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OAK RIDCE NATIONAL LABORATORY . L.
August 30, 1577
0 " 7 L. Culler

FROM: D." £, Ferguson

SUBJECT: Simple, Quick Processing Plant

We have loocked at the probtlems of p:'"oviding 2 fac‘.li“:;{ capable of
isolsting 10 kg of mlutonium end converting it o meizl buttens.
Actuelly, we estimate thet it will teke four to six aooths o start
operation, with the first 10 kg of plutenivm metel sbous one week ;ter.
we have a;su::ed one FWR elemeni per dey throughput {about k,;‘plu‘oniu:
per dey).

We have mssumed the following:

b Existing small indusiries ('-'ine:-;,', daixry, 01l refinery) t‘n‘a‘b ca.n‘
be piratei for instru=ments, tanks, Tittings.
2. ‘ Sympaﬁbetic end Iriendly pc;.:ulace.'

3 Adequate a2nd ready funds.

k, Machine shop equipment {lzthe, Dewer szw, cirill, welder, etz, ).
5. light consiruction firm (bulldbze'.f-s, comcrete, steel),

The construction would bezin with excavatios of a Geep ditch,
ebout 25 f1 deep, to be Iined ’..:L‘:.h ::;:;ncrete{ A 20-ft-deep well st
one end receives the caesv for unls2ding the fuel fier emplzcenent

of The concreie, 4he @irt will be sackfilled ané the covering building
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Much of the eqguipment can be improvised of steinless sieel 55-gel

drums, bui- 2ll can be emsily i‘a.b:-icateﬁ in & sma2ll metzl-working shop.

It is probeble that most équip:xent will be available from locel indusiries,
requiring, et most, minor alterstions. A list of the major ecuipment

{+tems is attached.
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- OFF-GAS TREATMENT

The dissolver off-ges {~ 50 cfm maxiwum volume) will be passed
through & caustic scrubber equipped with cooling coils to meintzin the
gaustic neer ambient temperature. The caustic will remove ebout 995
of the contained To°I. Adir will leak intc the system to oxidize NOy
ges such that it can react with caustic. The efflvent will contain
smell amounts of NCy and water vapor. This'efflgent and other veatilztion
eir (~ 500 cfm) will pess through & tunnel (~ 75 2 cross gection)
filled with crushed limes"»:oné and then th:-ﬁu.gh a sand filter before .
being discharged to the environment.

Common carbon steel fans with good pazint eozting will last throush

& severel-month ca=raign. Plastic pipe or conecrete sewer pipe would

- serve sdequately for zir ducts.




WASTE STORAGZ

The waste will be stored in four flet concrete tanks (about 2 %
deep by 1/4 acre area) containing crushed limestone, both to ensure
neutralization and to "dilute" the waste fgr more even distribution for
dissipation of the decay heat through the.tank walls to the surrounding
earth. This :ool:!.ns,. along with the decreesing heat generation rate as
the ﬁ’.ssion products decay, 1s adequate and cooling coils zre not neede
The tanks are vented, however, to the off-gas system

Orgenic waste will be neutralized end storsd in 2 similer but

seperate tanbk,



PROCESS DESCRIPTION

Dissolution, Feed Adjustment and Solvent Ixtraction

PWR fuel assemblies are cut under we.terl into 3 to 5-in.-long
pieees of fuel rod and lcaded into 55-gal-size perforated baskets,
one fuel essexbly per basket. The baskets are lifted ﬁ'om the pool
into the .shielded processing cell and lowered into the baich d:-.ssoll.ver2
tank, 'I'he dissolver charging oreaning cover is su;por‘hed ebove the fuel
basket.in such a wey thet when the basket is lowered S:n‘:.o the dissolver
the cover sesls into plzce in & veter seel-e.:-ouna <the opening and the
besket support rod cen move up and down through 2 sleeve in <he cover
Yo lower the basket into the dissclve'nt. Dissolver instrumentaztion
consists oi‘ 2 thermocouple and liguid-level and density-bub':le: Trobes.
The batch dissolver tank has previously been charged wl.h 1300 liters
e B M HNO3 that is made up e recyeled anion exc‘dangﬂ cciuvmn resin
wesh 2cid and fresh 13 u HNO3. The dissolution rezction is '\:’.ni‘»;ia:':.ed
by beeting the dissolver to ~ 80°C and by lowering the fuel basket
glowly into the nitric acid., The reeeticn rate is controlled by lowering
the basket at 2 controlled rate, thus l:‘.:n.iting the amount of sheared
'mel exposed to the dissolvent. Hea i:xg-coc.:.nb coils in the liguid
and off-gas cooling-reflux colls in the vzpor space also essist in
temperesture (reaction rate) control and minimize off-gas evolution rates.
Dissolution should be essentially cozplete in L hry 6 hr is ellowed

