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Analysis of water movement and radionuclide migration

in the backfill soil as an engineered barrier
Kenji SHIMOOKA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Tbaraki-ken

(Received September 26, 1989)

It is important to understand the movement behavior of water and
radionuclide migration through soil formation (saturated and unsatu-
rated zone) which is expected as one of the engineered barriers and
also natural barrier, for the safety evaluation of final storage and
disposal of Low Level Radicactive wastes come from nuclear power
plants.

The barrier performance tests of the soil were carried out in
concrete pits as a part of "Safety demonstration test of engineered
barrier system'". One of the tests was carried out in the concrete
pit B-1 by suppling radioactive solution on the surface of the backfill
soil, the other was in the pit B-2 in which the simulated scolidified
wastes were burried in the backfill soil. A water, equivalent amount
of rainfall was sprinkled for two years over the backfill soil in the
concrete pits.

Based on the experimeﬁtal results, water movement and radionuclide
migration through backfill soil were analysed. Method of the analysis
and the analyzed results as well as the experimental results were

‘described in the report. Euler-Lagrange method described in the

The work was performed under contract with Atomic Energy Bureau
of Science and Technology Agency of Japan.
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report was confirmed to be effective simulation method for the

migration of '*7¢s, ?%Sr and °°Co through the backfill soil.

Keywords: Radionuclide Migration, Backfill Soil, Engineered Barrier,
Saturated and Unsaturated Zone, Concrete Pit, Low Level

Radioactive Waste
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EELt, #6, TIREy rB-1B8LUB-20ITICHV AT A ~ 5 DR,

7 LAERBWEME B X

*x1
| T LB BB e k| s amER
e A ) 5 1 : :
No. T8 ! ERHE (cm) { g /erd) PR | fAME (day) (uCi)
{ Co—60 15.6
- 10.2 1.388 0.497 | 0.92 7.76
2 Cs—137 16. 8
3 ' Co—60 | ; 15.6
Tx4+ —— 162 1.388 ¢ 0.497 | 0.91 | 12.8
4 Cs—137, 16.8
5 St—80 10.2 1.394 0.495 | 0.93 7.76 1.53
6 Sr—90 | 16.2 1.378 0.501 ' 0.92 ' 1B.8 1.09
7 Co—60 i 15.0
10.2 1.229 0.553 | 0.96 = 18.0
8 Cs—137 6.9
9 ##EL | Co—60 14. 1
S ; 20.2 1,228 0.553  0.92 | 64.1
10 | Cs—137 6.0
11 | Sr—90 | 10.2 1.227 0.554 | 0.96 | 15.0 1.36
%2 H7LBREEHRBITATNSNTA—F
+ =1 T = + ric) +
fis b # 0.497 0.553
= ok ¥ : 2x107* cm/sec 1 x107% cm/sec
1




