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Abstract

For the confirmation of safety for the geological disposal of radioactive wastes, it is very
important to demonstrate the groundwater flow by in-situ investigation in the deep underground. We
have developed a groundwater flow meter to measure simultaneously the velocity and direction of
groundwater flow by means of detecting the electric potential difference between the groundwater to
evaluate and the distilled water as a tracer in a single well. In this paper, we describe the outline of
the groundwater flow meter system developed by CRIEPI and Taisei-Kiso-Sekkei Co. Ltd. and the
evaluation methodology for observed data by using it in fractured rocks. Furthermore, applied results
to in-situ tests at the Tounou mine of Japan Nuclear Fuel Cycle Development Institute (JNC) and the
Aspo Hard Rock Laboratory(HRL) of Swedish Nuclear Fuel and Waste Management Co.(SKB) are
described. Both sites are different type of fractured rock formations of granite. From these results, it
was made clear that this flow meter system can be practically used to measure the groundwater flow
direction and velocity as low as order of 1x10" ~ 10" cm/sec.

1. INTRODUCTION

In Japan, the shallow land disposal of low-level radioactive wastes (LLW) generated
from nuclear power plans was already started in 1992 at Rokkasho village, Aomori prefecture.
On the other hand, the geological disposal of high-level radioactive wastes (HLW) generated
from reprocessing plants is expected to started by middle of 2030's to middle of 2040's at
latest. For the confirmation or demonstration of safety on the LLW/HLW disposal, it
becomes more important to evaluate the groundwater flow in the disposal site. Especially, it
is a key issues on the groundwater scenario for safety assessment to evaluate precisely the
local groundwater flow behavior (velocity and direction) through pathways as in opened
fracture of rocks. We have developed the groundwater flow meter system to measure
simultaneously and precisely the velocity and direction of groundwater flow by means of
detecting the electric potential difference between the groundwater and the distilled water as

Applied results obtained within each frameworks of the joint research project between CRIEPI and
PNC (at present JNC, Japan) and the international Aspo HRL project (SKB, Sweden) are included.



a tracer in a single well. This equipment has been developed in a framework of the
co-operative research between Central Research Institute of Electric Power Industry
(CRIEPI) and Taisei Kiso-Sekkei Co. Ltd. [1].

This flow meter system has been modified to detect more precisely the groundwater
flow in a deep well. Then, we have developed the analysis method to identify the flow
characteristics with low velocity and direction of groundwater flow based on the
advection-dispersion model by which we can specify the flow component from the advection-
dispersion behavior of tracer [2] [3] [4]. The fundamental principles of this flow meter system
and the applicability of data analysis method on this flow meter are confirmed by laboratory
tests [2][3] [4].

Especially, in this report, we introduce as an example the results applied to the
Tounou mine of JNC (Japan) [4] and the Aspo HRL of SKB (Sweden) [5] where each rock
formation is granite with fracture zones.

2. MEASUREMENT PRINCIPLE OF GROUNDWATER FLOW METER SYSTEM [1] [2]

2.1. Major features of flow meter

The diagrams of the outline of measurement apparatus of the groundwater flow
meter developed by us and the schematic view of setting up this measuring system are shown
in Fig.l and Fig.2 respectively.

The major features of this measuring system are as follows:

This meter is capable of simultaneous measuring both the velocity and direction of the
groundwater flow. This can be achieved by preparing in using a single borehole;
This measurement procedure is free from any kind of water contamination problems
because of using pure water basically as a tracer;
With this measuring system, it is easy to perform successive measurements at the same
or different depths;
The diameter of equipment is 6cm, so boreholes with about 7cm-10cm diameter are
available for this measurement;
The range of groundwater flow velocity detected by this meter is basically within the of
1 x 10"3 cm/sec to 1 x 10~6 cm/sec and that the order of 1 x 10~7 cm/sec maybe detectable
by the additional data analysis based on the advection — dispersion phenomena.

