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Recovery of Actinoids from Waste Solutions of Fuel
Reprocessing - Literature Survey of the Chemical Processes
of Partitioning Transplutonium Elements in the High-level
Liguid Wastes of Fuel Reprocessing. II. -

Shoichi TACHIMORI
Division of Radioisotope Production,
Radioisotope Center, JAERI
(Received June 25, 1979)

In part IT of the literature survéy, characteristics

of the principal separation methods, i.e., solvent extraction

and ion exchange, for plutonium(IV), americium(III) and
lanthanoids (III) are first described to help understand
essentials in the actual examples of applications of the
methods. Then, some examples of recoverying actinoids from
liquid wastes, especially on a large scale, are presented,
Finally, flowsheets being developed in the world for
partitioning high-level liquid wastes in fuel reprocessing

are given with discussion on their respective problems.

KEY WORDS: Actinoids, Transplutonium elements, Plutonium,
Americium, Partitioning, Recovery, Ion exchange,
Solvent extraction, High-level liquid waste,

Fuel reprocessing, Separation flowsheets.
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HEEL TmRL7, BiliEe LT, PHEERY) »{LEeHWO Trin butyl phosphate( TBP)
Dibutylbutyl phosphouate(DBBP)z),Trloctyl phosphine ox1de(TOPO)

1)

# | TDibutylN, N—diethyl carbamylmethylene phosphonate(DBDEOMP),
B Y » L& Di(2—ethylhexyl)phosphoric acid( DEHPA)Y) 71 v e
M Trioetyl amine (TOA) 8’ # L TEAG7 v = =7 2O Tri capry methyl ammo—
pium ( TOMA® =it Aliquat-336)7) ZRAK, ChbOHmERRET, LENBREER
DENER THESCPu (V) THIEBT S,
ﬁﬁmuthM)me&Flg1—2KTbmec>TuDEHPA8)mmm%nc
OO THrOEREBEDN S Dihexoxyethyl phosphoric acid( DHOEPA) *

s Di—isodecyl phosphoric acid (DIDPA)® DL TeRLR.

cn G OERN D, HLW( 2~3N HOHLEZAD TRMT A& HHRL B
ﬂtbf,DBDECMPIm,DHOEPA-%LTDBBPH)ﬁ%26ﬂ£Q

TBP#&UDBBPM%W%%#K%(,ALLi%@ﬁ@%%ﬁMT5C&KibD€
ECE( B e TEL (Fig. 1-3)1%0T, TBPS EX#ibe SCMALENTE
4. DEHPA®AWEDIDPACEAL®E/ 227 » (MEHP A® 5 WIAMIDPA)
EmABE, BRABRCIOIDHLI0~10 b A BB N T D (Fig. 1-4) 1%
bﬁﬁof,%Wﬁ&ﬁﬁﬁﬁ&%MT,HLW#%@?hfF?Axi(TPE)%HﬁT

LELIARTH L,
Purex Efﬂ,Pu@4ﬁ?TBPKﬁmb(Figl—l),SWKbTﬁHﬁTé

(Fig.1—2 ®Am &8{E .
:/%éémm%4&7w#»7y%:9Aﬁm&ﬂM3ﬁm79%/4Fﬁ%%mmb

~

AT ﬁ&ﬁ%tﬁéCtK;D ﬁ@¥®6MM%@¥§W#%3@®TPE$£0RE

T A (Fig. 1-514 Fig.1-61%)
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Log D

57 l 59 l &l - 63 E 65 ‘ &7 ' 89 l 71

Variation of log D with Z for lanthanides(III) in
selected systems (smoothed curves; log D values at
7 axis, respectively for curves'A—E, are -7, -4,
-2, -5, and 1). (A) 1.0M 2EH(%P)A-toluene vs. 2.0M
HCl; (B) undiluted TBP vs. 15.6M HNO,; (C) 0.0375M
DHoEPA-benzene vs. 0.25M HCIO4; (D) 0.71M TBP-CCl
vs. 1.96M HNO3; and (E) 0.10M MEHPA~toluene vs.
0.25M HC1.

4

[vX]

o0t N S I N I S IO S I
2 4 6 8 0 2
HCL ( M}
Fig.I-8 Distribution of Am{III) and rare-earths between

0.5M MEHPA-xylene and HCl,
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Fig. 1-13 Effect of various anions on distribution coeffi-

cients of mmericium and europium between 108 M LiCl
and 0.6 M Abunine 336 hydrochloride in diethylbenzene.
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-== #NLiCI--2 N AlCI, Sa \
- - N
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\‘\*
0.000) 0.01 Y 1.0
INITIAL HCI, N
Fig 1-14 Effect of acidity on extraction of Am, Eu, and Ce

by 0.6 M Alamine 336 hydrochloride.
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Table 1-1 Separation Factors Relstive to Cm, aM,., for Elution by Ammonium
a-Hydroxyisobutyrate Solutions. (Data from reference 38 are for
Dowex 50X 12, 78°C, 0.4 M solution, pH 3.8 to 48: 42 is for
Dowex 50X 12, 87°C, 1M solutiom, pH 45 to 50, 43 is for
Dowex 50X4, 25°C, 0.5 M solution, pH not stated; 44 is for Zeo
Carb-225, 77°C, 0.4 M solution, pH 4.0.}

Element 18 42 43 44
Am 1.45 1.41 1.39 1.38
Cm 1.00 1.00 1.00 1.00
Bk 0.45 — 0.37 —
Cf 0.20 0.23 Q.19 —
Es 0.13 —_ 0.13 _ 0.21
Fm 0.07 0.082 —_ —
Md 0.05 0.058 — —
Gd 029 41) .28 0.22 —
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Fig, 1-41 Summary of the clution order of the actinides and Ianthanides from Dowex-1 resin
as a function of atomic number.

Elutions with 10 M LiC! from Dowex-1, 8% DVDB at 37°C.

— - ~— Elutions with 2 M NHSCN from Dowex-1, 8%, DVD al 33°C;
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£ 9%, 343cmd) KBHL, TADOZun BDowex 50-X8 #5754 (60C) TO05
MDTPA( pHES )BR T EBEMA « T2 rTbhr, TOER Am—Cm 777 ¥ =~
L, Pm—147 752 v a2 >BMMORELLABLTHEONA, KCAm—Cm 777 Y2~
% 0.5M HNO, BRICHMLTH S, H BDowex 507 7 4 CHRHEL, B2¥ 120D

. 0.105M NTACpHES )BHEERENETHs7 <757 4 —THRINR. #7411
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cARD, (Cm® — Am*T)7 57 = v CECTF Dy’") 732 varTEgINnTL B,

KONT ABEOSECH,

Zn?t - (Cm*t— Y*T) - Gd®F - (Eu®T - Am®T) - Sm®* - Pm’t - Na'T e
DIEE %D, LAB-TDTPAYA 7 A4TCm—An7 57 v =& BT 2+ HRSBEL
T, NTAV 4 22 THEORNCn & An 2’85605, CRALOOERNED 1A%
Fig.2-3CRT. MLOMBTHBOLNAA AL &ECm 7 77 ¥ a vOMKEE Table 25
TRl fcs .

Shippingport BE» G, HKHICH1 kg PAm, 50g DCmETLTH140g @
Pm AMER CEIRENZ,
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TABLE 2-1 Shippingport Blanket Fuel Data

Tube Sheets

Rods

Nominal size of subassembly
Cladding and tube sheets
Core

Ratio of cladding and tube
sheets to core :

Plutonium (average)

Plutonium isotopic (average)

‘Neptunium (average)
Uranium isotopic (average)

Americium (average)

Curium (average)

Zircaloy-Z 0.24 in. thick
x 5.2 in., sq., 120 - 0.19 in..
diam to 0.23 in. diam holes

120 - 0.411 in. diam rods
27 mil thick zircaloy-2 cladding

5.2 in., sq. x 10.2 in. long
13.2 1b zircaloy-2/subassembly
40.6 1b natural UOzlsubassembly

730 1b zircaloy-2/ton UO;
(830 1b zircaloy-2/ton U)

4740 grams Pu/ton U
0.52% 238py
65.32% 239py
23.17% 240py

7.62% 24lpy

3.37% 242py

45,4 grams 237Np/ton 0]

0.006% 234y
0.332% 235y
0.063% 236y
99,599% 238y

72.7 grams 241am/ton U
21.0 grams 243Am/ton U

0.039 grams 742cm/ton U
5.11 grams 244Cm/t0n U
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TABLE 2-2 Redox Plant Am-Cm Product Distribution

Dissolver decladding solution waste loss 0.6
Hexone, U, Pu, Np partition from Am-Cm, loss 0.4
S0% TBP extraction waste loss 1.9

Terminal organic Am-Cm inventory, organic

treatment waste loss 3.3
Product tank and evaporator heels 1.8
Product load-out 92

TABLE 2-3 Redox Product Composition
{Estimated volume, 275 gal)

UNH
Al(N03)3
HNO4
NaNO3
Cr(NO3)3
Fe (NO
.

