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Fig. 2. (B)

Fig. (A). Elevation changes on the northwestern coast area
of the Bay of Ise between Feb, 1963 and Feb. 1964,
Fig. (B). Elevation changes on the northwestern coast area
of the Bay of Ise between Feb. 1961 and Feb. 1965,
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16. On the Variation of a Ground-Water Level
and a Land-Surface Subsidence due to
Ground-Water Withdrawal, I.

By Shawzou KoMAKI,

Earthquake Research Institute.

1. Introduction

For many years the subsidence of land surface has been known to be occurring at
several places in Japan, due mainly to ground-water withdrawal for industrial use. This
phenomenon occurs also in many areas in foreign lands. One of the most outstanding
subsidence areas is the harbour area of Los Angeles and Long Beach in the United
State.

At Yokkaichi and its vicinity, situated about 30 kilometres southwest of Nagoya,
the subsidence of a land surface has received considerable attention resently. Since July
1963, discharge of ground water has been controlled for industrial plants. Fig. 1 dis-
plays a depth distribution of industrial using well and its strainers in the controlled
area (see Iig. 3) for removal of ground water. The elevation changes on the north-
western coast of the Bay of Ise, including this area, for periods from Feb. 1963 to Feb.
1964 and from Feb. 1964 to Feb. 1965 are shown in Fig. 2 (A) and (B) respectively.

2. Observation

As one of the investigating methods for substance and causes of subsidence, obser-
vation wells were installed at three stations as shown Fig. 3 and observation has been
carried out since August 1963 (see Figs. 15~17). The profiles of the area are given in
Fig. 4. At each observation station, the 1lst and the 2nd wells have their bottom fixed
at the upper (alluvial) and lower (diluvial) sand and gravel layer respectively and have
their strainer at the same layer as an aquifer, too. The 3rd well reaches the sand and
gravel layer underlying the lower clay and silt layer, and 4th well extends to a deeper
aquifer, as shown in Fig. 5.

The form of the observation well is illustrated in Figs. 6, 7 and 18~20. A measur-
ing apparatus of water level is set on each well, and one for subsidence each well
except the 1lst one. With such apparatus, the variation of a confined ground-water
level and of a contraction of the surface layer the amount of protrusion of the
tubing pipe to the steel beam fixed on a land surface—-is observed. The casing pipe
protects the tubing pipe from yielding and other effects attributable to surrounding soil
pressure.

3. Observational results.

Examples of the records are shown in Fig. 8 (Sept. 21~28, 1964) and Fig. 9 (Dec. 9
~14, 1964). In these figures, tide curves of the same periods are affixed which are de-
duced copies so that their time scale is coincident to that of the record of ground-water
level. On the 25th of September, the confined ground-water level rose rapidly and land
surface considerably in all wells, in particular in the 4th well at the 2nd observation
station. This phenomenon seems to have been caused mainly by curtail operations of
most industrial plants when a typhoon passed across the Bay of Ise from the south-
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southwest to the north-northeast. Except for the above-mentioned unusual disturbance,
oceanic tides exert an influence on a variation of ground-water level and of land sur-
face, especially at the 2nd and the 3rd observation stations near the coast. The tidal
station is about 200 metres away from the 2nd observation station and is controlled by
the Yokkaichi Herbour Bureau.

In order to understand the influence of oceanic tides more clearly, hourly values
read from the records of ground-water level and of land surface on the 4th well of the
2nd observation station in February and August are indicated in Fig. 10 (A) and (B).

In a similar way, hourly values of the tide curve for same periods are shown in
these figures. Comparing these observed curves, we find that oceanic tides have a great
effect upon a variation of the ground-water level and of the land surface. For 'the
purpose of inspection the other effects excepting oceanic tides, hourly read values of
ground-water level and of land surface on the 2nd, the 3rd and the 4th wells at the 1st
observation station which are influenced less by oceanic tides because of situation away
from coast, and hourly values of the air temperature and the atmospheric pressure at
Tsu Meteorological Observatory, situated about 30 kilometres southwest of Yokkaichi,
are also shown in Fig. 10 (A) and (B). Furthermore, in these figures, the daily amount
of precipitation observed at Yokkaichi and the daily amount of discharge of industrial
using wells in the controlled area are given. By considering these figures, we reach
the conclusion that the atmospheric pressure and the amount of precipitation scarcely
has any direct influence upon the variation of the land surface as well as of the ground-
water level, and that the land surface shows a fluctuation the period of which is about
one day and which seems to be affected by the air temperature, and that the variations
of the land surface on the 4th well and of the ground-water level on the 3rd well
depend particularly on the amount of discharge, with periods of about one day and
one week. Moreover, considerations lead to the belief that the cause of the daily fluc-
tuation appearing as a variation of the land surface only is possibly due to solar radia-
tion besides the effect of air temperature.

4, Analysis.

The variation of ground-water level and land surface observed is generally composed
of two parts. That is, one is a primary variation with long period due probably to re-
moval of ground-water only, and the other is a variation disturbed by oceanic tides,
meteorological effects and other factors with periods of about one day or less. In order
to obtain the primary variation of ground-water level and land surface, these disturban-
ces must be eliminated from observed data.

