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Reliability Evaluation of Simulation Models for Nearfield Groundwater Flow
and Radionuclide Transport Computation

Kazuyoshi NAGASAKA¥, Kentaro MARUYAMA*,
Masaaki MATSUMOTO* and Jun NOBE*

Abstract

In this research, simulations with some parameters which characterize ground water flow and
the reliability evaluation for the expansion of the calculation method of groundwater flow were
carried out by using the radionuclide transport computations in nearfield heterogeneous porous
media .

Concretely contents are follows:

- With the series of calculation method for three-dimensional saturated/unsaturated
groundwater flow and one-dimensional radionuclide transport, the computational
analyses with the parameters used in JNC report in 2000 was carried out and the
influence of the different input flux was evaluated.

The examination of the application for the different ways of inverse laplace
transformation which is used in one-dimensional radionuclide transport analysis code
"MATRICS" was carried out.

- The examination of the application of multi-element “MATRICS” (m-MATRICS) for
radionuclide transport computations in nearfield heterogeneous porous media was carried
out.

The series of calculation methods from three-dimensional saturated/unsaturated ground
water flow simulation code to one-dimensional radionuclide transport simulation code
was integrated.

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.

3¢ Mitsubishi Research Institute, Inc.
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Table 2.3.3-1 HAEERF

GaLi) JLFR
TC-99
Sn-126
Se-79
Z2r-93
Cs~135
Sm-151
Nb-94
Pd-197
4NO %% | Pu-240 — U -239 — Th-232
4N1 %% | Cm-245 — Pu-241 — Am-241 — Np-237 — U -233 — Th-229
4N2 %% | Cm-246 — Pu-242 — U -238 — Th-230 — Ra-226 — Pb-210
4N3 2% | Am-243 — Pu-239 — U -235 — Pa-231 — Ac-227
Table 2.3.3-2 ZEBITHE T A —&
2 B EE
S MEH S BRIIEEMRERED 1/10 £
BEHFMOBEEITEE LN
HIhERRE 20%
BRI 2,160kg/m?
BRI _1+%@%Exﬁ%%ﬁ
HEHZERRER
SrECfRET Table 2.83.3-8 &R
Rt Table 2.3.3-4 &R
BEFEOIE AL HIEIZNE © 2.2m
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Table 2.3.3-3 ®YEEIZHT 5 4 ERE
JLIR WEEm%kg)
Se 0.001
Zr 0.100
Nb 0.100
Te 1.000
Pd 0.100
Sn 1.000
Cs 0.050
Sm 5.000
Pb 0.100
Ra 0.500
Ac 5.000
Th 1.000
Pa 1.000
U 1.000
Np 1.000
Pu 1.000
Ac 5.000
Cm 5.000
Table 2.3.3-4 #ZFE A
LR RS (Year)
Se-79 65,000
Zr-93 1,530,000
Nb-94 20,300
Te-99 213,000
Pd-107 6,500,000
Sn-126 100,000
Cs-135 2,300,000
Sm-151 90
Pu-240 6,540
U-236 23,400,000
Th-236 14,1000,000,000
Cm-245 8,500
Pu-241 14.4
Am-241 432
Np-237 2,140,000
U-233 159,000
Th-229 7,340
Cm-246 4,730
Pu-242 387,000
U-238 4,4'70,000,000
U-234 245,000
Th-230 77,000
Ra-226 1,600
Pb-210 22.3
Am-243 7,380
Pu-239 24,100
U-235 704,000,000
Pa-231 32,800
Ac-227 21.8
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Table 2.3.3-5 EOHBBERI

St BELRE(mSv/ Bg)
Se-79 2.68319 X102
Zr-93 1.56123 X10-1
Nb-94 7.08203 X 10-13
Tc-99 1.12953 X104

Pd-107 1.44427 X107
Sn-126 9.84000 X102
Cs-135 1.14188 X107
Sm-151 1.59096 X101
Pu-240 1.48618 X101
U-236 1.35020 X 1012
Th-236 1.53971 X101
Cm-245 4.85327 X101
Pu-241 3.65860 <1013
Am-241 1.62586 X101
Np-237 1.29937 X101
U-233 1.70817 X 10
Th-229 7.90073 X101
Cm-246 3.52915 X101
Pu-242 1.42063 X101
U-238 1.32840 X101
U-234 1.43505 X103
Th-230 3.59980 X 101
Ra-226 3.80354 X101
Pb-210 3.08639 X101
Am-243 2.43707 X101
Pu-239 1.50178 X101
U-235 1.52070 <1012
Pa-231 2.44490 X100
Ac-227 8.54417 X 10"
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(2) FRATEt

