INTRAlABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY
Avgust 30, 1977

TO: F. L. Culler

FROM: D. E. Ferguson

'SUBJECT: Sirple, Quick Processing Plant

We have looked at thé'probléﬁs of pfévidiné a facili+y capable of

'1solating 10 kg of plutonium and canvertlng 1t to metal butuons.
-Actually, we estimate that it will take four to six months to start B

. cperation, with the first 10 kg of pluth1um metal about one’ wees later

We have assumed one PWR element per day throuvhput (about 5 ka plauonlum

_ per day).

We have assumed “he following:
1  Existing small industries (winery, dairy, oil refinery) that can

-

be pirated_fo: instruments, tanks, fittings.
2.  Sympathetic and friendly populace, ' |
3 Adequate and ready funas.

thhlnﬂ shop nqulpment (lathe, pcwer snw, drlll we‘der, etc.) L

-5 Light coqstructlon firm (bulldozer», conc“ete, steel)

The constructlon would oegln with excava.lo” of a deep dltch e
about 25 ft dﬁep, to be lzned w1th copcrete A °O-ft deep we_l au_.

one erd receives the cask for unloadlng the Tuel. After emnlacemewt

 of the concrete, the dlrt will be bach1lled anc the ﬂoverlng bulldlng '
: ccmpleted The dry cell Wlll be closed wlth concrete slabs for sh 1eld1ng._ '

7-Holes for perlsﬁopes are cast in the slabs.




Much of the equipment can be improvised of stainless steel 55-gal

. drums, but all can be easily fabricated in s smali metal-working shop.

It'is_probable that most equipment will be available from local industries,
requiring, at most, minor alterations. A list of the major equipment

items is attached.




OFF~GAS TREATMENT

The dissolver off-gas (~ 50 ¢fm maximum volume) will be passed
through a caustic scrubber equipped with cooling ceils to maintazin the
~ecaustic near ambient temperature. The caustic will remove about 9%
‘of the contained T°7I, Air will leak ints the system to oxidize NO,
- gas such that it can react with caustic. The effluent wili~contain '
smail‘amounts of NOy, and watef vapor, This effluent and other veatilation
air (~ 500 efm) will pass through a tunnel (~ 75 £t2 cross section)
'_filled with crushed llmeqtone and then through a sand filter be?ore _:

'being discharged to the environment.

Common carbon steel fans with good paint coatmg wlll la.st thro&,gh
a Sevezal—month campalgn.Plastlc pipe orrconcrete sewer pipe would

- perve adequately for air ducts.




WASTE STORAGE

The wasfe will be stored in four flat &oncrete tanks (about 2 £+
deep by l/h_gcre area) containing crushed limestone, both to ensure
neutralization and to "dilute" the waste for more even distributien for
dissipation Qf‘the decay heat through the .tank walls to the surrounding
‘earth, This cooling,.along with the deéreasing heat génération rzte as
the fission products decay, is adequate and’ cooling céils are not needed,
The tanks are vented, however, to the off-gas system.

- ;Organic waste will be_néutralized.and sﬁored'ig a si;ilér_but__ 

- separate tank. .




PROCESS DESCRIFPTION

Dissolution, Feed Adjustment and Solvent Extraction

PWR fuel assemblies are cut_under waterl into 3 to 5-in.-long
pieﬁes of fuel rod and loaded into 55-gal-size perforated baskets,
one fuel assembly pef basket. The baskets are lifted ffom the pool
into the.shielded processing cell and lowered into the batch diséolver2
tank, The dissolver charging opening cover is supported above the fuel
basket-in.suéh a way that when the basket is lowered into the dissolver
the cover seals into place in a water seal.around the openiﬁg and the
| basket support rod can move up;and down_ﬁhrough a sleeve in the cover
to lower the basket into the dissolvent. Dissolver instrumentaticn
-¢onsists of & thermocouple and liquid-level and density-bubbler probes.
The bateh dissolver taﬁk has previously.been charged ;ith 1300 liters
of 8 M'HNO3 that is made up from-recycléa anion exchange.cplumn resin
- wash acid and f:esh.13 M HNO3. The'dissolution reaction is initiated
by heating the dissolvef-tﬁ ~ 80°C and by lowering the fuel basket
slowly.into fhe nitric acid The.reaeticn rate is contfolled by lowering
the basket at a contralled rate, thus limltlng the amount of sheared |
f fuel exposed to the dlssolvent. Heatlng-coollnrr coils in the liquid _
: and off-gas cooling- reflux coils in the vapor space also a551st in .
temperature (reactlon rate) control and minimize off-gas evolution rates.
Dissplution should be essentially complete in L hr; 6_hr is allowed

