JAERI-Research

HEMAE B TR
— BHBENRE —
(LEE)

RLFEHE ™ ILAER - TRI#A - REAE— - AIBLE
Mgk - I - HEKA - FE B £ BT
BoEETE MR RRYE BT

BERFHDHRMN
Japan Atomic Energy Research Institute




AL F-bid, BAEFAWFRECAEECATIL T o RHEETY.
AFOMA PR, BAREE ISR (T319-11 KRR A
WA BT, BRLELZSV, 28, J0RPCHHEEARTHLRASER Y 7 —
(F319-11 FEHRB ARG A RRT HHEHRN) TREI L2RBERES 4T
BNET,

This report is issued irregularly.
Inguiries about availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1994

RERRIT H A& B i FTET
Ef Bl v b & A1 Rl #R




JABRI-Research 94-06G9

R R A TR
— B —

HAR T AR A R L2 s
wl A <A BR - TR R - EKE E—
NI ol -®th Bx i Kz - 4E KW
e E O EEem BET.F MET
AR R BET

"

& 10

(19944 7 H 1 H=#D)

I L~ LR R O BT (5 2 A T FEA R T 5 J &2 AN L LT, FEHE
SRR & ORI A 5 BRI » TERL 72, BHED SRABFARRBICBEVT *H,
$00. 255 TRTN 0 DBTTRERE HASERU A TERNIC K 2 REREO T T2 Echi D ER
FBEEbis. EREERROH A MEEEEIC L DB S A — Y EO T~ ¥ RO« DIFEE
B,

KOBBIRIIDEETH 5 EEL SN ALBHEETTO INSHEOBITHEEIE, KA S
LB RRR O RER EERSOEREAEBEED B ONLBIT/ 5 A — s ZROTTH
ANLEITESA LTI - bDTH - . BARBRTIE. ATBERELTICHEOLT  Sridllcm
AR L foAs, SPCoTR TN T 0s RIBITAIRa N o1, F. BRBWEHFTEL
SRRV T LBFRESNT, BB N OHEICH L TARURITEILENEE TS
T LA T, ATHERAME P 255 Sr OB IO RERER VW 2 BIRE LT T AEE
HTBEIE-T. BITHSATOERIEETE 52 L0001z, *lo& s OBITIZOWL
CIRAE SIS FAOEROEENTES N, ARBHEET TOKROREIRITIL. B
KB O ERBOREE AT - LIk -~ TIEET 5 2 L TE7, HREHTICETS
B000. SIS TN 0s DBBITIREIE. ATBHRELTORR, EREER, ¥ MHEREEZOR
ARSI B 2 Eick BT A — 5 LIE - BITEFAVERAGDE B ok
DIETE 5 = EHGEEE R,

AR, BAEFHHRG & DEEHEFER S OREFR I D EEI R,
WA« T319-11 FMEIREHEEHEAFORZ — ¢
oSy 7w NHITER
t (B vuAd I —U—s VRTA
v hEERSISFET R



JAERI-Research 94-009
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To establish a safety evaluation methodology for shallow land disposal of low level
radicactive waste, cooperative research had been undertaken for five years between Japan
Atomic Energy Research Institute (JAERI) and China Institute for Radiation
Protection(CIRP). Field tests on migration of *H, ®°Co, '**Cs and *°Sr were conducted

during two years under both artificial and natural rain conditions at the field fest

“site of loess layer in Shanxi, and laboratory experiments and site characteristics

investigations were conducted to obtain information on migration parameters for
evaluation of the radionuclide migration.

Migration behavior of the radionuclides under the artificial rain condition, in which
behavior of infiltrating water was kept at a constant, agreed well with that estimated
by migration parameters obtained in the laboratory experiments. Under artificial rain
condition, the peak position of **Sr distribution moved to 10 cm downward from the

starttra cing position, while the almost part of ®°Co and '?“Cs did not move. Under the