Pu

Np
241,

243Am

242Cm

244

106

137CS

144Ce-Pr

147Pm ) 7
146Pm/147Pm
148Pm/147pm

Eu

3)3

Cm
Ru-Rh

154

Total Rare Earths

(as oxides)}

0.06M
0.3M

2.2M

0.2M

0.1M

0.08M

0.06M

0.06 g/gal

0.09 g/gal

3.3 g/gal

0.94 g/gal
0.0017 g/gal
0.23 g/gal

21 Ci/gal

8.0 Ci/gal

890 Ci/gal

900 Ci/gal

3.5 x 107°% ci/ci
1.6 x 1078 ci/ci
46 Ci/gal

131 g/gal
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HCZH303
NaaNTA  NaghTA
HC2H 303 pH 2.4
HNO3
Leach u‘g” HNO HNC,
2 :
H,0
H,0 2
F4 NaQH
pH 4.0 .
Cask . _ . ﬁ
Flush — Y ¥ . . l———l
: £ E
= 3
' 3 S| Wash
< o Wastes
=z =
r’.r L]
"Bowitng Ball"® feed Feed Solvent
30 tun Shielded Receiver Makeup
Cask from Redox Am-Cm-FE
Stripping
Solids Extraction
to Waste
Waste pH 3.6 Splvent
: Treatment
Feed Load-in and Preparation Extraction
Sugar'..____1 {!]
Product "Bowling Ball™"
Concentrator 20 ton Shielded
Cask to BNW

Product Concentration
and Cask Load-out

FIGURE 2-1 Semiworks Simplified Flowsheet for Processing
Shippingport, Am, Cm, and RE
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1000
- CERIUM
T — EUROP UM
v & ) (o] /
100 — PROMETHIUM
= .
n AMERICIUM
10 —
:— x/\\x
N ALUMINUM
/ o
O
1 - 2 o]
- 1
JE: u] IR/ON
= R
-—-""-'x
: x/x_—.-—-"_x
ORGANIC: 0.4M D2EHPA
0.3M TBP
0.1 —— NPH
C AQUEOUS: SYNTHETIC SHIPPINGPORT HAF-HAS
— 0.127M NTA
- 0.346M HA
| TEMPERATURE: 35 % CONTACT TIME: 4 MINUTES
ofa: 1.54
0.01 1 | 1 I | I
2 3 4 | 5

pH

FIGURE 2-72 Extraction Digtribution Ratios ae a Funetion
of pH Using NTA (Reference 5)
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TABLE 2-4 Shippingport Semiworks Feed and Prcduct
Composition, Decontamination Factores
and Recovery Efficiencies

Concentration Recovery
Constituent Feed (HAF)*® Product DF  Efficisncy, %
241pm 0.53 g/gél 8.0 g/gal -- 95
243 am 0.15 g/gal 2.3 g/fgal = -- 95
2820, 0.38 Ci/gal 5.8 Ci/gal  -- 95
244cn 0.037 g/gal 0.56 g/gal  -- ‘95
14750 129 Ci/gal 1900 Ci/gal  -- 93
144co pr 91 Ci/gal 1360 Ci/gal  -- 94
154g, 7.5 Ci/gal 110 Ci/gal  -- 93
137¢s 1.5 Ci/gal 0.19 Ci/gal 110 -
1082urn 2.6 Ci/gal 1.9 Ci/gal 20 -
Rare Earths 0.034M 0.50M -- 93
Al 0.051M <0.0011M >740 -
Fe 0.012M 0.0016M 120 -
U 0.012M 2 x 10°°M 9500 -
Na 1.1M 0.39M 45 -
H - 0.53M .- -
NTA 0.10M - -- -
HC,H,0y 0.40M - .- -
Volume 1690 gal 106 gal -- -
* The feed concentration of 2420m, 147Pm, 144Ce-Pr, and IaeRuRh

differ from those in Table XI due to radicactive decay during
the time interval between processing at Redox and Semiworks.
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Concentration

Pm

+3

Ng3

DTPA eycie

Concentration

KTA Cycie

i |
Volume R Product A

Product

*R denotes recycle solution for further product recovery.

1
I
I
[
!
|
1

Product

Fig.2-3 Typical elution curves for two~cycle chromatographic

cation exchange americium purification process

Table 2-5 Characteristics of the Am and Cm products

recovered from the Shippingport Spent Fuel.

Americium fraction

Curium fraction

Product recovery 818 g
106 1
Product purity :
Am 99.4 wts 244
Cm 0.5 wt%
Rare Earths <€0.1 wt%
Na <€ 0,01 wts
Fe - £0.04 wts
Al £0.01 wts
Fission P. Not detectable
Recycle ' 156 g
Material balance 9] %

Cm

35 g
51

> 94

< 6

€ 0.1

€ 0.01
< 0.04
g 0.01

wts
wtd
wt$d
wt$
wtd

Wik

Not detectable

13.5 g

96 %
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2.2 Plutonium Reclamation Facility (PRF)

Hanford ®PRF, Pu ®2irfhs 2B <7 7> 70 Pu TERT 2 OTCERS
N, 20vel.% TBP—CCH, CLABERMMELCLY 99% B EOPu FEARL TWND, i
&IEW%Q%K(CAW)M,ﬁkmﬁﬁﬁm@%t%ﬂ%n2~1%@éﬂm2“mnc
Pu #&1r, Table 2—6 €, CAWOENT Idaho MHICPPRE: HEL TRLRZ,
ZHE O Ame Pa OEROCZBICPRFTEDBBPRLAME T s t X FRREINK
(Fig.2-4)%", RBOAEY > ¥ TEFig.2-5 CRLARGETERINT NS
" TRL 3&D packed pulse column L h A2, Am DERBIES50~65%LE N, Th
d, E175a (E1258) TOENHHROEE TS L. TOREMD R EFARCE N
T CAWOREELBEHNICOINE CHETLZTEALZWD, FCEFATE T RNE
B kE RS RAEL B LD, COTBTHBRN A ¥ < ) —#h3 L, Bk
%@M%%éﬂf%@%&%ﬁ%&(1$K2@)méﬁﬁbﬂrméoDBBPH&IE@
KiC, Am 44 v KRECEEBRBINS (Fig.2-61 2%, 44 %0720
EEAEAL, AKOZn HBAAXEs S AL LEBR I 0 < T T T 1
Thh, BEMINr “Am @, AmO, SLTHEINTWVWAE (~1 kg F).

