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Development and Integration of Simulation Models for Nearfield Groundwater Flow and
Radionuclide Transport Computation

Kazuyoshi NAGASAKA and Kengo NAKATIMA¥
Abstract

Groundwater flow and radionuclide transport computations in nearfield heterogeneous porous
media are carried out in the following way using continnum analysis model:

- "TAGSAC" solves three-dimensional saturated/unsaturated groundwater flow equation in
nearfield heterogeneous porous media using finite element method'(FEM).

- "TR3D" calculates streamlines by randomwalk particle tracking method according to potential
distribution provided by TAGSAC '

+ These streamlines are introduced into one-dimensional radionuclide transport analysis code
"CRYSTAL"

In this research, these processes were integrated into one system and all operation including data
handling can be automatically done in this system. Pre-processing and post-processing procedure for
modeling and visualization were also developed.. Groundwater flow and radionuclide transport
computations in nearfield heterogeneous porous media are carried out using this system.

This work was performed by Mitsubishi Research Institute, Inc. under contract with Japan Nuclear
Cycle Development Institute.

INC Liaison : Waste Isolation Research Division, Tokai Works.

¥¢ Mitsubishi Research Institute, Inc.
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*CASE TEST

*SSURF3D
*TR3D
*CRYSTAL

0
0

1

*BEGIN SSURF3D

IGRID
IMATERIAL
1OUTPUT
1SIGMA
'EPS
JITERMAX
IPARAM
1SOLVER
*END SSURF3D

*BEGIN TR3D
tGRID
IFLOWFIL
1OUTPUT
!DISPLACE
!SPOINT
IEPOINT
ITCUT
IMINTIME
IMAXTIME
ICFL
1SOLVER

*END TR3D

data/ref.tr3d

}____

data/porsim06.val

test_surf.out

0.85
1.0e-20
2000

1

1

data/ref.tr3d

data/test_surf.out

test_tr3d.out

150.0
110.0

50.0

89.0

110.0 150.0 101.0

i
1. 0e+01
1.0e+20
0.3e+00
3

*BEGIN CRYSTAL
data/test_tr3d.out

IVELOCITY
ISTREAM
IMINTIME
IMAXTIME
ITIMESTEP
IDISPLACE
ICRYSFILE
*END CRYSTAL

40
1.080
1.0e8
50
150.0
jnc.src

20

2

EHHET ST

le—| S_STRF3D ErESMOIEE

| TRID DEHERGDIERE

4| CRYSTAL BtEZRM-0EE
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*LINE
*BEGIN
INAME
ITIME
IRATI
FINPUT
IQUTPUT
*END

*BEGIN
INAME
ITIME
IRATI
TINPUT
QUTPUT

*END

TC-099:CHAIN? ~ €——— BRSO B LUBIREEORE

TC-088
! TC-099’
8.500e+3 -
1.030e+3 ————— TC-099 DY OHRE
data/tc009.src
1c099

TC~099 —

CHAINZ ~ —
*CM-234" ;" PU-241" :* AM-241" :"NP-23T° :° U -233° o° TH-229°
8.500e+3:1. 440e+1:4.320e+2:2.1402+6:1.590e+5:7, 34043
1.030e+3:1.030e+3: 1. 030e+3 1.030e+3:5,150e+3:5. 160e+2 P

data/chain2.src
chain2
CHAINZ

BRIB R 5" chain2"DIIEDNE D DREE
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(RFAHR+774N)
Mon Dec 14 21:13:40 JST 1998

TEST

-— ECHO USER INPUT —-
*CASE TEST

xSSURF3D O

*TR3D 0

£CRYSTAL 1

*BEGIN SSURF3D
IGRID data/ref.tr3d
IMATERIAL  data/porsim06.val
HOUTPUT test_surf.out

ISIGMA 0.85
[EPS 1.0e-20
[ITERMAX- 2000
{PARAM 1
[SOLVER 1
*END SSURF3D - ' : AB77A

DT d-—

*BEGIN TR3D
!GRID data/ref.tridd
IFLOWFIL data/test_surf.out
IOUTPUT  test_tr3d.out
IDISPLACE 150.0
ISPOINT 110.0 50,0 99.0
IEPOINT 110.0 150.0 101.0-
VICUT 1 20 2
IMINTIME  1.0e+01
IMAXTIME  1.0e+20