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



dissolution cycle, soditm nitrite solution is addod to ensure that
a1l the plutonium is present as Pu(IV), This step is optional as
expefience indicates that the dissolution reactions and radiasticn
generated nitrife is usually sufficient to guarantee that all the
flutonium is in the b+ valence.state._ The diséolver contents are
~then cooled to about 30°C and'the.entire'batch is transferred via
alr lift3 to the extractor. The dissolver is refilled with a fresh
batch of acid and the ieached fuel claddiné baskeo is removed from
" the dissolver and discarded;

The batch extractor;stripﬁer systemh comprises two vessels in.
oefioo, eoch provided with a low;5peed turbo-mixer contactor aosembly.E’s
The mixer drive motors are located outside thé shielded cell., Fresh
30% TBP in kerosene diluent is pumped through the extractor at z rate
. of about 8 liters/min for 10 hr, extractlng essentially all the uranium
- and 2 98¢ of the plutonium. (TBP is a standard industrial chemical
- used 1n plasticisers and paints.) The organic extract flows into the
stripper where it is contacted with’a dilute nitric acid solutica
_5contaln1ng ferrous sulfamate to reduce all the Pu(IV) to the- inextractable
trivalent form. The plu onium select1vely accummlates in the stripper
- aqueous pha;e. Fission product;ﬁecontomination is =2 100 -for tho plutonium
and = 98% of the plutonium is recovered by the extraction-stripping
operation. The uranium-loaded solvent is discarded. The_extraction-

- sfripping operation is complete in about 10 hr., Criticalityosafeoy is
|  achieved by limltzng the plutonlum concentra tion. - (Accidental criticality

in the shielded process cell in this. qulck and dlrty plant is not a -

serious. problem.)



Anion Exchaonge Plutoniuvm Purification System

Additional fission product décontamination and separation from
uranium and ionic impurities are achieved by the anion exchange system.
The plutonium stripper product from the solvent extraction system is
bafch-transferred to either of two fe=d preparation-feed tank vessels.
The Pu{III) solution is heated to about 50°C and sodium nitrite znd
nitric acid are added to oxidize Pu(III) to Pu(IV) and oxidize any
unuSed_ferrous sulfamate, A small amount of nitrogen oxides are evolved
.by'tﬁe oxidation; The feed solutidn is adjusted to'TA{HNOB for loading
- on the anion exchange resin. 7 The solution is filfered and fed to load
the anion exchange resin at a rate of 50 mg of plutonium per min per cm2
bed area by an air 1lift. Two resin cclumns are required., The resin is
6 in. in diameter énd 6 ft tall, The ion exchange beds are geometrically
séfe; A standard readily available anion exchange resin, such as |
.Ibrmutit 8K (20 to 50 mesh) or Dowex 1 X-U, is used. It should be noted
-that a two-cycle process using anion exchance resins could be used
;nstead of the solvent extractioﬁ--anion exchange combination described
herein. Although not noted on fhe flowsheet, a_low_goncentration of HF,
-gbout 0.0l.&@ nmuld be added ﬁo the anioﬁ exchange resin feed to pfomote
V‘fi;sion product decontaminationrf The feed is_filtered.through a sand
bed filter before entering the resin beds. Filter éleanup is done by
backflushing with nitric acid as needed. The_anion.exchange system is
- operated at 50 to 60%C for.all operations to promoée rapid.sbrption-

desorption kineties. About 3.25 hr are required to load about 1.67 kg of



plutonium onfo the resin at a conservatively estimated everage Joading
of 50 g of plutonium per liter of resin. Loading losses are < 5%.

