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Development of Partitioning Method:

Highly Radicactive Wastes as Resources
Masumitsu KUBOTA

Department of Environmental Safety Research,

Tokai Research Establishment, JAERT

{ Received January 31, 1985 )

Highly radicactive wastes generated from nuclear
fuel reprocessing were regarded as resources of useful
elements, and the data related to quantities, radiocactive
properties, utilization, separation and economic value
of useful elements in the waste were collected and assessed.

Extensive utilization of.the wastes promotes the
separation of elements estimated to be hazardous in the
treatment and disposal of the wastes and is bound closely
with the idea of partitioning.

Regarding the wastes as resources will have important
significance not only in establishing a more economical
partitioning method but also in obtaining public acceptance

of the treatment and disposal of the wastes.

Keywords: .Highly Radiocactive Waste, Resource, Partitioning,
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Table 1—a  Usefu! elements in spent fuel
‘ : .
FElement Nuclide Half-life | EnengE)lfd(ia:\?? i g ?uané%ty i t‘vgn *1 Remark ‘
Sr Sr-86 1.23-01 o ‘
Sc-87 5.85-03 0.502W/gSr |
Sr-88 349402 |
Sr-90, Y-90 277y A7 7175 0.029%) 485102 | 13705 | 494102
Tc Te- 99 212 0%y ,cf V."no 7 84102 143 oi .9,-69 —.03_ _]7mCIng_L‘1
Ry | Ra 98 {193—-02 |
1 Ru- 100 562401 24Ci/gRu :
‘ Ru- 103 { ;7177—.#02 .
Ru- 102 T 69+02 !
Ry 104 5.45+02
Ru- 106 wsd oo 7 b2 iy 517400 | 52204 | 1.84+2
o [l e
Rh Rh- 193 3.88+02
i [ 20| A
0.768 (309, 1.05 (41 %)
1.11(22%)
R e RS
| 0628 4%, 1103(30%)
5(0.5%), 157 (0.2%)
Py P 104 246402 |
Pd- 105 2.95+02 T9uCi/ghd
Pd- 106 £45+02 '
Pd- 107 7x10%y A0 oy 232402 | 111-01 | 9.18-06 i
Pd- 108 156402
£d- 110 3.35+01
Cs Cs-133 101403
Ce- 134 2045 y /67;95 '(909%;)?31 0)33%?%60/2%8%) 350401 | 455+04 | 482402 | 57Ci/gCs
1168 (1.9%), 1.365 (3.4%) |
Cs- 135 3.0x10%y &7 ner 3.24+02 | 2.86—01 | 1.39-04 %
Cs-137.Ba-137m 300y &7 5 0652 (85%) 110+03 961404 | 510+02 | 0.40W/gCs ;
Pm Bm -147 2,62y Aoy 311401 | 2.89—04 | 1.48+01 ¢ 0.48W/gPm \

# PWR fuel originally at 3 3% U-235 enrichment and exposed to burmip of 33 000 MWD/MT at 30MW/MT

and having a cooling time of 5 years
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Table 1-b Useful elements in spent fuel
Element| Nuclide | Half-life Ef;‘gya&z’;) . O”agti“y in Tton “ | Remark
Np Np- 237 214%10° y @, 70030 (195) 484402 | 2.41-01 | 1.00-02
0086 ) Pa-233 13031 4% T 27.0d 0.705mCV/gNp
Am Am-241 458y a7 0.060 (6%) 9.43+02 | 832402 | 2.78+01
0,101 ©.04%) 256Ci/gAm
Am-242m 152y a7 0.049 (0.20%) 921-01 | 868+02 | 1.45-02 |0.084W/gAm
0,087 (0.036%)
0,110 (0.025%)
0.163(0.025%) |
Am-243 7.95%10° y &, 73 000 (4% 9.50-01 | 183401 | 6.67-01 |
Cm Cm-242 162.5d a7 0.044(0.041%) 6.50-03 | 216401 |7.98-01 © -
0 89‘(3><10'5%) 75.2Gi/gCm
Cm-243 32y a,y:0209(e%) 727-02 | 331 |123-01
Crm-244 17.6y a, ) 0.043 (0.02%) 251401 |203=08 | 7.12+01
? ;
0.82 (7x1075%)
Cm-245 93x10y RERED S AL 2N 195 345-01 | 1.08-02
Crm-246 5.5 %10°y o 294-01 |692-02 |227 03
Cm-247 1L6%107y a 2.90-03 |256-07 [804-09
Cm-248 4.7 %10y a 16504 |804-07 }1.02707
Kr Kr - 83 408101 | |
Kr - 84 111402 21.5Ci/gKr
Kr - 85 10.76 y /;35174“}?41%) 200401 78303 | 125401
K - 86 192+02 | 0.034W/g Kr
Xe Xe - 128 2,98
Ke-130 | 1.07+01
Xe - 131 40802
“Xe - 132 1.15=03
Xe - 134 153403
Xe - 136 %2‘32—1»03
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Table 2 Terrestrial applications of isotope — fueled

