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A Study on Behavior of Soluble Radioactive Species and Biodegradation of Bituminized
o Radioactive Waste

Masami Sazarashi*, Yasuhisa Ikeda*, Mikio Kumagai*, Kong-hua Lin**, Yasushi Kawakami**

Some of TRU wastes are known to contain 1271 and 14C nuclides which have long half-lives and
are soluble in groundwater. Therefore, we have examined properties of buffer materials which are
expected to be retarded migration of 1291 and 14c nuclides, and studied leaching properties and
biodegradation to assess durability of the bituminized TRU wastes. The results are summarized as
follows:

(I)Adsorption experiments of [” ions on natural minerals and inorganic ion exchangers under disposal
environment(low Eh and high pH)

- Calcined hydrotalcite was found to have high adsorptivity to I” ions .

- From adsorption mechanism, it is not expected that 1~ ions are adsorbed selectively on the calcined
hydrotalcite.

(2)Survey of parameters for migration behavior of 1291 and ¢ nuclides

* The Kd values for I and 'C nuclides measured under various conditions were examined to
prepare data base for assessing the disposal systems.
(3)Leaching behavior of I” ions from bituminized wastes

+ Leaching experiments were carried out by using the bituminized samples containing nitrate (47.5
wit%) and CsI(2.5 wt%).

+ Samples were immersed in distilled water or simulated solutions(pH = 12).

- All soluble salts were found to be leached easily from bituminized samples and suspected to be
completely leached from the present samples during 30 years.

* When the samples were immersed in alkaline solutions, the leaching rate was found to be slightly
slower than that in distilled water.

(4) Evaluation of biodegradation of bitumen by isolated and known microbes

- Biodegrading experiments by the isolated and known microbes under aerobic condition show that
microorganisms able to degrade bitumen are ubiquitous. _

- The surface of bitumen was attacked by microbes under aerobic condition and became bumpy. This
resulted in accumulation of powered bitumen in the culture mediurn.

- Aerobic degradation of bitumen by microbes resulted in formation of some metabolic product.

+In anaerobic cultures, the denitrifying activity of microbes on hydrocarbons was identified by cell
growth, and measurement of the produced SN2 in denitrifying process was investigated.
(8) The scenarios of biodegradation of bitumen

*According to the kind of electron acceptors, the possible microbial processes were divided into
aerobic process, denitrifying process, sulfate-reducing process and methane fermentation process.

- Under the environments of solidified bitumen that is disposed underground, degradation of bitumen
by the above processes were discussed.

Work performed by Instituie of Research and Innovation under contract with Power Reactor and
Nuclear Fuel Development Corporation.

Contract No. : 070D0280

PNC Liasion : Waste Technology Development Division, Geological Isolation Technology Section,
Hirohisa Ishikawa.

*.IRI, Nuclear Chemistry and Chemical Engineering Center. **; [RI, Biotechnology Department.

1




1. A ATE  eeeereereeee oo

9 EIHRREOBEICEIT BIFLE  eoeereremmrms s
2. 1 WMHRE GEExEUEID TO

KRG DR A A RN DRRBIRES TR --voeveerrrrsrssnresensnneenes

9 1. 1 FFELEBY  ceeeereerererseenieni e

2. 1. 2 j(ﬁj"‘_ﬁa jﬁwgﬁm%ﬁﬁ ...................................................

9 1. 3 HUT/AKEESIEBIAEDRRET oo

9 1. 4 HIF/KEHSTIREMVEIREER oo ceverriereea e

2. 1. 5 NARaszLdah WD OF+F7FYE—als o

(1) B Bl -eeeeeceerereessiinmin e e

(2) RERFNA FOFLd o b OBERRAIEEL FKFD  cooeeerrererneeneene

2. 1. 6 HIPARBETICHBY BBERHTO S 7 RWERER oo

(1) BERXHTORAEEEEEIL  coeveerrreersorrmmrmmsmmssssrconsinnes e cncne e

(2) iﬁ&H‘I‘@%E{Kﬁ@ ({ﬁ%g) .............................................