MEOTESGHEAPRFOREHE LCRNZLOCAD DERRVRENRDZ C (10
n Civg) ®*Am & Na E7SANB~HHBTE 2\, £CTSchulz 58, ZHEEM
%mmﬂféébBDEGMP@%m@DHDECMP&ﬁEmDBBPmﬁbDKﬁmaﬁ
cEELE Y6, cops, CAWHSRRSFCHEEARKER: TS, Fig. 27
Km,15wL%DmanP%me4%mmmtbﬁ%mfutx&%bﬂ°@¢mW$m
s#v—t+§mxé%ﬁﬁﬁﬁm%&%%f®éacmmmﬂumﬁmwﬁﬁﬁﬁwﬁmx
E 0T, FAHEECHEFRBRFTHEEIN S,

Schulz i 30 vol. % DBDECMP — xylene BHEETRNABUNT 275/ 4 FEHX T =
2% ICPPEACORELTE IV (Fig. 2-8)

59)

—36—
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Table 2-6

Typical composition of Hanford and ICPP actinide wastes

| Hanford CAW Solution ICPP First-Cycle Wasted
5 Component Concentration Component Concentration
NO3 5, 0M r 3.2M
H 2.2M N0 2.4%
| al 0.8M H 1.6M
i Na 0.5M Al 0.6M
F 0.3M Zr 0.5M
: Fe 0.009M B c.2M
? si 0.002M Hg 0.04M
f Cca 0.001y cro; 0.01M
3 Ce C.007M Na 0.01H
‘ Mg 0.0006M sn 0.0034
Ni 0.0003M Pu 2200 pg/liter
Pu 0.002-0.01 g/liter U V1C00 wg/liter
Z4ipm 0.002-0.01 g/liter Am 40 png/liter
Np 10 pg/liter

drrom co-processing of Zr-clad ard Al-cliad fuels.

E1x ETN S1P _—j sie el Hery (e 19
30 OBB¥-LCOYy A= 20 40~ Am SO-E5% e 10 16% TBF Pru
HNDy 00w T 8 Py 10.25%) Towren  fm 35 u0m i d
Flaw 175 HED, 0024 HNGy 0.5 | testangr wNOy O™
Fioe 210 Flow 30 frestsheee We  OLM
Fem 10
i 1
3
[
HNO;  ROM
AND ()3 06-08Y] E1P S1a SIW
Fluorige 0 1 £ WhQy 013K s wh0y 007V 52 3 B8P Ly
WaNDy D iumn n O BD-30N% tolurma L LY - S cowmn | {HND, 00
L' 100% rnachon Am  E0-80% parntion An 1D TS sip Py 70- 10%
Am* 100% Frow 175 Fow 2% Flan 178
Ctherst 1007
Flow 180 | 1 1
HagH =+ Recycie to
A £1 celumn
ELF
HND, Q1 1
AiNdyly 00720
WiNDy 04w £15 52
[ 1008 WOy 01 S HNDy DM
Am 10 ROy & OV HNOy QY WE  0IM
Flowm 200 flom 0 Flow 30 Flom 10

Fig.2-5

Hanford DBBP americium extraction process flowsheet (II).
CAW solution contains, typically, 0.005 to 0.01g l‘l

each of americium and plutonium
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10 SOLVENT
EIW 51P MAKEUP
_tw | T 2P t
, I ""'—] ORGANIC | ~——2E—
HNG;  ISM HHO3 LAM 1 HNO3 Q3M ORGANIC
Am~ o 5-10% ) Am 75-5% | [BATCHCONTACT| [HF Q1M |
Pu 05 UNDERGROUND Pu 5-10% WITH 0.1 VOL OF Py 90-95%
FLOW= 100 STORAGE FLOW = 23 DiILUENT Am 10-15%
l FEOW = 25
RQUEGUS
AQUEOUS
10 AM CONC 10 PRF FOR
AND PURIFICATION Pu FECOVERY
EIX
15% DBDECMP -CC1g D!
HNO3  QOTM .
FLOW = 100
El N < | S sl s 52
COLUMN HNO (113} COLUMN HNO; Q9 M COLUMN
_ EIFiCAW) EXTRACTION Amo 00 PARTITION AM 10-15% SIRIP RECYCLE TO
HNG3 2.0 Pu 9,5% Pu 2-95% El COLUMN
ANOzy  Q6-08 FLOW - 100 FLOW - 100
FLUORIDE (38 ,
| NaMO3 a5M STW
Pu 100%
Am 100% 15% DBDECMPCCHg
QOTHERS Ic}  100% : HNO3 QOIS M
FLOW = 100 I I FLOW- 100
) L RIFIED DHDECMP CAN BE SUBSTITUTED-FOR DBDECMP 51X X
HNG; Q1M
©} 121 CHLOROBENZENE CAN BE SUBSTITUTED FOR £CTy i T W M
hNCLUDES SMALL CONCENTRATIONS OF Ca, Mg, Fe, Cr, Ni, ETC. FLOW- 5

Fig. 2-7 DBDECMP Frocess Flowsheet for Recovery of Americium and
Plutonium from Hanford CAW Solution

ot O
‘ SCRUB
FEED ADJUSTMENT
AUEOUS ! O SOLVENT WASHING
WASTE INCLUDING REMOVAL OF U, Li, Hg
FEED 0 PRODUCT
VESSELS EVAPORATOR
AIRLIFT
PUMP ‘ PRODUCT
r STORAGE
@ PERCENT OF ACTINIDES IN ORIGINAL WASTE OTHER THAN U
] z | 3 [ 5 6 7 [} 9 10 | © B
DESCRIPTION|  1AF KX | 1AR | IAP s | 18x | 18R § ise x| iR P | 10 1R
FLOW £Mr ) 5 |® 15 3 15 3 165 2 ) W5 2| 3 3
DBDECMP % F] El] 0 ] » %)
DILUENT XYLENE XYUENE | XYLENE XYLENE XYLENE XYLENE | XYLENE
FM 32 32
N, M 24 al | 0s 24 34
HM L6 13 | 06 -04 L0
AL M 0.6 06 0.8 0.3
Ir M 05 05 | 008
NHy M o 0.04 ol 0d
Hy M 0.002 0.004 0086 0.003%
Pu gt 70 66 |48 0.2 | 308 9.3 R
Amugit 0 012 | 798 wd | 125 o 5.7
No gt 10 2 182 [N o)
U pglt -~ 1000 200 1818 1818

Fig.2-8 Conceptual process flowsheet for removal of actinides
from ICPP waste solution with DBDECMP extractant
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2.3 ot

i3 TR~ ABALACHE, RABCALDNAREELSOTPEFROBELZ V. L
PLAERD, A48y b T3 b (FRE)ZLNETAUATORETAIONA AT 82X
N, OHBEINTRnE, TNLOBEMEBTCENSL.

a) Amex 7 mEZR

ORNL TltHanford OFEEH ( slug & crueible) b Am TART L OHD IR L
LT, 30%TBPHMHEB I+ RBEFHEAEGDEL Amex 7 2 £ X FREL, H20g O

CAm FHEE L7z 02, 304TBPTEFWBHC Py THEARL, RICEBEETFNT 5,

¥ Am HFig.2-9 KART 7aetx THEERINZ.

b} T B PHEE

ORNL®Lewis {Z100%TBP L2 An—RE O#ith e, BHBRR TORE O IR
DMK FFE LT AD OAEE T o 2 (Fig.2-10) 2@%L ). An—RE DS
17M HNO, A TM Am—La DABEELBH1I0EARD, FBRMHETHICEHTER,
BRI A 4 v RBECL o A4 my b 77 Y PORBRTH, Am ORFEL995% T,
THOREERD 1 FUTORAVD o7,

TBPWLAAm—Cm OHMESE, Savannah River Plant THE7 4 b =9 &R
DBREEO 1D ELTHREINA,

Cc) BAaF o ERE

ORNLTH, @74} =0 s RREOMUBHEMRAREO -Re LTRA A Y XREVFRARIN
o FOHE 1 LERES SO Am—Om—RE OER TS (Fig.2-11%, wgrrEe
REDHEE (Fig.2-12)%) v 5, si#l, Pu AREOREBEFHLTPE-REY
B4 BT ACBELTHONS, BETH, BBEBAPOTPE-REZTREA A~
s 5 A CRBE LSRR LiCIBRETINFNzBRL CHET L. WIN bt RRERE
ORBEFERIBEL-D, 77 P HETIERGTINADL >R,

d) EKarlsruhe &

B4 ORKarlsruhe WEFICE S v+ =7 sBEHEID o B 1IW TR~ TO
M RLEERS O An—-Cm OSBFE S 2N TeY, GRochidFig.2-13 T
@D T eAr BRI cn T e A BAR T R e AL RAT LV TED
0 BARLLEROBVAAVEREEor 7 » R s — 2 BREEBINED o, COTE
A THDEHPA+TBP #HHEBERK-LTHNY, pH2OBEH,MSTPELRETHALR
#, FRLORRTEUAREETDTP A —SLBEK ( pH~3) TEENRHL TTP EzKAH
CABEL T D, COFRMEM ( reversed)Talspesk 73 2 tFENT B, Am—Cm
95y ARCE A A TRy 5 aCREESYE, 3MHNO, THEET S,