2.2. Measurement principle of flow meter [1] [2]

This flow meter detects the change of specific electric resistance within a restricted space of
the probe, as shown in Fig.l, in terms of the difference in the voltage potential. This space is
termed the electrode section and contains 13 electrodes, 12 of which are located in radial on
the circumference of a circle with a diameter(30—60mm), and one of which is a common pole
in the center.
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FIG. 1. Basic structure of measuring room of groundwater flow meter.

OO
O

©

(D

CD Power supply
C?) Data recorder
C3) Data logger including indicator
C4) Control box
© Gas cylinder
C§) Holder of rods
(7) Casing
C§) Bored hole
C?) basic body of measurement
© Guide rods (boring rods)
CO) Upper rubber packer
© Middle rubber packer (in occasional)
© Lower rubber packer
© Electrode section for measuremment
© Filling materials (sand etc.)

Allocation of Electrodes

FIG. 2. Schematic diagram of groundwater flow system.



This room with electrodes is basically filled with glass beads of 1 mm diameters and the
tracer solution, which has the electric resistance adjusted to be larger than the measured
groundwater, is still set into the pipe of central electrode. When groundwater flows into the
electrode section, continuous measurements are made within each of the 12 sets of the
electrodes for the specific electric resistance changes that occur during the replacement
process of the tracer solution with the groundwater flow. The variation of the specific electric
resistance with time is detected as the difference in the electrical potential (A V) between the
central electrode and the each of 12 circumference electrodes by data logger.

2.3. Data analysis method [1] [2]

As for the data analysis, it is clearly evident that the tracer initially set into the
cylindrical electrode transported with groundwater flow between a distance of Ax from
central electrode (where A V = 0.0) to the surrounding electrodes by the advection-dispersion
process. Inprinciple, A V becomes maximum when the plume of tracer is located at the center
of Ax. Thus, for a laminar flow, the average flow velocity within the electrode section can be
estimated by the following Eq. (1).

V o = A x / ( 2 A t ) (1)
where

Vo is the velocity within the electrode section
Ax is the distance between central and surrounding electrodes
At is the time that A V becomes maximum

As shown in Fig 2, The data from all 12 sets of electrode intervals are recorded
similarly in terms of the difference in electrical potential, AV and time, t. The measured
velocity, Vo which represents the average flow velocity inside the glass beads in the electrode
section, is obviously different from the real flow velocity, Vd through the objective
underground. In this flow meter system, the grass beads are enclosed by a thin cylindrical
mesh which is surrounded by a standard sand layer and the well structure influence the
groundwater flow characteristics in the measurement field, so that the flow velocity, Vd can
be converted by the following Eq. (2).

Vd = p • Vo (2)
where

ft is the correction factor which is related to the effects of the glass beads, cylindrical
mesh and sand filter, is determined from the calibration curve prepared empirically or
analytically for practical purposes.

On the other hand, the horizontal component of the flow direction within the electrode
section can be easily determined from the data for the largest A V of electrode.

In the velocity field of larger than the order of lxlO"5 cm/sec, generally, these simplified
methods of data analysis may be applicable. But, in the less velocity field than that, it is
necessary to identify the velocity component by using the advection-dispersion analytical
techniques as mentioned above.



3. EXAMPLE OF APPLIED RESULTS TO IN-SITU TEST IN FRACTURED ROCKS [4][5]

We have applied this groundwater flow meter system to the in-situ tests that has been
performed as co-operative research projects in fractured rocks at JNC's Tounou mine in Japan
and SKB's Aspo HRL site in Sweden.

3.1. In-situ test at Tounou mine of JNC, Japan [4]

We applied this groundwater flow meter to the groundwater flow survey with a
single well termed No.AN-1 borehole of Tounou mine that is owned by JNC and located in
Mizunami-cily, Gifu-prefecture. This study forms a link in the chain of a cooperative research
work, which is aimed to establish the technique for evaluation on the characteristics of
fractured rocks, between JNC and CRIEPI.