generators
GENERATOR | NO, PRESENT OR FORMER STATUS
MODEL MFG. | YEAR APPLICATION USER {1981)
SENTRY 1 191 | ANTARCTIC WEATHER 4 YEARS STRVICE
WEATHER STATION BUREAY DECOMAM [SSIONED
SNAP-T SERIES | & 1981~ | BUDYS, OIL PLATFORM, UsCG IK STORAGE OR
TA-TE 1955 | WEATHER STATION, LIGHTHOUSE, |USK DEF UELED
) ACOUSTIC BEACON PHILLIPS
SENTINEL Z5A 1 1966 | OCEANOGRAPHIC USN O STANDBY-BER ING
STRAITS-OPERABLE
%8 1 1968 | SUBSEA EXXON IN-STORAGE-OPERABLE
3 3 1087 | SUBSEA ARCO IN-STORAGE-OPERABLE
Bl | 1 1967 | SUBSEA USN CPERATING-SAN JUAN
SEAMOUNT
-1 1 1967 | COMMUNICATIONS RELAY USAF OPERATING-ALASKA
=0 3 1969 | WEATHER STATION USN SCHEDILED ANTARCTIC
WEATHER STATION DEPLOYMENT
&E 3 1968 | SUBSEA, SEA SPIDER, MONITOR |USKNf SCHEDULED USAF ALASKA
AMCHITKA USAEC COMMUNLCATIONS RELAY 3}
uF 5 1970 | PAWS WEATHER STATION UsH NAVY STORAGE 21
FAA SCHEOLLED ANTARCTIC (11
BLOY DATA FAA FAA STATION (1)
DEMO TELEDYNE TELEDYNE STORAGE (1}
3 1 1968 | WEATHER STATION USN OPERATING-SAN MIGLEL ISLAND
BC-3 | 1 1969 | ESSA EXPER IMENT USH OPERATING ANTARCTIC
WEATHER STATION
256 ] 197 | SUBSEA UsK SCHEDLRED SUBSEA DEPLOYMENTDY
SCHEDULED USAF ALASKA Q)
1006 1 1972 | COMPUTER POWER SOURCE USN SCHEDULED USAF ALASKA
5E 1 191 | DeMa COMMERCIAL [OPERATING AS REMOTE
COMMUN ICATIONS POWER SOURCE
BS 22 | 1970 | COMMUNICATIONS RELAY COMMERCIAL | OPERATING AS REMOTE
1982 COMMLNICATIONS POWER SOURCE
5F 3 | 1977 | WEATHER STATION COFMERCIAL | OPERATING AS REMOTE DATA
: COLLECTICN POWER SOURCE
is 4 1981 | COMMUNICATIONS RELAY COMMERCIAL | OPERATING AS REMOTE
COMMUN ICATIONS POWER SOURCE
TOTAL 82

Table 3 Cumulative need and availability —1473 fo 2000

Estimated Estimated
U.S. Need Availability®
Metal (g x 10%) {z % 10%
Technetium -— 60
Ruthenium 1210 18 100
Rhodium 59 to 87 3]
Palladium 750 to 1000 60