to remove > 0 ool of the UO, frem the sheared fusel. t the end of the



dissolution cycle, soditm 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 resctions and redistion
generated nitrite §.s usuelly suffizient to guarantee that 211 the
Plutonium is in the d+ valence state. The dissolver contents ax are.
then cooled to about 30°C and +the entire ‘batch is transferred viae
elr ;.ii't3 to the extractor. The dissolver is refi].led with a fresh
batch of acid and the leached fuel cle.dding basket is removed fro
the dissolver end disceried.

The batch extracior-stiripper systemh comprises two vessels in
sez:ies, esch provided with a low-speed turbo-mixer coniacior a.'ssembly. 2
The mixer drive _moto:-s are located outside the shielded ¢ell., Fresh
30% T3P in kerosene diluent is puzped through the extracior =t 2 rzie
of about 8 liters/min for 10 hr, extracting essentially ell the urenium
and = 982 of the plutonium. (TBP is a stendard indusirizl chemicel
used in plasticisers and paints.) The organic exiract flows into the
siripoer where it 1s contacted wiih & dilute nitric acid solution
ccnteining ferrous sulfemate to reduce the Pu(IV) <o the inextractable
toivelent for=.  The plutonium selectiv 1y acwl.*es in the siripper
egqueous rthase, Fission product decon tamination is 2 100 for the plutoni
znd 2 93% of <he Plutonium is recovered by the extraction-stripping
operation. The wranium-loaded solvent is discarded. The exiractione
strirping opesation is compleie in about 10 hr. Criticality szfely is
echieved by limiting the plutonium concentration. (Accidental criticality

. R
in the shielded process cell in this guick and dirty plant is not =

serious -problem. )



Anion Exchange Plutonium Purification S‘_.':tem

Additional fission product decontamination and separation from
uranium and ionic impurities are achieved by the anion exchange system
The plutonium stripper product from the solvent extraction sysiem is
batch-transferred to either of two feed prepzration-feed tank vessels,
The Pu(III) solution is heated to about 50°C and sodium nitrite and
nitric .acid ere added to oxidize 'Pu(III) to Pu(IV) and oxidize eny
unused ijerrous sulfamate. A small zamount of nitrogen oxides zre evolved
b:,"'tt;e oxida.tion'. The feed ;olution is 2djusted to T M 2-3'303 for loading
on the anion exchange resin.7 Tne solution is filtered ené fed to lcad

o

. = . . 2
ihe anion exchange resin at a rate of 50 mg of plutonium per min per c=

bed area by an alir lift. Two resin coluans are reguired. Te resin is

6 in. in diemeter and 6 £t 22 The ion exchange b
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sefe, };'ste.nda.rd readily awvailable anion exchange resin, such es
Permutit SK (20 to 50 mesh) or Dowex 1 X-L, is used. It should be noted
thet & tvc;-cycle process using anion exchange resins could dbe used.
instead of the solvent extraction--anion exchange combinztion described
herein. though not noted on the flowsheet, a low concentrztion of HF,
ebout 0.01 ¥, would be 2dded to the aniob exchange resin ifeed to proaocte
fission product decont.e:nination,.-. The feed is filtered through & sand
bed Tilter before entering ‘.:'ne' resin beds. TFilier cleanup is done by
beckflushing with nitric acid es needed, The znion exchange system is
operated 2% 50 to 50°C for all operztions to prbmoi:.e rapid sorption-

desorption kinetics. About 3.25 hr zre required to load sbout 1.67 kg of
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plutonium onto the resin at & conservatively estimated é.ve:-e.ge loading
of 50 g of plutonium per liter of resia, loading losses ere < 59,