JAERI-M 29156
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CASE W EifliE BTl (ucCi/g)
(cm) (ucCi/g) Rf=155 Rf=155 Rf=160 Rf=150
D=1.96E-4 | D=1.86E-4| [=1.BiE-4 ¢ D=1.91E-4
No.l
$0~~1 3.36-2 3.4E-2 3.4E-2 3.56-2 3.26-2
$1~2 5.8E-2 8.1E-2 5.98-2 6.3£-2 B.0E-2 §.28-2
Co-60 $2~1 2.4E-2 2.86-2 2.8E-2 2.8E-2 2.68-2 3.06-2
15 AK=10.2
cm | #1--8 2.6E-3 2.7€-3 2.9E-3 2.5E-3 2.2E-3 3.26-3
(Fxd) 6~8 2.7E-5 1.1E-4 1.3E-4 8.6E-5 7.8E-5 1.45-4
8~10| 6.4E-7 3.56-6 4.56-8 2.7E€-6 2.56-6B 5.0E-6
e=® (InCI-InC2) 2} 0.032 0.040 0.034 0.034 0.112
(em) | CucCizg) Rf=1800 RF=1800 Rf=1850 RE=1750
D=2.086-4 | D=1.96E-4| ©0=2.01E-4 | D=2.01E-4
No.2
£0~1 1.58-1 1.9E-1 1.9E-1 1.9E-1 1.96-1 1.9€-1
£1~2 1.86-3 6.6E-3 7.9E-3 §.3E-3 g.4E-3 7.5€-3
Cs-137 $2~1 2.58-5 1.2E-5 1.8E-5 9.4E-6 [.1E-5 1.5E-5
715 L fE=10.2
cm 1~6 2.0E-5 1.6E-11 2.8E-1! 9.4E-12 1.2E-11 2.4E-11
(F&t) 68 7.3E-7 6.8E-15 1.48-15 3.6E-16 4.56-16 1.26-16
8~10| 2.36-7 1.2E-19 2.58-19 5.5E-20 7.26-20 2.0E-19
e=% (InCl-InC2} 2| 2.268 2.466 2.586 2.376 2.566
(em) | CucCisg) RfF=235 Rf=235 Rf=240 RfF=230
D=1.266-4 | D=1.16E-4| ©D=1.21E-4 | D=1.21E-4
No.3
¥0~1 3.8E-2 4.0E-2 4.0E-2 4,.3E-2 3.8E-2
#1~2 5.86-2 6.6E-2 B.4E-2 6.8E-2 6.6E-2 6.6€-2
Ca-60 $2~1 1.98-2 2.26-2 2.2E-2 2.1E-2 2.1E-2 2.26-2
#5 L1862
em | #0~6 8.96-4 g.4E-4 1.1E-3 T.9E-4 7.96-4 1.0E-3
(Fx4) §~8 1.8E-5 t.4E-5 2.1E-5 1.08-5 1.2E-5 1.8E-5
8~10] 1.28-7 2.4E-7 3.7E-7 1.4E-7 1.9E-7 3.0E-7
10~12] 1.0€-7 2.9E-8 5.32-0 1.42-9 2.2E-9 3.8E-9
12~14 | B.9£-8 3.0E-11 6.3E-11 1.3E-11 2.28-11 4.0E-11
1M~15| 7.9€-8 2.76-13 6.6E-13 1.0E-13 1.9E-13 3.96-13
e=¥ (InCl-1nC2) ¢ | 0.045 0.082 0.048 0.048 0.065
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3 ( & = )
CASE 1dex] =iHE BETiE (ucCi/g)
Com) | (uli/g) RF=2500 RF=2500 Rf=2550 RF=2450
0=4.52E-5 | D=3.53E-5| D=4.02E-5 | D=4.02E-5
No.4
$0~1 1.26-1 2.1E-1 2.2E-1 2.1E-1 2.1E-1
$~2 1.4E-4 1.4€-4 3.6E-4 5.4E-5 1.0E-4 1.9E-4
Cs-137 I~d 1.2E-5 1.7E-9 3.8E-9 3.68-10 1.4E-9 2.76-9
H5 Lf=16.2
cm §~6 6.7E-7 7.2E-19 2.7E-17 4.5E-21 6.6E-19 6.98-18
(xx1) 6~8 1.2E-7 6.5E-25 1.2E-23 1.1E-27 6.3E-26 5.6E-24
8~16 | RERAT - - - - -
e=X {(InCl-InC2) 2| 0.293 1.230 1.183 0.383 0.388
(em) | (uCi/g) Rf=155 Rf=155 Rf=160 Rf=150
D=2.27E-4 | D=2.17E-4 D=2.22E-4 | D=2.22E-4
No.5 -
$0~1 2.56-3 2.8E-3 2.86-3 2.9E-3 2.7E-3
$1~2 4.5E-3 4.8E-3 4.7E-3 4.9E-3 4.8E-3 4.9E-3
5r-90 $2~4 2.3E-3 2.4E-3 2.4E-3 2.4E-3 2.2E-3 2.6E-3
F17 af=10.2
cm 4~6 5.1E-5 2.9E-4 3.0E-4 2.76-4 2.4E-1 3.3E-4
(x4 6~8 2.8E-7 1.56-5 3.1E-5 1.3€-5 1.1€-5 1.9E-5
g~10| 1.8E-7 6.2E-7 7.9E-7 5.0E-7 4.58-7 8.5E-7
e=¥ (InCl-1nC2) 2| 0.0199 0.208 0.0201 0.036 0.0211
Cem) | (uCi/g) RF=210 RE=210 Rf=215 Rf=205
D=2.15E-4 | D=2.05E-4| 0=2.108-4 | D=2.10E-4
No.6
#0~1 1.6E-3 1.8E-3 1.6E-3 1.7E-3 1.56-3
$1~2 2.6E-3 3.0E-3 3.0E-3 3.1E-3 3.2E-3 2.9E-3
Sr-90 $2~4 2.28-3 2.26-3 2.2E-3 2.2E-3 2.2E-3 2.2E-3
7159 Lhfk=16.2
cn | #4~8 5.4E-4 5.36-1 5.5E-4 5.2E-4 4.9E-4 5.7TE-4
(x4t 6~8 1.86-6 §.6E-5 7.2E-5 6.0E-5 5.96-5 7.2E-5
8~16 | BHLEAT - - - - -
ez (InCl-1nC2) 2| 0.024 0.026 0.033 9.048 0.030
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x4 EBEELH52HBEITER
(R HAREM, O «HOLE
BESRETEEL L )