(3) BERRHTOMBEEIRIENE (FRIEEE) «+ovrerrerrrmmmerrsssnetnnsnanannn:

(4) BEREHTOIELEA A VAIEE  coveerreeeeremrmrmisssin s

(5) HEERHTD T I EDBIUGNE  -oovverververrrmsmsimsieninssnas o

(6) HERRHTD I v BIGEHEREDRRE]  -roeervesrerrrrssmmsssseneseies

9 1. T BERHTO I v BB oereeeremees eeeeeee e errbaseaes

O 1. B F LMD ereeeeceseessressessiiceres s

2. 2 MEEEEEICHRATE 23 VERVREOBIT/ AT A —FORES oo

2. 2. 1 3 @ﬁ_lzgmﬂgczﬁﬁégﬁﬁ .............................................

2. 9. 2 ﬁgﬁ_l,i @ﬂ%b:%@j%%é ................................................

9 8 FRTrl NEULENSD I I BOERHEBDRES oo

2. 3 1 FTA7 7N b@ﬂ:{ic:ﬁ@—é—%iﬁgﬁg eaasessasanseasibanssretitrav T sass

(1) BEEDTGEIEE  -eoverrereerrvessssimae s ot

(2) FEFRIZHIZRER  «oveerrerrresmmoresrrtontmnt et

(3) HFEDIEBERER  oeeeereomeerersrrmssmssmssssss ettt s

iii


TF048
長方形


{4) 7X77)1/[‘®H§2ﬁ§1i Cerrennsirsiirbanirarssssirarerssisinansdatianinnes 52

(5) ﬂﬂﬁ{%tﬂ%ﬁ%ﬁ .................................................................. 56
2. 3.9 BULIEDTFRTTEE  coorrermrorirrennionmieeresioenmmeneriinios 5T
2. 3. 3 FEUEEDFR ¢ T 77N = a s e, 61
9. 3. A BHEREIAIE e e s 68
2 3 5 ét{jﬁ‘—ﬁ?,ﬁ%% .......................................................... FESTTTRT TN 69
2. 3. 8 i&&) .............................................................................. 87
3. BAEMICE BT R T 70 FOSEEEEICRT BEFIT  -ooeeemrererereisiecissiceeniens 88
3. 1 AEFEEDEEY coererrerrrereirerrariinisereessersenesinensiassisorsnessnesesesssssassene 88
3. 2 KEFEDEEIE «oeereeeremarmreeinserieetet e erereeatneaeeriaer e s e 88
3. 3 TRI7LPEELELIEEOBETOREE oo 88
3. 3. 1 BEDOTRT 7))l hafiBENDGRE oo 88
3. 3. 2 TFTRTFI DRI  evvrerrrrsressesessesecrernmi——. 101
3. 3. 3 WAEMNCXBTRT 7 OREDODEREREFME oo 106

3. 3. 4 MAEMICLBTRT 7L NOMEERE
FRT 7N b OEEEALDEIE  --eerermmememererrrrreeeriaii 115
3. 3. 5 ConsortiumZfED e 7cbDERIEE LRBIEEY -ooveeeeremese 127
3. 3. 6 BESSIBEMNCE BEFBIKRDRE wooreereemrereessserminene 131
3. 4 TRIT 7N rOWEMSIRITET BV F YA DRET  coevereereeeereeees 139
3. 4. 1 AABHET COMENMOBR TS BRERELE s 139
3. 4. 2 BEEMEENC L DE(LLUESEIEIT  coreeereererererersessiornaneiens 143
3. 4. 3 BEMICLBET AT 7L DIRICEZBIR oo 143
. 5 F LW crnncesniniiinmmiseeneasoiisn srrerrererraisunrsrinanaress 149
4. HEHES O EROREOMI - PLATIEERLD e reeveen 151
4. 1 %E%& ............................... rameees T LRI TP 151
4. 2 % 1 @%‘%E%%gﬁ .............. drassmeseseeannrranrerrantannaresastenasnarirartbiein 151
4 . 3 % 2 Eéé%ﬁgﬁ ..................................................................... 155
B B A NI ceeeerverereeiiniiinneieeseeeittneete s b e e s e s se e s et b s s ae e e s ebbraae s e abbbbees 158
6 7}?%}3{@( .............................................................................................. 160