After loading, the resin is washed with 30 velumes of fresh T M’HN03
containing 0,01 ¥ HF to remove fission products, uranium, and ionic
impurities from the resin. This washing waste is collected butted

to 8 M’HN03 and recycled to the dissolver for dissolvent, recovering any
.plutonium losses, The small amount of fluoride is tolerable, corrosion-
wice, for the limited useful life of the dissolver end is beneficizl for
fission product decontamlnaulon in the flrst extraction cycle. The
Plutonium is eluted from the resin using 0.6 M’HN03'et & rate of eboct

| 1m ml cm’e_bed area; Essentially all the plutonium is eluted from
the resin at an average concentration of 50 g of plutoniu; per liter.
The spent resin is discarded each time, elthough.it could be reconditioned
.- with 7 h{HNO3 and reused for several cycleu, as llmlted by radiation and

«

- chemical damage effects. “About 1% hr are requlred to load wash, elute,
and replace the resin; 2.5 complete column cycles are requleed each day
'.for k.2 kg of plutonium. F1351on Product decontamination for the anion
:exchange operatlon is 2 10h giving an cverall‘DF of 2 106 for the system.

The plutonium product is suitable for shadow-shlelded glove box operaulcnsL

'Plutonlum recovery by anion exchange is 2 95ﬂ, giving an overall system

_recovery of ~ 93%.



with dilute HF to remove traces of HNO3 and is air-dried to about 2%

PuF+ Production

The production of PuF3-follows a well-known,.routinely used production
procedure.8 Precipitafion, PuF3 preparation, and reduction to metsl is
done in shadow-shielded equipment in glove boxes. The anion exchange
plutonium ?roduct_is collected in L 67-kg-plutonium batches (~ 33.k liters),
reduced to Pu(III).with ascorbic acid (vitamin C), and butted to L M HNOq
with fresh nitfic acid and cooled to room temperatu}e. This solution is
fed at a rate of 12,5 liters/hr to a two-stége, stirred precipitation

vessel made of polyethylene or some other aqueous HNQ,-HF-resistant plastie.
: : q 3 .

‘In the first stage precipitator,_h M HF is added to. maintain an HNO3/HF

ratio of 2 6. " Residence time 1n the precipi itator is 2 5 min (abouu

' 2.5 liters stage volume). The slurry overflows to the second stage, where . .~

additional HF is added (HNO3/HF ratio < 3) and additional crystal growth

~oeccurs to yield a readily filterable precipitate of PuFB. The slurry

overflows to plastic batch filters (laboratory type Buchner filters)

collecting about 1 kg of PuF3 on each filter. The precipitate is washed
et

-moisture by drawlng dry air through the cakes for 3 hr. Filtrate losses .

”of rlutonium are generally low (0 05 to O 1 ) and the flltrate is

'-discarded to waste storage. The preC1p1tat10n ope*atlon requires about

'_10 hr/day to process ~ h. 2 kg of plutonlum, leav1ng adeguate tlme for

. Teed adgustment and prec1p1tator tleanup operatlons. The air-dried PuF3

'--is loaded onto shallow trays and oven-dried at 600°C for £ 1.5 hr in

'~ &n argon or_helium atmospherg to produce anhydrous PuF3. -One oven to :
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accommodate about four small trays of PuF3 (1 kg of plutonium per tray)
is required,

Plutonium Metal Production

The produétion of plutonium metal follows a well-known, routinely
- used production procedu:e.-9 Anhydrous PuFB'(l-kg-plutonium batches)
is dry blended in a laboratory-size V shell blender with finely divided
calgium metal and iod;ne boostér. The calcium reduce;hfhe ?ﬁ§3 to
' metai end the iodine "booster" reacts with.calcium metal to provide flux
for the slag and additional heat to produce 2 solid metal button. The