CASE 345 E=illlig mTE (uci/e)
(em) | CuCisg) RF=1000 Rf=1000 Rf=1050 Rf=950
D=6.838-5 | 0(=5.83E-5| D=6.33E-5 | D=6.33E-5
No.7
$0~1 1.56-1 [.BE-1 1.56-1 1.6E-1 t.BE-} 1.5E-1
¥1~2 1.1E-2 8.1E-3 [.1E-2 6.0E-3 7.0E-3 9.0€-3
Co-60 $2~4 1.4E-5 2.3E-5 1,8E-5 1.1E-5 2.06-5 3.2E-5
#95LE=10.2
em 4~ 3.58-6 4.9E-11 2.0E-10 9.08-12 2.7E-11 9.0E-11
(R&L) §~8 2.7E-6 2.9E-15 1.36-14 2.6E-16 1.1E-15 5.0E-15
8~10 | R AET - - - - -
e=% (InCI-InC2Y 2| 0.373 1.387 0.490 0.297 9.751
(cm) | CuCi/g) Rf=1600 RF=1600 Rf=1650 Rf=1550
%o.8 D=2.31E-5 | D=1.31E-5 D=1.81E-5 | D=1.81E-5
Cs-137 $0~1 7.45-2 9.0E-2 9.0E-2 g.0E-2 9.0E-2 9.0E-2
#HH5LE=10.2
em | ¥1~2| 1.7€-5 | "1.7E-5 9.0E-5 5.1E-7 1.5E-5 2.0£-5
GR&L) 2~10 | BHRRT - - - - -
e=% {InCl-1nC2) 2! 0.036 2.778 12.332 0.080 0.066
(em) | Culi/Zg) RF=1150 Rf=10350
D=1.B60E-5 | D=1.50E-5
No.3
30~ 1.56-1 1.6E-1 PR 1.5E-1
$[~2 8.66-3 2.7E-3 2.08-3 3.5E-3
Co-60 $2~4 8.1E-7 1.5E-6 9.0E-7 3.08-6
#5 2aF=20.0
cm 4~§ 2.7€-7 1.4E-11 4.8E-12 4.18-§1
GRE+) 6~8 1.58-7 5.2E-16 1.4E-16 2.1E-15
8~10{ 1.58-7 1.56-19 3.7E-20 8.1£-19
10~20 | BHBRAET - - -
e=T (InC1-InC2y 21 1.886 2.230 2.623
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Fz 4 C & %= )
CASE [ St BRATIE (uci/zg)
{cm) {acCizg) RE=10G0 Rf=1000 Rf=1050 RF=950
Ne. 10 D=6.83E-5 | 0=5.83E-5| D=6.33E-5 | D=6.33E-5
Cs-137 $0~1 1.8E-1 2.0E-1 1.8E-1 2.0E-1 2.0E-1 1.9E-1
F15 LEF=20.0
cm | k1~2 1.4E-2 1.08-2 1.36-2 7.48-3 8.6E-3 1.1E-2
(igeL> 2~20 | #RHPRRT - - -
=% {InCl-1nC2) ? 1.886 2.230 2.823
(em) | Cucisg) Rf=125 Rf=125 Rf=130 Rf=120
0=4.11E-5 | D=3.1lE-5| D=3.61E-5 | D=3.61E-5
Ne. 1l
#0~1 7.2E-3 7.3E-3 7.2E-3 7.6E-3 7.7%-3 7.1E-3
5r-90 $1~2 4.3E-3 2.96-3 - 2.8£-3 3.6E-3 2.8E-3 2.9E-3
HF hF=10.2
cm | $¥2~4 2.3E-4 3.0E-4 3.76-4 2.3E-4 2.7E-4 3.38-4
CGRE&LD #§~6 1.65-6 1.7€-8 4.0E-6 5.2E-7 1.3E-6 2.4E-5
§~8 5.5E-7 4.5E-8 [.9E-8 5.9E-10 2.9E-9 6.9E-9
§~10| 2.4E-7 2.26-11 1.3E-10 1.BE-12 [.3E-11 3.7E-11
e=% (InCl-1nC2) 2| 0.251 [.025 1.441 0.278 0.435
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5 NOT A - g ¥ OE OB OR
8 | N | FEEE| A7LE(Cm) | BEGE | SBUEK (em®/s) éﬂif@r’aﬂﬁiﬁﬁﬁ(cm/s)
1] Co-60 10.2 155 .91 E—4 3.568E 4
2 | Cs—137 10.2 1800 2.61E—4 3.58E—4
3 | Co—60 16.2 1 235 .21 E-4 3.00E—4
Fat |- f . -
4 | Cs—137 16.2 2500 4.02E-5 3.00 E—14
5(Sr—90 10.2 155 | 2.22E—4 3.60E — 4
6| Sr—90 16.2 210 2.10E—4 2.97E — 4
7 Co-60 10.2 1000 6.33E-5 6.31E—5
8 | Cs—137 10.2 1600 1.81E—5 6.31E-5
®&t| 91 Co-60 20.0 1100~ 1L60E-5 3.15E~5
10 | Cs~137 20.0 1000 |  160E-5 3.15E—5
11 [ Sr—90 10.2 125 3.61-1;3—;5 | 6.30E-5
#£6 Ey hB- RS EIEMSI SIS 054 —-5
# H & £ I RO o R (em/s)
Co — 60 195
Cs — 137 2150 Bl23dr N O £ D BRGE
Sr - 90 183 —
&7 oy hB- 2R (BEHRED) A7 4 -2
BB K E | B OE B K 5 B Comis)
Co — 60 1050 |
Cs-—137 1300 m‘ 23t OAR L hRE
Sr — 90 ) 125 |
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2.0 O—O ; BT EERHE(L
? . EmEwE
[ ®
i 1. 5+
i S
Q (en¥/s) | g : °
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#1972 1. 0 ¢ ‘ :
0.5
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4.1 HEBEE
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TCHS Lo FREM T8I L iokid, BRIRIC, FREMCGEREA F> L9 BKET o7
HOKAARE, W2 EHETH B,