v



1. EANESE

TRURESEMICR., #ITKCHL TEGCTOWRERBAZED 3 0 R129R U RFE 1N
EFNTWBHDLEEL. ITHOOBEOBRITOBELMFHTE 2EFHMOMRET S,
%72, TRUREMO—>TH 57 27 7 b FELAD B AT H OIS, S MY
DEFEICL BT AT 7V N OFREEN OWTHEEIT o

EEE LI TOLIEE &3 5,

O BEHEEORENET 55T

(1) JaIREE GRESTRCEM) TORRIMPEE A 4 R E~ O E EE

(2) HEEEICEETE I VRRUCEROBIT/ T A—s Ok

(3) 7R7 7 bE{LED S0 I TROFHESHORS
@ WEMCEBTRT 7V FOBREESIET AHE
(1) TR7 7V b ERDFLIEFWHEY OB

(2) TR7 7 bOEEYRRICEET S ) A0S

TNENOHEABTOBBEZLITICARY . -
© BiEUEEOEHICRET AHE
(1) Mo@EE GRExFEUEM) TORBKIEMPER A 4 o REE~OLEREER
FECFREW S KR M L o RREY P IEEA A SRk ohTcavRERELZ
3 HOIH>VWT, TRUBEEMASZMEE LRET GEExTRUEM okt
33T ROREERETI . ExAICRETF A VS Y v AW, pHFFEIC
DWTEE A v M ORBEAKEREEE LKBIEA LY T LERW S,
Bk, WEEOFVEAT >V TEL IRD, FT-IR. SXFRE I DA L. B
ERIEERET 5, |
(2) MEEEFHEICH B E 3 v ERUREDHIT/ VT A — 7 DRt
B I D RARUCEEEESH T 5 TRURENE NS LIEE DS Y A7 LD
HERESEB AT S 1o O I T RRUREOBIT IS A -y 2HE L, LD 3,
AT E UTHREA (B4 v MRHEE) | BFEM (XU Mo bE) RUSE
a (FEHLY) &L, BHFRENRUHIREREFAEONRE LT 5, HEOHER)
DORER & O MEREHIICER TX 381735 A — 5 25 5,




B) TR7 7L bELENSOIYROBHBEHORE
EHEE v FEEL TRUBENOF CHRREHRMUETE»N O HET BT R 7
I B D S ZOEBEH ARSI, IOEEF—-FLEBETR T
7V FEfE RS 5, ZOBLEERWTRERBREERL. I T ROBREE
ENAERET S, FOKE. ET A7 7L MELEC I BEBSESE L ER D0~
HONBESINAILIEET S, BHERICE, ﬁ%ﬂ+&oﬂ%ﬁﬁ%ﬁﬁbt
pHANI2REOH R T B,

Q. BEMCL BT RT IV OSMREEENCEET AR

) TRT 7 b ERDSLIEEVOREYORE
FESEEEIC S| &6t & IRk PREPHAEN T HRIT. 5. RROZRETTT A7
PP EFRBRE LTRLEEH LT D UHENEERICL OB 3, 35T X
7 7 )b b OBERS DA ESERS t pEBESNEET 2B&LIFU T, BE
BRI D R A OBRB KU E &%m%miﬁ%®ﬁ$\%ﬁﬁﬁ®tw®
- EERRFHEERET 5, |
2) TR7 7 b OBEYFRCET S ) U A O
ﬁﬁ@%énrm57x77»blﬂﬁ@ﬂﬁ%?ﬁ“#?h%mf\ﬂﬁwﬁ
RICTHEMIT L BT R 7 7 b MMHRICEST 3005 v F Y A OB 21T 90 T
A RERENER OSBRI THENMC L BT A7 7 L b 3RICEET 5%
BEFIEEL., FELFUA () EEHKT .