BEERATIC N85 R — & B L TICRT, SO SR B 1 LT,

« SEHFEE 0 1.0 X107~1.0 X 10* [m/year]
S HARER 0 1.0 X107 ~1.0 X 10 [m¥/year]
*Pe # : 1.0~1000
cZERRER 0.2 (RYEL TIHRERZ RO X ) I
- BIEMREL ¢ 1.0 X104
- AR 1.0 X 10%[year] (BAFED BRI EER) _
~ % by 7 AESHARE 1.0 X10%¥[m¥yearl(= kU v 7 RO SBUTEER)
o b w7 REREBIEAS ¢ 1.0 X104

FENT A D—"E & Table 8.2.3-1 |27,

Table 3.2.3-1 TS —5

AR i P#E [m/year] SRS [m¥year] Pet
A Bx1 | w2 | mR3 | ®F4 | B3 | mHRe | mH3 | mwd
HEE 1.0x10? 1.0X 107
cased |NHEEL A 1.0X107 | 0.625X107 | 25X107 | 1.0X107 | 1.0X107 | 0.625x107 | 25X107 | 1.0x10* | 100
RHES Bl 1.0X107 | 2.5X107 | 0.625x107 | 1.0X107 | 1.0X10" | 2.5%10* | 0.625%107 | 1.0 X 10
HE S 1.0x10* 1.0x10*
case7 |THHEB Al 1.0X10* | 0.625X10* | 2.5x10% | 1.0X10* | 1.0X10* | 0.625x10 | 25x10¢ | 1.0x10* | 100
F¥IES Bl 1.0X10* | 2.5X10% | 0.625X10* | 1.0X10* | 1.0X10* | 2.5X10* | 0.625X10* | 1.0 x10*
YWEE 1.0x10* 1.0 101
caseld | NHE Al 1.0X10* | 0.625X10* | 2.5X10% | 1.0x10* | 1.0X107" | 0.625X107 | 2.5%10" | 1.0x10" | 0.1
TEES B 1.0X10* | 2.5X10* | 0.625X10* | 1.0X10* | 1.0X10? | 2.5%X10" | 0.625X10" | 1.0 X 10"
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E D EIT o7,
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Table 3.2.4-1 m-MATRICS it &44:

EEEn ERE whg | UTIFR Gr
[m] [m/sec] [m/year] [m?%/year]
1 4.607 3.564 <1010 1.171 X103 1.215 X102
2 5.039 2.147 X10° 1.562 <103 1.621 X102
3 5.227 8.821 X100 2.142 X102 2.222 X102
4 5.211 4.269 X 1010 2.743 X10°® 2.846 X102
5 2.616 1.788 X10° 2.527 X108 2.622 X102
6 2.653 1.862 X107 2.268 10 2.3583 X10?
7 5.178 8.408 X 1010 1.984 <103 2.059 X102
8 1.546 3.612x107° 1.819X103 1.887 X102
9 3.510 5.982 X 101 1.908 X103 1.979 X102
10 5.424 1.194 X101 1.965x103 2.089 X 102
11 4.463 3.084 x 1010 2.043 <103 2.119x10%
12 0.952 6.615x 1010 2.411 X103 2.501 X102
13 0.792 7.515 X100 2.554 X103 2.650X102
14 5.445 8.759x10°? 2.736X10° 2.839 X102
15 5.174 1.456x108 3.349 <103 3.474 X107
16 5.216 2.721 X108 3.952 X103 4.100X10%2
17 1.943 1.106 X108 4.090X103 4.244 X102
18 3.241 1.469 <107 3.813x103 3.956 <X 10?2
19 5.053 2.751 X108 3.414 X102 3.542x102
20 5.019 7.930x10° 2.828 X103 2.934 X102
21 5.126 3.428 X10° 2.299 X103 2.385 X102
22 5.270 6.556 X 10° 2.071X103 2.148 X107
23 5.029 1.857 X107 2.733 X103 2.836x10?
24 5.025 3.456 X107 4.8369Xx103 4.538xX10%
25 4.995 1.375 %107 5.560x10° 5.769 <102
Table 3.2.4-2 MATRICS fi##r 414
S ERE AR ﬂﬁfg‘%ﬁ SR
[m] [m/sec] [m/year] [m?%/year]
1 1.0376<10% | 9.994 x 1010 2.426 X103 2.517%X102
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(2)fFETHER