MR L OEENEE8ITRT,

4.2 BETRF

e PB—1 0T AR, BANCH 5 AABOMT EERETH B, 10IEL, £y PEDIE

ERILREN R ALET 5o ic, & 7 48R EARIOGEER 1 ROcRERBIT 254, 0

BORMMEBEBEICOLTRE, JRABINABEEZHOTN S,
(1) Rt St

fafrn — FEIRIRAR 1 OTIE BT 1T 2,

@) ZJREMN

# 2 FEMOHOKRIE, £9I0BOTH 5,

401) v bVHOK LS BREM 2R LRDBEDTH 5,

. ﬁmﬁ__MX1w
OBUKERE 36256

= l.1cm

h iR IR S, BF-/kEE TOESTH b, TDh%E EmEic5A (K24od),
B 5 L RBOBBRETOES LAROFETCOERKGOEMAR/E LAKMAYKE ot d-
AT, BREMEKMBEESS 7T v /AR o 0BREMICETFT L, (EKOD) , %
7o, PIERABAKER EEE Y — YHBEMMTOAOT, EAKEEoDEREL 72,
8) Lk R

ABBICHR Ly MEEMERBELERE Mo TRE L 7ok 5Bk %, K251 45
(4) MRS R

HERBICERL Yy P EEARELREEROTOBKARGEROAKEEH I, 4x107°
cm” sec EIEFICNEWVETH - 1o, ChlT, BOBELEKICL ZKEDIERDOIZDNIED
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