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Separation of Radioisotopes from Fuel Reprocessing Waste

Haruto NAKAMURA, Masamitsu KUBOTA, Shoichi TACHIMORI
Tsoo YAMAGUCHI, Akira SATO, Saburo AOYAMA and
Hiroshi AMANO

Division of Radioisotope Production
Radioisotope Center, JAERI

{Received January 31, 1977)

The technology development of radioisotope precduction
from fuel reprocessing high-level waétes in Radioisotope
Production Division is described. To develope the separation
method for partitioning as the waste management and production
of useful radioisotopes, the separation of 90Sr, 13705 and
rare earth elements by solvent extraction and ion-exchange has

been mainly studied.

Ion-exchange resin and HDEHP as the extracting agents
were irradiated with a 60Co radiation source to examine their

radiation resistances; both are satisfactory in this respect.

Strontium-90 and 137Cs could be separated in 99% purity
from a 10L waste solution (about 2 Ci)} by ion-exchange using
nitric acid as the only eluant. A systenm of solvent extraction
and ion-axchange to treat large volume of the waste was con-
structed in trial, and its cold test was carried out. The
results were satisfactory, with a few points for further im-
provement. The scheme as i+ is can be scaled up for an

experiment with about 1 KCi of the waste.
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Disagsemble

L0, 1124 kg . .

Pu0, "110 kg | [ i !

Clad 271 kg Chop leach Vo e Tap Gyete Salvent clean up

FP 320 kg ) Li I _ ]

Actinides 535kg
a-—Contaminated High level waste a waste Selvent clean up waste |-

Cladding Vol 5175 £ Vol, 2315 £ Vol 873 £
Vol. 84z ft¥| |p 0.192 g /L U <0001 grll | NaNO, 082 M
We., 270 kg |Pu 0002 gr£. Pu 0.004 gs£] |Ns,CO; 004 M
Pu 84 g HNO; LEE M HNO, 365 M U’ 0.341 g /£
Zr 249 ke Fp 509 gob ] Pu 0001 g/t
Actinides 1.07 gr&

Fig. 1 Wastes generated in Reprocessing of 235y —-Bnriched
LWR Fuel, Fue! exposure, 33000MWD.ton at a specific
power of 30MW.ton
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Table 1. Estimated composition of high—level

produced at PNC reprocessing plant

Chemical constituent. Fission product
H 2.0 (modrE) Ma 0.069 (mo £/2)
Fe 0.038 Te 0015
Cr 0.0091 Sr 0.0165
Ni 0.0060 Ba 0.0207
Al 0.00076 Cs 0.0371
Na 1.0 Rb 0.0074
U 0.0076 Y +RE 0.127
NO3 328 Zr 0.069
PO, 00023 Ru 0.034
8i0y 0.0076 Rh 0.0080
pPd 0.018
Ag 0.00085
Cd . 000085
Te 0.0068

Main radioasctive nuclide

Rere

liguid waste

earth element

Y

Sm
Nd
Pr
Ce

‘La

0.00847{mo £/£}
0.00886

0.0449

0.0138

00321
0.0148
000102
000191

000108

Nueclide Activity Chemical composition
W47pp 64 2(C17£) 0.69(g L)Y 0.005(mol L)
ladmg 913 . 2.8 0020
90g 192 1.45 0.017
1370g 180 4.9 0.037
14) - 9.6 0.040
237N p L1x107? L5 0.0063
24[Pu ] 1.1
240 py 0.005
0.1 0.0004
239py 0.003
238Pu 0.15
241am 0.34
0.29 0.0012
43 A 0.03
24ZCm 6.8
) 0.064 0.006026
d44cm 4.8

Calculated by using the data in ORNL—4451
Burn up # 28.000MWD . ton
Volume of the waste 5 500 £ ton U
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Table 2 Measurment methods for the composition of high-level waste
in JAERI Fuel Reprocessing Test Plant

Me thed Nuclide measuved Instrument
1. JTon exchange method
dil 4}(—-—0.75_\'113\'0; fractian iy f—ray speactrometer
IAW——v—a-_[Catiun exchange resin —=1NHXNO; fractian g B-ray GM counter
— —
HXNO, . =4 NHNOy fractiaon Hice f-ray specirometer
ENHNG
G,INHNO;,%?iDO exchange resin! U.IIHI\'O_;' fraction 2”Pu.”!}’u a@—ray spectrometer
i
]

‘SNHNO,fractiDn
Adjust to QOINHCE !

r

: 1st fraction B, Yo a—Tay spectrometer
Cone. N £ —:1Ca1.inn exchange resin

Chromato-- |
. 2rd fraetion {(y)
graphice
Separation

.3 rd fraction (Rare earth)
‘s

) g“"-‘]iu,‘“Sh,
Direct ~ray spectrometlosry i T—ra spectrometer
ct 7 y sp 3 134,337 o 3E4, 0S5y v ose

o PR

P

Liquid seintillation

3. ¥Yacuum freere distillatien ) *H .
counter
! Na{ *nad
4 Activation analysis . . 4 f—ray spectrometer
Lo 24N )
AL1390me]
5 Spectrephotamelory Oxin-=ch!oroform—extraction Spectrophotometer

Feld470ma)




Table 3

materials

JAERI~M 6958

in the high—level waste

Ooncentration of radioactive and non-—radioactive

from the Fuel

Reprocessing Test Plant at JAERI.
Radioiscotope
Half—1life Concentration(at 73 220)
or element .