Fig2—14KW(OWWﬁiW%IEK#W6$$?—triﬁﬁﬁﬁ%bkoiﬁm
IE@EbﬂAm{M7ayvay®%%%ﬁm,ce:>8x1f,Eu:1X1&,zr
UNb: 20 . Re(NO)T 150, Fe : 420, Sr :>10°, Cs :>10", Pu:250,
Np:800,U:650 & -, Am OHEEKE, 2KTL2% Thor.
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e) VB
V EO Shevehenko B, Novo—Voronezhl R FAREHF (LWR ) OERAFAN

(200 AEEE 265 AMAE) OBLEER(BLW) 66 Sr,Am, On & AgmEL

7T o
HIMEIS LT 0.6M DEHPA—Synthine { NPH) TAW, Fig.2-15 LRLEIEA

FETHHESELL., BMNCHLWEEAEE 0.2~ 03MICHAL, 7T BB - F IR
THHO pH % 4~ 4.5 CH 5% T 5 S8r,Am,Cm, REZHHEHT A, Sr IHOIN OfF
BT, Am—Cm % 0.05M DTPA—08M BT, EHZCRE%T IMBRTIALLERT
L, BEROBEREFEE Table 2 — TERT,

f) Barnwell BOBETHE (BNFP)IHLWHLO Cm OEKEHE

*EOERDAM, RESOEEHZT2ABNFP (LEENS v /B 2LHET L
HLW ( Table 2-8) C&3nasdEx*Ccm £EKL, *"CmO, & LTEFIERD
SMECHR T HEE 2 CEL, G.E. (CEELTAKN Y 0 £ xORBEF -7/ . GEM
WL O DREFOB IO c CREBEHERL . (£27 7 £xd Battelle Pacific
Northwest Lab. @2 Z 5 70 LD ELOTBROBKOK, 2BEO 7 = —¥ — b & LTE
ganxz 13, FuexOBEI, 80% MEORETMEL 7 U EOCn FERFT HET
HL.

w17 e —v— i, BMEOHH TR EHCEFRTELLELADRLLBIDOT, BB %
Figz—lsmﬁTDHLWMBE@%@%.150ﬁuy/ry%%%éﬂ,5byﬁm
ﬁﬂ(HLWI750ﬁDVJ%74—F¢b17mtz@%@éﬂﬁn%IE@MPmU,
Np ®ERT, 30%TBP NPH ECLHMEETITI. O HED HIBHWCHEETSDY,
BNFPTEL SystemZBHALNTWLBERZLEOANIETHT Lo COHLETEPu ORE
QO%ML,U,prﬂ$98%&&50¥21ﬁ@,%41y§%ﬁﬁAﬁlécmﬂﬁ
AR (Fig.2—17)TH5b, 14 XBITEE, BHLTS b ROBRT 1Sy FTEL
TmEAN, 1AOREN T AL TACER? 7 6 L 0HA (Table 2-9), B Rg (L Dowe x
50W;xsﬁ%(100~200fysquCﬂaAmso~70tfﬁﬁéhfh 74— VBE&
O GEFREBEE Table 2-10 CRT. ¥r, 1y 7R OFEREFERMOFE
Fig.2—-18 [RL&Z.

MEO7e—-yv— b THE BERORIBROTEZ (A D, ThHbL, 14 XBW|IEOEHT
HLWO 357D, 14 TRIBTHEERROBL 1 8HL T L,

T, ECCALOREATRETERDOO 7 a—v—F tRRINTHL (Fig.2-19)
cxfm,PmNp,Um%miﬁw%m1m%TBPK;53E—TPEmmmIEﬁ£m
IAD, COTBETPECA-T(HAREOEZBROSTHELTETDH, TADLTPE
ARE—-TPECE®HLEAE#M2% ( Table 2-11) T25H0 56, REORELA+~
B 5 aDRBECHAL D, HEOCm OFMELTE, 100% TBP BHBLNEA
fy&&%ﬁ%i%ﬂﬁuuim%27n—v_rﬁ,BNFPf%maﬂImbTBPm&
ErE(OTRCRATS&RBC BEWOBELZHE >TVL,

rOEE, FHREHEAATHEN LCRESBHBEOEFEHL Triln. LELAY
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5, 24 —-rOKEITEIETHCILEL, BEOE: DPBMIBTHRHELLER EBEEDIO
PREBAINTNDLENWIBKRTHEBCET S,
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Py WASTE HNO;
EFFLUENT H,0 ADJUSTED FEED
0.775 M 4 "@1 i 2,60 M Al
5.79 MTHNO; <COT M HND,
0,03 M HF FEED ADJUSTMENT <0,01 M HF
0.008M Hg 0.007 K Hg STEAM JET
O0IBMFe - [T Hear to 140°C 0.06 M Fe .
0.001 f4 Ni Dilute 1o 2.60 M al .00 M Ni 10-14% Dilurion
~0.5 g/l R.E, 1.87 glirer R.E.
Am=Cm AmeGm
1 0.53 worts/liter . 143 wotts/liter
Lo ]
r 4 mlfem? fmin
FEED ’
5 column volumes X
2.34 M Al 3MLING,
~B.0VM HNO3 2 ml 2o fmin 0.65 M HNO,
<001 M HF 15 column volumes & ml femi fmin - 2
0.006 M Hy 3 column vohumes
; 0.05 M Fe
i 0.003 M Ni
1.5 g Tirer R.E. 3
i Am-Cm
i 1.43 wotrs/liter ANION EXCHANGE
! COLUMN
; Dowex 1-10%
' 50-100 mesh
| v
WASTE PRODUCT
LTNC;
0,65 M HNG:
AING3) A L.
Ni .
Fe

Fig. 2-11 Flowsheet {or recovery of americium and curium
from plutonium process waste.

(o) SORPTION () WASH (¢} RARE EARTH £LUTION (d) Am-Cm ELUTION
3 COLUMN YOLUMES 5 COLUMHN VOLUMES & COLUMN YOLUMES 2 COLUMN YOLUMES
83 LiND, Bif LiNO, 0M LiC) 14 LiCl
5 ¢/1 RARE £ARTHS

Am, Cm TRACER
pH 1.0

I & ml/;ma/m 2 ml/cm’f'm 2 ml/em¥/m

& mi/em?/m l l

ANION EXCHANGE

COLUMN BO°C 80°C 80°C

DOWEX V- 10X

100-200 MESH
80 C

A Y l

WASTE PRODUCT

WASTE LWASTE,

uL.LEES ) Lic! Lich

LiNOy LiNDy RARE EARTHS Am and Cm
Fe, Ni, ond Cr

Fig. 2-12  Anion exchange flowsheet for separating Am and Cm from rare earths,
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TWW Tark o Off-gas Trectment

HCGOH Evliﬂ

Spray Gloas Blocks,

Denitration Cotonation [ ]0'658 Furmcee "o final Storage

Filtration 5 Pracomate == vitrification

e
YWWOL Lo o G
10 MAW Treatment

Feed
Preparation

HAW

Evaporator

¥

TWC(RE Bock-extractioni]
i :

Solvent
Clean-up
Spent Aqu.
Washed Sowvent Liquor,
to MAW
y Treatment
Feed
Preparation

7 g/l REs, 0.024 g/1 Am, 0.002 g/l Cm,
0.3 M HDYLP, 0.2 M TEP, dil, £ = $00.