| charge is tamped in a magnesia or calecium fluoride -crucible placed in a

- carbon steel feduction "bomb." - The bomb is capéble of withstaﬁding

" internal pressures s LOO psi. The space between the crucible and the
bomb wal;s is pgcked with refractory granules. Affer filling, the bomb
45 capped, and evacuated and backfilled with argon to remove.air. The
bomb is placed in an induction or resiétance_fUrnace and heated to about
.300°C throughout the charge and then rapidly heated to GOQ;C te iniﬁiafe'
" the boo#ter reaction and reduce tpe charge to plutonium metal. The
-~ reaction takes only a‘few se;onds; mich more time is coﬁsumed in heating
the bomb to the initiatisn teﬁperature and‘by cooling it to near room .
_£eﬁperature after removal from't?e furdace.' The bomb is.ppened'and
'the cfucibie is removed.and brokén up to.rempve thé plutonium metgl.regulus.
Tﬁe_cruéible, siég,.and bemb are discarded. - The yield of plutonium -
;méfal 1$.geﬁefaliy > 979 and'génerally.is 2 99;8%_pure._ The plutonium
.-”3"buttoh" is cleaned by.washing (pickliﬁg)‘in c0ncéntra£ed nitric acié

~end is ready fo: remelting and casting into nuclear explosive parts,
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EQUIPMENT LIST

Shear - - Metel cutting saw, abrasive disk. Ome required.

‘Dissolver - L-ft-diam x 8. 5-ft-high, type 304 stainless steel,,

0.12-in. well with condenser coil (~ 100 £t2) in
upper portion. ILower portion water jacketed.
Note: Suitable tank likely available from light

industry.

Solvent extracticn contactor - 3,2-ft-diam x 8—f£—tall' type

304 stainless steel tank equlpped with turbomix
: unit (see Item ).
Wall thickness, 0.12 in.

Note; 55-gal drums could be used.

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

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

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

: Anion exchange feed tank - - 3-ft-diam x 6-ft- tall 0. 12 wall

type 304 stainless steel tank with coils for

heating and cooling. Alr sparger for mixlng.

Anion exchange columns - Two requlred. 6-‘n.fID x 7-ft-high.

Glass pipe w:th type 304 stalnless steel end pleces.

Plutonlum product storage and PuF3 precipitation feed tanks._

81x requlred 6-in.-diam x 12-ft- 1ong. Use 6~in,

~ pipe or manufacture from O 12-wall type 30h sta1nless_

steel,




S —— e e

. ;

. 8. Dissolver feed tank - 0.12-in,-wall type 304 stainless steel tank,
Jft-diam x & ft-high. |
8. 0Off-gas scrubber'- 2=ft-diam x 10~ft-loﬁg packed with.raschig rings
made from 1/2-in. stﬁinless steel tubing. Fabricate
from O.12-wall type 304 stainless steel or three
.55—531 stainless steel drums. Provide cooling coils
_ _ and liquid recirculation system ﬁsing air 1ift.
10, PuF3 precipitation equipment - 20-ff-iong hood or glove box
.’equipped with two stirred PVC precipitation pots,.
Buchner funnels, drylng furnace (electric r85ﬂ5+ance
_ | type, 600 ¢), vacuum source,
11, Hetal Preparation hood - 20-ft-long hood - solids blender {12b scalej.
. 6-in.-diam x_lS;in.-long steel reduction vessel.
Mg0 cfucible to fit into above vessel (one vessel
- and crucible ﬁe:.kg Pu). Vacuum pump,'éfgon suﬁpiy.
12, .Metal reduction furnace - Electric resistance furnace with 6~in. -
 .diam x 18-in.-long cavity. 600°C maximum temperature

‘eapability.




Tadle 1. Typical Frysical Char 2eleristics ¢f

Chlrradwated LWR Fuel f:zs e:b71es

Iy

B’ | R
Overall asserdly langth, n - . ko - k.o59
Cross section, e _ | ' j . 13:9 x 23.9 'zl;h x 21.k
- Fuel element lenzii, o ”:' - e L.QE& ' 2.851
Active_ fuel heignt, n T 3-75_9' | 3.558
Fuzl element OD, cm IR S ': l.252 : 0.950
Fuel element arrsy _  : " 8x8 ] 17 x 17
" Fuel rods per assn-bly o . ._” T 63 ; 254
Assembly total « gqt kg | ' .'Vt. 275.7 £57.9
Uraninm/éssembly, g L | 183.3 ‘h51.h.
ﬁOz/éssembly, kg |  _ R ..' - 208.0 A$23.h
-Zircaloy/hssembTI, kg _ R fﬂ‘._ .H:56 9% 108,hb'.
._ Hardware/ﬁssembly, kg LT  _ : . 9 25..1d
fotal'structural mstal/assembiy, kg-  h 67-7 ' l3§-5lf

: aIncludes Zirgal:y'fuel-element sﬁacers.
bIncludes Zircél_y control-rod guide thirrlas.