After 1oading,A the resin is washed with 30 volumes of fresh T M HNO3
containing 0.0l M Hr to remove fission productis, _u.ranimm, and ionic
impurities from the resin. This weshing waste is collected, butted

to 8 M ENO3 end recycled to‘the dissolver fo:; dissolvent, Arecovering any
Plutonium losses. The szmell amount of fluoride is tolerzble, corrosion-
vise, foz: the limited useful life of the di.s,solve:- end is beneficiel for
fission gproduct éecontamination in the first extractica cvecle. Thne
Plutonium is eluted from the resin using 0.6 M HN03‘at a rate of e.’nbut
1ml ol cx? bed erea. Essentizlly 21l the plutonium is eluted from
the resin at an average concentration of 50 g of plu'toniu; per liser,
The spen‘.:'resin is discarded each time, z2lthough it could oe reconditioned
vith T ¥ HNOg and reused for several cyecles, as limited by radiation aad
cher:;l.c&l damege effects. About 14 hr e;re required to load, wash, elute,

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

for 4,2 ¥z of plutonium ission product deccntezination for <he anien

F
et o oo - 5 X

exchange operztion is 2 10, giving an overall DF of 2 10° for the systen.
The plutonium product is suitable for shadow-shielded glove box operaticns.

Plutonium recovery by anion exchange is = 95%, giving an overall sysien

recovery of ~ o3%.



PuF+ Production

The production of Pu.‘F‘B follows a well-Xnownm, routiné],v used production
procedure.a Precipita'éiop, Pu.F‘3 Preparation, and reduction to metel is
done in shadow-shielded equipment in glove boxes., The anion exchange
Plutonium product is collected in L §7-kg-plutonium batches (~ 33.4 liters),
reduced to Pu(III) with ascorbic acid (vitamin C), and butied to b M HNO5
w;t'th fresh nitric acid and cooled to room te@er&tﬁe. This solution is
fed aﬁ e rete of 12,5 liters/hr to0 2 ‘.;wo-st'a.ge, stirred precipitation
vessel made of polyethylene or some other agueous }mos-ﬁ?-resis‘;m‘c
In the first stage rrecipitator, 4 M HF is added to. maintain an HNO3 /5T
retio of 2 6. Residence time in the precipitator is 2 5 min (a;bout
2.5 liters stage voluxme). The slurry overflows o the second siage, where
addi‘ticnal K is added (}-3103/}3 ratio < 3) and additional crysial groveh
occurs to yield a readily filterable precipitate of .433. The slurm

cve::i'lows to plastic batch filters (ladberatory iype Zuchner filters)

collecting about 1 kg of }"u..3 on each filter. The precipitate is washed

th dilute EY to remove traces of I{NOB end is air-dried to adout 2%
moisture by drawing dry air ‘through the cakes for 3 hr. Filtirale losses
of platonium sre generally lo'-' (0. 05 to O 1%) and the filirete is
discarded to waste storage. The prncnn tation operztion requires about
10 hr/dey to process ~ 4.2 kg of plu..omum, leaving adequate time for
feed adjustment and precipitator clesanup operaiions. The air-dried Pur 3
is loeded onto shallow trays and oven-dried at 535°2 for € L5 hr in

an ergon or helium atnosphere to produce annydrous ..::-‘3. One oven to
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accexmodate zbout four smell trays of ?u?3 (1 kg of plutonium per tray)
{8 required,

Plutonium Metal Production

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

used production procedu.re.g Anhydrous PuF3 (2-xg-plutonium batches)
4s dry bdlended in a lzboratory-size V shell blender with finely divided
calecium metal and j.odi:ne booster. The calcium reduces the PuF3 to
’ metai eand the iodine "booster” reacts %:ith-::alcium metal to proviae flux
for the sleg and additional heat to produce 2 solid metzl button. The
charge is tzmped in a magnesia or caleium fluoride -cruczidle placed in 2
carbon steel reduction "bomb." The bomb is capable of withstanding