The study was carried out under a cooperative research between Japan Atomic Energy Research Institute
and China Institute for Radiation Protecticn.
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natural rain condition, all the peak positions of three radionuclides did not move.
These results suggested that the migraiton of *°Co, '®*Cs and ®’Sr was significantly
retarded by theloess medium. The ®®Sr migration under artificial rain conditien was
well described by the equilibrium sorpiion model using distribution coefficient. As to
the ®°Co and '**Cs migration, the kinetic sorption model indicated better explanation.
Infiltration of soilwater under natura! rain condition was analyzed by using the
amounts of precipitation and evaporation obtained from the investigation of site
characteristics, Migration of these radionuclides under natural rain condition could be
evaluated by the combination of migration parameter and sorption-migration mode !
obtained from the analvsis of the test under artificial rain condition, the laboratory

experiments, and the investigation of site characteristics.
Keywords: Field Test, Radionuclide Migration, Radioactive Waste, Equilibrium Sorption

Model, Kinetic Sorption Model, Artificial Rain Condition, Natural Rain

Condition, *H, ®®Co, *°Sr, ***Cs.
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Table 5 Results of specific retention, specific yvield and
permeability coefficient of soillsamples.

Sample Ratio of Specific Specific Permeability
number saturation retention yield coefficient
(X10 *m/s)

A-1-0.5 0.45 0. 39 0. 06 2. 18
A-1-1.0 0.47 0.40 0.07 3.93
A-1-1.5 0. 79 0.42 0.07 6. 01
A-1-2.0 0.51 0.43 0. 08 6. 93
A-2-0.5 0.50 0.37 0.13 2. 10
A-2-1.0 0. 30 0. 38 0.12 2. 85
A-2-1.5 0.51 0. 41 0.10 1. 60
A-2-2.0 0. 52 0.42 0.10 1.21
A-3-0.3 0.47 0. 39 0.08 4. 6]
A-3-1.0 0.49 0.42 0.08 5. 27
A-3-1.5 0. 49 0. 42 0.07 5. 20
A-3-2.0 0.51 0. 44 0.08 3. 14
A-4-0.5 0.45 0.39 0. 06 0. 64
A-4-1.0 0.48 0. 40 0. 08 1.21
A-4-1.5 0.51 0.42 0.09 .79
A-4-2.0 0.352 0.44 0. 07 1. 06
A-5-0.5 0. 46 0.39 0.07 1. 89
A-5-1.0 0.48 0. 40 0.08 4. 60
A-5-1 5 0.51 0.42 0.09 8. 41
A-5-2.0 0.49 0.42 0.07 2.61
A-6-0.5 0.45 0. 39 0.06 .51
A-6-1.0 C. 48 0.42 0. 06 2.73
A-6-1.5 0. 47 0. 40 0. 07 0.85
A-6-2.0 0. 45 0. 38 0.07 0. 84
B-1-2.4 0.49 0. 43 0. 06 0.78
B-1-3.6 0.51 0.47 0. 04 1,25
B-1-4.8 0.52 G. 48 0.04 1. 17
B-1-6.0 0.53 0. 46 0.07 2. 16
B-1-7.2 0. 50 0. 44 0. 06 1. 36
B-1-8.4 0.49 0. 46 0.03 0.63
B-1-9.1 0.45 0.41 0.04 0.94
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Table 6 Results of ion exchange capacity and pH of scil samples.

Sampie Number fon-exchange capacity pH
(meq/100g)

A-1-0.5 16. 09 7.84
A-1-1.0 21. 30 7.85
A-1-1.5 14. 57 . 7.85
A-1-2.0 18. 26 7. 86
A-2-0.5 12. 39
A-2-1.0 13. 37
A-2-1.5 12. 01
A-2-2.0 12. 61
A-3-0.5 13. 91 7. 84
A-3-1.0 17.17 7. 86
A-3-1.5 17. 39 7. 85
A-3-2.0 11. 74 7. 87
A-4-0.5 12. 84 7. 84
A-4-1.0 14. 24 7. 83
A-4-1.5 13. 26 7.85
A-4-2.0 12. 50 7. 86
A-5-0.5 12. 83 7.83
A-5-1.0 11. 96 7.85
A-5-1.5 12.17 7. 86
A-5-2.0 12. 17 7. 86
A-6-0.5 12. 93 7.83
A-6-1.0 17. 61 7. 84
A-6-1.5 11. 85 7. 85
A-6-2.0 15. 11 7, 82
B-1-2.4 18.91 8. 05
B-1-3.6 19. 35 8. 08
B-1-4.8 12. 17 8.12
B-1-6.0 16. 96 8. 15
B-1-7.2 18. 70 8. 20
B-1-8.4 22. 39 8. 14
B-1-9.1 28. 26 8. 15
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Table 7 Results of particle size analysis and typical name.