©.05 M Na DIPA, 1 M HLac, pi ='3.0
To.1, v 166

Wpa: 0.3 M UDEHP, ©.2 M TBP, €11, { « 166,

WPACEWDF : 0.072 g/1 Am, 0.C0¢ g/1 Cm, 0.00% ¢/l
REs, 0.05 M FaDTRA, 1 M HLac, pi =
1.0t o1, e 66,

1a{lon Excrange}

! ta Firal HRRESWEF ¢ 1.5 g/1 REs, G.3 K HDERP, ©.2 ¥ TE?,
Purifcation dil, L'= 666,
to MawW Treatment WCRs 3 M ROy, f = 166

27 g/1 FPs, 4 o/l CPs, 0.12 g/l Am, 6 g/1 REs, 4.9 ™ &::;03, f = 166

©.01 g/1 €=, 5 §/1 ¥a., 4 ¥ WD,
£ = 100

0.3 M HDEBP, 0.2 M TBP, dil, [ » 6E6.

0.3 M HDEAP, ©.2 M TBP, ¢il, § +» 135,

fortains cssentially the fission and

wDS5: 0.05 M N-!SD'!PA, i M Hlac, pH =~ 3.0

rrosion preducts without 7is, Rb,
eorzosion p o £ ar

. £r, €s, Ba, ¥i. EZstimated amount:
c¢a. 11 kg of r~ctals per 10pC 1 of ¥DAC ; 0.0%8 /1 Am, 0.0043 ¢/l Cm, C.G5 M
1 Na DTPA, L M Hiac, pF = 3.0 to.1,
f = 208,

WAT: 5 gfl REs, 3 g/l other ¥Cs {essential-

- 1y Rb, Sr, Cs, Baj, 0.06 g/l A=, WOW: 0.003 g/l RZs, ©.3 M KDEMP, 0.2 M TEP,
0.00% g/l €m, 0.2 g/l Wi, 2.5 ¢/1 dil, f = 125.
Na (all retals as nitrateos), pH = IAP: 0.058 g/l km, 0.0047 §/1 C=, 0.373 X,
2o, £=200. .HSDTFA, ©.98 M Riac, 0.24 N 3and,,

Vho 0.3 M 1DEHP, 0.2 M TBP, 0,002 g/l REs, pht = 0.9 T o1, = 213,
dil, £ = 5C0. tas: 0.1 # HNOy, .10,
©.07 M HNGy. £ - 134 Iau: ©0.047 M H_DTPA, 0.9) M Hlac, G.73 M
1.8 gL FPs, 0,17 g/1 Ni, 1.5 g/l NiNOJ. phH = ca., 0.9, f = 223.,
Fa (all as nitrates), pH = 1.1 ¥ 0.2, 1ax: 3 Mooy, £ = 5. :
£ s 334,

IAAC: 2.4 9/1 A, 0.2 g/f1 Cm, 0.5 9/1 Ns,

0.012 M H.OTPA, 2.9 M &NOy, £ = 5

Fig.2-13 Flowsheet for Am-Cm recovery from HLW at Karlsruhe
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Corecticn of evaporated solution

l

Joint extraction of americium, curinm,
strontiuimn, rare-carth.elements

Aqueous tailing

solution
—

!

Reextraction of strontium

Reextract of St
| —

!

Reextraction of americium and curinm

Reextract of Am, Cm
——

!

Reextraction of rare~eatth elements

Reextract of rare-garth
——e glements

l

Regeneration of extraction reagent

Fig. 2-15  Principal technologival scheme of the ex-
traction of americium, curium, stroatium, and the
rare-earth elements.

Table 2-T  Distribution of Elements According to Products
of the Technological Scheme & of Initial)

Product sr Am’+ Cm* REE
Aqueous tailing solution 2.5 3 3 3
Reextract of stfontium 9 1.5 1.5 £.6
Reextract of americium- and ¢urlum} o 08 92 92 0.015
Reextractof rare-earth elements 0.04 1 1 94
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Table 2-8 Barnwell HLW composition after 3 years cooling -

‘ Concentration

Element g/ tonne Ka/day in Waste, M
H 2,600 13.0 4.58
Na 5,000 25.0 0.383
Fe 20,000 100.0 0.631
Cr 200 1.0 0.0067
Ni 80 0.4 (.0025
Se 14.4 0 072 0.0003
Br 13.7 0.069 0.0003
Rb 347 -1.74 0.007
Sr B28 4.14 0.0163
Y 416 2.08 0.0082
ir 3,710 18.55 0.0701
Mo 3,560 17.80 0.0643
Tc B22 4.1 0.0146
Ru 2,330 11.65 0.0402
Rh 505 2.53 0.0086
Pd 1,520 7.60 0.0254
Ag 82 G.4} 0.0013
£d 136 0.68 0.0021
In 1.6 .008

Sn 25.7 .13 0.0004
Sb 10.8 0.054 0.0002
Te 535 2.68 0.0073
Cs 2,600 13.00 0.0340
Ba 1,750 + 8.75 0.0224
La 1,320 6.60 0.0167
Ce 2,540 12.70 0.0317
Pr 1,280 6.40 0.0160
Nd 4,180 20.90 0.0507
Pm 35.6 0.18 0.0004
Sm 1,010 5.05 0.0119
Eu 174 0.87 0.0020
Gd 9,122 45.61 £.1021
Tb 1.3 0.006

Hg 10 0.050 0.0001
Np 482 2.41 0.0036
u 10,000 50.00 0.0740
Pu 100 0.50 0.0007
Am 525 2.63 0.0038
Cm 25 0.125 0.0002
NO3 288,945 1,444.75 8.21
POg-3 2,000 10.0 0.0372

Total 368,837 1,844.23
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Table 2-9 Cation-exchange flowsheet resin-bed sizes

Resin Bed
CoTumn Volume, Diameter, Height, R/D
Number Column Function qal in, Ft Ratio
1 Feed Absorption 1700 48.0 18.1 4.5
2 Elution 565 28.0 17.7 7.6
3 Elution 212 19.0 14.4 9.1
4 Etution 79.3 12.0 13.5 13.%
5 tlution 29.6 7.63 12.5 16.7
6 Elution 1.1 4. 81 , 11.8 29
7 Elution 4.20 201 | o2 50
8 Flution 1.06 1.94 6.80 42

Table 2-10 Radiolytic heat output of barnwell HLW after 3-year

cooling period(a)
Watts —

per tonne of per 17.5 tonne per gallon
Isotope fuel processed of fuel processed of solution
g 460 8,050 3.066
106p,, 540 9,450 3.600
138¢ 610 10,675 4.065
137¢ 440 7,700 2.933
184c, 500 8,750 3.335
147, 12 210 0.079
158, a2 735 0.280
155, 2 35 0.008
21 hm 40 | 700 0.265
2h2em 20° 350 0.132
244c 65 1,138 0.43]
Other 10 178 0.068

Total + 2,741 47,968 18.26

{a} The ion-exchange process is a batch operation and each batch
of feed solution contains the waste from 17.5 tonne of fuel.
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HLIW SOLUTION FEED CLARIFICAT ION
HNO; 4.5M SOLIDS REMOVAL
VOL 750 GAL/DAY BY
CENT R1 FUGAT ION

BOLVENT-EXTRACTION PROCESS

¢ 30% TBP-NFPH

s Pu, Np, U REMOVAL
e<=1% Cm LOBS

* AQUEOUS PRODDCT~3M HY

Zr, Mo, Tc, Bu, Bk, Pd ¢
Pu, Np, U
NO,
SOLVENT TREATMENT
FEED CLARIFICATION DENITRATION AND
‘ MAKEUP
SOLIDS REMOVAT REDUCE
BY AGID CONC.
CENTRIFUGAT ION TO 1M
‘L SOLVENT-EXTRACTION PROCESS
Zr;Mo, Tc, Ru, BRh, Pd
100% TBP
FINAL Cm PURIFICATION CURIUM RECOVERY
SOLVENT-EXT RACT ION PROCESS
- OXALATE

- 100% TBE PRECIPITATION
* Fe, Na, FP's TO WASTE CATION EXCHANGE PROCESS CALCINATION
+ PARTIAL AC-LN SEPARATION TO OXJI[DE

- PRECONDITIONING OF RESIN '

BEDS |
- FEED ABSORPTION CYCLE
. ELUTION CYCLE WITH
Cm P T
COMPLEXING AGENT m PRODUC
- PRODUCT COLLECTION

!