’H 123 y 0.13%x 103 mCi mét
80gy — 90y 277 vy 701 %10 mCi mé
Lo6p , _ 106 g, 368 d 496 ¥ 10" 3 mCi mé

125g, 271 y 217 x10"*mCis/mé
1340 g 2046 y 667 %10 " *mCis/ml
1370 g 300 vy 670 x107 2 mCi/mé
W4, l44p, 284 d "1.36x10-2 mCi/mé
147 p 262 y (670%x10" 2mCis/mé)
i51g 87 y (196 XlO..‘amCi/m,-Z)
154y 16 y 272 10" *mCis/mé
155 0, 1811 ¥ 1,22x10'3mCi/m£7
24lp 458 y 246x 10" mCi/mé
238p 864 y 371 %10~ 7" mCi mé
239py 24390 y 216x10-°*mCi/mé
242 o 1625 d 335 x10- 8 mCi/mé

Na 379 X107  mol/L

AL 3.15% 10 3molr L

Fe 340 x10" 3 mo /L

U 726 X10" 3 molsL
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Table 4 Procedure for measurment of 1311 distribution in fuel reprocessing.

Fraction Prceedure for merasurement . Content -
"t Feed solution @ Add 0INKI and 4N NaOH
High—level waste @ Add Na,CO; te dissolve uranium ’ 6~134%
@ Add NaOCZ to make all iodine to IOf . < 01 B

&

Add HND, + NH; OH=CZ to convert IO, into I,

@

Extract ly with ehloroform

Organie¢ solvent Back extract iodine with NaOH+NaOC£Z solution 5 %

Add NaOCFE to make all iodine to 10,

Solvent clean up 6]

waste @ Add HNO,; + NHp OH *C£ te convert 10, into I 0.6 %
@ Extract [; with chioroform

Gas serubbing ne processing 21%

waste

The activity of *'1 was measured with 7—ray spectrometer
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COFRTH, BEICLVRBE 4 THLBELS, 2B A 4 v id—BB A 4 v @ik
WHE L, D CEBRHNO S EREBOHNO & W ¥Cs, 81, M Pm OIHICHERES
3o BEHGHHNO:THZld, KALGEORARILVSBHROLEAHET CLR3TSNT,

S, A A VIEBRBIEORREETONERD ERIBEINTLE D £2T, RELDKRE
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& LTHDEHP{di—(2 ethy! hexyl)phosphoric acid)THtEITEATHMTS, WiC pH
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BHELTBRMITLIL I 2T S, :

RELTFU LR AT LORE N ok E AT BLUMFLBEGEOBRHERASELRT
LB E,

JAERI reprocessing waste soln {94}

e————— HCOOH (i)

To exhaust \
f Stirring
Scrubbing
[
\
et Denitraticn
Concen?rariond‘—ﬁ Cation exchange celumn
2100mm ¥ 26mm D
| & volume
\
Elution
y ) - O5NHNO3 (62)
Distillate Residue - I 0.75NHNO3(124)
= =[* - . O NHNOz (200)

y Y I E S E—
L 2.0NHNO3 (B L}
Dilution Solidification leaaleuc]ac|uus - 4 ONHNO3z (6 1)
N J

: 0
To semihot To disposal Bs®8r Al RE
tank . vault Fe

Fig. 2 Flow Diagram of Fission Products Separation
for JAERI Reprocessing Waste with Ion Exchanger
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Fig.4 Percent of coprecipitated Te, Mo, Np and Ce
during denitration with various HOOOH”
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Fig. 5 Percent of coprecipitated Nb, Zr and Ru during
denitration with various HCOOH-HNO; ratios
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Table 5 Effect of resin particle size on the elution of Mgy

Resin Partiele size | Column distribution ratio} Plate number
Dowex 50WX8 ~95¢ 21.6mdl 70
Diaion CPK—08Y 75~1004 19.4ml 107
Dowex 50Wx 8 ~304 | 21.3mé _ 265
Diaion CPK—-08Y ~26 4 181mt - 725
Dowex 50Wx8 5 Gel type Column HE dmm¢@x 8 em
Diaion CPK-08Y ; Porous type Flow rate 0.20mé min

Eluant IN HNO ;3
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Table 7 Adsorption of cations on various resins
fromlM HDEHP —-n—paraffin solution.

