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Stepwise Hydrogeological Modeling and Groundwater Flow Analysis
on Site Scale (The Former Part of the Step 3)

Hironori Onoe , Hiromitsu Saegusa  Yoshinobu Endo

Abstract

One of the main goals of the Mizunami Underground Research Laboratory Project is
to establish comprehensive techniques for investigation, analysis, and assessment
of the deep geological environment. To achieve this goal, a variety of investigations
are being conducted using an iterative approach.

In this study, hydrogeological modeling and groundwater flow analyses have been
carried out using the data from surface-based investigations at the former part of
the Step 3 (deep borehole investigations without vertical seismic profiling
investigations), in order to synthesize the investigation results, to evaluate the
uncertainty of the hydrogeological model, and to specify items for further
investigation.

The results of this study are summarized as follows :
1) The uncertainty of hydrogeological model of the site scale is decreased as
stepwise research;
2) Borehole investigations combined with hydraulic monitoring are useful for
decreasing the uncertainty of hydrogeological model;

The main items specified for further investigations are summarized as follows :
1) Trend, length, and hydraulic parameters of faults confirmed in the MIU
construction site;
2) Shape of boundary of geological layer, and hydraulic parameters of rock;
3) Hydraulic head distribution of deep underground.

Tono Geoscience Center, Mizunami Underground Research Laboratory, Underground Research
Group

NESI Inc.
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24
2 )
(m) (m) EL. m (m) (m) EL. m
MSB3 PRB3 | _ 6706.3 | -69320.0 119.9 6kPa MSB-2
MSB3 PRB4 |  6704.1 | -69320.6 1131 6kPa
MSB2_PRB6|  6720.0 | -69418.2 727 | MSB3 PRB5 | 6689.6 | -69324.6 69.1 2kPa
MSB3 PRB6 | 66795 | -69327.4 374 1kPa 2004 2 24 29
MSB3 PRB7 | 66772 | -69328.0 30.1 1kPa 8 /
MSB3 PRB3 | 6706.3 | -69320.0 119.9 1kPa 2L/min
MSB3 PRB4 |  6704.1 | -69320.6 1131 1kPa
MSB2_PRB7|  6720.0 | -69418.2 56.0 | MSB3 PRB5 |  6689.6 | -69324.6 69.1 2kPa
MSB3 PRB6 | 66795 | -69327.4 374 2kPa
MSB3 PRB7 | 66772 | -69328.0 30.1 1kPa
MSB3 PRB3 | 6706.3 | -69320.0 119.9 1kPa
MSB3 PRB4 |  6704.1 | -69320.6 113.1 1kPa
MSB2_PRB8|  6720.0 | -69418.2 36.0 [ MSB3 PRB5 |  6689.6 | -69324.6 69.1 2kPa
MSB3 PRB6 | 66795 | -69327.4 374 2kPa
MSB3 PRB7 | 6677.2 | -69328.0 30.1 1kPa
MSB3 PRB3 | 6706.3 | -69320.0 119.9 1kPa
MSB3 PRB4 |  6704.1 | -69320.6 1131 1kPa