ternzl pressures S 400 psi. The space beiween the crucidle zad the
bozb wd;s is packed wi.th refrzctory grarkules. Af“;'.er Tilling, <the bexmd
45 capped, end evecuztied and backfilled with a2rgon to remove zir, The
boab is placed in an inductica or resistance furnace and heaied fo 2bout
300°C throughout the charge and then rzpidly heszted %o 500°’C tc initizte
" 4he booster reaction and reduce ihe charge to plutoniuz meial. The
reaction takes only & few seconds; much more time is consumed in heating
the bomb to the initiation temperature and by cooling it io nesr room
‘;e:: erature after removal from the ﬁxﬁace. The bomdb is opened and
the crucible is removed and dbroken up to remove the plutonium metal regulus,
Tne crucible, slag, and bemb ere discerded. The yield of plutonium
metal is gener2lly 2 97% and generally is 2 90, 8% pure. The plutoniun
"bution" is cleazned by washing (pickling) in concentrated nitric acid

end 1s ready for remelting and cesting into nuclear explesive parts.
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EQUIRMENT LIST

1. Shear - Metal cutting saw, abrasive disk. One required,

2. | Dissolver - 4fi-diea x 8, S-It-;nigh, type 304 stainliess sieel,,
0.12-in. well with condenser coil (~ 100 £2) 4n
urper portion. Lower portion water Jjacketed.
Note: itable tank likely available from light
industiry. ..

3 Solvent extracticn contactor - 3. 2-fi-dian x 8-Si-tall; type

304 stainless steel tank equipped with turbemix

unit (see Item k).

o )
20
1

!.

£

¥Well thickness, 0.212

Note: 55-gel drums could be used,

-
*

., Pluteaiuvm stripper contactor - 2.2-fi-diz= x 5. Sefi-t2ll;
0.12 3211, type 304 stainless steel tank equirpped
with turbomix unit similar {0 one described in
Peper 518, Second U.N. Conf., Vol 17, pp. 555-63.
5. Anion exchange feed tank - 3-ft-diam x 6-ft-tall; 0.12 wall,

type 304 stainless steel tank with coils for

beating end copling. Air sparger for pixing,
]

6. Anicn exchange coluzns - Two reguired., S-3n.-TD x 7-fi-hizh,

Gless pipe with type 304 stzinless sieel end pieces.
T- Plutoniuvm produst siorzge and ?u?3 precipitation feed tanks.
Six required. 6-in.-diam x 12-fi-lonz. Use 6in.

Pipe or merufacture from O, 12-wa2ll type 30k stzinless
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8. Dissolver feed tank - 0.12-in. -wail type 30% stainless steel tank,
3-ft-diam x 8 fi-high. |

S.. Off-gas scrubber.- @-ft-diam x 10-Ti-long packed with raschig rings
made from 1/2-in. stainless steel tudbing. Fabricaie
from 0.12-wall ty-_oé 304 stainless steel or three
S55-gal sﬁa.in‘less steel drwms. Provide cooling coils
and liquid recirculation system using air 1if<.

e Puf3 precipitation eﬁ_uipment - 20-ft-iong hood or glove box

. equirped with two stirred PVC precipitetica pots,

Buchner funnels, drying furnace (electric resistence
type, 600°C), vacuum source.

11. Metel preparziion hood - 20-fi-long hood - solids blender (lab's:a.le).

6-in,~dizm x 18-in. =long steel reduction vessel.

Mg0 crucible (o

-

it into avove vessel (one vessel
and crucible per kg 2u). Vecuunm Pu3p, argon supply.
12. Metel reduction furnace - Tleciric resistance Murnace with & in. -

diam x 18-in.-long cavity., 600°C mayimum tezperature

capability.
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Tadle 1. Typical Pnysiczl Charzcteristiecs ef
Unirradizted LWR Fuel Lzzezblies
" omRS T

Oversll asse=dly lengih, m
Cross sect.ion, =1

Fuel element lanztii, o -
Active.mel height, =
Fuzl element OD, c=

Fusl elexent array

Fuel rods per as se=bly
As'se:;zbly' total '.:eig.;':zt, Kg
U:'a.niu-n/e.ss.embl::, Lz
UOz/assembly, ks
Zircaloy/assezbly, Xz

Herdware fassexbi, kg

Total structural rzt2) fassem

275.7
183.3
208.0
56.9%
9.77°
67.7

®Includes Zircaloy frel-elezent Spacers.



