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1. Background

The groundwater dating are one of the most promising methods to evaluate very slow groundwater flow. The residence time of groundwater is important for
radioactive waste disposal. On radioactive waste disposal time range over ten-thousands or more is important. As shown in Figure 1, there are many dating
methods. However, the applications of dating methods longer than ten-thousands or more are very limited, and the researches are still required. From this point
of veiw, 36Cl and “He dating will be useful tool. Therefore, it is imporant to conduct and validate these methods to in-situ investigation. In this study, %Cl and “He
dating were conducted in the Great Artesian Basin. This study entitled ‘Research and development on groundwater dating technique’ was done under

contracts awarded from METI (Ministry of Economy, Trade and Industry).
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The Great Artesian Basin is one of the largest basin in the world. It occupies about one-fifth of Australia. The basin has a relatively simple bowlike structure and multi-layer system. The multi-layer system
consit of quarzose and sandstone intervening confining layer of siltston, mudstone and shale. These layers outcrop at the edge of basin and tilte to south-west.
The advantage of Great Artesian Basin for very old groundwater daing are as follows, 1)Relatively simple groundwater flow because of simple geological structure, 2) Groundawter inflow and mixing are

restricted because of arid or semi-arid and artesian condition, 3) Residence time will be longer than millions year because of very long flow line, 4) No large tectonic influence during millions year, 5) There
are many boreholes and previous study because borewater is main water resource

4. Water sampling and analysis

From 2002 to 2003, 77 water sampling were collected from Cadona-owie Hooray aquifer, which is the top of artesian aquifer and mainly exposited. Temperature, pH, electric conductivity, Eh and dissolved
oxygen were measured in-situ. Major ions, stable isotopes of d'*C, dD and d'80, radioactive isotopes of 3H, *C and 36Cl, noble gases of*He, 3He/*He and Ne were measured using sampling water.

5. Result and discussion

Measured major ions were expressed by stiff diagram at borehole location. There is a trend that dissolved solute increase along flow path. The distribution of 3CI/Cl and “He was drawn by kriging.
The 3CI/Cl decreases with distance from recharge area due to radioactive decay. Especially, this trend is clear within hundreds kilo-meters from recharge area. The “He concentration increases with
distance from recharge area due to “He accumulation. “He concentrations are quit low in the center of basin due to pressure lowering and boilling because the aquifer is over thousands meter from surface.

6. Summary
We applied 3°Cl and “He dating to Great Artesian Basin.

- 3Cl age along the defined flow path are proportional to the distance of recharge area, therefore it was confirmed that 36Cl age reflect residence time of groundwater.
-4He concentration increases with distance near the recharge area. Moreover, there are close relationship with 36Cl age. It shows that “He also reflect residence time.
From these results, it was confirmed that 3¢Cl and “He dating are useful for very old groundwater.
However, for 4He dating, “He accumulation rate is site specific and depends on the geological conditions. Careful investigations are required to estimate the external flux.
“He concentration has large variation in the central basin because of degassing. Sampling method should be improved to eliminate degassing.
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1. Introduction

On preliminary investigation of high level radioactive waste disposal, surface-
based investigations (e.g. geological and borehole surveys) will be conducted.
The numerical simulation of groundwater flow is one of the most promising
methods to summarize the investigations. Moreover, numerical simulation is
useful to identify key components for future investigations.

Cooperative research between NUMO and CRIEPI were conducted to
borehole investigation up to 500 m in depth at west costal area in Miura
Peninsular (Fig.1 and Fig.2). The conceptual model of groundwater flow was
discussed using numerical simulations, which focus on total heads, salinity,
4He concentration.

2. Borehole investigations

At borehole location, the Hayama G. distributed under 210 m in depth and
the Miura G. overlaid the Hayama G. and distributed from ground level to 210
m in depth(Kondo et al., 2011).

