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Development and Application of Solute Transport Model in the Fracture
Shunsuke Furuya®, Naohiro Yabuta*
Abstract

Solute transfer model for fissure media with fracture infill is developed. Spatial inhomogeneity of
dominant flow and matrix diffusion into fracture infill are éonsidered in this model.

Solute transfer model consists of groundwater streaming model and mass transfer model. Groundwater
streaming model is derived from potential theory and calculates verocity distribution along streamn
line analytically. Mass transfer model analyzes solate transfer by solving one dimensional advective
transport equation considering molecular diffusion from the fracture into the matrix (surrounding
rocks and fracture infilis).

Groundwater streaming model is prepared for considering transmissivity spatial distribution so that
the model can apply inhomogeneous flow field.

Based on these models, computation program for groundwater stream and solute transfer is developed
for the analysis of advective transport of radio isotope.

Verification of this model is performed for the experimental data offered from Grimsel Test Site
(GTS). Although the model is simplified and handling is easy, reproducibility of experimental result

is rather good, and validity of this model is confirmed.

Work performed by Mitsubishi Research Institute, Inc. under constract with Power

" Reactor and Nuclear Fuel Development Corporation

PNC Liaison . Sumio Masuda (Isolation System Research Program, Radioactive
Waste Manegement Project)
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1.0900000E-02 1.0900000E-02 1.0800000E-02 1.0700000E-02 1.02400000E-02
'1.0200000E-02 '
RX VALUES -2.200000, -1.760000, -1.320000, -0.8800000
-0.4400000, 0.0000000E+00, 0.4400000, 0.8800000, 1.320000

1.760000, 2.200000
z ' v [FREMzAMALE. yHAE. fiE)

AQUIFER WIDTH

0
4
8

o O O o o o o

G

AVERAGE V

.0000000E+00
.3995%10E-02
.800005%E-02
.1320000
1760001
.2200000
.2640001
.3080001
.3520000
.3960000
.4400001

AQUIFER WIDTH

o 0O O 0O o0 o o O O O

.4400001
.4840001
.5280000
«5720000
.6160001
.6600000
.7040000
.7480000
.7919899
.8360000

o o O O o o O O o o o

o o o o O QO ©

0
0

0

9.9799986E-03

.0000000E+00
.0000000E+00
.0000000E+00C
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.00000C0E+00
.00C0000E+00
.0000000E+00
.0000000E+00

1.5254332E-04

1.0400000E-02

.0000000E+00
.0000000E+00
.0000000E+00
.0000C00E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000C00E+CO
.000000CE+00
.0000000E+00

N T e

[H—7ay 7 FREE
1.9205456E-04
1.7696242E-04
.6602856E-04
.5782213E-04
.5150344E-04
.4654757E-04
.4260947E-04
.3945310E-04
.3691167E~04
.3486389E-04
.3321973E-04
[7uy 7 AFHHE]

1=

e R = = T = T SO S =

.2783970E-04
.2658362E-04
.2559866&-04
.2484528E-04
.2429206E-04
.2391382E-04
.2369030E-04
.2360488E-04
.2364394E-04
.2379624E-04
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0.8800000
AVERAGE V

AQUIFER WIDTH
0.8800000
0.9240000
0.9680001
.012000
.056000
.100000
.144000
.188000
.232000
.2764100

1.320000
AVERAGE V

L N I T T

AQUIFER WIDTH
1.320000
1.364000
1.408000
1.452000
1.496000
1.540000
1.584000
1.628000
1.672000
1.716000
1.760000
AVERAGE V

AQUIFER WIDTH
1.760000
1.804000
1.848000
1.8392000
1.936000
1.980000
2.024000

0

.0000000E+00

1.2471463E-04

1.0600000E-02

.0000000E+00
.0000000E+00
.0000000E+00
.0000000=+00
.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

O O o o o

" 1.2463691E-04

1.0800000E-02

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

o
o
0
0

1.3250414E-04

1.0500000E-02

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

- 0.0000000E+00

I i i e = i e = R

1

L I T T Y e e S e e

i = e

.2405247E-04

.2171188E-04
.2205766E-04
.2249153E-04
.2300820E-04
.2360333E-04
.2427331E-04
.2501521E~04
.2582664E-04
.2670572E-04
.2765103E-04
.2866143E-04

.2627878%-04
.2733375E-04
.2845153E-04
.2963206E-04
.3087555E-04
.3218234E-04
.3355319E-04
.3498886E-04
.3649078E-04
.3806006E-04
.3969833E-04