ICFL - 0.3e+00
ISOLVER 3
*END TR3D

*BEGIN CRYSTAL
1VELOCITY data/test_trad.out
ISTREAM 40
IMINTIME:  1.0e0
IMAXTIME  1.0e8
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ITIMESTEP * 50

IDISPLACE 150.0

ICRYSFILE jnc.src
*END CRYSTAL

—— WORK DIRECTORY -—-

DIRECTRY NAME : jnc.TEST.3411

S_SURF3D ..... inc. TEST. 3411/SURF
TR3D/4nfo .... jnc.TEST.3411/TR3D
CRYSTAL ...... inc.TEST. 3411/CRTSTAL CRRED
—— SOLVER FLAG ——- T4VI b
S_SURF3D ..... NOT CALC ) —
TR3D/4nfo .... NOT CALC
CRYSTAL ...... CALC
e SOLVER PARAMETER —-
% CRYSTAL |
CARD TYPE - INPUT

VELOCITY (C)  data/test_tr3d.out

STREAM (1) 40

MINTIME (F)  1.0e0

MAXTIME (F)  1.0e8

TIMESTEP (1) 50

DISPLACE (F)  150.0

CRYSFILE ()  inc.src
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R 1.0X10 BT EEHEA L.

CEIKEERIE 0.8%k K2 Lk,

CERRICEEARES S EHS AR HEA LR,
BHRELUTOED THBe:

logK =7.54%loge —3.73

zoT, KBEU e ENTNBKBY (1/sec), EZREERT,
CEHE R B MR 0.05 LT OB 0.05 %, £k, 0.5 U LOBA
3 0.58A V. |
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GO BRI LA FERED 50n~150n OB 40 BOBHRFEEE L.
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FEBRBEBIUBAREERDE,
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#4.2-1 BRI

%5

1C-99

Sn-126

Se-79

Zr-93

Cs-135

Sm-151

Nb-94

Pd-197

4N0

Pu-240

= U-239 - Th-232

4N1 -

Cm-245

- Pu-24] — Am-241 —> Np-237 — U-233 = Th-229

4N2

Cn-246

-> Pu-242 -» 0-238 = Th-230 -> Ra-226 ~ Pb-210

4N3

An-243

—> Pu-239 —>U-235 = Pa-231 = Ac-227
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£ 4.3-2 HEYLEE

29

HEA FREE ¢ 3 4 B E
(Bg/cm3) . (year) (n3/kg)

Se-T79 0.4 6.50E+04 0.001
ir-93 2.0 1.53E+06 0.1
Tc-99 3.0 2.13E+05 1.0
Pd-107 30 6.50E+05 1.0
Sn-126 0.2 1.00E+05 1.0
£s-135 0.5 2.30E+06 0.05
Nb-94 10 2.03E4+04 0.1
Sm-151 0.7 9.00E+01 5.0
Pu-240 0.001 6, 54E+03 1.0
U-236 0.02 2.34E+07 1.0
Th-232 0.001 1.41E+10 1.0
Cm-245 0.02 8.50E+03 5.0
Pu-241 0.001 1.44E+01 11.0
Am-241 0.001 4,32E402 5.0
Np-237 0.05 2. 14E+06 1.0
-233 0.2 1.59E+05 1.0
Th-229 0.001 7.34E+03 1.0
Cm-246 0.001 4.'73E403 5.0
Pu-242 0.001 3.87E+0D 1.0
U-238 0.02 4.47E+09 1.0
U-234 0.01 2.45E405 1.0
Th~230 0.007 7.T70E+04 1.0
Ra-226 0.003 1.60E+03 5.0
Pb-210 0.0007. 2.23E+01 0.1
Am~243 0.001 7.38E+03 5.0
Pu-239 0.001 2.41E+04 1.0
0-235 0.02 7.04E+04 1.0
Pa-231 0.0004 3.28E+04 1.0
Ac-227 0.0003 2.18E+01 5.0
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