Content of

divinyl —
Resin benzene La Sm Sr Fe Cr U
CPK-0 2 2% 1500 2200 610 . S - <1
CPK-04 4% 960 1500 2400 - — <1
CPK—-08 8% 4000 2700 1000 - — <1
CPK~-1686 16% ’ 6000 4900 1600 - - <1
SKN—-—-"1 8 % 9000 6900 1300 < 0.5 < 0.5 <1

hMe7Kﬁtt;5K%iﬁﬁi¢@ru@%én5er,Umwﬁénﬁmoéﬂmm
BHEEBOBOOAF Y EDHESREEEI LW EELZONS, ZOT EDLOHEET 77 ¥
SVOAMIRONEICAME O A VTR CLIEBLABRIHEATS 20, FROKH
TROKZEIIERASEBLC ENHEL0EN ofce T, BN 7 LCHEBRBEMRDL LA
A VEREZRLBICR I TLPOREBODUHA A VESEIBVARBHELERL TS
CEDBBTHO, 4 7Y OREBEHE of 8, H7 LPOHBBELBA CKICEEDZ 5
BERLETH Do CHASOBESZVHICERLT IR, COFBHEFTDOA L VEAFT VK
B CEERE S IHTAEANT LT, BROBEEO—D2TEHES D0

—21-
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5, HDEHP 2Z THTE 8L USr OWMEZORMBICFATE LSRRI H 5o

FrTHABTETHEEMBESFEHICE L Lit, COHELFB L~V RHEOLEICHEH
L2, BEEELAEBRORREEETHY, TLRERECHIZTL U LABAERD O
%iT 5. &1 HDEUP 2HEA 4 VBT H 0B A 7 v Dt SNABICEHT 44>
DKM B o AMOHT 44 Y BEIB A 4 OHBBICE LLVESERITOT, COXR
CEE LTHE Lo DI ZTOBRA BN Do
a) HDEHP@W}?&E@‘?@}E@ISM)%}
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BRI ALE B LU E D ic B @B iE4 Table 810/ T . & 5ICHDEHP O HE#
wAHELFig 10TFT,

cheOaEEfkgos b5 H,MEHP ( mono — Z2ethylhexyl phosphqr_ic acid) {3
SrOMBORHEESTF2GRN e s s, TRAETETEORDETIIHEEEAD
FAERBBEECEOTOOEBN S, B oW OIEPETHIEE B, FwlcfHFaeEE T
K45 H, MEHP OB 452 12 hfli« OEFIE4A %3 L, NaOHIZ X 5 HRFEEICL % Fik
BBECHE X HOLENTIDE CEdbh 57 T HMBEHP (INa 00y @ IMEH THE
LB o & Tad CEAERE LT ’

b) BRFOER

IﬂmHPj%&mm<,%ibmg77Tﬁ@&§ﬁﬁm@fﬁﬁ%mwﬁ%mii@ﬁf
x4, ZEWMEPCBEL LTEILBIHD . HRAOCERICE >TEHTOX St EE O
AT, MEELELS P L&, MU S OBEE A THHEPEIBAHE LE
e b, AFRFE SORKHEE L L ICHDEHP DS HRA A RE LWV &, WELH
BT 20BN Hb.
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25 UL AMAEEBICERE ARV LS NBELLBRTHSL SHE Lo

DEWHMEHP #B < 720 C\Mm)fﬁf&@?%&%@%BEQW&%%¢¢5ﬁ
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Detection method for radiolysis products from HDEHP

Degraded product

Detection method

H, MEHP
H; PO,y
n—octahe
. p n—heptane
3-—methy1.heptane

2 —ethylhexyl alcohol

Titration with NaOH

Gas

ehromatography

7

#

soln. » Paperchromatography

L4

Carbonyl compound Infrared spect¥oscopy
HDEHP
0

(Rohﬁ(OH)

M

O

0]

(RO) b (OH)+R——— = (RO) P (OH ) +R’

compounds
compounds

compounds

0 HasMEHP
. [ _ Carbonyl
$ : Peroglde—inlcohol
radical
' 0] Aldol

. (] oH

«0<P(0OH)+R Hy PO, +R'
0

Fig. 10 Estimated mechanism of radiolysis of HDEHP
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Fig.11 Effect of tributylphosphate

12
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aquous solution buffered with 1M sodium tartarate
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Table 9