*From commercial reactor (30000 MWd/tonne heavy metal exposure) FPs,
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PETROLEUM
PROCESSING
o CHEMICALS
SEWELRY PROCESSING
0%, BN / {INCLUDES
AMMONIA
pENTISTRY, L. PRODUCTION)
MEDICINE ~J 26.2%
13.6% AUTOMOBILES,
TRUCKS
18.5%

ELECTRICAL/
ELECTRONICS
38.7%

U.S. CONSUMPTION
1979 TO 1983
28.6 X 10° g/yr

Fig. { a. Palladium metal uses and consumption 1979 to

1982.
AMMONIA PETROLEUM
OXIDATION PROCESSING

5.1% 0.6%
JEWELRY\ < _-CHEMICALS
6. 2%~ =5 PROCESSING
GLASS/ 18.6%
GLASS FIBER

16.8% — ™

ELECTRICAL/ \
ELECTRONV AUTOMOBILES,
' 15.5% TRUCKS
37.3%

U.S. CONSUMPTION
1979 TO 1983
3 X 105 g/yr

Fig. { b. Rhodium metal uses and consumption.

PETROLEUM
PROCESSING
0.2%

JEWELRY

8'4%\(——7

T~ CHEMICALS
PROCESSING

ELECTRONICS/ 30.9%

ELECTRICAL
60.4%

U.S. CONSUMPTION
1979 TO 1983
2.2 X 10° g/yr

Fig. lc. Ruthenium metal uses and consumption.
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e A A SRR
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B A A 3SR @8
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AERALEDTA (ZF Ly U7 3 v 4K ik DiFsE,
© Savarnah River TR 7 VHEDE L NAEikD O St 2RE TH70DFRES
B4 A vfé%ﬁsﬁiééﬁt%g; .
o Hanford CHITE & 117 Ph i Gk A A8 Fi 4 B BEERHILER B 5 L ~ Vi HMC
EOSr ORICHAE, pHl T Na,SO,, Pb (NO,), it kit L, 2D NaOH
+ Na,CO; TH DM,
A ARt
o ORNL (Qak Ridge National Laboratory) ThlF s/ D2EHPA (V-2
TF N F L) VEE) K %Tﬁﬁj&iw’ =
Hanford THEMS v~ vBERICEDTAL EDOfEAIZMA K, pHL8 L,
0.5M D2EHPA+ 0.3MTBP () vEE b U 7F4) ik b Sr & THLE
it
Tc, Ru, Rh, Pd
A A s R
o Hanford T 7 /b ) % L~ B > DAL
ki {40
o PNL TH% X 4172 Rh, Pd FEilik, H.S iz kD Rh, Pd ZkBi%, H.SO.HICIO,
W L, MBT 3T LItk Y Ru%k, & SICEB/KERMAEINA TSEENEN
7 LCRRS, Rikic = @4K7J<$E%E7§JJM1 Rh, Pd %L
© Hanford TRA% &1 72 Rh ﬁ%a& 4M HNO; % 8f7 5 & L TRh,O =k
B, TOR%IBFHEAZF MY v LA THRMEL, Ru, Tc &R,
gL R
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o ORNL THE SN/ TBPiIC L5 Tc ?E!Hj?i’gi) 0.5 ~1 OMHNO;, f‘!&ﬁb%?
TBPICED Tec 24 L 0. 005MHNO, Tl , a4 A4 vaZilikikick 0k
Bl
o ORNL TN &) Ytk dTe fﬂaﬂj&i@ Fe (OH), HiLE7A EiCk 54
SOk, To ks,
CHFA VYTHBEBENAZMN) —n—A47F07 I vtk 30 5M ONO E#D S
Pa, TeHithite
o Hanford TRIFE SN MU ATV AT s A F AT reoy sl LAHME 7 o
< MCctéjj"‘EE(iS)
o Hanford TRHE SNV 7oty /s vEELZTcHEE 2 v~ ]\%ﬂol)
cRETEHREENINY AT zlf/%;)t FOURET v E= 96T L B8 2M HNO, &R
oD Pd, Teiths ov b iz,
R
o PNL THAF S A& vV ~UvBE R (b0 5D Ru, Rh, Ple&fzo
LUV L, S ZEEM, PhOZEDSBERLY), KRS DETEER
&L, L 100C THER,. Ru, Rh, PdizEmeE I, MOMAZEMYIEN 7 2
1 "
© ORNL TR s N/ (E ARSI REEE 2 5O Ru, Rh, Pd [BI#E:,
ARG A 950 C AR My CHULE L £ D% ERIMg %R U - Cr &#8f#, Ru
2 U - Cr#~, PdidMgtHICHBT,
Cs
TR A A 2Rk 9.5
o PNL TBAFS S 17249 | M HNO; il 5D ) v i F 5 vic & % Cslkigik,
B oM NH.Cla{dEH,
G H%ﬁl)i?sgrjd ThHREINLTAA VGV NVERPSDEL T4 ML S Cs g
o Hanford CRIR S NIEHES L SVEBEL OSSR EA 74 Mk 5 s %T{%g}o
s 4 4 agiRik
© Savannah Rive&]ﬁf}'ﬂ%éﬂt?ﬂ/ﬁ JVES L ~ULERE A © D Duolite CS —100
Wk 5 Cs B,
o4 F) AL F /X’Cﬁi%‘c“ﬂ Hanford 'C@HEEM L ~UVBE R e 5O BT {d H
N Vs Y TRT R cctéc:s&tﬁa/%o -
o Hanford THFE SN LB 7 2o v 7 it £ 2 Cs .
¢ ORNL THAFE & 3172 CeAl (SO ); + 120 & L‘C@Csﬂjﬁt’ﬁ‘&({?
IR IR H
O ORNL TEBHE SN/ T 0 VIS LN LVERD OO BAIE/D[BP (4—sec —7TF
— 2 A AFANRNY LT s A E B Cs HIEE T Hanford T1LFE
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1), ©2