MSB2_PRB9|  6720.0 | -69418.2 253 | MSB3 PRB5 | 6689.6 | -69324.6 69.1 2kPa
MSB3 PRB6 | 66795 | -69327.4 374 2kPa
MSB3 PRB7 | 66772 | -69328.0 30.1 1kPa
MSB-4
2003 10 17 24
MSB4_PRB4| 67416 | -691233 1445 | MSB1.PRB2 |  6650.0 | -69207.6 1326 | 25 5.5kPa 8 /o
12 22L/min
5m3
DH-15
2003 10 1 8
DH15-01 71886 | -69570.4 1223 | MSB3PRB2 | 67109 | -69318.7 13338 3kPa 6L/min 70
23m3
MIZ-1
2003 4 8
MIZ1.116 67750 | -69216.3 90.7 | MSB3.PRB2 |  6710.9 | -69318.7 1338 25kPa MIZ-1
GL%0m- GL-55m
MIZ-1
MSB1PRB3 [ 66500 | -69207.6 1173 10kPa
MSB1PRB4 | 66500 | -69207.6 725 3kPa 2003 5 7 16
MIZ1.60 67750 | —6921655 1466 | MSBLPRBS5 | 66500 | -69207.6 56.8 3kPa
MIZ-1
MSB3PRB2 [ 67109 | -69318.7 1338 25kPa
2003 5 7 16
MIZ-1
MSB1PRB3 | 66500 | -69207.6 1173 2kPa
MIZ1.220 6775.6 | -69215.7 -138 | MSB1_PRB4 |  6650.0 | -69207.6 725 2kPa 2003 7 7 10
20L/min
MSB1_PRB5 | 66500 | -69207.6 56.8 2kPa
MIZ-1
MSB1PRB3 [ 66500 | -69207.6 1173 2kPa
2003 11 9 12 20
MIZ1_ 468 67589 | -692216 | -261.4 [ MSB1_PRB4 6650.0 | -69207.6 725 2kPa 70 123L/m
MSB1_PRB5 |  6650.0 [ -69207.6 56.8 2kPa
MIZ-1
MSB1PRB3 [ 66500 | -69207.6 1173 2kPa
2004 3 9
MIZ1_430 6766.8 | -692185 | -2239 | MSB1.PRB4 |  6650.0 | -69207.6 725 2kPa 99L/m
MSB1PRB5 [ 66500 | -69207.6 56.8 2kPa
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Base NNW_high NW _high NE_high
c | p C P c [ P c [ p
~110 ~110 ~11.0 ~11.0
IF_SB2a_10 -110 | -53 -53 -110 | 53 | -110 [ -53
y |F-SB2a12 47 -47 -47 -47
IF_SB2a 05 -110 | 51 | -10 | 51 | -0 | -s1 | -110 | 52
IF_SB0_01 5.1 5.1 5.1 5.1
wy  |F-SB2a13 110 | -80 | -110 | -80 -80 -110 | -80
L215 110 | -80 | -110 | -80 -80 -110 | -80
IFLBO(L116169) | -110 | 52 [ -110 | 52 | -120 | 52 | -10 | -52
NE  |L209 110 | -39 | -0 | -39 | -110 | -39 -39
L216 110 | -39 | -0 | -39 | -110 | -39 -39
IF_SB2a 07 5.1 5.1 5.1 5.1
EW  |IF.SB2a 08 50 5.0 50 5.0
IF_SB1 09 -42 -42 -42 -42
B.C. Base NNW_high NW_high NE_high
NNW_NW high NNW_NE high NW_NE high All high
C P C P c | P C p
~110 ~110 ~11.0 ~11.0
IF_SB2a 10 53 53 -110 | -53 53
y |F-SB2a12 -4 -47 -47 -47
IF_SB2a 05 120 | 51 | -110 | 51 | -0 | 51 | -110 [ m2
IF_SB0.01 5.1 5.1 5.1 5.1
w  |F-SB2a13 -80 110 | -80 -80 -80
L215 -80 110 | -80 -80 -80
IFLBO(L116169) | -110 | -52 [ -110 | -52 | -110 [ -52 | -120 | -52
NE  [L209 110 | -39 -39 -39 -39
L216 110 | -39 -39 -39 -39
IF_SB2a 07 5.1 5.1 5.1 5.1
EW  |IF.SB2a08 -50 -50 50 50
IF SB1 09 -42 -42 -42 -42
BC. NNW_NW high NNW_NE high NW_NE high all_high
1c P
2 BC.
3
4
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3 5,7,28,29)

