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STUDIES ON THE PHENOMENON OF GROUND SETTLEMENT
IN NIIGATA DISTRICT (THE GIST).

By Minato Sobajima, C.E. Member

1. Outline

Settlement of ground in Niigata District
was growing serious as the natural gas product
increased.

2. Property of soil from the stand

point of Soil Mechanics

The following is a brief explanation of the
soil formation. Generally speaking the soil near
the ground surface is of sand, at a depth ran-
ging from 10 to 40 m 1is consists of atter-
nate layers of sand and silt, at a depth ranging
from 40 to 120m it consists of a thick layer
of silt and there exists sand-gravel layer at a
depth of around 150m and at a depth ranging
from 160 to 220 m it consists of sand layer.

Paying a most serions attention, the water
content of clay in the alluvial soil layer was
fully investigated, and it has been revealed that
the depth distribution of the void ratio tends to
correspond to the clay content throughout the
entire layer and also that the degree of satura-
tion is little affected by the depth, generally

being somewhere around 90%.
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Fig. 1 Consolidation Test

The result of consolidation test is shown
in Fig. 1. An excess precompression of somew-
here around 1~2kg/cm® was recognized. Pum-
ping up the gas-water from the sand-gravel
layer causes the drop of water pressure and as

a result a compression acts on the clay layers

above and beiow the sand-gravel layer and the
degree of consolidation ranges from 13 to 22%,
not having reached the central part of the
stratum yet.

The value of C,, the coefficient of consoli-
dation of clay, is found about 1.5~3.0x107*
cm?/min from Fig. 2, and the value of B, the
coefficient of compressibility is found about 3.5
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Fig. 2 Coeficient of Consolidation Pressure Lines
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Fig. 3 Coefficient of Volume Change-Pressure Lines
~7%x107%cm’/kg from Fig.3, the mean pressure
at the depth down to 700 m is 26 kg/cm®. When
the consolidation of long piriod is calculated, it
would be better to use the value of V,, obtained
under 24 hour loading plus 50%, so that 5x107°
cm’/kg may be considered the mean value of the
whole strata.

It can be concluded from various tests that
the clay stratum of Niigata consists of clay loam
of silt layer and at a depth ranging from 300 to
600m the clay is not so much different from
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that ir. upper layers and it is generally loose.

3. Observations by Wells

Special wells were made by inserting double
steel tubes in the boring holes which had been
bored for testing the soil. Inner tube is lifted
up gradually by the settlement of the ground.

If we make the depth of these wells different
from each other, we can find out the shrinkage
By installing
these wells in many places, we can locate the
place under the ground where settlement is go-
ing on and make clear how the settlement is

of every stratum at the sites.

happening.

4. Settlement of the Ground

First class leveling route in Niigata was
established in 1898, and since then survey has
been carried out nine times. On the other hand
big rising of average sea level has been recorded
by the tide-gauge. Rate of settlement of the
ground was about 5cm/year during the period
1951~1955, and has been further increasing
gradually since 1956, finally reaching 50 cm/year
in 1958. Since August 1957 many second class
leveling points have been set up in this district
and the survey has been conducted every 6
months, so the settling phenomena in the whole
area have been made clear.

5. Ground~water pressure

From these data it can be said that

a) Water-level in every stratum in every
place is linearly lowering.

b)Y The rate of water-level lowering in a
stratum, where the amount of water
pumped up is greater, is larger than in
any other strata where the amount of
water pumped up is less.

¢) The water-level lowering in the district,
where the gas was taken out in early
days, thas been happening since that
time.

d) Water-levels in Uchino and Matsuhama
districts are located at a depth ranging
from 5 to 10m in G 3 stratum, {from
20 to 256m in G5 stratum as measu-
red in 1957, and since then they have
further lowered rapidly.

e) The water-level in every stratum in a
district is changing uniformly.

) The level was recovered by
somewhere around 3~4m when the
gas was discontinued to be taken out.

water

§. Settlement of ground and output

of gas

The output of
change of ground settlement well correspond to
each other and the rise of tide level shown
by the tide gauge in the harbor district (ie. the
ground settlement) also well corresponds to the
output of gas of that district. In the district
where the gas production was discontinued, the
recovery of the ground-water level was ascer-
tained. The result of levelling conducted at
around this time ascertained also that the rate
of ground settlement in the district where the

gas and the periodical

production of gas had been discontinued
decreased.
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Fig. 4 Settlement of Calculation and its Water Gauge

T. Calculation of amount of seoil stra-

tum compressed

The ground settlement in Niigata district
may be also numerically explained as caused by
the drop of ground-water pressure judging from
the development of ground settlement in that
district. In other words on the assumption that
the sand-gravel stratum is elastically compressed
without time lag and the clay stratum is con-
solidated according to the theory of consolida
tion, let S, denote the shrinkage and S,, con-
solidation, then the whole amount of ground
settlement is expressed by the sum of S, and
S, e, §=8,+S, where 5, and S, are to be
calculated for each stratum. Fig. 4 shows the
curves of ground settlement calculated and also.
the curves of the records of tide-gauge.

As a result of the foregoing investigation
and calculation it has been concluded that the
ground settling phenomenon in Niigata district
was caused by the pumping up a large quantity
of the ground-water inevitably accompanying
the patural gas production and it has been made
clear that no other possible causes by which the
ground settlement in question may be explained
have been found so far.