- Includes SS .1e ;1 tes and Inconel spr1“~

dIncludcs SS_no:z’_s_znd'Inconel-TIB it




15

Table 2. Typical Nuclear Charzzteristics of LWR Fuels

Irrzdiation duration,.
" full-pover dzys

Parameter PUR
'jUraniﬁm per assembly, kg -
 Initial 1383-3 L51.y
Discharge 175.3 LLo.7
- Enrichment, wt & 235U
Initial ' 2.75 3.20
Discharge 0.59 0.84
Plutonium per ass=mbly at :
discharge, kg 1.57 k.32
“Averzge pover, MH/assembly .75 17.3
‘Averzge specific power, 25.9 -37.5
kw/&g initial uranium o
Average dischargze ournup, 2500 33,000
MLd/hctrlr ton initial - Lo - '
uraniun .
1052 - 880




Parasticter

‘Time elapsed after spent fuel dischorge

- L.I4E#11-

5.92E+10

v SY 10v 30¢ - 100¢Y 1000Y 10%Y 10%¢
Thermal pouér. vatte/assenhly
 Structural materfils 1.00£401"  4.86E400  1.98E400 . 2,06E-0L - 7.44E-02  1.88E-02  1.50E-02  5.08£-03
" Actinides _ R . _ : .
gpent fuel] ©LW06EH02 S.1AE401 9,57E401 - 1.022402  B.B9EH0Y 2,56E401 © 6,37E400  4.89E-01
Less (U + r)® ';.Jos+01 ' ;.1sz+o1 2.67E401°  1.49EHO1  4,74E400  1.12E400 2.268-01  2.80E-02
Fisston products 2.47€403  B.65E402  4,S54E402 - 2,39E402 4 44E40L  9,10E-03  8.68E-01  S.73E-03
Total oo ‘ o _ . _ : _ :
o 2,59E403 9.61E402  5.52E402  3.41E402 1,33E402  2.565401  6.39E400  5.00E-O1 .
Spenc fuel o ; 4 -
Spent fuel less (U + Po)® .2.532+03 9.0E402  4.B3E+02  2.5L402 - 4920401 1158400  2.51E-01  3,88E-02
Aettvity, curlétlﬁ;semblj _ ) o :
Structural macerials 4.0BE¥O3  1.72E403 © 6.82E402  2.44E402  L.ALEHO2  2.72E400  2.20E400  8.66E-01
Actiniden B _ . _ _ : '
Spent fuel S.66E404  4.9IEH04  3,9SE404  1.72E404 3,21E403  7,98E402 . 2.0BE402  1.BIEH0L
“Less (U + Poy® L.77E403  © 1.1SE403  9.66E402  S.15E402 - 1,54C+02  4.04E401 9.98E400  1.18E400 s
Fisston products 8,1LE405 2,27E40% 1,47E405 B.4SEH04 1.62E+04 1.05E+01 9.94E400 7.77£+00 O
* Total ) - . o : - i
_ Spent fuel _ 6.72E405  2,78E405 . 1.BIEH05  1.02E405  1.96E404  B.11E+02  2.20E402  2.698401
| Spent fuel less (U + Pu)® S.17E405 © 2.30E405  1.69E+05  B.S3E+04  1.65E404  5,36E+0L © 2,21E401  9.82EH00
‘Ingestlon :pxicify;c n’ vntar!aisembl& - o o
 Structural materfals ' 2,06E408  2.85R407  1,20E407  B.30E406 - 4,87E+06  2.17E405  1.SIE405  1.03E404
“Aetintdes g ' L " ’
" Spent fual 7.66E408  7.48E408  7.SIE408  7.43E408  6.29E408 - 1.80E408  4.3IE407  2.27E407
Less (U + ruy® 1.82E408  1.44E+08  1,25E+08  7.5GE+07 - 3,218407  B.10E406  1.SBE+06  7.36E+0S
Fisslon products’ LAGEHIL - LL14EHIL - 9.73E410°  S.91E+10  1.05E+10 4.40E404  3.86E404  3.00E+04
- Tetal - . S - _ .._ . )
‘Speat fuel - . C1LASEHIL LUISERIL  9.BIE¥10 5.99E410  L.11C+10  1.80E408  &.35E407  2.27E407
Spent fuel less (U + Pu)® 1.4LE+IL- 9.74E+10 1.05E410  'B,36E408  1.77E+406  7.76E+03