€3k D MATRICS K ' m-MATRICS % BV THE R bEEBITROEE % Fig. 3.2.4-2, Fig.
3.2.4-3 TR,

¥7z, MATRICS KT m-MATRICS OfEVTHERIZBI 5 FEMIEOBITED L E LLT O Table
3.2.4-3 [TF,

Table 3.2.4-3 m-MATRICS & MATRICS Dt R D ik

m-MATRICS MATRICS
A ®AE i [year] BXE K¢ [year]
[Bqg/year] [Bg/year]
Se-79 5.83 2.88 X 10° 5.01 3.02X10°
Cs-135 6.27 X 10! 1.00 <107 5.22 X 10! 1.05 X107
Zr-93 9.13x10% 1.45 %107 5.45x107? 1.51 %107
Pd-107 3.87Xx107? 2.75 X107 8.834 %1072 2.88 X107
Pd-210 4.88x10% 3.47 X108 5.02 X10* 3.63x108
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A% BB X URERIIOLABIDEE,
BEOKRE - RINEBHETIHEIX. ""TKED,

ITIME

303 - ITIME OPTION

AR REHDOREE,

BEBOERE - RIEHETIHAIE. TR,

IRATI

3 ¢ IRATI OPTION

& BREAROIEE.,

BROEE - RIIEHETIHEE. "TREDS,

1 INPUT
SciE : VINPUT OPTION
& 1 Y —RE—LhDRTE,

10UTPUT

3¢k ¢ 10UTPUT OPTION
A® W H7 7 A NVOREE,
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423 RIHZE
SHELL X, ey 7t ERbUTOavy FEEFT 52 LI Lo TR 3,

%jnc.sh—i a2 ha—A 774

SHELL |

-1:

g

-V

BUTOFT v a ridb b,

arba—nT7rANVOIEE
a—YF—DER L Tar ba—n - 774 0) 2EETS,

TNy FE—F

a—P—DER LY [av bho—L - 77940 OXEERF v F 3
5,
ZDF—=FTE, XEOAEF v 7 T5Dd, arytog—n .75
ANV THELTWA MO 7 7 A ADF = v 7 i {Tbiwn,

PNNVT T A NDER

HER~NTE2RRNT D,

=T a MEROFT

N—=TavDF=zv 7 %75,
VN A7 VTP e a—P—REEELELERY, XZUT A
DNA—Ta VBEEEREZTEBL LANCHBRTE 3,
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AP TFANDY T NE LT, UTOEETOHEEIT) 2 bua—n - T7AV]
EZRT

BHCTRT ay ba—i « 77 A Vi, SWRTOKEMNTE L OFHRIEROMEIX T TIC
KTLTWAHLOL LT, —KREEEBITHE 22— FTdH% MATRICS DOHDEE % FEE
THEDOEDTHB,
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*CASE
*SSURF3D
*TR3D
*CRYSTAL
*BEGIN
1GRID
IMATERIAL
1oUTPUT
1SIGMA
1EPS
! ITERMAX
IPARAM
ISOLVER
*END SSURF3D

*BEGIN TR3D
1GRID
IFLOWFIL
1OUTPUT
IDISPLACE
ISPOINT
'EPOINT
heout
IMINT IME
IMAXT IME
ICFL
!SOLVER

*END TR3D

TEST
0

0 ]

1
SSURF3D

data/ref. trad

data/porsim06
test_surf. out
0.85

1. 0e—20

2000

1

1

data/ref. tr3d

data/test_surf

test_tr3d. out

150.0

110.0 50.0

110.0 150.0
1 20

1. 0e+01

1. 0e+20

0. 3e+00

3

*BEGIN CRYSTAL
IVELOCITY data/test_tr3d. out

I STREAM

IMINT IME

I MAXT I ME

ITIMESTEP

IDISPLACE

ICRYSFILE

ISOLVER

I INTERG
*END CRYSTAL

40

1. 0e0
1. 0e9
50
150.0
jne. src
1

256

.val

.out

99.0
101.0
2

HETS S

«4— S_SURF3D ftEFHOHE

4—| TR3D O ELMHGDIERE

CRYSTAL

FHREMEDREE
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432 ¥%EWED 7ML
LTt 7 A VDY TN EFRT,

