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Introduction

It seems to be a useful method to control the ground water table for the purpose
of maintaining the soil moisture condition in an optimum condition or in an optimum
quantity of percolation.

While, in reality, the problem remains such as increase in quantity of percolation
in the environs of paddy field area of a lake, because of lowering water level of
lake, then in order to analyze this problem, it is necessay to make observations of
the ground water table.’ In any case, it is essential for us to take an accurate
measurement of the ground water table. »

In practice, as a method of measuring ground water table, we generally take a
measure of the water level in the pipe which was driven into the ground, and at this
time, we usually pack filter around the pipe for the purpose of making the time lag
of the water table in the pipe which corresponds with the ground water table to the
minimum.?»® Here, however, it has been not made clear up to now how it responds
to the size of the pipe and filter. In this paper, therefore, in order to make clear this
point, we discussed about the relation between the pipe and filter, so that the water
table may respond most sensitively, and we made some experiments about them, and
then we reported some results of them.

Theoretical consideration

Fig. 1. Observation pipe Now, in Fig. 1, considering discharge in the pipe
pipe through the soil, corresponding flow ¢ is given by the
Y equation,
. o Q=K Seyerreemerees (1)
. yl Where S is the shape or entry factor which depends
- y=vyo, t=t0 on the cavity dimensions, K is the hydraulic conduc-
Fﬂ,u/if';,i tivity, and Y is the active head.
‘, JL The volume of flow during time dt is given by
) dt-q=—Ady--eee-r 2)
¥ Where A is the effective cross-sectional area of rise
* 2 water level in the pipe and filter. '
>€ 9 By introducing q from equation (1), the differential



24 MU AZERZEBEREE £

ain

equation can be written as

K-S-y= —A-i—}é ......... (3)
As initial condition,
V=Y, t==( erernreeeniienaa. (4)
Considering (4), equation (3) becomes
_KS
Y=yoe A Cerereeeeee (5)

While, S and A are determined by the diameter of the pipe, the section of strainer,
or diameter and packed size of the filter, then if Z is written as below, it depends
upon the method of setting the pipe.

Now, shape factor S is in proportion to the filter and the soil contact plane; then
So<R
It also can be written as S=a-R
Moreover, A== {(R*~r®)P+r?
Where R: radius of the filter
r: radius of the pipe
p: effective porosity of the filter
- aR__
T {(RE—1r)P+r?} -
Now, when it is dZ/dR=0, the maximum R=rv/{(I/p)—1 is given. This shows

Therefor, Z

that the response of the water level in the pipe is shortest, when R=r+/ (1/p)—1. For
the convenience, showing this result by the relation between the best ratio of diame-
ter R/r and the effective porosity p, it is as shown in Figs. 2 and 3.

Fig. 2. Curve showing relationship

between R/r and P
Fig. 3. Relationship between Radius

of pipe and Radius of Filter
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Fig.4 . Relationship between grain While, effective prosity is about 15%
size and effective porqsity in the case of alluvial gravel layer, 15%

in fine gravel layer, 20% in dune sand

“T layer, 30% in sand layer, and 15~20% in
| diluvial sand gravel layer. Here, for the
;\Q/ 30 convenience, we made some experiments
& about the relation between the grain
é ] . size in the filter and its effective poros-
I —8—— roody ity, and showed its results in Fig. 4.

% 5 —O——  cffective porosity  prom this results, therefore, if the grain
3 1ok ‘ size of filter used is given, the effective
porosity. will be given. And if the effec-
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will be determined by Figs. 2 and 3.

Experiments

The experiments were made on the border of the paddy field of Agricultural Dep-
artment, Okayama University. The results of the physical experiments about the soil
in the field and its soil texture are shown in Table 1.

The grain size analysis was based on JIS A 1204. As shown in Table 1, the soil
belongs to silty clayey loam. The specific gravity was 2.65, and the coefficient of
permeability of the field was K=4.3x10~* cm/sec by Auger-Hole Method. #»®

Table 1. Physical results of soil grain size distribution
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For the observation of ground water level, the pipe of 4 cm in diameter and 50
cm in length was used, and over 40 cm of the strainer, small holes of 5 mm in
diameter ran zigzag at intervals of 2 cm. )

Sand in the filter was kept from running into the pipe by winding the strainer
with gauze. The hole to insert the pipe was digged out to the depth of 50 cm with
Post-Auger and the inner face of the hole was brushed to keep the cbarse state as
that of the natural soil structure, then the pipe was set in the center of the hole,
around which the filter was packed a little longer than the strainer. About 7 cm of
its top was packed with clayey soil. -

The grain size of the filter was 0.84~2.0 mm in diameter, then its effective po-
rosity can be obtained as p=25% by Fig. 4. Therefore, from Figs. 2 and 3, the best
relation between the diameter of the filter and that of the pipe is R/r=1.75. Here,
the diameter of the used pipe is 4cm, that is r=2cm, therefore, R=3.5cm. Then, the
best suitable filter to the pipe of 4cm is 7cm in diametef. On this method, therefore,
we applied two conditions different in diameter, and made experiments about the best
condition of the response between them, on the base of the time for measurement,
within which the water level rised to 80%.

Results and Discussion

The pipe measuring the ground water was laid for 48 hours after setting. Confirm-
ing the stability of the ground water table in the pipe, we lowered the water table
in the pipe, and recorded the recovering state of the water table in the process of

the time. Showing the results of them, they are as Table 2.

Table 2. The relation between diameter of the filter and the
recovery of the water table

Test ‘ No. 1 ] No. 2 No. 3
Radius of the filter R (cm) 7.0 18.0 5.0
Time for the recovery of the
water level t (sec) 340.0 1440.0 ] 840.0

The filter of Filter of the diameter | Filter of the diameter
the best snitable | longer than it of the | shorter than it of the
‘ diameter ! best suitable one best suitable one

Note

The results of Table 2 show that the response time is shortest in case No. 1 which
has the condition of the best ratio of diameter, and next in case No.3 and last in
No. 2. It is, therefore, concluded that the response of the pipe measuring the ground
water table is sufficiently short in case No.1 of the best ratio of diameter. We will
prove that this theory is applied to the cases of various conditions by further exper-
iments.
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Conclusions

From the above results,.we' made clear the following points.
1) If the diameter of using filter is given, the effective porosity can be easily shown
in Fig.4.
2) When the grain size of the filter is larger than 2.0mm, there is no great differece
between the porosity and the effective porosity.
3) If the diameter of the measuring pipe of the ground water table and the effective
porosity of the filter are given, the radious of the filter of the best response will be
shown by the equation R=r+/(1/p)—1.
4) Considering two conditions, (best ratio and not in diameter), we made some ex- -
periments practically in the paddy field, and proved the validity of the best ratio of
diameter.
5) From the above-mentioned, we made clear the method for setting the measuring
pipe of ground water table, with which its response time is sufficiently short to the
underground water level, when setting it.
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