Apead 1.0 x 10
, uad _

99.5% removal of uranium and plutﬁnluq sssuzad,:

FSum of thy amount of waste required to dilute each 1sotopa to tha pofnt thet it ia acceptable
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Saw Furl

‘ 8 HR UNDER WATER |
1 ASSEMBLY/DAY ABRASIVE CUT-OFF SAW
DISSOLUTION
8 HR -
RANSFER SHEARED FUEL TO DISSOLVER

DD NITRIC ACID

EXTRACTION AND STRIPPING

~ TRANSFER DISSOLVER SOLUTION TO
10 #r | EXTRACTOR

PUMP ORGANIC THROUGH EXTRACTOR
' AND STRIPPER

Ton EXcHANGE

15 HR/cYCLE ~ Pass STRIP SOLUTION THROUGH

{2 coLumMns) JON EXCHANGE
WASH coLUMN

ELUTE COLUMN

- FLUORIDE PRECIPITATION -

Repuce To Pu3* ASCORBIC ACID

|4 HR/BATCH Aop HF |
Y BATCHES/DAY Fi1LTER (BUCHMER FUNNEL)
. -' DRY CAKE .

MeTaL REDUCTION

- ADD IODINE AND CALCIUM METAL

~8 HR/BATCH |  TAMP MIXTURE IN CRUCIBLE IN

- _ ~ EVACUATE AND BACKFILL - ARGON
.t RAISE TEMPERATURE To 600°C
o CooL AND REMOVE METAL |

e ————— e
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SHEARED FUEL

) PWAR FUEL ASSY 30% TP
~46| Xq3 U+PutFP 4600 14
~4.33 kg Pu ~ 0 A/min
. 10 hr

€05 CFM NOX -
~20 CFM INLEAKAGE

EXTRAGTANT

ORNL OWG. 7T-1425

Py STRIP

o '.0__’:‘_ HNOS
T 0J2M FelNH;504),
460 0 /BATCH

30 X TGP
~97 gm U0
~004 M HNO

AGOD A/BATCH.

T0

AND
STORAGE

: .DiS_S_Q_L\_I_EHI-'—"- BATCH . Lt BDATCH - ' ——+; BATCH
.8 M HNO DISSOLVER EXTRACTOR : : Py
1300 3 AND rt ~— ORGANIC EXTRACY —t STRIP
. 3 FEED , _ VARIABLE U, Pu, HNOy - PER
s T ADJUSTMENT ‘ : ~80 A/ min
EEE USTMENT—#|  VANK = [~ EEED SOLUTION =~ ~10he
2 M NoNO, ~lA MU '
102 3.33 grns Pu/i
= 8 M HNOy
L . _ - 13001
8 hr DISSOLUTION TIME ' ;
-2 hr FEED ADJUSTMENT . AQUEQUS WASTE :
: ~3.3 am U/ PLUTONIUM_PRODUCT _
~08T gm Pu (2% LOSS) 9.2 qm Pu F71 (4.2 kg M)
~ 3.3 M HNOy ~20 ¢gm usL
1300 .{ ~2.0 M HKO4
l' 5’-;33) ) 012 M Fe
, 4601/ 0ATCH
a ¥ ﬁfM
%o}. e D.£ 2100
. To Tl
* NEUTRALIZATION /0;0 TO
AND 20 ANION EXCHANGE
STORAGE - PURIFICATION

BASI3. 1 PWAR FUEL ASSUMOLY /24 hr

DISSOLUTION , FEED ADJUSTMENT AND SOLVENT EXTRACTION.

—& ORGANIC WASTE

s
3

"

NEUIRALIZATION |
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