.3841670E-04
.4011013E-04
.4187576E-04
.4371586E-04
.4563295E-04
.4762978E-04
.4970938E-04

fF—15



2.068000
2.112000
2.156000
2.200000
AVERAGE V

AQUIFER WIDTH
2.200000
2.244000
2.288000
2.332000
2.376000
2.420000
2,464000
2.508000
2.552000
2.596000
2.640000

AVERAGE V

AQUIFER WIDTH
2.540000
2.684000
2.728000
2.772000
2.8156000
2.860000
2.904000
2.948000
2.992000
3.036000
3.080000

AVERAGE V

AQUIFER WIDTH

- 3.080000
3.124000
3.168000
3.212000

0
0
0.0000000E+00
0
0

0.0000000E+00C

0.000000CE+00

0.0000000=+00
0.000000CE+0O

1.4804566E-04

1.0900000E-02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+0C
0.0000000E+0C
0.0000000E+Q0
0.0000000E+00
0.00000G0E+QO
0.0000000E+00
0.0000000E+0O

1.7347356E-04

1.0800000E-02
0.0000000E+0Q0
0.0000000E+Q0
0.0000000E+00
0.000C0000E+00
0.000000GE+0O

.0000C00CE+CO

.0000000E+00

.0000000E+00
.0000000E+00
0.0000000E+00

2.1498841E-04

1.0700000E-02
0.0000000E+CO
0.0000000E+Q0
0.0000000E+00
0.0000000E+00

1.5187508E-04
1.5413051E-04
1.5647954E-04
1.5892647E-04

1.5892647E-04
1.6147598E-04
1.6413306E-04
1.6690319E-04
1.6979236E-04
1.7280696E-04
1.7595400E-04
1.7924115E-04
1.8267664E-04
1.8626954E-04
1.9002971E-04

1.9178922E-04
1.9576392E8-04
1.9993016E-04
2.0430106E-04
2.0889087E-04
2.1371539E-04
2.1879192E-04
2.2413967E-04
2,2977982E-04
2.3573601E-04
2.4203437E-04

2.4429636E-04
2.5102857E-04
2.5816876E-04
2.6575415E-04
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.256000
.300000
.344000
.388000
.432000
.476000
.520000
AVERAGE V

Ww W W W W W W

AQUIFER WIDTH
3.520000
3.564000
3.608000
3.652000
3.6596000
3.740000
3.784000
3.828000
3.872000
3.916000
3.960000

AVERAGE V

AQUIFER WIDTH
3.960000
4.004000

.048000

.092000

.136000

.180000

.224000

4.268000

© - 4.312000°

4.356000

2.400000

> i

1% 1Y

AVERAGE V

.0000000E+00
.000000C0E+00
.0000000E+00
.0G00000E+00Q
.0000000E+00
.0000000E+00Q
0.0000C00E=00

o O O o O O

2.8542650E-04

1.04G0000E-02
0.0000000E+00
0.000C000E+0QD
0.0000000E+00
0.0000000E+00
0.000000GE+00
0.0000000E+0CO
0.0000000E+00
0.0000C00E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

4.3708124E-04

1.0200000E-02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.6000000E+00
0.0000000E+00

9.2253683E-04

2.7382644E-04
2.8243309E-04
2.9162766E-04
3.0147150E-04
3.1203445E-04
3.2339722E-04
3.3565302E-04

3.4533531E-04
3.5897462E~04
3.,7377418E-04
3.8988719E-04
4.0749504E-04
4.2681428E-04
4.4810551E-04
4.7168502E-04
4.9794087E-04
5.2735378E-04
5.6052784E-04

5.7151861E-04
6.0996093E-04
6.5403344E-04
7.0506765E-04
7.6485059E-04
8.3583978E-04
9.2150702E-04
1.0269227E-03
1.1598000E-03
1.3324685E-03
1.5658352E-03
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STREaM FUNC VALUE 0.0000000E+0
10

9.2253683E-04

4.400000095367432

1

No. of A, A VALUE
AVERAGE V FOR A
TUBE LENGTH
IOPT1, IOPT2, IOPT3
B 2.40000000000000008~04
DELTA, PA
(Vv GIVEN BY VP),AL
TH, RO 0.1000000000000000
1.5000000000000000E-09
0.0000000000000000E+00
1.5510000000000000E-10
2100.000000000000
4.400000995367432