Am¥t

l

RE3

Fig.2-19 Advanced flowsheet for Cm-recovery and purification

Table 2-11 Concentration of actinides and lanthanides in HLW

M % of Total

A 0.0038 1.6
Cm 0.0002 0.1
Y 0.0082 3.4
La 0.0167 6.9
Ce 0.0317 13.0
Pr 0.0160 6.6
Nd 0.0507 20.8
Gd | 0.1021 41.9
Pm 0.0004 0.2
Sm 0.0119 4.9
Eu 0.0020 0.8
Total 0.244
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Table 3-1 Estimated composition of the high-level liquid

waste from fuel reprocessing

Element Concentration
mol/1 g/tonne g/l

H 2 126
Na 0.97 11139 22.28
Rb 0.0066 284 0.57
Cs 0.034 2270 4.54
Sr 0.016 694 1.39
Ba 0.022 1490 2.98
y  0.0087 388 0.78
La 0.016 1080 2.16
Ce 0.030 2100 4.20
Pr 0.014 1020 2.04
Nd 0.048 3470 | 6.94
Pm 0.00027 19.9 0.04
sm 0.0099 742 1.48
Eu 0.0022 169 0.34
Gca 0.0012 97.1 0.19
Tb 1.87 x 107° 1.49 0.0030
Dy 1.45 x 107° 1.17 0.0023
Ho 7.96 x 107/ 0.0657 0.00013
Er 3.42 x 107/ 0.0285 0.000057
7¥ 0.067 3120 6.24
Nb 4.04 x 1078 0.00188 3.76 x 10°°
Mo 0.060 2940 5.88
Tc 0.014 707 1.41
Ru 0.036 ' 1850 3.70
Rh 0.0060 309 0.62
pd 0.024 1270 2.54
ag 0.0008 47.7 0.095
cd 0.0015 85.4 0.17
In 1.5 x 107° 0.862 0.0017
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Table 3~1 (continued)
Element Concentration
mol/1 g/tonne g/1
Sn 0.00074 45 0.09
Sb 0.00017 10.5 0.021
Te 0.0076 490 0.98
Ge 8.46 x 10~ ° 0.419 0.00064
as 1.92 x 10°° 0.0717 0.00014
Se 0.0011 43.9 0.0878
U 0.040 4750 9,50
Np 0.0067 793 1.59
Pu 0.00072 113 0.23
Am 0.0012 145 0.29
Cm 0.00025 30 0.06
Fe 0.040 1118 2.23
Cr 0.0074 190 0.38
Ni 0.0051 150 0.30

Reprocessing; 180 days after discharge from the reactor,

Cooling time; 5 years after

reprocessing,

Burnup; 28,000 MWD/T, Specific power; 35 MW/MT

I.oss of U & Pu; 0.5%.
U-4.0% enriched.

Fuel;
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Table 3-2 Percentage Removals Required to Reduce
the Hazard Index of Aged Wastes
to <.5% of That of Pitchblende*

Actinide PWR-U PWR-Pu ILMFBR HTGR
Th 95.0
Pa 95.0
U 99.9 99.9 99.9 99.99
Np 95.0 95.0 5.0 95.0
Pu 99.95 99,99 99.99 999
Am and Cm 99.9 99.9 99.9 95.0

*Mineral containing 60% uranium,

Table 3-3 Comparison of Actinide Recoveries In the Conventional Reprocessing

of Spent LWR Fuel by the Purex Process with the Recoveries Required to
Reduce the Hazard Index of 1000-Year-Decayed, High-Level Waste to About
5% of the Hazard Index of Pitchblende.®

% Recovery Additional
Actinide Conventional Partitioning Recovery
Element Reprocessing Goal Factor
U 99.5 99,9 5
¥p (90-95)° 95.0 0-2
Pu 99.5 99.99 50
Am-Cm ' 0 99.9 1000

“Baais of comparison: (1) LWR fuel of the pressurized water reactor type
with plutonium recycle (PWR-Pu) having a burnup of 33,000 MWd/metric ton,
(2} assumed the high-level waste contained 0.1% of the icdine, tritium,
and noble gases and (3) assumed a pitchblende ore containing 70% U.

bNepCunium 1s not usually recovered in the reprocessing of power veactor
fuels. Reccverles of 90-85% have been made on a special campaign basis,
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(50004 tonU) ®F03 sMBTABE, BELPHAFE(~55) THHEE V1%
TR EE SCBHLABH( 5004/ 1on. V) ENETHHRTSL. MBAL tEFT a,
b, ¢cEBoaTWADE, 7o txBHRONWL(DIDOATY 2 Tob, Thbb, a) (&
SEABHCHLWHRCER L THWAEBYO B, U Pu Np HLUMo, ZrEOHE

BE, SLCBBCLAMEFORRESS, b) HLWEELOE SEML THERE T

A, ¢) HEOMOERLTENTHE~4M HNO,, BHILLABHIEICAL, O=20

r—ApEiI LD, B IREEABBREBE, L OMBCEL T, HCRL TS HMH M
ﬂmmK%%Z@DIDPA%ﬁﬁf%éo@ﬁ,c)K@LTm:&Eﬁ%®¢ﬁ%wUV
EMOIPRERTES, $7, BEORESTPEOSBETIRE, DEHPARLS
Talspeak 7o txDAEHBELLATNE, CRLORNBTIRTRE L PN EBEO LD
C, hBOEREFNLER~OT 277/ 4 FTREROBRERRL D 5. Pu BTHEF MK
BB n A FOER, AY) < —HEReCL o> THhETE, FCHLWHCRT N HLN D
OERMSTETLReE, BREOFREILEE AL, FBET o A TH, MKAHL S
WMo , Z rES 5L B+ A ATEEEES S 0, MR TR AHFFEL W, BEFAOPRTHX-70
It, neo—tridecano—hydroxamic acid @B T OHMBA L, pH 4 Bl o kEgd s
FERTOBmBCETS V82,

BEDEBROL A 27 SHEFRTREINKTBPHEVWEDERP AZ AN FIE
S m e AOPEFig.3-3,3 4R+ 8838 pppemmme LcHE TPE
—REZHETACHEABROENA (C>THAJ(NO,; )y ENaNO DEMA AT IEZD
ANnENWIRKEET L,

FCTEARETENTIALHLWE +2BEL, MALEDETHRLLXTEBRAT 2 &
WO HEAEL OhD, DEAPAMBETHE, HREIEVWHHA £ETH-H#EAO
AT—BLTHO9ELTERLVWIFIRYEDE S,

HELBATETABETRET LSS MAFMTIFI 20 (BER) TLRDCETRS
OTEEEHBETEBESSE, LL, Pu,Mo,Zr FEEBOTHRACHBUA HTFD <
OT, FREORDICEY . VBT v SOHEAEANWEY, FRBITHETPu 7 3
KRBT+ 2HFEHGELND, , '

B REN THRHE L TWADIDP ABBEERCLAHAE 722 (Fig.3-5) L DE
HPAZRAWRAERLBUO T a2 &R b,

¥EOT AT s REIHEF (ANL ) THorwitz GOHRBLAHIRT 2 XD 12K
m AT rFALT s E= A ( TCMA - NO; ) Oz R 757 — EERTE
L ERA e FESSE (Fig.3-6)5%), c s TREFHOE Te ,Np,Pu EHilti7 =
e b DI ACHBELTKRE, RICMo,.Zr,Fe EZDEHPAMMHATH( (Fig.3-7).
Mo, ZrAEDFMEBE05MY - v TH Y. TPECREZETCERORERT 045M
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KHEG L TH 6, DHo EPABMBACLYFNLOTREHBE TS (Fig.3-8), Cth
O7n AT HBEHEETHY, FETZOFBE,LOMEMD, DHoEPAZTRWDLE
SCHBCRETSLHELL, SHE(ORNEET L., COVm e XERTHBHELALD
FFig.3-9 CRT), hd, Bv~ABHECHAN (hydroxylanmonium nitrate) -
RSB E V5 v MATNp, Pud R FMHE% 4 fHCHEL T4 5 0.5M DHo EPA-DEB
<, TPE,RE,Zr,Mo,Pu,Np,U %2 THIHETL(Fig.3-10). R, TPE
+RE # SMHNO, T, Np+Pu+Zr+Mo+Fe % ¥ > VB & tetramethylammonium
hydrogen oxalate T, U+Y% 8M) YBTThENYHLT L. Pu & Np HTDOHET
TCMA - NO,~DEB THili L THOER>HHBRERT L (Fig.3-11) . BLOT=
rATHY »BERLOE« ODREMTELLOT, RALECHEZ(ODHRBRIERINGS.,