2. HRYUEEOEHCHETIHE - -
2.1 BARE AEXRUEMH) TOXARGLIIOESA 4 o THREOBEERSRR
L2 L EREER. e T Ty -
WEEEEE T b 5'v%%&%ﬁwﬁﬁ%aﬁ’m%ﬁﬁnéﬁc'cﬂ%'cmao iz, 32
TREEREEROMELZDII, £, aURERBHLBREE- T, BT L L5
PMEHC DWW T SR Uich T RBREREIC L > TiRE LR b 52T 2 SORE
HBIEHSMIE > TEe, 22Ty AEER. ERICEEI N3 TR, #ic
TRUEEMZI 7 ) — M DRI T 2F2RRE LT, 744 YEBEAKFTD
I URBEM O 3 U RRHFEICOWTRE L,

2.1.2 kﬁ%aﬁi&éﬁﬁmaﬁ

&ﬁ#%iﬁﬁﬁoﬁ%\ﬂ4buywﬁ4b(uTm&M?o)%ﬁﬁ?5&7ﬂ

+YREENE BBEEDN TV S. €I T, LEEOIEATL T, 500CT 265

PIBERR LSl 2 L. 3 o RIREREA L 56 L i,

CEBEREE. RRLDERLTY B Sy FET, BE0. 2 i REREIR20mIE RN L
BB SR F v 7 XY — 5 —CHRIBE LY 7o, REBREEE TS pi, EhSEAE
L. BIED 7 4 V5 TR LT, SERRO I v RBELPTHEL,

<FHk> Run 1) :

@ A Fazida A (BFR : MgeAl (CH) ,4C0;5 « 4H,0)

B, HEERA =58, Tn/ g
@ ZEREFHEKT THT-A% 2 BRE500°CEER
Atk (100 unRl FORER) . HAEEA=191n/g

@ A bPFasit4 B (AFR: 2. 5Mg0AL 205 « xH:0) | ¥R

@ ESBES T CHT-B% 2 BERIS00CHERL. Brik. HEFEEA =169/ g

<EERLAE>

[T=1.0X107*M (12.Tppm) i HKTHEL, L/S=100m/g . B1EHIRE 8
days. 0.45un7 4 ¥ F 2 E3ESFES, 000 (Q) TR syEk

<fEHE>

HEWEEEED. 1 LTTd, WK KO B ToRTHELE,




Kd (mb"g) = *V/§

Ct
- L OTC Co: FIHARREE. Ct : BEROERE. V/S: #EtE Ui,
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X-ray powder diffraction patterns of (a) Mg-Al-carbonate
LDH as prepared, (b) after heat-treating at 450 °C for 18 h, and (c)
after rehydrating (b) in 0.05 M sodium carbonate solution at room
temperature. d-Spacing (A) and Miller indices are shown.
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TARGET. :Cu
VOL . end. CUR:- 40KV™ 3BmA

SLITS:

SCAN" SPEED:- 4.DEG/MIN.
STER/SAMPL. :- . Bl DEG
PRESET. TIME:- 8- SEC
FILE. NAME. 1131108
OPERATOR.  :KIMURA
COMMENT.  ©

1. 3ok

:0S- 1" RS-,15-55-1

DATE:96.02.28

SMOOTHING. NG, 3- 25
THRESH. INTEN. 3~ 857 CPS
Znd . DERIV. - 44 CPS/1DEGxDEG)
WIDTH:- .11 DEG
B.G. LSAMR.J " 32
B.G. (EYCLEJ. 32
DUTPUT. FILE. :IS-(3)

Samp l'e. Name. o+ I'S~13])

Bl

g.8d

20.98 44. @@

6@. a4 B@.0@ 59.08
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THERMAL ANALYSIS DATA

