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Faulted mudstones have low effective hydraulic conductivity if the faults have limited hydraulic
connectivity. Therefore, the hydraulic connectivity of faults is a crucial consideration in the geological
disposal of high-level radioactive waste. There is a simple method based on single-borehole investi-
gations to classify domains of faults in mudstone as having either high or low hydraulic connectivity.
However, the nature of the hydraulic connectivity’s transition with depth around the boundary
between domains of faults with high and low hydraulic connectivity remains poorly understood. At the
Horonobe Underground Research Laboratory (Japan), three shafts have been excavated in a Neogene
siliceous mudstone, and hydraulic pressure has been monitored at boreholes during the laboratory’s
construction and operation. This study analyzed long-term hydraulic pressure data to estimate the
variation of effective hydraulic conductivity and explore the nature of the variation of fault hydraulic
connectivity with depth around the predicted boundary (at ~400 m depth) between domains of faults
with high and low hydraulic connectivity (with less connectivity below the boundary). As the observed
hydraulic pressure was greatly affected by the Mandel-Cryer effect, numerical simulations considered
poroelastic effects. They showed that the effective hydraulic conductivity gradually decreased from
~400 to ~500 m depth, becoming comparable with that of intact rock below ~500 m. Theoretical
analysis of the observed data also indicated the same variation with depth. These results suggest that
the hydraulic connectivity of faults does not change abruptly, but instead varies gradually over several
tens of meters around the domain boundary.

© 2022 Elsevier Ltd. All rights reserved.
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Excavation history and study period
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HDB-3

Monitoring section
(Below ground level, m)

No. Geology
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P B-VO 1 Monitoring section

No.
° (Below ground level, m)

Monitoring section
(Below ground level, m)

No. Geology Geological feature

4 291.00-301.00 Wkkanai Fm.

Geology Geological feature

Fault

6 364.00-374.00 Wkkanai Fm. Fault
n 7 389.00-394.00 Wkkanai Fm. Fault
8 443.50-450.50 Wkkanai Fm. Fault
9 509.00-514.00 Wkkanai Fm. No Fault
9 461.01-478.47 Wkkanai Fm. Fault 10 562.50-567.50 Wkkanai Fm. Faul:c
10 479.97-520.00 Wkkanai Fm. Fault 11 587.50-592.50 Wkkanai Fm. No Fault
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Hydraullc response in HDB-6
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Hydraulic response in PB-VO1
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MABRENT  Numerical simulation
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G [GPa] | K[GPa] o B $ k [m/s] S, [1/m]

Koetoi Formation 0.24 0.55 1.0 0.87 60 5.0x107 1.4x1075
Shallow domain 1.95 1.62 0.93 0.79 40 2.0x1078 3.5x10°
Deep domain 1 1.95 1.62 0.93 0.79 40 1.0x10™11 3.5x1076
Deep domain 1.5 1.95 1.62 0.93 0.79 40 1.0x101 3.5x1076
Deep domain 2 1.95 1.62 0.93 0.79 40 1.0x107 1 3.5x10°6
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Comparison of measured data and simulated results

Simulated and measured head in HDB-6
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Comparison of measured data and simulated results

Ventilation shaft

N\F,’VB-\/01 — - ﬁg _ .
0 - cd Simulated and measured head at section 8
Pumping 23 1.0
- (70 m¥d) gE
w0
(o] i
/ Koetoi Formation| -Lg § E 05
200 28 =
322.5m (Sec. 6) B T o T 0 T == S —
250 [CEINREEAE—— m ,__e.c ........... A x_‘g 8 0.0
—295m (Sec. 4) 2 K =
R L l;365m(3ec. 6) 5o £ -0.5
< O
T e domain . Ty | £ 2101 o+ oncorve a““h‘h\qb
""""""""""" SEPRSTY I wE © serve
Deep domain 1.5, T o R . .
""""""""""""""" AN R e e e S B e me e = ] > R—
Deep domain 2 E 8 O -15 S!mUIat!On ' .
o b So5:m (56, 10) = --- Simulation (Without poroelastic effect)
-9 =0
485 m (Sec. 10) 585 m (Sec. 11) -20 . . : : .
00 — 00 02 04 06 08 10

Time [y]

o KENFEREHFHZZRELGWGAE, KEICEENE oL
« KENFEREHEEZERLIHE. KA LE

P

EEASOMTT CIEEARETIILTERE L-EKEL Y H 5 WATEEE

17



FENTHG R & ELAB D ELER

Comparison of measured data and simulated results
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NW HDB-6 SE 2 . .
0 f f c2 Simulated and measured head at section 9
Pumping 23 1.0
70 m¥/d g
100 e Eq _ ® Observed =
Koetoi Formation !'g § e 084 — Simulation . of 'Q °
2 et . 3 [ 4 4 @
200 e o --- Simulation = h“-*; %
322.5m (Sec. 6) . 4 ° %o
250 L7 e o X2 S 0.6{ (Withoutporoelastic effect) ..')3 o% ? i
E300 295 m (Sec. 4) 2 -E o, &
7= Shallow domain I~ =
% Shallow domair 365 m (Sec. 6) %g S
3 400 [ —— g STl g% (o))
Deep domain 1 5% c
450 [ B e Eeod e RS R 22 @
500 oo DesntomaintS) T 5
Deep domain 2 plomitsac ) E 3
565 m (Sec. 10) %8
600 465 m (Sec. 9) S5
485m (Sec. 10) 585 m (Sec. 11) | . - - ’
700 0.0 0.2 0.4 0.6 0.8 1.0
Time [y]
Simulated and measured head at section 10 Simulated and measured head at section 11
1.0 1.0
® Observed ® Observed
) --- Simulation (Without poroelastic effect) - --- Simulation (Without poroelastic effect)
8 0.6 o
o =
£ £
(0] (0]
()] ()]
C =
© ©
ey A oy
O O

18



HDB-61C

Change in head [m]
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Comparison of results in PV-BO1
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Confirmation of data in HDB-6
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Effect of mechanical properties on hydraulic response
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5 A — 2

nXA: Parameter Setting
RIEE SR D R
Koetoi Fm. Wakkanai Fm.
G [GPa] K [GPa] y G [GPa] K [GPa] y
Reference model 0.24 0.55 0.31 1.95 1.62 0.07
Low K in Wk 0.24 0.55 0.31 1.95 1.35 0.01
High K in Kt 0.24 1.62 0.07 1.95 1.62 0.01
14 22 D % R AT
Koetoi Fm. Wakkanai Fm.
G [GPa] K [GPa] y G [GPa] K [GPa] y
Reference model 0.24 0.55 0.31 1.95 1.62 0.07
Low K in Wk 0.24 0.55 0.31 0.24 1.62 0.43
High K in Kt 0.80 0.55 0.01 1.95 1.62 0.07