Ny Ty — FEET HAm ODBBPHMHEBEC L THERINAOHFDBBPICLELM
FBREAMOENE 7 n 2 LACEX ( Lanthanide—Actinide Extraction)3®)
5 (Fig.3-12). BRAARTHEHAZU, Pu OffliC Am,Cm 28 L WRARO FHEL
FHEHT S (Table 3-1)0OT, FhoOEREAFERLFLLN L, BTH, Np &
Pu #Np(IV) & Pulll) CBTF B0 FeSA(ferrous sulfamate) ZRMIN T
B. AL TAL(NO, ;& DIBAN (dibasic aluminum nitrate) : A¢ (OH),NO,
BEMIND,

Lacex 7 =2 +=xithead endé LTELONT R, THLENW2HOTEREEMT HF
CLOERDHGET LTACELTED, fiH RALLTHEKENDAL ZEAXHLWOR
ey, Ru ODREOEEM UOBBHOEES, RBFHOZT 2HHREIKE N (10
_lap 9hg M03g, Wp, 1% RhW,TPE AELTEMHTE)ERZEEBT NS,

DBBP % #HH s LaBog 722039 120F& LT, BRABEMRTAREINLRS
EEFig.3—13 CRT. I1WIEBTHE, ©VFe®yAr73 Lo TNp,Pu 2RILLT
U—Npm$&mmu,2quw+%ﬂﬁamﬁﬁﬂﬁﬁzb@mmp,3WT@U“%W
By ® yTHMETA, AWTHPu Z4MCLTHEAE TS, TPE-REWL, AfNO;),
EEFHE LT 6WIETHILIN, TWIETDTPA#KERREEFAL TAm,Cm &
REDLAHT L, CO7r e b B NEERAETACEML TE2Ke LTHEMCE T

V\én
3.2 AAsLWREEEFETETIR - - b

A F O EBREDITHEOBRAE 0 e ORAEFig. 3-14°7) CRT. COFBEREA
T AR RELAMBORTSY, V¥4 272 C LV BEAGSBRE T2 L VWOITRERT B0,
BERELD (BT ¢ — FBROBEEZHFRCL > TETILBER, » 7 & BARO
WY, BB %) 20m’ EHARZEDERD. _

R TR ELERROBEAET o ROBRMRE Fig. 315 CRLE 0,
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33 v.vBExREEEHFETEZITIA-L— b

v oBREREED, TPEOHEAEORDCLELERWLONLTTETSHL, TOHE,
RE, Pu 3 ARBICHBTE. 1 A7 SMERTEELORGETHN (DO REORBEETR
L 21793 pig.3-16 CEBEOpH £7 2%/ 1 FPEROBRTHRTE OB
FRL%. Am,Cm HHLWOPH £ 1M LEKTAHE99% MERET L. ¥ - vBREKE
i, EBREETEL LD TEROEB IR v -T <5, HLWOREET T o &M
KABLEBANTE (Mo, Zr , Fe B ) b UW\ETAH (Fig.3-17)DT, CHLLOTLEDL T2
S 4 N —HCHBELTRERDSE RN, 1 AT IOBRTHE, ¥ = 7B MAORER TR
L ABA, BUEF 93 ABRTHI R LT T 25/ 4 VLFEE Zr Mo, Ru EO M
MEEEL A#AH (Fig.3—-18,3—-19),

CNLOEEFAMALTHEZEINADH0x2l1 72 €2 (Fig.3-20)T®»545, Oxal”
b &, BRATRE Y- vBREARBRIBZICLTHI SO D5, COREFCERMIK
I THLREET PELC s, HNO, HF THHEL, BAA 7XBREI 7 20L-T
Pu #EIRL-TWnE,

KETH, vV BERBECH 4 RRETEAEGHOEROpix7 v X PRVINT
29 . caTH, v oBERBCE L~ 2 MEBBESB LA, BETCR B E
BEA A B FATERLT I s — VS 7305, LE-~EBa,8r O—He 5~10%
@Zr%EKTE(Fig3—2UQ%@M@ﬁ@T§ﬁsVzﬁﬁﬂﬁ@ﬁ,%4iyfﬁ
#5484 TTPE-RE®RHE,_, Bfisrn<t2r57 4 —~TTPEDHEREZTO (Fig.
3-22), COHFETH, Zn BEEORLICHELLTHERBEERNWLI LT LY Zn
A4 =Y —"HLIRE, VA2 AFROBRASERINR TS,
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Fig.3-1

Possible options for an advanced HLW management:

Conceptual low-acidity & acidic flowsheets for a

DIRECT HLW partitioning
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ACTIRIDE &
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STRIPPING

u, Pu, Np, Mo
Y Zr, (Fe)
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SEFARATION
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? DENITRATION PARTITIONING
£
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= CONCENTRATION Actinides
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ES (700+500 litres/ton.V) SUPARATION -

& ot TREATMENTS

solid residues
&/or precipitates
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@ =-bearing solids

‘ actinide-free solids (23.213}
2a,2b) 22—
;i +‘ .
HAW (PUREX type) HaW PARTITIONING
RAFFINATE
5000 1itres/ton.U LOW ACIDITY Precesses ACIDIC Frocess
* 4M Huog solution OXALATE PREC. | SOLVENT EXTR. SOLVENT EXTR.
Actinid®s + F.Ps+C.Ps — 1)
colide E colloids(®: 1e2¥ H,C.0, | TEP, DBBP,TOPE; BIDENTATES
PHAsC2 Dal-DaaM HNO, 4—6H HNO,
4-6M ::03'

DXALATE TBP,DREP BIDENTATE
HAY
{FaPs)
HAW (F.Ps) S ACTINIDE SPENT SOLVENT
CONCENTRATION & R.E8 CLEANUP
= STRIPPING
:-Actinides + RaEs
HAW (F.Ps) Am + Cm/R.Es
SOLIDIFICATION RoEs PARTITIONING

ALSPEAX Proc
~Drying & calcinate (v L_S )

~Vitrification IR
Actinides

NUCLEAR

TRANSMUTATION
or

SFEC1AL DISPOSAL

ACTINIDE
CoHD ITIONING

to

100C y. STORAGE

(1) The addition of ritrate salting agents to reach the indicated conceatration is not nheCessary
for TUPD extragrant.

(2} pidentate organo-phosphorus compounds (DEDECMP, DUDECHP)

Fig.3-2 Possible options for an advanced HLW management:
Conceptual low-acidity & acidic flowsheets for a
DELAYED HLW partitioning
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SOLIDTFICATTON Carboxylic Acid, CLEAN - WP
NasnTPA solution
ADet Am 4 Cm 4+ R.Es
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1003 v STORARE toFs PARTIT TGN MG TMNS":::”ION
E -9
SPECIAL DISPOSAL
{1} a nartial demitpation HDEHP
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Fig.3-3 Tentative flowsheet for HLW partitioning basged on

actinides extraction by TBP
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Fig.3-4 Tentative flowsheet for HLW partitioning based on
actinides extraction by DEHPA
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HLW
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i
t
o ¢
TBP Extraction rg. Pu, U }
¥
HCOOH ——= Denitration
PH1~0.5
Filtration
DIDPA—
Am, Cm—RE Aq. ‘
DIPB ) Discard
Co —extraction
Org.
DTPA Org.
Lactate Am, Cm — back wash R.E.
PH3.0
Aq,
Am, Cm + residual
| RE
DTPA+
DIDFA— e — Lactate
DIPB Cm
l Purification
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Am , Cm RE
ﬂ&__rNoa
Purification Back extraction