Fig.3 shows the comparisons between observed and calculated results on the
differences of electric potential for three measurement points within about 150 m depth with
AN-1 well in Tounou mine. On the other hand, Fig.4 shows the shadow flow vectors
simulated on the fracture plane at each depth based on the observed data. As a result, we had
good prospects for being able to detect the direction and the velocity as slow as the order of
lxlO"7 cm/sec by using the groundwater flow meter system mentioned above.

The groundwater flow velocity in rocks is generally so slow that we can't ignore the
effect of diffusion of the tracer (distilled water) in comparison with advection. Then, we
developed a method of analysis, that is based on a addiction-dispersion equation and is able
to specify the advection component (flow), for the velocity and direction of groundwater flow
[2] [3] [4].

From these results, the measurements of local flow characteristics (velocity and
direction) of groundwater flow could be performed more effectively than usual by using this
groundwater flow meter.
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FIG. 3 Comparision between observed and caluculated results on electric potential.

w -f

i n n :i i - i i . ? s ~ - n . ! S
I l l l i l l l l :! i i ° 1

I I l l I l l j : ! I I 1 I ? X l r ' l l / ! l I

I I n i l l i i i l I n i l l n J 1 / I i ° !

W 1

I I ) I I :( I -I IZ .ZS ~ - | I I . l l

i l l i i l l i l :! I i ° i

! i l i I l l j : ! I i I I I X l I ' ' i l I I I t

I I n i l l n i l I n i l l n : I ! / ? i ° i

W 1

I ! ] l l :( I -I l i . M ~ - l I U S

i l l i i l l i l : ! U ° i

I I l l I l l j : ! I I I I i X l l ' ' l l / ! l I

i l l i i l l i l l l I l l i l l l i : ! ! / I T i

I H I I I

I i l l I I I I I I I I

1 1 I I I I

i l i i 1 1 i i i i I n i l l n | h i i

FIG.4. Velocity and direction of groundwater flow along fracture plane.
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Fig. 5. Features of conductive fracture(B) by borehole TV and core image of Aspo HRL
(KA3510A).

3.2. International Joint Project at Aspo Hard-Rock Laboratory of SKB, Sweden [5]

CRIEPI has participated to the Aspo HRL international joint research project by
SKB, Sweden from 1991. The objective of this experiment is to measure directly the velocity
and direction of groundwater flow in fractures of borehole KA3510A, because that it is
important to evaluate the groundwater characteristics in major fractures of Aspo HRL.

The borehole KA3510A is located at about EL-460m in the Aspo HRL tunnel and is
150m length inclined about 30° from horizontal.

Fig.5 shows the features of a selected fracture zone investigated by the borehole TV
and core image of conductive fracture. We selected the target zones of fractures by these
results in this measurement. The measurement results by the groundwater flow meter is
shown in Fig.6 and the shadow flow vector simulated on the fracture plane, through which the
borehole KA3510A penetrates, is shown in Fig.7. From these results, it is evaluated that the
groundwater flows downwards through the major fracture zone at about 5 X 10"4 cm/sec order
of velocity.



Fig.6. Observed results of groundwater flow in a fractured zone (SKB's Aspo HRL).
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Fig.7. Groundwater flow measurement by CRIEPI's flow meter: outline of the estimated groundwater flow in a
major fracture zone (Aspo HRL).



6. CONCLUSION REMARKS

In this study, we have developed a groundwater flow meter to measure
simultaneously the velocity and direction of groundwater flow by means of detecting the
electric potential difference between the groundwater to be measured and the distilled water
as a tracer in a single well.
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In this paper, we introduce the outline of the groundwater flow meter system
developed by us. Furthermore, we have applied this groundwater flow meter system to the
in-situ tests that had been performed as co-operative research project in fractured rocks at
JNC's Tounou mine in Japan and SKB's Aspo HRL site in Sweden. The geological formation
of both sites is granite, but the feature of fractures and the measurement results of
groundwater flow are different from each other.

From these results, it was made clear that this flow meter system can be practically
used to measure directly the groundwater flow direction and velocity as low as order of about
lxlO"3~ lxlO"7cm/sec.
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