As the eliminating methods available, successive moving means 24 and 25 hours-
reading have been customarily used for a long time. The moving mean of 25 hours
is satisfactory to the lunar components, but not to the solar ones. Conversely, the
moving mean of 24 hours is satisfactory to the solar components, but not to the lunar
ones. An excellent method satisfactory to both the components was devised by A.T.
Doodson and H.D. Warburg in 1941, as a method for estimation of a mean sea level by
eliminating oceanic tides.  This was a 30 hours’ selected mean and is usually called
“Admiralty method”. The method, however, necessitates considerable labour in its
calculation.  In 1957, B.P. Pertzev succeeded in halving the labour of calculation, by
simplifying the Admiralty method without any lowering in accuracy. His efficient me-
thod is a 15 hours’ selected mean, as a method for estimation of the drift curve of
gravimeter. This method can also be applied for determining the secular variation
curves of ground-water level and land surface, or in other words, for determining their
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zero lines by eliminating effects of oceanic tides, meteorological effects and other factors
with short periods from observed data. The method was ascertained to be excellent by
many investigators. Therefore, the primary variation curve, namely the zero line, was
determinated from all the hourly observed values by this method proposed by B.P.
Pertzev.

Reading of records was made at every hour for about a one year period at 00 hour
1st Jan. 1964 to 07 hours 4th Jan. 1965. For each observation, therefore, 8864 hourly
read values were used in calculation, unless there was omission in recording. Calcula-
tions were carried out be an electronic computing machine “IBM-7090".

5. Discussion.

Calculating by the Pertzev’s method above mentioned, we obtained primary hourly
values of ground-water level and land surface for the period 18 hours Ist Jan. 1964 to
13 hours 3rd Jan. 1965. The primary variation curve of each observation was plotted by
values at every 06 and 18 hours of these calculated ones. The primary variation cur-
ves concerning the deeper wells of the 1st, 2nd and 3rd observation stations are shown
in Figs. 11, 12 and 13 respectively. Similarly, using hourly values of the tide curve,
hourly values of its zero line, namely of the mean sea level, were determined by the
Pertzev’s method, and the mean sea level was plotted by the values at every 06 and
18 hours, as shown in Fig. 14. The other variation curves shown in this figure were
drawn from the daily and weekly amount of discharge of industrial using wells in the
controlled area, the atmospheric pressure values at every 03 and 15 hours, and the air
temperature values at every 06 and 18 hours obseved at Tsu Meteorological Observatory.
Moreover, the daily amount of precipitation observed at Yokkaichi is given in the figure.

The following can be mentioned as conclusions from the present investigations of
of which results are shown in Figs. 11~14. Although it is not carried out as yet the
investigations into data with regard to the 1st and 2nd wells at each observation station,
the conclusions will not, it is believed, undergo a considerable change.

1. It is likely that primary variations of both the ground-water level and the land
surface scarcely have any relations with the mean sea level. Tne mean sea level
almost reverts to a former state for a year period, in spite of effects of atmos-
pheric pressure. On the basis of the information, the subsidence of land surface
is probably not due to vertical displacement of the earth’s crust, but to the
shrinkage of surface layers of soft clay and silt.

2, As above-mentioned, the mean sea level has a yearly variation in which it is
higher in summer and lower in winter, with ripple variations due to atmosphric
pressure. However, it appears that the atmospheric pressure has no effect on the
primary variations of land surface as well as ground-water level.

3. It seems that the air temperature hardly has any direct influence upon the ground-
water level and of the land surface, similarly. On the other hand, the air tem-
perature has a close relation with the amount of dischage of industrial using wells.
For instance, there was a close relation between them when air temperature sud-
denly dropped on the last week or so of September. At first sight, therefore,
the air temperature seems to have a relation with the primary variations, but the
variation of amount of discharge lies in its relation in in fact. Then there is

presumably no substantial relation between the air temperature and the primary

variations.
The amount of precipitation has no effect on both primary variations, within the

present amount.
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A : R 1 P
Fig. 15. The Ist station of

observation well.

Fig. 16. The 2nd station of
observation well.

Fig. 17. The 3rd station of

observation well.

[Bull Earthq. Res. Inst. Vol. 44, PlL. 7]

Fig, 18~20. Measuring apparatus
of confined ground-water level
and of subsidence

A): Measuring apparatus of confined

ground-water level. B Measuring
apparatus of subsidence.
¢ : Steel beam. n: Casing pipe.

E : Tubing pipe.
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5. After various considerations of the results, it can be concluded that the amount
of dischage of industrial wells exerts a great influence upon the primary variations
of both the ground-water level and of the land surface. As can easily seen from
Figs. 11~14, the primary variations of the land surface as well as of the ground-
water level may completely follow the amount of discharge. Amounts of the
primary variation of the land surface for a year are about —26 mm, —26 mm and
—44 mm on the deepest observation well at the 1st, the 2nd and the 3rd station
respectively. Leveling results for the period Feb. 1964 to Feb. 1965 give —30.7
mm, —29.5mm and —42.5mm as elevation changes of the steel beam at the
respective stations. On the basis of the results, it follows that the subsidence of
land surface is likely caused by contraction of surface layers of soft clay and silt.