Fig.3-5 JAERI flowsheet for recovery of actinides from HLW
by extraction with DIDPA
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HLLW

Np, Pu, AND Tc

TC PS—— LLC b ND, Pu

TCMA-RO, IN
DEB

Zr, HOJ Gd
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Ir, Mo, Gd = DU

Y, U LLE

HDEHP IN

DODECANE

Am, Cm, AND
R.E. Am, Cm-R.E,
LE | ScPARATION [ "™ T

HDHOEP 1N
DODECANE l

Fig.3-6 Conceptual flowsheet illustrating processing sequence

to partition the actinides and lanthanides from HLW
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5569 1 HLEW
HAW 8075 £
. 2 M KO,
2506 £ H,0 1.9 Kq U SCRUB Te STRIP Np-Pu STRIP | | COL REGENERATION
375 ¥p 90 & 2100 &, 2100 L 300 &
1 8 HO, 6 8 HNO, 1 B HCOOH- 280,
459 Py 0.1 %
181g Am 3
37g Cm L 1
10.23 Xg R.E. " ”
13.6 Kq F.P. LLC-50°C [LE-56°C
TCMA-NO,-DEB TCMA.- %0, -DEB
300 & BED 300 4. BED
HLLW
8975 &
1.9 1 O, Tc PRODUCT| | Mp-Pu PRODUCT MASTE
1.9 Ko 2100 & 2100 & 30 4
“lek 6 1 HNO, 1 & HCOOH 2 8 HiO,
<lgPu 840 g Te 27 g Np, G659 Py L
141 g Am RECYCLE 7O FEED
37 glm
10.23 KgR.E.
18.6 Kg F.P.
ACID SCRUB ACID STRIP OXALIC ACID GLYCOL ACID SCRUB
2250 2 9000 1 STRIP SCRUB %00 &
1M AN, B 1 HNO, 4500 & 450 & 18 o,
. 0.5 M H,C,0,| [ETHYLENE GLYCOL
'
LIQUID-LIQUID ACID SCRUB ACID STRIP OXALIC ACID SOLVENT SOLVENT
EXTRACTION + - (LLE) b+ -« (LE) |p—{ STRIP CLEAN-UP 1 CLEAN-UP
(LLE) . (LLE) (LLE) (LLEY
i \ .
HLLW \ F.P. WASTE " F.P. WASTE GLYCOL ACID WASTE
1,225 2 M 9000 % 61 4500 &, WASTE 30 2
1.72 4 KOy \ HMO, 0.5 8 H,L0, 450 & 18 K0,
141 g Am EXTRACTANT | i F,,Y,50,5n,01 | Zr.Mo,U.Fe
574 tm 4500 £ T [ 7
10.0 Kg R.E. osmmpwep- 1 _ (__:_____. _____
11.6 Kg F.P, DODECANE uzcvcu:n"m " TO ORGANIC WASTE
L e Am, Cm EXTRACT 10N AFTER Am.(m, EXTH.
Fig.3-7 Conceptual flowsheet of ANL for partitioning of HLW
by TCMA NO3—DEB extraction chromatography and DEHPA-

dodecane extraction. Basis: 1 tonne heavy metal.
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Fig.3-10 Fig.3-11

pDistribution ratios of selected fission proaducts as a pistributicn ratios of selected actinides and fission
products as a function of nitric acid concentraticn.

function of INO, concentration. Org. phasc: 0.50M
Ory. phase: 30 vol% TCHMA N03 in DEB

DHoETA in DEB. Ze(IV), Nb({V}, Moi{VvI}), and Fe(lIl)
data obtaincd by back extraction; Ru(No}>*-(a.05t HaN
+ 0.017M Fe + 0,06M N2H4 + HNOJ)} PA(II)=(0.05M NaNQz

+ HNOJ).
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EXTRACTIONy
FEW fst. CYCLE FEED WASH ELUANT COLUMN CLEAN-UP) COLUMN RINSE
5800 liters FEED 1200 liters 5100 titers 2400 liters 600 liters
2A0 W HNO3 17,700 liters Ha0 1.5 M HNOy 9 M HNOy Had
57 g Am LY B0 W HNOy 11850 m 21,600 m
408 g Cm (11 157 g Am WIN
Zr UD4) 40.8 g Cm WY _l
Mo (401 TRE (46} l {
Ru (101) Zr (104) L]
Pd 119 Mo (102} OVERHEADS MAKE-UP
TRE (111 Ry 1102) 400 iHery 3300 Titers <10 MHNOy | Lpny
14,160 m Ah {§14) CATION 2.43 M HNOy| and/ar H0 NITRIC
Pd 1(25% RESIN 8005 m 31445 m ACID
L--~---------— Cs, Rb (141 \H* FGRM] RE%2¥EGY
B, 57 122l
ol Te W10 (HOTToME
€d ma 300 liters
—— T0 DISSOLVENT AND HNO3
14,i60 m 150 M HNO3y RECOVERY SYSTEM
4530 m
| ] [ [ —

- EP. WASTE WASH WASTE PRODUCT RECYCLE CLEAN-UP WASTE RINSE WASTE
18,000 liters 1200 litars 1550 filers 3600 titers 2400 lifers 300 Titers
0.82 WM HNOy Hz0 333 ¥ HNODY 3.48 M FNO3 8,91 M HKD; Hz0
Am-Tm (0.1} TRACE; Am-ten| | 14% g Am (1001 157 g Am H1) Zr 199) TRACE; F.P's
ALL F. P's + Lanthanides| [36.7 g Cm ({OOH 4.1 gCmim Mo (8]

EXCEPT AS Ru, Mo (1) TRE UOO) TRE U8 R (1]
NOTED Rn, Cu, AB Zr, Mg, Rh [N Irid) Fd (18]
14,693 m and Te LI} Pd {19} Mo il cd 190)
Pd 161 Au i1 Ru {1} TRACE; Am-Cm
Bo, 5r 122) Ba, 57 {2) Ps 491 21,382 m
L 5000 m 12,535 m
TO FISSION PRODUET
b —e- TO SECOND CYCLE SOLIDIFICATION AND
HNGy RECOVERY.
Nore: Nos. in [) ore %'s of a unit fusl charge.

ma moles of HND3
i Fig. 3-14
: Conceptual Material-Balance Flowsheet for the Ion-Exchange Preparation of Americium~Curium and the Rare
; Barths from High-Level Waste.
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Fig.3-15 Elution curves of long-lived fission products in the
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Fig.3-16 Quantities of Pu, Am and Cm remained in the solution

after the precipitation by oxalic acid
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Fig. 3-17  Precipitation during denitration or neutralization of sample

solutions
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Denitration

Etfluents gazeux

HAW = 25m®
HNDy = 3M

P.T. = $97.10"Wats
U = 239kg
Pu = 2349

Np = g

Am = 7209

tm = 1769

PF. = 175.5kg
r = 183y

Mo = 12249
PF. = 22007 Ci
Act. = 9154108 Ci

acide formique 5.5m?
acide oxatique 2000 kg

Effluents gazeux Destruction
oxalates

Solution PF.
~26md

Precipite oxolotes
TR,Am,Cm, (Ba)
{sr)
~120kg

—=]J Fiitrotion l :

2m? HNDy 10M

TR Aoctinides

Separatich

Actinides

Puritication

Precipite

Yitrificotion

Terres rores

Salution

Fig.3-20 The OXAL process for partitioning of HIW . Basis:
5 tonnes of fuel( 33,000MWD/T, 150 days cooling,
10% of Np is in the HLW)
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1 EEFLUENT
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k

COLUMN

CATION
RESIN
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ELUTION

1

v Y

¥
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RECYCLE
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4 y

En CUT PROOUCT

IZ00 liters cuT
_] 200 liters

r
CLEAN=UP
WASTE
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ELUANT CLEAN=UP
WASTE WASH
3G0 liters WASTE

TO
FISSION PRODUCT
SOLIDIFICATION

Fig.3-
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-
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-

TO
TARGET ELEMENT
FABRICATION

- C
- _FIRST CYCLE
FEED DILUTIO

22 The OPIX process: second cycle of Am-Cm recovery

by ion exchange chromatography
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