As shown in Fig.3, Hydraulic conductivities of the Miura G. and the Hayama
G. are approximately 1X107 m/s and 1X10-° m/s, respectively.

Total head is almost constant and a few meters lower than the ground level
in the Miura G. and increase with depth in the Hayama G. It is not clear to
increase total head with depth whether density effect or discharge area.

Salinity is low upper 100 m in depth, and increase with depth and reach
seawater level under 300 m in depth. It didnot depend on geological formation.

“He concentrations are equivalent to atmospheric equilibrium upper 100 m
in depth, and increases with depth and reaches appr. 2X10 ccg;p/0yy
considering degassing under 300 m in depth, which is equivalent to 7 Ma
accumulation in the Hayama G.

Moreover, 1*C was detected significantly in the Miura G (40-60 pMC),
36CI/Cl is equivalent to modern seawater level in the Miura G. and in situ
equilibrium in Hayama G. From these results, groundwater is mobile in the
Miura G. and stagnant in the Hayama G. Fossil seawater could be remained in
Hayama G(Hasegawa et al. 2011).

3. Simulation on groundwater flow and solute transport

3. Kumamoto University, Kumatomo-shi, Japan.
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Fig.2 Geology and faults near borehole
location revised Geological Survey of
Japan(2003).

Salinity and “He were simulated because 1) density of salinity influences to the groundwater and 2) salinity and “He
provides important information of groundwater mobility. Modeling area was defined by considering local groundwater flow

and maximum regression.

The governing equations of groundwater flow are mass balance and Darcy low considering density dependent flow.

Steady and unsteady state simulations were performed including sensitive analyses for hydraulic conductivity. Boundary
conditions are shown in Fig.4. Unsteady state simulations considering sea level changes was assumed as follows, 1)
periods of sea level change is 120 ka, transgression and regression are 20 ka and 100 ka, respectively. 2) maximum sea
level changes is 140 m, which is maximum transgression +5 m and maximum regression -135 m from present sea level. 3)
global uplift is considered as 50 m/100 ka Three cycle of sea level changes was simulated. Initial conditions are assumed as
remained fossil seawater (7 Ma derived from “He dating) in both the Miura G. and the Hayama G.
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4. Simulation results o~ sea. A oriace
Steady state simulations could not reproduce total head Rain infiltration rate: Prescribed pressure Q>0 9C/8X=0
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values. Especially salinity increasing from middle part of the \ \

Sea level at present

Miura G. is difficult to reproduce by simulation.

Unsteady state simulation could reproduce the salinity as
mentioned above(Fig.6). This salinity distribution in the Miura
G. was caused by infiltration of salinity at transgression.
However, the simulated salinity is relatively low compared to 2009
measured value at the upper part of the Hayama G.
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Fig.4 Geological cross-section and boundary conditions.

Sensitive analyses were conducted to prevent washing out salinity at the upper part of the Hayama G. Salinity and “He
distribution could be reproduced by changing hydraulic permeability of fault to that of the Hayama G. Neglecting fault as
modeled by hydraulic barrier made groundwater flow from the Hayama G. to the Miura G active. Because fossil sea water
supplied from the Hayama G. to the Miura G. This upstream prevents washing out and keeps high salinity and “He
concentration. Hydraulic conductivity of fault is important to reproduce the measured values.
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5. Remarks Meteoric water

Mt. Ohkusu

The conceptual model is integrated as shown in Fig.7. Borehore

1) Sea level changes are very important to reproduce,

2) Measured hydraulic conductivities of the Miura G. and the
Hayama G. were validated by numerical simulations,

3) Hydraulic conductivity of fault is sensitive to simulation result,
and it is confirmed that fault did no act as hydraulic barrier,

4) Groundwater flow from Hayama G. to Miura G. at borehole
location is important to reproduce salinity and “He =
concentration.