*L INE TC-099:CHAINZ € HHERFIOB L URFEEEORE

*BEGIN TG-099

INAME ' TC-099’
ITIME 8. 500e+3 -
IRATI 1.030e+3 ————— TC-099 OREYHERDIRE

1INPUT data/tc099. src
TOUTPUT tc099

*END TC-099 —

*BEGIN CHAIN2 —
INAME ' CM-234" ' PU-241" :* AM-241" " NP-237" :" U -233’ :' TH-229’
ITIME 8. 500e+3:1. 440e+1:4. 320e+2:2. 140e+6: 1. 590e+5:7. 340e+3
IRATI 1.030e+3:1. 030e+3:1. 030e+3:1. 030e+3:5. 150e+3:5. 150e+2 <

1 INPUT data/chain2. src
1OUTPUT chain2
*END CHAIN2

HiEEZ 5" chain2" DEEMPER O R E
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433 HAT 7411

HAZ7ANELT, EFHEa— Rtk 3HA7 74 D4,

B ORATAAE BT

ATAZA T ANEHEOETRESR RIS 77 A VEHRIT S,
UTCHAT 7 A NDY PN E5RT,

(RFARZ - T7A)

TEST

—— ECH
*CASE

*SSURF3D
*TR3D
*CRYSTAL

*BEGIN
IGRID
IMATERIAL
10UTPUT
1SIGMA
1EPS
! ITERMAX
IPARAM
1SOLVER
*END SSURF3D

*BEGIN TR3D
1GRID
IFLOWF L
1oUTPUT
IDISPLACE
ISPOINT
1EPOINT
ricut
IMINTIME
IMAXT IME
1CFL
ISOLVER

*END TR3D

IVELOCITY
1STREAM
IMINTIME
1MAXT IME
ITIMESTEP
IDISPLACE
ICRYSFILE
ISOLVER
I INTERG

Tue Jan 20 21:13:40 JST 2000

0 USER
TEST

INPUT ——

0
0
1

SSURF3D
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 99.0

110.0 150.0 101.0
1 20 2

1. Oe+01

1. 0e+20

0. 3e+00

3

*BEGIN CRYSTAL

data/test_tr3d. out
40

1. 0e0

1. 0e9

50

150. 0

inc. src

1

256

ANT7 74
DT a—
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*END CRYSTAL

— W

ORK

DIREGTRY NAME :

DIRECTORY —

jnc. TEST. 3411

S_SURF3D ..... jnc. TEST. 3411/SURF
TR3D/info .... jnc.TEST.3411/TR3D
CRYSTAL ...... jnc. TEST. 3411/CRTSTAL
—— SOLVER FLAG —
S_SURF3D ..... NOT CALC
TR3D/info .... NOT CALC
CRYSTAL ...... CALC
—— SOLVER PARAMETER —-
* CRYSTAL
CARD TYPE INPUT
VELOCITY ©) data/test_tr3d. out
STREAM m 40
MINT IME (F) 1.0e0
MAXT IME " 1. 0e9
TIMESTEP m 50
D1SPLACE ® 150.0
CRYSFILE ©) jne. sre

BREFO
F4Vv7 b
])_
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T, RAYUEDD 40 KO~ OBTERS 2 B E S B 5E8 L SBA LB AnmE
BITROBYTREREZRLDRY, HBES 21T o B A0 BETRERE— 7 EXRLTVS = &5
Zholc, 1120, BITEOKRE RBLLERAOEWVTR LN,

Ee, —RITEAREBATHENT 2 — F MATRICS OILEEMZERT B Lz, Z0EEMES T 5
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©® MATRICS THWONEMT 75 AERFHEOTIEL LT, MATRICS =— FCHEESHhT
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5T EBbootz,

m-MATRICS Z FH\W\ofE T Tk, BETENCIEE, SBUER, BAREENER 2 TR IEE L
TWB7e®d, RRRITEL, £37 2—F OEHER TV 353D MATRICS OfEHF L 0 155
BN E Bbhs, LL, SEORIT, —ABREOFAHERICBO CIIAEOZEH E Y 20 /-
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