B
83, 64
o Hanford TEASt 5 417- BAMBP+D2EHPAIC L3 Cs Sr, RE M Hik,

o Hanford THIFE SNz o7 ) w7 3 v ci%i‘#iﬁj&io
oA FY RTINS BT L S,



JAERT-M 59-030

5. & & M

5oll 7T~ 8 FERliCE shicB L~ vBEE»r o ARTHE 2 SHEN T 5 & LidEan 22 b
BEATICRE Y B B R T WCs B OBFMFITICEE ¢ 2 AL MICHIN LEE T 5, &
FHEEBETREOBBECSDVWTEET 5,

5.7 XN—FR—ER—-2[CHASNBHIR MR

%KEI Z JU¥~%“®%%KFL‘S CTExxon Nuclear Company, Inc. 78 19784FicZE &
&btﬁiug ' XN-FR-ER-2 “Study of the Separation and Recovery of
Selected Radioisotopes from Commercial Nuclear Wastes” [ # Sz BE
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20N 24, Xe+Kr #AT 2 BE0 5 2047 — KO0 TEME EE L 2 HBRIRES
BEL, 22 AR LTV, ik, BINENS N oOHEORENY SILFER, #E, [
R, HAqslEE (2 Table 4iCmgEE LT A,

Fisic 2 rE AL T2/ 0n 7 o~ £ LT, Fig. 2REAONTED, ThFTIC
BRESNTEHDHBEODLNL, COBFOLDHDILERINIAETS b, TORIBBEROL
9 THBHo
) 2 0M HNO, MR THBE LB AKICE - THARL, L 0MHNO, i§ &7 5,

(2) LB kD AR R 1M HNO, TEiET 5,

(3) FHc BIEBE AN T Np(V) % L%, D2EHPAICL D Pu, U, Zr, Nb %

Mg 5,

) 37 +3— FEAEAEFI Y EMEE FoF T I VICEDLIL, Np(V) iZH
BT 5,

(5} Np(IV) £D2EHPAICE DI T %,

B I 74 — VEARERBAA VRBRETHE) VBT S vDH T LIGEL Cs EREFT
%o

(7 415 23@RE % pHM 251 L2, D2EHPAK LD F LT AU Am, Coo %Al H
T 5,

8 S74x—bMEELOIYITUIAT I VIZED T RUPdEZHET 5, (Rh @RES
FERHAMIEICNETHELE L THE)
Q) pH# 4 5L L /2%, D2EHPAICLY Sr &M $ 5,

_14..,,
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Table 6 Cost estimates for products {from a multi —product
recovery plant — 100% market(@)

Product Cost (35}
137¢, 0.25/Ci
305, ' 0.34/C
244e, 12.2/Ci

4l 19.3/C1
13740 47.7/g
14750 0.69/Ci
Ru, Rh, Pd, Tc 8.8/9

(a)

Assumptions: = A market exists for 100% of production of each of
the seven products.