E.L(m)
EL.(m) EL(m) base NNW_high NW_high NE_high | NNW NW_ high | NNW.NE high | NW_NE_high All high
1833 198.5 1889 188.8 188.9 188.9 1888 188.8 1889 188.8
1326 1546 1882 187.4 188.2 1885 1872 187. 1884 187.3
MSB-1 1173 152.6 188.0 187.2 188.0 188.4] 1869 187.4] 188.3 187.1
725 152.3 189.2 187.1 189.1 190.1 186.6 187.5] 1899 187.1
56.8 152.2 190.2 187.4] 190.1 191.2 1869 188.1 1910 187.5]
187.1 196.0 186.6 186.6 186.6 186.4] 186.6 186.4] 186.5 186.5|
1338 169.9 1879 1876 1879 188.3 1876 188.1] 1882 188.0
1199 156.1 188.1 187.7 188.1 188.8 187.7 188.4] 188.7 188.4]
MSB-3 1131 156.1 188.1 1876 1881 188.9 1876 1885 1888 1884
69.1 157.1 187.1 185.5 187.1 187.9 1853 186.0} 1877 185.8]
374 157.8 187.2 185.4] 187.2 188.2 1851 186.0| 1880 185.6
30.1 158.2 187.1 185.7 187.0 188.1 1854 186.4] 1879 186.0}
-74 157.1 1832 182.0 182.1 184.3] 1814 182.7 1827 181.9
-659 157.0 1831 1823 1823 184.2 1818 183.2 1829 1824
-107.3 157.1 183.0 182.8 183.0 184.2 1829 183.8] 1839 183.7
DH-2 1332 157.1] 1830 182 1827 184.4 1824 1836 1836 1832
-1859 157.1 183.0 183.0 1833 184.3] 1833 184.0] 1842 184.1
2381 157.1] 1839 1838 184.2 186.0 1839 185.0 1859 1849
-2816 157.4] 1845 184.6 1834 185.3] 184.1 185.7 184.0 184.8]
285 276 284 294 274 283 201 279
145.475 211.4] 1839 1839 1839 184.7 1839 184.6| 1846 184.6
122.275 169.9 1837 183.7 184.0 185.0} 1839 185.0} 185.0 184.9
95.025 149.5 1835 1835 184.1 185.7 1839 185.5] 1858 185.6
2896 152.9 1843 1843 1854 187.2 1851 187.0 1874 187.1
-2355 153.1 1843 184.3 186.0 188.6} 185.7 188.2 1889 188.5|
-80.025 151.8 1843 1843 186.1 1887, 1857 188.3 1891 1887,
DH-15 -152.36 151.8 1843 184.3 186.2 188.9 1859 188.5 1894 188.9
-238.61 1518 1842 1842 186.3 189.4 1860 188.9 1899 189.4
-339.61 151.7 1842 184.2 186.4 189.9 186.1 189.3 1906 189.9
-439.6075 1519 1845 184.5 187.1 191.8] 186.8 191.0| 1926 191.8
-539.775 152.0 1844 184.4 1873 1926 1869 1917, 1935 1926
-639.775 151.9 1843 184.3 1874 193.8] 187.0 192.6} 1947 193.6
-739.775 152.4 1840 1839 186.8 196.8 1864 194.9 1971 195.6
91.89 152.5 191.0 190.3 191.1 192.4] 1903 191.8] 1923 191.7
-13.77 1525 1911 190.0 1912 1932 1900 192.2 1931 192.2
-59.24 152.7 1909 189.7 1909 192.9 1896 191.8] 1927 191.6
-118.46 152.6 1908 1895 190.7 1928 1893 1916 1926 1914
-188.36 152.6 190.7 189.4] 1905 192.5] 189.1 191.3 1922 191.0}
-257.02 152.6 1918 190.2 1916 193.9 1898 192.2 1935 191.8]
MIZ-1 -316.67 1357 1918 1902 1916 194.2 1895 1921 1937 1914
-377.45 152.6 1934 191.1 193.1 196.0| 1902 193.0} 1955 192.2
-47332 148.1] 1956 1922 1950 198.2 1909 1939 1976 1927
-702.47 133.3 1955 195.2 191.1 196.0} 1919 197.1 1913 193.5]
-7482 171.4] 1835 183.6 191.7 183.1 1924 185.2 1918 194.1
-890.18 160.3 1836 183.7 1916 183.1 1921 185.3 1916 193.7
-1025.13 125.9 1839 183.9 1923 183.2 1927 185.7 1922 194.2
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8 2 3
E.L.(m)
E.L.(m) E.L(m) Step2 Step3
(All_aniso) (NNW_NW _high)
1833 198.5 2104 188.8
132.6 154.6 190.2 187.2
MSB-1 117.3 152.6 187.1 186.9
725 1523 174.8 186.6
56.8 152.2 172.9 186.9
187.1 196.0 199.8 186.6
1338 169.9 1984 187.6
119.9 156.1 198.2 187.7
MSB-3 1131 156.1 189.2 187.6
69.1 157.1 174.5 1853
374 157.8 1733 185.1
30.1 158.2 1733 1854
=74 157.1 188.8 1814
-65.9 157.0 188.8 181.8
-1073 157.1 1745 182.9
DH-2 -133.2 157.1 202.5 1824
-1859 1571 1758 183.3
-238.1 157.1 176.3 183.9
-2816 157.4 177.9 184.1
26.7 274
Step2 All_aniso Step3 NNW_NW_high
300 300 100
m Step2
250 250 | (All_aniso)
0 ¢ AN A Step3 .
(NNW_NW_high)
200 200 ¢ Am
Aeonm 24
-100 ¢ ma
E g E * A n
=~ 150 | 150 |
) ) : =. 200 ¢ maA
100 100 ¢ m
.. ¢ M A 200 ¢ HA
50 50 F
sal
0 0 -400
100 150 200 250 100 150 200 250 100 150 200 250
(m) (m) (m)
MSB-1 MSB-3 DH-2
25 2 3
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~LSFD-EW-LSFD 5972 NE_high -LSFD-EW-LSFD 5416
Base -LSFD-EW-LSFD-EW-LSFD 1591 2 |-LsFD-EwW 3871
4 |-LSFD-EW 1060 9,287
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9,398 ~LSFD-EW-LSFD 2491
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Base particle _track base.faout
NNW_high particle_track NNW_high.faout
NW_high particle track NW_high.faout
NE_high particle track NE high.faout
NNW_NW_high particle_track NNW_NW high.faout
NNW_NE high particle track NNW NE high.faout
NW_NE_high particle_track NW_NE_high.faout
All_high particle_track All high.faout
t The total travel time s -
X The coordinates (E-W) m
y The coordinates (N-S) m Tokyo_Datum
z The coordinates E._L.m -
ts The time for the step s =len/vel
dist The total path-length so far m -
len The length of the step m thaF !ead to the given
position
vel Pore-velocity for the step m/s =flow/area
Dvel Darcy velocity for the step m/s -
flow The volumetric flow rate for the step m3/s -
area The cross-sectional area for the step m2 -
material | The material at location as a name
hcond The hydraulic conductivity for the step m/s harmonic average
por The porosity for the step - average
ap The aperture for the step m 0 if porous, average
Cumulative F-ratio. This 1is the time-integrated
specific-surface-area(per unit volume of
pore-water). Thus, for each step the cumulative
cumF F-ratio is increased by the travel-time divided by -
half the aperture. For porous legs there is no
specific surface surface and so the cumulative
F-coefficient is not changed.
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