This kind of simulation considering historical influence will be
important to predict groundwater flow in the future environment.
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1. Introduction

Several shafts are planned for the transport of waste packages and various instruments and to change
the air in a geological disposal facility for high-level radioactive wastes. In our safety assessment on the
geological disposal of high-level radioactive wastes, we suppose that the radionuclides leaking from the
engineered barrier system migrate through the natural barrier, that is, the rock matrix to the biosphere.
Therefore, it is vital to take measures so that the shafts will not become the critical path for migration of
radionuclides.

So far, we have supposed that the emplacement tunnels are C.L.

backfill so as to have hydraulic conductivity as low as the 50m

surrounding rock matrix. According to our preliminary design, 120m . : *x
) horizontal section

the total length of the emplacement tunnels will be over 200 for evaluation

kilometers in the vertical emplacement concept in depth of

about 500m. Therefore, the requirement of the material 100m

backfilling the emplacement tunnels will significantly influence ;
. Y om [ ]

the total cost for the construction of a geological disposal I

facility.

backfill

70m material

In this study, we tried to clarify the requirements for the
hydraulic conductivities of the backfill and plug materials in a shore

Japanese geological disposal system of high-level radioactive 50m EDZ 100m
wastes by groundwater flow and solute transport analyses. I
plug
2. Hydraulic requirements for backfill and plug materials in shaft |
2.1 Investigation method som ] rock mass
We suppose that the HLW disposal facility is to be built in the
center of an impervious geological formation 200 meters thick | release point
and hydraulic plugs are installed within 100 meters upward 10mz of solute
from the bottom of the shafts. 0 N

A two-dimensional axis-symmetric model with respect to the
centerline of a shaft was used for the numerical analysis. The ~ ,,

numerical model is shown in Figure 1. The size of the model

domain is 140 meters in the vertical direction and 50 meters in ~ Figure 1. Numerical model used
. . . . . in the analysis for shaft

the radial direction. The diameter of the shaft is 7 meters. The
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shaft is connected to the access tunnel at its bottom and the origin of the coordinate system is set at the
intersection of the centerlines of the access tunnel and the shaft. The diameter of the access tunnel is
6.5 meters. The concrete lining with a 0.25 meter thickness is built on the inside of the shaft and the
access tunnel in the sedimentary rock concept. On the other hand, there is no lining in the granitic rock
concept. The candidate positions for setting plugs are z = 10, 30, 50, 70 and 90 m as the center of the
plugs. The diameter and height of the plugs are from 9 to 15 meters and 5 meters, respectively. The
excavation-disturbed zone with a1 meter thickness was assumed to exist around the shaft and the
access tunnel according to experimental data published in literature (Frieg et al., 1996). No
excavation-disturbed zone around the plugs was assumed, because the rock mass around the plugs is
expected to be excavated very carefully by electric saws, etc. so as not to generate an
excavation-disturbed zone and a reduction of hydraulic conductivity by the skin effect is possible.

As the hydraulic boundary conditions, hydraulic heads at the upper and lower boundaries are 0 mH,O
and 2.338 mH, O, respectively, so that the overall upward hydraulic gradient is equal to 0.0167 that was
obtained in other groundwater flow analysis for a specific site. The left-hand boundary, that is, the
centerline of the shaft, and the right-hand boundary are impermeable.

We assume that non-sorbing solute continues to be injected at a constant rate. The injection point is
within the lining (3.25 m < x < 3.5 m) of the shaft at z=0 meter in the sedimentary rock case. On the
other hand, the injection point is within the excavation-disturbed zone (3.5 m < x < 4.5 m) of the shaft at
z=0 meter in the granitic rock case. As the boundary conditions for solute transport analysis, no flux of
solute is assumed to cross the centerline of the shaft. And, the Neumann boundary condition is given to
the other boundaries.

