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A safety assessment of the geological disposal of high-level radioactive waste was performed on a time scale of more than tens of
thousands of years after disposal facility closure. Accordingly, it was necessary to establish techniques to evaluate the long-term
variability in groundwater flow conditions such as groundwater velocity and groundwater travel time under the influence of
long-term geological phenomena. This study focused on topographic changes associated with uplift and denudation, as well as
climate perturbations. A method was then developed to assess the long-term variability of groundwater flow conditions using the
coefficient of variation based on simulated steady-state groundwater flow conditions. The spatial distribution in areas with relatively
long residence times, which are not significantly influenced by long-term topographic change or changes in the recharge rate over
the past one million years, were estimated through a case study of the Tono area, Central Japan. By applying this evaluation method,
it was possible to identify a local area with a low degree of quantitative and spatial variability in groundwater flow conditions
associated with regional topographic changes and climate perturbations. Furthermore, based on the results of this case study, the use
of the proposed extrapolation method to evaluate the long-term variability in future groundwater flow conditions is described, and
the future application of the prediction method is discussed.
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Fig.l1 Simulation conditions of two-dimensional model,
and result of particle tracking analysis
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Fig.2 Schematic view of data analysis based on the
results of particle tracking analysis

Table 1 Summary of analytical results

Modell Model2 Model3 Average j;i?:;;: Vggzg)lﬁ “z;s )
. P1 46x101°  9.4x10™° 1.7x10° 1.0x10° 5.0x10™%° 48.6
Darc{m\;g)loc'ty P2 42x10"°  66x10"°  88x10"  65x10% 1.9x10™%° 29.2
P3 3.9x10°  57x10%°  7.2x10%°  56x10"° 1.3x10™%° 241
Groundwater travel length P1 352 328 366 349 16 45
from recharge area P2 500 425 456 460 31 6.7
to designated point (m) P3 646 595 613 618 21 3.4
Groundwater travel time P1 23237 8,630 6,658 12,842 7,395 57.6
from recharge area P2 37,211 16,892 13,136 22,413 10,576 47.2
to designated point (year) P3 61,885 41,911 32,359 45,385 12,302 27.1
Groundwater travel length ~ _ P1 334 83 8 165 119 24
from designated point p2 481 281 213 325 114 34.9
to discharge area (m) P3 616 620 624 620 3 0.5
Groundwater travel time P1 22217 2,242 1,126 8,528 9,690 113.6
from designated point P2 35,496 32,024 7,361 24,960 12,525 50.2
to discharge area (year) P3 56,199 42,159 35,216 44,525 8,728 19.6
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Fig.3 Case study regional setting
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Fig.4 Estimated groundwater chemistry conditions in
Local area. Vertical cross section corresponds to

the dashed A-B-C line in Fig.3.

LBATHIRIZ I L7z, &H1C, 3 r—RADFRICE S
EIRE AR LZ, ALy —fEE I U ET5 3T
DIHBIZDWT, P3OEEMREA/ NS N 2D, 3HE
D 9L P3 O KFENREEN RIIE (LD B % i b 32T
W W ERDMND. ZDZENnD, HFEMATICHTH
TEHBOIE S A, MBI XD EH EZ T WD en
TEEIND. Fio, HERPLRMEE TOH NKOBAT
HRICERT S &, PLE P3OTVHHEIZTTNEN 8 TR
JEL 4755 THRE L RESERLIDOICH LT, EEFRE
lE E b 9 THERETH D, EHERFEZ T KFENIRE
OEEMEOFNIEIE & L7254, PL & P3 OBATRERHIXR
BREOEEMEZAT 5 LM S LD, FHE & o BRI
HHEZDHE, PIITHATPL OEEMERKE W LR S
REXTHY, EEFEZEEE L EEE) cixan 2
LMD, —HT, ZEMREIL PL A 110 %REE, P33
20 WIEFETH Y, PIITHARTPLOEEMPENRKENT &N
FETE TS, ZOZEND, HTKFERREED B
ZEUNCRMT 2 7212, EYNERZAE Cidle < BEfRiE:
FHEFERE &5 = L DR MEAR E L.