Sample Depth of Parcentage (%)
Number Sample tvptical
Drawing 2 0.2 0. 02 <0.002 name
~0.2 —0.02 —0. 002
(m) mm mm | mm
A-1-0.5 0.5 0,83 63. 33 18. 79 17. 05 sandy ciay loam
A-1-1.0 1.0 0. 44 65. 81 17. 32 16. 43 sandy clay loam
A-1-1.5 L5 0. 05 67. 80 16. 34 5. 81 sandy clay loam
A-1-2.0 2.0 / 66. 03 20. 53 13. 44 sandy loam
A-2-0.5 0.5 0.77 9. 49 “14. 45 15.29 sandy clay loam
A-2-1.0 1.0 0.05 67. 46 15. 89 16. 60 sandy clay loam
A-2-1.5 1.5 / 71. 07 [4.78 14. 15 sandy loam
A-2-2.0 2.0 / 60. 13 25. 14 14. 73 sandy loam
A-3-0.5 0.5 0.10 62. 94 15. 52 21. 44 sandy clay loam
A-3-1.0 .0 0.04 67.62 14. 84 17. 50 sandy clay loam
A-3-1.5 l.5 0.01 72.21 10. 53 17.25 sandy clay loam
A-3-2.0 2.0 / 65. 46 18. 23 16. 31 sandy clay loam
A-4-0.5 0.5 0. 06 68. 30 15. 68 15. 96 sandy clay loam
4-4-1.0 1.0 0.15 68. 60 16, 70 14,55 sandy loam
A-4-1.5 1.5 0. 01 68. 41 18. 80 12.78 sandy loam
4-4-2.0 2.0 / 63. 66 22,76 13. 38 sandy loam
A-5-0.5 0.5 1. 96 6. 98 17. 65 14. 37 sandy loam
A-5-1.0 1.0 0. 30 8. 22 20. 58 10. 90 sandy loam
A-5-1.5 1.5 0,10 68. 26 21. 24 10. 30 sandy loam
A-5-2.0 2.0 0.05 60. 93 25. 69 13.33 sandy loam
A-6-0.5 0.5 1.21 72. 80 8,55 17, 38 sandy clay loam
A-6-1.0 1.0 0.49 71.27 21.51 6. 73 sandy loam
A-6-1.5 I.3 0. 35 70. 321 11. 08 18.06 sandy clay loam
A-6-2.0 2.0 0. 38 56. 60 22.35 20. 57 sandy clay loam
B-1-2.4 2.4 / 59. 40 26. 13 14. 47 sandy loam
B-1-3.6 3.6 / 57,19 26. 85 15. 36 sandy clay loam
B-1-4. 8 4.8 / 48. 95 26. 39 24. 66 clay loam
B-1-6.0 6.0 / 64, 09 20. 18 15.73 sandy clay loam
B-1-7.2 7.2 / 9. 51 15. 48 15. 01 sandy clay loam
B-1-8.4 8.4 / 46. 68 29. 09 24. 23 clav loam
B-1-9. 1 9.1 / 55. 22 20. 16 21.32 sandy clay loam
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Table 9 Destribution of Kd in field test site.

Sample Sampling Sampling Kd(ml/g)
Number position Depthim) oo vrge e
A-1-0.5 A-1 0.5 5.0x<10° T.7x10 7.6>10°
A-1-1.0 A-1 1.0 5.3x10° 8. 5x10 7.9x10°
A-1-1.5 A-1 I.b 5. 1% 10° 8. 1x10 1.0x10*
A-1-2.0 A-l 2.0 5. 7x10% T.7x10 9,7x10°
A-2-0.5 Al 0.5 4. 9x10° 7.5x10 T.2%x10°
A-2-1.0 A-2 1.0 5.5x10° 9. 810 9,2x10°
A-2-1.5 A-2 1.5 5. 4% 107 8.0x10 - 6.5%10°
4-2-2.0 A-2 2.0 5. 7x10° 8.0x10 7.3x10°
A-3-0.5 A-3 0.5 5.2x10% 8.8x10 6.9x10°
A-3-1.0 A-3 1.0 5.4x10° 7.5X10 5.8x10*
A-3-1.5 A-3 1.5 5. 7Tx10% 8.2X10 6.6x10°
A-3-2.0 A-3 2.0 5.5x 10 9.1x10 8.6x10°
A-4-0.5 A-4 0.5 5.2 %10 7.4X10 6.8x10°
A-4-1.0 A-4 1.0 3. 1< 10% 8. 1x10 3. 6x10°
A-4-1.5 A-4 L& 5.6x10° 7.8x10 7.5%10°
A-4-2.0 A-4 2.0 5.8x10° 8.6x10 7.5%x10°
Average 5. 4x10° 8.2x10 7.5%10°
T 2.7x10? 6.3 1.2x10°
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Ching National Nuclear
Corporagtion (CNNC}