DATE 8g6/02/29

FILE NAME HT2239A.000 (TG ) MEASURING CONDITIONS
(%) 3 E SAMPLE NAME  HT-500-I
100.00 -2, 939% : SAMPLE SIZE  15.141mg
10.00 ~(1.016% : SAMPLING INT 2.0sec
(%/min} \\\\\\ § ACOUIS DATE  96/02/29
|
|
\\\ | HEATING PROGRAM
-29.674% RATE  TEMP  TIME
\‘\\\\\\ 1 5 800 0
COMMENT
\ in Air
\\ -2 .734%
—__
0.00 Ll—"" ] B
50.00
0 200 400 600 800 (©) NKD
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TABLE 1. Mean Jodine Leaching Rate from Cement and Bitumen Compo-

sitions
Cement Bitumen
Compound initial alfter 311 days initial after 213 days
capured
Ap, R, Ry, R, Ry, R, Ry, n,
em/day |em/day !cm/day {em/day jem/day |em/day {cm/day em/day
Ba(10,), 6-40-* | 4-10-¢ 2-10-% 240 4404 2401 240 | 84077
Pb(10,); 540-7 | 310~ { 340-% | 290~ | 240~ | 540°% | 3107 | 81077
Cu(l10,), 3.40- | 2-40- | 4-10-* | 340 | 6107 | 2-107? 140-% | 4-10-*
bl 3407 2403 | 240 2.10-* 740" 4404 240 7401
Na,i,10, - - — — {740+ | 340~ | 30 | 1.0
cm 187
*f 02 a3 +4 20
a A nbk Fy —n gy, o 1
cm -1g°¢ 10| x ° 2
20 T A
i - alb
0 =% > | 4 8
T ‘ ¢ ey /+ +3
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cm -0 2 % 6 8 120 121 1 18

z '\/E,, days

Fig. 1
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em:- 10 2 4 & @8 10 12 1% 15

I+, days

Fig. 2

Fig. 1. Leaching of iodine from cement compositi i
positions vs. time. 1} Ba(I0,),; 2) Pbl,;
3) Cu(IOy)y; 4) PH(IOy),. i 2) P

Fig. 2. Leaching of iodine from bitumen compositi i
positions vs, time. 1) Ba(I0,),; 2) Pbhl,;
3) Cu (103)2; 4’ Pb(103)2; 5) NaaHzlcs- " ) Iz
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Fig. 2. Dependence of parameter Zay-V/a, *S on the square root of leaching time (samples A, C, E}

B2.3.5 Z7RZ7 7 bELENS D 2 CsDBIR

L
B 06|~
ﬂ
g °
W]
o
o5 [}
o
o4 o pH 7
o
° o
12 ] g o a
o Ho
1
02 ° o¥
o o”
° un pH 3]
o o a
ol e o
’ o o a
o ia“
] o2 ad
o oOGasaan]a sadd 1 .
OU 10 x
Vi\yd

Fig. 4. Dependence of parameter La,-V/a, -8 on the square yoot of {eaching time (samples G, H I

[2.3.6 7RX7 7N rE{LEND D3 CsDBRRPHIKTFHE



IABAORREF " ic ki, EESVHEBREDOET X7 7 U MaELiEd» o DEHER.
B2. 3. TR & DT, BEICK > TRIERHLRLD ., WHERF HY 7 LARBEC Gl
BNWESbh T3, F£/2, Johnson D I 53 itk #2.3.JLCRTLHIIS. 7
27 7 b NEMLE D D OB HIE100H B E TR0 ~10"%cn » day ' DA~ 4
—Th b, Tr—Brc, B2.3.8ird Lo, BILFHREOSEIIO 1 F£EEE
HERAAE ET M, ZRLULTREDLS YU TITH 2~ I HOFHEDZE

HBRINRT 5E5 9,
10% - A
5104
E
= c
£105 -
[
T D
>
2108
£
[+
1
307 T~ T T £
-
100 { L [ 1 L | ! i ]
0 50 100 150 200 250 300 350 400 450
Time {d})

FIG. 13. Results of leach tests with BWP STE3 samples from La Hague with different sodium
nitrate contents: —--=, high NaNQ; content, 2 mol/dm® BWP;

tent, 0.5 moltdm® BWP . A, D, Na: B, C, NO;; E, F, Cs.
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, nominal NaNO; con-
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Table 16 {continued) 2.