TRICEREE T NV E AW REORE R, BE O E T T
FERAE O THU R KTRENR B D A B ME 2 Sl ATEETH D 2
LR TCE L. BAAMICIE, MIBELSREEE AL
52 ENEE SN A EHO MBSO e & R T &t &
U7 B W RRAT LRI BIRRART 2 295, I 518, Fih
D OFERICIE S E R Lo PRI E e & DR & 45 H)
BEE L CBIEET 5 2 & T, B (LR B T
5 HTN K ENIRRE D E I 72 8B % E i

3 FEERDOT—4F 2RV TKREREDE ST
B OE R

3.1 fEEEE

2 BTN Lo MU T /K GRENIK RE O ZR B MR 15 0D 18 1
PEZ MR AiE A Tn— DR & Lz, £/, n—
T VAR O BRI 72 K RENR R A HEE T 2 1D O EH
fRMT 2 M A EE AR TV —2 a FLRE) & L. 3
FIEDE R & BEtd 5 &\ o 7GR 2 D 51224 7
S TlE, EEOMERRESEN H 2 R E IR SN/ H
YEE LW, 207, BHEWFE9, 100 L - THIF D
KRV Rt - HOER(L SRR R O S LB HE i S

TRl TE 5.

June 2019
N
EL.m
L
o\
5000 \\ Local area
10000
-25000 3 e
25000 ————__ |
E-w (m) S0000
Sediment [l Sedimentary rock Basement rock

Fig.5 Simplified geological model (0.0Ma)

Table 2 Hydraulic conductivity of hydrogeology

Hydraulic conductivity

Hydrogeology (ms)

Sediment 1.0x10®

Horizontal direction: 1.6x107
Vertical direction: 1.6x10°°
Horizontal direction: 2.8x10®
Vertical direction: 1.0x10”
Normal to fault: 1.0x10™*
Parallel to fault: 4.0x107

Sedimentary rock

Basement rock

Fault

TV D Ll IR 10 km U5 2 v — b Lk s L, %
DO v — B VA E L E T D )Mk E ) — 2 3 FVaEE & RRE
L7z (Fig.3) .
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Fig.6 Example of simulation results (0.0Ma)
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Table 3 Estimated result of recharge rate in each stage

Stage 0.0 Ma 0.14 Ma 0.45 Ma

Climate condition* IG G IG G IG G

Tem[lerature 136 56 146 56 146 56
©

Precipitation 1,759 935 1,710 935 1,710 935
(mm/y)

River discharge 1,198 637 1,009 610 918 566
(mm/y)

Evapotranspiration 443 229 470 229 470 229
(mmly)

Recharge rate 118 69 231 96 322 140
(mmly)

*|G: Interglacial period, G: Glacial period

Table 4 Simulation cases

Simulation Toboarah Climate  Recharge rate
case PograPy ¢ ondition (mmfy)
0.0Ma_IG Interg_lamal 118

— 0.0Ma period
0.0Ma_G Glacial 5

i period
0.14Ma_IG | nterg_lac ial 931

———— 0.14Ma period
0.14Ma_G Glacial %

: — period
0.45Ma_IG Interg_lac|a| 22

— 045Ma period
0.45Ma_G Glacial 40

: _ period
1.0Ma_IG Interg_lar:lal 32

—— 10Ma period
1.0Ma G Glaglal 0

_ period
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Fig.9 Paleo-geological model
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1.0 Ma (Interglacial period)

0.45 Ma (Interglacial period)

0.14 Ma (Interglacial period)

0.0 Ma (Glacial period)

(a) Total head distribution (Horizontal section: EL.-800m)

Total head (EL.m) N

,
S
PR S E P

1.0 Ma (Interglacial period)

0.45 Ma (Interglacial period)

0.14 Ma (Interglacial period)

0.0 Ma (Glacial period)

(b) Flow path through designated points (Horizontal projection)

Flow path (Recharge area ~ Designated point) /\/ Flow path (Designated point ~ Discharge area) / Fault |

Fig.10 Results of steady-state groundwater flow simulation and particle tracking analysis
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Fig.11 Spatial distribution of coefficient of variation
associated with groundwater residence time.
Vertical cross section corresponds to the dashed
A-B-C line in Fig.3. Topography distribution

shows the data of 0.0Ma model.
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and climatic perturbations

Estimation of topographic change

landscape evolution

Digitalization of paleo-topography at
characteristic stages based on geologic and

corresponding to glacial and
interglacial periods

Quantification of recharge rates
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* Paleo-topographical models

* Recharge rates

Groundwater flow modeling and analysis

Construction of Hydrogeological models
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v

Boundary condition of

simulations

3D steady-state groundwater flow

hydrogeological model

J

Particle tracking analysis
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» Groundwater flow conditions

(Groundwater travel time etc)

Evaluation of the long-term variability of
groundwater flow conditions from past to present

Input

Data analysis focused on
coefficient of variation

Output

* Spatial distribution of long-

Evaluation of the long-term variability of
groundwater flow conditions in the future

term variability of
groundwater flow conditions

Input:

conditions

Identification of a local area with a low
degree of variability in groundwater flow

Variability for forecast on the
future (Extrapolation)

Fig.12 Approach for evaluation of long-term variability of groundwater flow conditions in the future
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