The input values of hydraulic parameters used for the basic case in the numerical analysis for the shaft
are shown in Table 1. The hydraulic conductivity of the sound rock mass is assumed to be 1x10® m/sec
in both sedimentary rock and granitic rock, while the porosity of the sedimentary rock is 20 times as
large as the granitic rock. The hydraulic conductivity of the excavation-disturbed zone is assumed to be
10 times larger than that of the sound rock mass in sedimentary rock, while the hydraulic conductivity of
the zone is assumed to be 100 times larger than that of the sound rock mass in granitic rock. The
porosity of the excavation-disturbed zone is the same as that of the sound rock mass in both types of
rock. The hydraulic conductivity of the backfill material is the same as that of the sound rock. The
hydraulic conductivity of the lining is assumed to be 1x10°® m/sec in consideration of the deterioration of
the concrete. Longitudinal and transverse dispersivities are 10 and 1 meters, respectively, in all the
materials. In this study, we did not take the dispersion of the solute into consideration.

Under the above-mentioned numerical conditions, a solute transport analysis was performed. The
evaluation point is a horizontal plane at z = 100 meters and the breakthrough curve of the solute flux
through the plane in the cases for various specifications of plugs and backfill material was compared to
the breakthrough curve in the case where there is no shaft but only the rock mass in the model region.

2.2 Calculated results TABLE 1. Input Parameters used for Basic Case in the
Analysis for Shaft

Figure 2 shows the calculated Fydraulic
breakthrough curves at z = 100 Material Conductivity | Porosity
meters for the various numbers of (m/sec) @)
hydraulic plugs in the sedimentary | Sedimentary Rock SOUE%SOCI( 153 8;
rock concept. In all the cases except — Sound Rock 1E:8 O.bl
those without a shaft and/or plugs, the Granitic Rock ED7 1EG 001
diameter of the plugs is 13 meters. In Backfill Material 1E-8 0.4
the figure, the breakthrough curves Shore 1E-6 0.2
are normalized to the flux of solute Plug 1E-11 0.35
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injected at z=0 m. The more the number of plugs increases, the slower the solute migrates to the
evaluation point. Installing five plugs makes the migration time almost equal to the case without a shaft.

Figure 3 shows the calculated breakthrough curves for the various diameters of plugs in the
sedimentary rock concept. In all the cases except those without a shaft, five plugs are installed in the
shaft. The figure shows that five plugs with a diameter of more than 13 meters are required.

Figure 4 shows the calculated breakthrough curves for the various hydraulic conductivities of the plugs
in the sedimentary rock concept. In all the cases except that without a shaft, five plugs with a diameter
of 13 meters are installed in the shaft. The figure shows that a hydraulic conductivity one-order lower
than the sound rock is required for the plugs.

Figure 5 shows the calculated breakthrough curves for the different hydraulic conductivities of the
backfill material in the sedimentary rock concept. The hydraulic conductivity of the backfill material has
almost no influence on the migration time if five plugs with a diameter of 13 meters are installed in the
shaft.

10; 10
14 z 14
O 3 X
35 0.14 S 0.4
5 S
qN) 0.014 no shaft c__s 0.014
-c_g B no plug e haf
g ] + 1plug 5 . no shaft
s 1E—3-§r A 2plugs Z 1E-37 gy + fom
z 3 A Vv 3 plugs F A fl1im
1E'4'§ ;ﬂ' e J — 4 plugs 1E-4 5 1:;‘4 ° fism
1 F Iy ) © 5 plugs hy v fism
1E-5+—& 4 = T | 1E-5 4 X
100 1000 10000 100 1000 10000
Elapsed time (year) Elapsed time (year)
Fig. 2. Calculated breakthrough curves for Fig. 3. Calculated breakthrough curves for
various numbers of plugs in sedimentary rock various diameters of plugs in sedimentary rock
concept. concept.
lOE lOE
1; =z 1;
— E < E
=X ] =] ]
x  0.1x = 0.14
3 3 B E
"_5 1 N ]
0.01 © 0.014
IS, £
© . no shaft ) ]
é lE'?’E m kp=le-8 m/s z lE'?’E
2 ] + kp=1le-9 m/s 3 no shaft
1E-4+4 0 kp=1le-10 m/s 1E-4 3 O kb=le-8 m/s
] A kp=le-13 m/s ] © kb=le-5m/s
1E-5 — 1E-5 ——— ——
100 1000 10000 100 1000 10000
Elapsed time (year) Elapsed time (year)
Fig. 4. Calculated breakthrough curves for Fig. 5. Calculated breakthrough curves for
various hydraulic conductivities of plugs in different hydraulic conductivities of backfill