Table 2. Typical Nuclear Charzzteristics of LWR Fuals

Parameter . 2WR PVR
Uraniunm per assendly, kg
Initial 183.3 Lay.k
Discharge ' 175.3 LLo.7
Enrichzent, wt % 235U
Initial . 2.75 3.20
Discharze y 0.9 . : 0.84
Plutonium per 2ssembly ot
) dissharge, kg . 1.57 k.32
Avercge power, Mi/asse=bly k.75 17.3
- Avereze specific power, 25.9 37.5
kw/kg initial uranium
Average discharge burnup, © 27,500 33,000
Mid/metrie ten initial .
raniun .
‘Irrediation duration, ' R I 830

full-pover days -




Tima elopacd alter spent fuel dischorge

Fateneter 2t sY 10¢ 307 100 1000Y 10°v 10'¢ .
Thernal pover, vatts/asseshly
Structursl cutertala 1.002001. K .86E100 .1.98E400 21.06E-01 7.44E-02 1.88E-02 1.392-02 $.08t-0)
Actinides .
spent fuel 1.06E402 9.14E401 9.57E101 1.02r402 B.89E40L 2.56€401 6.37E400 4.089E-01
Less (U + Pu)? S.J0EWOL  3.ASEH0L  2.67E401°  1,49EH0L  4.JLE4Q0  1.12E400  2,26E-01  2,B0E-01
Fisston products 2.47E40) 8.65E402 4.56E402 1.19E402 &.44EW0L 9.102-03  08.6BE-03 35.7)E-0) -
Total
spent fual ) 2.59£+40)  9.61E402  S5,52E402  3.41E402  1,33E401  2.36E401  6.9E400  $.00E-01 -
Spent tuel less (U + Pu)® 1.53E403  9.01E402  4.3)EN07  2.54E002  §.92640L  L.15E400  2.51E-01  3,88E-02
Activity, curlos/assexbly
Structural msterisls 4 . 08E10) 1.72840) ° 6.82£402 2.44E402 1.41E402 2.72E400 2.20E400 5.64£-01
Actinlidas
Spent tuel = 3.66E104 4.91E404 J.93E404 1.72E404 J.21E40) 7.98E102  2.08E402 1.8)e401
Lase (U + Pu)b 1.77E40] 1.15E40) 9.66E402 = 5.15E402 1.S54E4O2 4,.04E401 9.98E4+00 1.18E400 -
. om
Fission products 6.11E403 2.27€403 1.47E405 8.45E104 1.62E404 1.05£401 9.94E400 1.17€400
Total ) '
Spent fuel 6.72€105 2.78E403 1.87£405 1.07£105 1.96E404 8.11£402  2.10E402  2.69E101
Spent luel less (U ¢ Pu)b 6.17E105 2.)OE10S5 1.49€E105 8.5)E100 1,65E104 3.J)6Er0L 2.21E101 9.082E400
Ingestion toxicley, n’ vatec/assembly
Structural aaterizla 2,L6E408 2.85F+07 1.29E407 8.30E406 4,876406 2.17E408 1.53z2+408 1.03E104
Actinldes ‘ﬂ " "
Spent fuel 7.66£408 7.48E408 7.53E208 7.4)E000 6.29E408 1.00E40%  4.33E8407  2.27E¢07
Less (U + r“)b 1.82e408 1.4%E108 1.256408  7.5GE107 3.21E407 8.10E108 1.58E406 7.36E203
Tisslon products L.44E411 © 1.14EHLL 9.73E410  S.91E#10  1.05E410  A.40E404  J.B6E104  3.00E+OL
Total .
Speant fuel 1.45E411 1.13E41) 9.81E10 5.99E+10 1.11E+10 1.80E40D &.35E407 2.27E407
Spent fuel lese (VU + ?v)b ' L. 4LE+1L- 1.14EHLL 9.741v410 5.92E410 1.05E+10 8.36EHO6 1.77E408 T1.76E403

.
.