Sludges &nd Evaporator Concentrates

Leach Rates in Distilled or Demineralised Water {em day-!)

a ars
Radfonuclide ot SrBSISrM o0 ru?®® :’Eﬁ
i
BWR Evaparator Concentrates
Cement [6) 100 days 4.5 x 10_3 0o loss ne loss
Bicumen [6)-%- 135 days 3-100 x 10678 {1-100 x 1077} 1-10 % 1078 | 1-10 x 207
Vinyl ester cresin [11] 50 days 2 x 10'-" 1.6 x 10—6 i
b
EWR Evaporator Concentrates ’
Cement [6] 140 days 7-70 x 1077
Ficumen [6)-%~ 5 days 2.5 x 1078
50 daye 2.0 x !0__5
100 days 1.0 x 10_ _5 -5 -5 1
123 days 3.0 x 10 2 x 10 7 x10 5x 10 :
Epoxy/polyester resins [10] 200 days 2-13 % 107 7% 10'-6_ 2-100 x 1 -7 i
600 days 1.2-400 )_!910 2-6 x [0 _7 1.8 x 10_7 !
900 days 3.2 x IO_B 3-28 x 10 1.2 x 10_5 i
average over 2000 days 1.5 10 4.1 x 10 H
Vinyl aster tresin [l1} S0 days 5 x 10"'t 8 x 10_5 7 % 10_5 "
Sludges from Reprocessing fuel elerents '
Polyecyrane/cement [6] 100 daye 1.2 x J.IZ!_5
Btupen [6]-X" 100 daye 1-50 x_ el 2-240 x I -6 =
= 516 days 8 x 10 -5 4.1 x 10 1 x 10 -9
2370 days 1.9 x 10 3.9 x 10
Polyestar resin [6] 50 days 5 x 10-6 1 x ll)'-6 g x 1.0-6
Epoxy tesin [6] 180 days 1.2 x 1C|-'4 4.5 x 10_4 2.3 x '10"5 less than
-6
1 x 10
i
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Figure A2.] Typical Leach Test Results for Organic Immobilisates.
The Variation of Leach Rate (cm day~l) with Time.
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(3) HEFEDOHRGRER
Riso Natinal Laboratory (Demmark) OFHIR* Tid. K2.3. IR TXIIIT X
77 b OEEEREI LT, HREBFRHPEAFRE RO TWS, s HTHE D E
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Fig. 4a. Transport of tritiated water and ¢s* solution through
0.25 mm thick membrane of pure Mexphalte 40/50.
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+2.3.4 FRT77I b OBKREFE

Cq s s s P +

Table 2. Permeability coefficients for tritiated water and 134Cs
in thin membranes og pure Mexphalte 40/50 in {nearly}
pure water at 20-257C, '

Membrane Permeability coefflficient
thickness from the slope of the curves in PFigs 4a and b.
x P = 5D
cm 10-12 cmz/sec
TOl cst
0.025 58 1190 Beginning of exp.
130 160 End of exp.
0.059 82 170 Beginning of exp.
170 490 End of exp.

4) TR7 7 bOREEED

Riso Natinal Laboratory® Tid. 7R 7 7 )L MR A A o AHBIE. NaaS0s.
NaNOs ZB& L7c 7T X7 7 )b FE(LEAEDEBEERE L Th 5, K2 3. 10IRT &
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Fig. Water absorption into pure Mexphalte 40/50 from water
and from saturated salt solutions. Weighing method.
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Fig. Samples with 40% IR 120 (un-shieved) or IRP 69
Powdex after 28 days in water.
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Fig. ~ Weight changes of samples immersed in water for

three different particle sizes of the embedded
water—-free sodium sulphate crystals.
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Weight changes and water absorption in samples immersed
in water for four different particle sizes of the em-

bedded sodium nitrate crystals. (Corrected for a.slight
water uptake in the Perspex rings holding the samples.)

Original Composition: 60% Mexphalte 40/50 + 40% NaNO3 crystals.
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soluble salts.
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