sedimentary rock concept. materials in sedimentary rock concept.



Tanaka

Section 7, Oral Presentation
Clarification of requirements for hydraulic conductivities of backfill and plug materials in HLW disposal

systems
Figure 6 shows the calculated breakthrough 10
curves for the various numbers of plugs with a 1]
diameter of 13 meters in the granitic rock = .
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in the excavation-disturbed zone. On the other
hand, in the case where the hydraulic
conductivity of the backfill material is 1x107
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Fig. 6. Calculated breakthrough curves for various
numbers of plugs in granitic rock concept.

m/sec, the average pore velocity in the backfill material is relatively high and the solute migrates not
only in the excavation-disturbed zone but also in the backfill material. So, if three plugs with a diameter
of 13 meters are installed in the shaft, the travel time of the solute to the evaluation point in the case
where the hydraulic conductivity of the backfill material is 1x10™ m/sec is longer than that in the case
where the hydraulic conductivity of the backfill material is 1x10°® m/sec.

The requirements for the hydraulic plugs in the _TABLE 2. Hydraulic requirements for plugs in shaft
shafts obtained in this study are summarized Specification Sedimentary rock | Granitic rock
in Table 2. We think that the difference Dﬁmeéfr (m) 153 153
between the calculated results in the eight (m)

} o Number of plugs 5 3
sedimentary and granitic rock concepts was Hydraulic 1E9 1E8
caused by the difference between the | conductivity (m/s)

porosities of both rocks. Namely, the mean

pore velocity in granitic rock is 20 times faster than that in sedimentary rock, because the porosity of
granitic rock is one twentieth of that of sedimentary rock. If the hydraulic plugs satisfying the
requirements shown in the table are installed in the shafts, there is no special hydraulic requirement for
the backfill material.

3. Hydraulic requirements for backfill material in the emplacement tunnel

3.1 Investigation method

We examined the requirements for the hydraulic conductivity of the backfill material in the emplacement
tunnel for the wertical emplacement concept in the sedimentary rock formation. The parametric analysis
where the hydraulic conductivity of the backfill material and the direction of the trend flow are selected
as parameters is performed on the basis of a groundwater flow simulation with a three-dimensional
model.

The model domain is a cube with a side length of 300 meters. An emplacement tunnel and two access
tunnels are assumed to be situated in the central part of the domain. Figure 7 shows the expanded
vertical section of the numerical model passing the axis of the emplacement tunnel. The diameter and
length of the emplacement tunnel are 5.56 meters and about 94 meters, respectively. The diameter and
length of the access tunnels are 6 meters and 100 meters, respectively. The emplacement tunnel
perpendicularly intersects the access tunnels. There are 17 pits for emplacement under the
emplacement tunnel. Figure 8 shows the expanded vertical section of the numerical model
perpendicular to the axis of the emplacement tunnel. A buffer material is packed around the waste
packages in the pits. A concrete lining of 0.15 meter in thickness is built on the inside of the
emplacement tunnel.
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The velocity around the pit in the center of the emplacement tunnel was used as an index for evaluation.
Five evaluation points were arranged around the pit. Namely, evaluation point A was arranged at the
center of the emplacement tunnel and evaluation points B, C, D and E were arranged around the buffer
material (see Figure 8).