10.00000000000000

DM,DE
KF,KM
oC |
TL
ZF,2ZFM, Z70

YF,YFM, ¥YTO
1.000000000000000

TF,TFM, TTO 0.0000000000000000E+00
72000.00000000000

NOI,NG 100 100

caM 2.000000000000000

co 1.000000000000000

TUBE LENGTH,V 4.400000095367

TIME(S) c/Co
7.20008+02 0.0000E+00
1.4400E+03 0.0000E+00
2.1600E+03 0.0000=+00
2.8800E+03 2.1200E-19
3.6000E+03 6.5234E-08
4,.3200E+03 4,3393E-04
5.0400E+03 5.8871E-04
5.7600E+03 5.6876E-01
6.4800E+03 6.6955E-01
7.2000E+03 7.2076E-01
7.9200E+03 1.72738-01
8.6400E+03 1.0164E-01
9.3600E+03 6.9998E-02
1.0080E+04 5.2241E-02
1.0800E+04 4,1006E-02
1.1520E+04 3.3336E-02
1.2240E+04 2.7811=-02
1.2960E+04 2.36728-02
1.3680E+04 2.04728-02
1.4400E+04 1.7938E-02

1.0000000000000000E-02
9.2253682669252157E-04

0.0000000000000000E+00

0
1.0200000E-02

10.00000000000000
7.9999999999999999E-03
2670.000000000000
1.5000000000000000E-10
0.0000000000000000E+00

1.0000000000000000E-09

1.0000000000000000E-09

=3

.0000000C00000000E-05

432 9.2253683E-04

[P V= EABRORERR, AiiEE]

f+—18

[EE S, MERRERILE]



1.5120E+04
1.5840E+04
1.6560E+04
1.7280E+04
1.8000E+04
1.8720E+04
1.9440E+04
.0160E+04
.0880E+04
.1600E+04
.23202+04
.3040E+04
.3760E+04
.44808+04
2.5200E+04
2.5920E+04
2.6640E+04

BB NN BB

L8

. 2.7360E+04

2.8080E+04
2.8800E+04
2.9520E+04
3.0240E+04
.0960E+04
-1680E+04
.2400E+04
.3120E+04
.3840E+04
.4560E+04
.5280E+04
.6000E+04
.6720E+04
.7440E+04
.8160E+04
.8880E+04
.9600E+04
.0320E+04
4.1040E+04
4,1760E+04
4.2480E+04
.3200E+04
.3920E+04
.4640E+04
.3360E+04
.6080E+04
.68002+04
.7520E+04
.8240E+04
4.8960E+04
4.9680E+04
5.0400E+04
5.1120E+04
5.1840E+04
5.2560E+04
5.3280E+04
5.4000E+04
5.4720E+04
5.5440E+04
5.6160E+04

Wl wwwlwiw

B

[T = S T -

.5888E-02
.4203E-02
.2797E-02
.1609E-02
.05952-02
.7205E-03
.9604E-03
.2946E-03
.7075E-03
.1867E-03
.7220E-03
.3055E-03
.9303E-03
.5909E-03
.2827E-03
.0019E-03
.7451E-03
.5096E-03
.2930E-03
.0932E-03
.9084E-03
.7371E-03
.5780E-03
.4299E-03
.2917E-03
.1626E-03
.04178-03
.9283E-03
.8218E-03
.7216E-03
.6272E-03
.5381E-03
.4540E-03
.3744E-03
.2990E-03
.2275E-03
.1597E-03
.0952E-03
.0339E-03
.9755E-03
.9198E-03
.8668E-03
.8161E-03
.76772-03
.7213E-03
.6770E-03
1.6346E-03
1.59398-03
1.5549E-03
1.5174E-03
1.48148-03
1.4468E-03
1.4136E-03
1.3816E-03
1.3508E-03
1.3211E-03
1.29258-03
1.2649E-03

LNV S W B, B e L T - A TRV I I e+ JE o o B Vo N Sl Sl e

=

H P RPRPRPRNNDNDBDDDDNDDNND NN WWWW W W W
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5.6880E+04
5.7600E+04
5.8320E+04
5.9040E+04
5.9760E+04
6.0480E+04
6.1200E+04
6.1920E+04
6.2640E+04
6.3360E+04
6.4080E+04
6.4800E+04
6.5520E+04
6.6240E+04
6.6960E+04
6.7680E+04
6.8400E+04
6.9120E+04
6.9840E+04
7.0560E+04
7.1280E+04
7.20008+04

1.2382E-03
1.2125E-03
1.1877E-03
1.1637E-03
1.1405E-03
1.1181E-03
1.0964E-03
1.0754E-03
1.0550E-03
1.0353E-03
1.0162E-03
9.8767E-04
9.7970E-04
9.6226E-04
9.4533E-04
9.289%0E-04
2.1233E-04
8.9742E-04
8.8234E-04
8.6767E-04
8.5341E-04
8.3954E-04

20
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