 1954, and 

'during this period, the operating cost was $11-2 ,608. 

6.3 Postoperatillg Cost 

The Metal Becovery Plant va.s shut down from October 15 to December 15, 1954 
to convert the plant from. plutonium recovery to irradiated uranium slug 

processing. The $77,958 cost for this period was prorated to the Hanford 

Metalluriioal Waste and the Clementill8 Programs in proportion to· the amount of 

plutonium processed in ea.ch program (67 1rg du.ring the Hanford program and 15 kg 

durillg the Clementine program) • The Clementine program was charged $14 ,226 for 

postopere.ting costs.· 

Table 6-l 

Sumnary of Metal Becovery Plant Costa for the Clementine Program 

Operating Coat ·program Cost 

Subtotal 'I, of Total Plutonium 
Cost, Opera.ting Cost, i of Cost, 

Type of Expense $ Cost $ Total $/g 

Opemting Costs 

Pilot plant labor 

Amlytioa.l services 

Chemicals and supplies 

Protective clothing 

Engineering and maintenance 

Miscellaneous charges 

Worked nater:ials 

Expense allocation 

Health Physics 

9,062 

6,122 

6,909 
975 

1,049 
362 

4,674 
9,476 
l,870 

Beaearch Director's Dept. charges l,000 

Division Director charges 1,109 

Postopera.ting Cost 

Total 

21.3 

14.4 
16.2 
2.3 

2.5 

o.8 
u.o 
22.2 

4.4 
2.3 
2.6 

42,608 . 75.0 2.91 

0.62 
Oo42 

Oo47 
0.01 

0.07 
0.02 

0.32 

0"65 
0.13 

0.07 

0.07 

14 2226 25.0 0.21 

56,834 100.0 3088 
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8.o APPDDIX 

!he dissolver data and the plutonium product analyses are su:rmrarized in Tables 

8-1 and 8-2. 

Table 8-1 
Smmr:ary or Dissolver ])3.ta, 

Dissolver :D3.ta. Total Plutonium~ g 

Plutonium Specific 
Dissolving Vol-ume, a Aninv, a Activity, o:am. Loe Alamos 

No. liters atah.wi./ml ots/mm/mg Ana.lysis s. F. Data 

l 175 8 1.77:z:10 7.62x1.c9 4o6.50 457.90 
2 176 1.59:z:108 7.62x1c9 367 .2Jt. 456.16 
3 171 8 

2.24:x:10 7.45x1c9 514.15 454.50 
4 170 8 1.89x10 ,7.45:z:109 431.28 455.81 
5 150 2.lCp.108 7.49x].a9 438.59 457.30 
6 169 2.05xio8 7.49x1o9 462.55 458.70 
7 161 2.oar.108 7.17xla9 467.06 457.00 
8 159 2.o4r.108 .1.11x1c9 452.38 454,.19 
9 193 l.93x108 7.11x1o9 ·519.51 449.20 

10 184 1.80x108 7.57'z.109 437.52 455.60 
ll 186 l.74x108 7.51x1a9 427.53 456.96 
12 179 l.87xl08 7.63xlo9 438.70 454.oo 
13 175 l.82xl08 7.61x1o9 415.25 453.00 
14 177 l.83xl0 8 7.·67x1o9 422.31 ·453.20 
15 176 8 l.88xl0 1.61x1o9 431.40 454.30 
16 188 l.84xl08 7.67x1o9 451.00 453.40 
17 137 2.38x108 7.67x1o9 425.11 445.30 
18 192 1.92:z:108 7.53:z:109 489;56 452.10 
19 167 l.92%108 7.53:x1a9 425.82 456.76 
20 360 1.91:z:108 7.56x1c9 909.52 910.55 
21 351 l.92:z:108 7.53:x1J 894.98 910.22 
22 360 1.81:xlOB 7.';f}x1c9 858.50 910.00 
23 361 1.93:z:108 7.56x1o'J 921.60 900.43 
24 362 1.90x1.08 7.60r.1o9 905.00 910.71 
25 350 1.81:x:108 7.63x1Ci1 830.28 914.09 
26 357 2.05xl08 7.51x1a9 966.78 914.14 

Reel 189 2.33x106 1.41x1a9 5.94 ----
Total 14, 716.o6 15,005.52 
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Table 8-2 
Summary of Plutonium Product Analyses 

Product Pu Total Specific a, 
+ Container Cone, Pu, H , Gross a, Activity:, u, u in Pu, 

Noo g/1 g l'f eta /mm/ml ots/minl~a g 'I, 

N-47 49.18 881.50 4.10 3o75xJ.09 7o62xl07 2.474 0.28 
N-23 51.81 900.46 4·o40 3086x109 1.45x107 3.580 o.4o 
N-20 54.72 957011 4.20 4.10z109 7.49x107 7.294 0.76 
N-9 67.60 1,237.82 4o20 4o85xJ.09 1.11x107 3.003 0.24 
N-19 48.32 851.50 3.60 3o66na9 7.57xlo7 1.01.4 0.82 
N-29 42.45 753ol.9 3o20 3o24x109 7.63x107 5.678 0.75 
N-21 56.46 1,004.99 3.80 4o33xl09 7o67xlo7 7.o49 0.70 
N-46 50.3.4 913.42 4.10 3.86x1a9 7.61x107 8.111 · Oo89 
N-31 56.59 990.44 4.60 4.26x1.09 7 o53xlo7 9.241 0.93 
N-38 52.75 913.68 4.50 3.99x1a9 7.56x107 50456 0.60 
N-30 47.o4- 831.53 4.60 3.5lt-:r109 7.53xlo7 6.169 0.74 
N-4o 59.81 1,115093 4oOO 4e54xlc9 7.59x107 10.337 0.93 
N-24 50063 867014 4.10 3083x1a9 7.56x107 4.624 0.53 
N-15 42065 777.25 4.20 3o24xJ.c9 1.6ox107 20570 Oo33 
N-17 50.49 916.90 4.05 3e85xla9 1.63x107 1.780 0.19 
N-25 32.62 6o4.71 4.70 2.41x1a9 7.57x107 6.803 l.12 

N-32 3.28 67.93 5.50 2.18x108 6.65x107 9.5o6 14.oo 
N-48 9.30 181.09 4.30 6.8')x108 7.41:x:107 50647 3.12 
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