Table 3 shows the numerical conditions used in each simulation case. Case C1 is a basic case. The
hydraulic conductivity of the sound rock is 1x10° m/s in all the simulation cases. The
excavation-disturbed zones were developed by the excavation of the emplacement tunnel and the
access tunnel and not developed by the excavation of the pits following the excavation of the tunnels.
The thickness of the excavation-disturbed zones is assumed to be equal to the diameters of the tunnels
on the basis of the numerical condition used in our performance assessment of the engineered barrier
system. And, the hydraulic conductivity of the excavation-disturbed zones within 0.5 meter of the tunnel
wall is assumed to be 1x10° m/s, while the hydraulic conductivity of the other region of the excavation-
disturbed zones is 1x10” m/s. Three directions of the trend groundwater flow were selected, namely,
the parallel and perpendicular directions to the emplacement tunnel and the direction diagonally
upward at 45 deg. to the emplacement tunnel. The hydraulic heads at the surrounding boundaries were
prescribed so that the average hydraulic gradient became 0.01 along the direction of the trend
groundwater flow.

3.2 Calculated results

The calculated results are also shown in Table 3. When the direction of the trend flow is perpendicular
to the emplacement tunnel, the average velocity around the buffer material in case C2 is 0.9 time that in
case C1, although the velocity at the center of the emplacement tunnel in case C2 is 26 times that in
case Cl. When the direction of the trend flow is parallel to the emplacement tunnel, the average
velocity around the buffer material in case C4 is 2.4 times that in case C3, although the velocity at the
center of the emplacement tunnel in case C4 is 26 times that in case C3. When the direction of the
trend flow is diagonal to the emplacement tunnel, the influence of the hydraulic conductivity of the
backfill material on the velocities at the evaluation points is almost the same as when the direction of
trend flow is parallel to the emplacement tunnel. Anyway, the hydraulic conductivity of the backfill
material affects the velocity at the center of the emplacement tunnel significantly but does not affect the
velocity around the buffer material very much regardless of the direction of the trend flow.

According to the results of our performance assessment of the engineered barrier system, the leakage
of radionuclides from the pits for emplacement is influenced more significantly by the velocity around
the pit than by the velocity in the emplacement tunnel. As mentioned above, the hydraulic conductivity
of the backfill material of the emplacement tunnel does not greatly affect the groundwater flow around
the pits for emplacement. Accordingly, we have concluded that the requirement for the hydraulic
conductivity of the backfill material in the emplacement tunnel is not so strict.

4. Conclusions

We could obtain the hydraulic requirements for the backfill and plug materials in the HLW disposal
system. However, the requirements are premised on assumed numerical conditions. So, it is very
important to collect the data for the hydraulic characteristics of the excavation-disturbed zone, etc. and
improve the accuracy of the analysis from now on. Also construction feasibility should be assessed.
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TABLE 3. Numerical conditions and calculated results in the analysis for hydraulic requirements
for backfill material in emplacement tunnel

Numerical condition Calculated results
Case | Hydraulic conductivity _ Velocity at eyaluation points (m/sec)
of backfill material Flow direction Point A at Point B, C, D and E around
(m/sec) emplacement | buffer material

tunnel Maximum Average
C1l 1E-8 perpendicular 1.11E-11 2.17E-10 1.10E-10
C2 1E-6 perpendicular 2.85E-10 1.74E-10 9.56E-11
C3 1E-8 parallel 8.04E-11 1.30E-9 6.63E-10
C4 1E-6 parallel 6.84E-9 4 50E-9 1.60E-9
C5 1E-8 diagonal 5.72E-11 9.27E-10 4.88E-10
C6 1E-6 diagonal 4.84E-9 3.35E-9 1.23E-9




J.3: Slides — Clarification of Requirements for Hydraulic
Conductives of Backfill and Plug Materials in HLW

Disposal Systems

























