"hesd 1.0 « 30!

b??.il removal of ursnium and plutonlum sssused,

Csum of the ampunt of vasen required to dilute each lsotopa to the point that fc is acceptable
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8 HR UNDER WATER
1 ASSEMBLY/DAY ABRASIVE CUT-OFF SAW

DissoLUTION

. 8 HR | RANSFER SHEARED FUEL TO DISSOLVER
; . D NITRIC ACID

EXTRACTION AND STRIPPING

TRANSFER DISSOLVER SOLUTION TO
10 R EXTRACTOR

PUMP ORGANIC THROUGH EXTRACTOR
s AND STRIPPER

ToN ExcHANGE

14 Hr/cYCLE PASS STRIP SOLUTION THROUGH
{2 coLumNs) 10N EXCHANGE
: HASH COLUMN

ELUTE COLUMN

—- FLUORIDE PRECIPITATION
Repuce To Pud* Ascorsic ACID
|4 ur/BATCH App HF
Iy BATCHES/DAY FiLTER (BUCHMER FUNNEL)
’ DRY CAKE .

MeETAL REDUCTION

- ADD IODINE AND CALCIUM METAL

~8 HR/BATCH TAMP MIXTURE IN CRUCIBLE IN
I 3aTCHES/DAY . STEEL REDUCTION 30M3
1. EVACUATE AND BACKFILL - ARGON

' | Ra1sz TeMperATURE TO H00°C
CooL AND REZMOVE MITAL
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SHEARED FUEL EXTRACTANT - . Ly _STRIF

| Pwi FUEL ASSY . Jox Tup 1.0 _M_HNOy
A6l Kay Ut Pu b EP 4600 & 0J12 M FellN3503),
~4.33 \g Pu ~D A/min
10 hr . : 460 0/DATCH '
-~
QFF _GAS
£0.3 CFM HOX
~20 CFM IHLEAKAGE * . e
DISSQLYENT —*%| BATCH _— Lt DATCH . —+1 pATCH |~ ORGANIC WASTE
6 M HnU OISSOLVER . EXTRACTOR Pu 30 % 18P .
1300 2" —t —+ QRGANIC FXTRACT ——b BT am V20
) ANOD STRIPPER
FEED i VANIADLE U, Py, “NOJ . ~004 14 HNHOy
: ~0 t/ml
ADJUSTMENT © 10 :"" 4600 A/BATCH
FEE USTMENT——*|  TAnk  |—*EFED SOLUTION——
2R Nonoz " ~13 MV .
10 2 3.33 g Pu/l To .
A M MNOS * . : NEUH!&AL'!‘:,AUON
IS'!?O ) d STORACGE

8 hr UISSOLUTION TIME
AQUEQUS WASTE

2 he FEED ADJUSTMENT — 3.3 om UZ8 PLUTONIUM PRODUCY
~0T gm Pu (52 % LOSS) . 9.2 gmPu 71 (4.2 kg Fu)

~3.3 M MOy ::% °.§' |:,u/r:5

‘JI? 320 yg ) 042 M Fe

LA Py AGO 2/ DATCH
- 52§ 0.F.2 100
/fo.oo
YO N7 0 ) v
u:urm\:'l‘anlon 3000 ANION EXCHANGE
STONAGE PUNIMICATION

PDASI3: | PWR FUEL ASSUMULY 724 hr

DISSOLUTION , FEED ADJUSTMENT AND SOLVENT EXTRACTION
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From Rods to Bombs

The relatively
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uncomplicated

technology for
extracting plutonium
from spent fuel rods
has been on the books
Jr 25 vears. This
diagram, desighed by
Oak Ridge Laboratory ¥
 engineers in 1977, S
shows side views of a
simple reprocessing

plant based on off-the-

- shelfiterastoe -

-demonstrate the quick,

- cbeap possibilities. On |

" the lefl is a water pool (1) to feceive :
radioactive spent fuel that has been trucked
in, as shown. To the right of that is a pool
extension (2) for cutting up light-water
reactor spent fuel rods into five-inch
sections. These would be moved to the first
acid dissolution tank in the central building
to the nght (3). Chemical processing would
continue in a series of operations in this -
building leading 10 a chemical compound
of plutenium. The building on the (ar right

" +(4) contains a furnace that turos this

" material.into plutonium‘metal. The

*designers expected it would take a few
days from receipt of a spent fuel assembly
1o output of its contained plutonium metal.
The plaot shown would handle one fuel
assembly a day and extract about five

kilograms, or about a bomb’s worth, per
1ay. The waste woild be stored in nearby
Jat concrele tanks, aboyt six feet deep and

" covering about an acre,
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