* One-seventh of total sales come from each product --
$120.37 million = 317.2 million

Table 7 Isotope comparison

Ratio of

Co-60 to
Quantity ° Co-60 Cs-137 Cs-137
Gammas per decay 2.0 0.85 2.35
Energy (MeV) per gamma 1.33,1.17 0.662 1.85
Energy (MeV) per decay 2.5 0.56 4.45
Half-life (years} 5.27 30.17 0.17

Table 8 Estimated inventories of “Cs from various sources

Effective
Source Inventory Date MCL
Hanford
- Cesium chloride .
capsules through 6/82 1/83 63.6
- Cesium chloride
capsules through 10/83% 1/83 27.7
- Stored wastesb 1/83 26
- Future wastes 1/83 to 1/91 3g.7
Savannah River Plant
-~ Current wastes 1/83 102
~ Future wastes 1/83 to 1/2001 109
Commercial Spent Fuel
- Accum. through 1981 1/83 510
- Accum. through 2020 172021 11,000

aCompletion date established through personal communication
with I.E. Reep of Rockwell-Hanford.

b . . . .
Cesium contained in current waste but not considered
recoverable,
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Table 9 Amounts of sealed radioisotepes distributed
Fiscal Year 1978 1979 1980 1981 1982
Kind of Sources (unit)

a-Ray Sources (mCi) — — 1 0.) 0.
A-Ray Sources (mCi) 40 580 63 410 53 430 59 150 68 810
*Co Large Sources(Ci) 502 570 525 B30 1 410 460 544 750 3 054 920
#-Ray Sources WICs Large Sources (Ci) & 200 4 000 _ - —
Others (Ci) 14 180 10 980 14 310 15 340 15 440
Neutron Sources (mCi) 3 110 9 710 13 480 10 680 83 670
Other Sources {(mCi) 260 350 1 232 550 6 117 400 164 910 732 000

Table 10 Range of prices (in dollars per gram) for noble metals - Period
mid - 1978 through mid— 1982
Element July 1978 July 1979 July 1980 July 1981 July 1982 Jan. 1983
Palladium 2.5 3.22 10 3.54 7.23 4,50 4,50 4.18
Rhodium 16.08 25.72 2572 19.29 19.29 19.29
Ruthenium 1.93 to 2.09 1.43 1.45 1,45 1.45 1.45
Platinum 7.07 11.25 13.5 15.27 15.27 15.59




JAERT-M 85-030

yojays mo{]

ATaAac0al  sdojost — pjnuw oiseg 7 814

31seN
ucLieyLdeodagd
pue
‘ TSN uy @— suoiinossiqg
yy
wg ‘) tuy 21 % Pd
LS
UOL30RATX] UG LIoeAIX] daad U013 IRATXT :o_uwummwgmmw
VdHIZQ y3e3 Vil ol P33 ¥dH3z0 Suty oot
aJdey . 2L - pd LNLUCLTS s wwpwom
UCLIBD LI L8]] 3
padj pue afiueydxy ugL3IPAING UOLYIRATX] daug mew
juawisni |7 uo
Hd i Eﬂmww &:wmm Va3l d—v  uorredsyiar)
AL uotIn| @

aN




JAERI-M 85-03¢0

HLLW SOLUTION
HNO, 4.5M NO

3 ?X
FEED CLARIFICATION DENITRATION
SOLIDS REMOVAL | REDUCE ACID
BY CONCENTRATION
CENTRIFUGATION T 1M

v

Zr, Mo, Te. Ru, Rh, Pd

INORGANIC CATION EXCHANGER
ABEDEM TiA

|

TO WASTE

Fig. 3 Concept for cesium recovery
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Fig. 4 Concept for strontium recovery
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