China Institute for
Radiation Protection

(CIRP)

Fig. 1 Organization connected with cooperative research between JAERI and CIRP.

o— soil sampling point o —— water sampling point

Fig. 2 Sampling points of soil and groundwater in test site.
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Sand
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% Glass beads
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Pig. 3 Schematic diagram for migration test using large scale column,
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Fig. 6 Regional distribution of groundwater level around site. (May, 1988)
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Fig. 7 Regional distribution of groundwater level around site.{Nov.,1988)
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Pressure Measurement
operating panel controlling rack
Triped
O O Recorder
Na (as O
Anplifier
[J [} Computer
¥inch \ Power supply
A \
.

™ Signal cables

Tub
‘,_,—””’ ubes
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Fig. 14 Periodical change of concentration profile of *H in Pit-D.
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Fig. 16 Periodical change of concentration profile of 80Co in Pit-D.
(a): Results obtained from field test
(b): Calculation results by equilibrium sorption model
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(a): Results obtained from field test
{b): Calculation results by equilibrium sorption mode!
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(a): Results obtained from field test
(b): Calculation results by equilibrium sorption mode!
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Fig. 20 Periodical change of concentration profile of 800 in Pit-A.

{a): Results obtained from field test
(b): Calculation results by kinetic sorption model
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Fig. 21 Periodical change of concentration profile of ***Cs in Pit-A
{a): Results obtained from field test
(b): Calculation results by kinetic sorption modetl
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Fig. 22 Periodical change of concentration profile of **Sr in Pit-A.
{(a): Results obtained from field test
{b): Calculation results by equilibrium sorption mode!
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Fig. 25 Activity distribution of ®*°Sr measured by nondestructive method.
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Fig. 26 Periodical change of concentration profile of #%Cc calculated by
kinetic sorpfion model in Pit-D.



Concentration (Bg/qg)

Concentration (Bg/q)

JAERI-Research 94-009

Depth of soil layer (cm)

3 k1=0.15 (ml/g)/day 12
k2=0.00003 1/day | -&.
10 F V=3.3 cm/day

0 7
10 |
G

1
e
-1 ol

1 () - L

it/

e
-2 L
HE
10 F Py
/e
7

-3 s
s N

20 25 30 35 40 45 50
Depth of soil layer {cm)

Fig. 27 Periodical change of concentraticn profile of ***Cs calculated by
kinetic sorption mede!l in Pit-L.



JAERI-Research 94-009

S 2000 B [ £
E PIt—A 173
s | /N T s
@ 1500} 294
5 369,
© 1000} 470,
?g 515
S 500t (days)
O ~

% 150 200

Depth of soil layer (cm)

__ 2000}
E Pit-B
O
M 1500}
-
S
S 1000}
=
QO
2
S 500}
@)

% 50 200

Depth of soil layer (cm)

Fig. 98 Periodical change of concentration profile of *H calculated by
variabie infiliration flux model in Pit-A and Pit-H.



Concentration (Bqg/q)

Concentration (Bq/g)

JAERI-Research 94-009

o'l A k1=0.15 (m!/g)/day
10° S g, k2=0.00003 1/day 60
10 b § 120
10_3 180
10 Jd 0000 S | oap
i0* 240
10 300
10

d ears
102 ears
1 0‘ 1 1 1 1 AN 1

30

40 50
Depth of soil layer (cm)

Kd=5000 ml/g

60
Depth of soil layer (cm)

(years)
40

Fig. 29 Long termed change of concentration profile of ®°Co evaluated by

kinetic sorption model and equilibrium sorption model.



JAERI-Research 94-009

Inside scenc of test site.

Photo. 1