Distribution of
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anthanum and cerium at each stage

on couter current extraction

Conecentration

Stage number

in feed soln 1 2 3 4 5
Org. (M) 0.0951 0.0506 0.02905 0.0157 0.00720
_ (0.0049) {00426} (00232) (00128) (000517}
Aq. (M) 0.0542 0.0331 0.0 215 0.01 25 0.00575
La 0.1M (0.0477) (00280) {00177) (00089) (000472)
Kd 175 1.53 1.37 1.25 1.25
{1.99) (1.52) (1.31) {1.30) {110}
Acidity (M) 0.109 0172 0193 0.214 0.225
{0.123) (0170) (0.195) {0.214) {0.226)
Org. (M) 0.0438 0.0312 00195 0.0119 0.00542
(0.0456) (00263) (00163) {00092) (000394)
Aq. (%2 0.0345 0.0242 0.0156 0.0103 0.00475
(0.0307) (00205) (00134) (00081) (0.00412)
Kd 127 129 1.24 115 114
(1.48) (1.28) (1.21) (1.13) (0.96)
La 0.05M ‘
Org. (M) 0.0498 0.0159 000574 0.00186 000054
Ce 0035M
(00498) (00139) (000416} (000148) (0.00045)
Aq. () Ce 0.0152 0.00497 000173 000067  0.0002
(0.0141) (000438) (0.00170) (0.00068) (0.00022)
Kd 328 320 311 279 270
(3.55) (317) (245) {2.19) {203)
Acidi ty (M) 0.134 0.177 a;io 0.219 0.228
(0.136) (0.185) (0.209) (0.224) {0.234)

Organic phase 1092M HDEHP

and 6&5M TBP

in n—paraffin

Agquegus phase : 01 M La and 005M La—005M Ce mixture

Calculated values are shown in parentheses

gt
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Table 10 Concentration of released iodine at various place
on iodine sublimation experiment

(g 17 em®)

Sampling time after I, sublimatien (hr}

0~3.0. - 3.0~86.2 6.2~223 22.5~30.0
In 02 cave B2x10"* 1.2x107°% 1.7x107% | 20x10"°

In 01 cave <1.3x107°6 7 x10~7 - 2.0x10"8
| Before filtration| 80X10°*% 22x10°°8 1L.2x10"8 1L.6x10"°

! After filtration L3x10"* g8 x10°7 3 x10°7 1.8x10"6
Operation room <1.3%x10"8 4 x10°7 8 x10°7 21x30°8
Survice room <1.3x10°°5 6 x10-7 - 29x10"°8

: BG 1x%1077 uglysee

One gram of iodine was sublimated in 02 cave(17m®) whiceh
neighbors on 01 cave {(16m®). The air in the caves were exhausted
at 30 changes per an hour, and the air was filtered with a charcosal
bed. The change rato of the air in the operation rooem {190m®)
and service room (400n§)was 10 changes per an hour. )

Jodine in the air at each place was collected with charcoal

filters and measured with activation analysis,

. Test Plant in Fuel Reprocessing
OTL in PNC JAERI Plant

: High—level waste| High—level waste
! ~10£(~2KCi) ~20L{~6Ci)

Shipping cask

@

#%2 concrete eell .

in Room 312 . *T Group separation

#1 Lead eell Purification

in Room 404 : Analysis for process control
Grove box Analysis for process control

Draft chamber
in Room 405

Solidfication Solidification

‘ Cell Source preparation

Process test in tracer scale

(OTL 5 Operation testing laboratory)

Fig.16 Facility needed for partitioning of fuel reprocessing

high—-level waste in Radioisotope Production Laboratory
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Operation area '\<’® |
N
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p— — L 1
~ N = - | i |
- \ /l | \T- —--——\1 'T. I |
[ l r-—-—._.
LN |’ | | l y-
¢ 1l | | <3
1
=R L
¥ |
K |
-
AR
~ KA.arR NI \V 1
@\:\L:.J N e— N
- St BN \
- NS N
® ' O\
Position |{Contamination Posi tion Contamination
08 ratio to total ratio to total
-5 . -
@ Floor under  the - inlet 9610 @ Upside of the window glass g96x10 ¢
-8 -8
(3 On the cover of drawer 70X10 4D Floor of the center-front corner 65x10
- -t
@) Left floor of the tray 43x10”" (D Left wall <02X10
( Right floor of the tray 2'70><10_Ei {2 Wall over the access door <02 ><10~°
-8 -8
® Floor of the left-front comer 49x30 ) On the adapter for a glove 11%180
-
(® Floor of the right-back corner 31 %1} ()-6 (3 Floor of the right-front cotner 109X%10
- )
(D Wall behind the outlet <0210 @ Center of the ceilim: £02X10
-8 : -
® Upside of the outlet 83X10 {6 In the drawer <0.2%x10
-8
To the duct as the dust 1300X10

Table 11

Distribution of europium absorbed on silica gel powder (10~40

#),which was collected with smearimg an area of 100cm?® and
measured with activation method.
The powder was poured from a beaker to another beaker.
The change rate of the zir in the celi was 30 changes per an

hour.
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