Case History No. 9.4. Tokyo, Japan, by Soki
Yamamoto, Rissho University, Tokyo, Japan

9.4.1 TOPOGRAPHY AND GEOLOGY OF TOKYO

Tokyo is situated at the bottom of the Kwanto structural basin, the biggest plain in Japan.
Kwanto Plain is surrounded by nmountains and hills on the north, west, and south where basenent
rocks of Tertiary and Pre-Tertiary age are exposed. The overlying new strata dip to the center
of the basin.

Al the rivers, such as the R Tone, the R Ara, and the R Tama, start from this divide,
transporting their sediments into O d Tokyo Bay. They devel oped fans at the foot of the nountain
and a deltaic plan at their mouths in Tokyo Bay.

After the intermittent uplift, broad terraces were forned on this basin (Figure 9.4.1); on
the surface of the terraces, thin volcanic ashes (Tephra) of different origins and deposited at
different tines are found. The maxi numthi ckness of sedimentary rocks above the basenment conpl ex
is about 300 mat the center of the basin.

The nmetropolis of Tokyo is |located on the upland and | owl and. The stratigraphic succession
and schematic cross section in the Tokyo area are shown in Table 9.4.1 and Figure 9.4.2. There
are many buried valleys in the |Ilowl and where an alternation of fairly thick sand and gravel
| ayers are deposited, underlain by the Tokyo Group (Figure 9.4.3).

9.4.2 HYDROLOGY

The areas in Tokyo where |and subsidence has taken place are tile Msashino upland and the
alluvial low and. There are two groups of aquifers, shallow and deep ones. The main shallow
aqui fer on the lowland (Koto) is Holocene sand and gravels and that on the upland area is
Musashi no gravel which is extensively distributed. In addition, deep artesian water is obtained
fromthe Tokyo Goup in the Iow and and the Tokyo and Kazusa G oups in the upland. The Kazusa
G oup in the | ow and contains natural methane gas which was produced for nunicipal supply in the
Koto district. The large scale ground water developnent started in 1914 in Tokyo. After that
time, the nunmber of deep wells with [arge dianmeters increased rapidly. In an area extending from
the northern part of the alluvial lowand to the southern part of Saitama Prefecture, there was
artesian flow of ground water until the latter half of the 1920's. At that tine the ground-water
level in the Koto district had fallen to about 10 m bel ow the ground surface. The ground-water
Il evel continued to fall year after year, but toward the end of Wrld War Il it rose again
tenmporarily. After the Wr, as the quantity of ground-water w thdrawals increased, the
ground-wat er |evel again went down until August, 1971, when it reached a |low of minus 63-94 m
fromthe mean sea | evel of Tokyo Bay (Tokyo Peil) in the northern part of the alluvial |ow and.

Figure 9.4.4 shows the annual change of the ground-water level in selected observation
wel |'s.

The annual anmpbunts of ground-water withdrawal in Tokyo from 1964 to 1975 are shown in Table
9.4.2. In the 23 wards, 1,160,000 n?/day of ground water was withdrawn in 1964, but the quan-
tity began to decrease by 1966, and it fell to 128,000 n¥/day, or about a tenth, in 1975. This
decline is attributed to the withdrawal restrictions inposed to control |and subsidence. Figure
9. 4.5A shows the distribution of withdrawal s by ward in 1967, and Figure 9.4.5B shows the annual
total, 1950-1967.

In the northern part of Tokyo, the drilling of wells to a depth of up to 160 m had been
banned by Decenber, 1971; by May, 1974 drilling of wells with a depth exceeding 160 mwas al so
banned. As a result, the quantity of ground-water w thdrawals, which anmounted to 80, 000-90, 000
M/day in the period from May, 1972 to 1973, decreased to 7,000-8,000 n?/day after My 1974.
Furthernore, the ground-water |evel, which was lowest (T.P.* minus 48.9 m) in July, 1971, rose
agai n gradual ly, as the quantity of ground-water withdrawal s decreased.

* T. P. = Tokyo Bay datum
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Figure 9.4.1 GCeonorphol ogical map of Kwanto District (after Kaizuka). 1, Alluvial |ow and; 2,
Di | uvial upland; 3, Tertiary hill; 4, nountain; 5, volcano.

9.4.3 LAND SUBSI DENCE

In 1923, a severe earthquake occurred near Tokyo, causing w despread damage in the Koto region,
east of the city of Tokyo. In order to study the crustal disturbance which mght have
acconpani ed this severe earthquake, a precise leveling was rerun in this region. As a result, it
was found that the | and subsi dence was as a whol e increasing gradually year by year. It was al so
found that the extent of the region where the |and subsidence was then advanci ng occupi ed an
area of about 100 knf, situated between the Sunmida and the Arakawa rivers, which flow through
the region fromnorth to south.
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Table 9.4.1 Stratigraphi c succession in Tokyo
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Fi gure 9.4.3 Geol ogi c cross section.
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Figure 9.4.4 Secular trend of ground-water levels. Small circles indicate ground-water |evels
at the time of bore drilling near AZUVA-A and B (node 4)

Table 9.4.2 Anpunts of ground-water wthdrawal in Tokyo.

Unit: 1000m?/day

Year

Area 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

23 wards| 1162 1017 805 732 679 674 747 550 324 283 195 128
Tama 353 480 536 594 626 765 953 891 853 861 818 790

Total | 1515 1497 1341 1326 1305 1439 1700 1441 1177 1144 1013 918

Data from Bureau of Environmental Protection, Tokyo Metropolitan Government

In association with the advancement of such a |local subsidence, several renarkable
phenonena occurred, such as "lift up" of masonry buildings and well punps and inundation by
rivers and sea tide

In order to nake clear the general features of the subsidence, precise |leveling along the
network of the leveling routes in Tokyo was started. It takes, however, considerable tinme to
carry out the leveling survey on the network, including all bench-marks in Tokyo. Therefore, the
| eveling survey has been repeated frequently on the network of bench-nmarks in the region where
the I and subsidence is greatest.

In the first stage of study of the subsidence, the leveling was repeated at irregular
intervals. Afterwards, it was thought to be inconvenient to work out vertical displacenents
based on the data of precise levels repeated at irregular intervals, since the amunts of the
subsi dence becane |arger and the rates of the subsidence were different from place to place.
Therefore, in the Koto region, i.e., the region east of the Sum da river, where the subsidence
was greatest, the leveling was repeated every two years, during the period from 1938 to 1946.
Since then, |leveling has been repeated every year in this region.

First order |eveling and observations of the conpaction of soil l|ayers and the ground-water
| evel s by means of observation wells were also carried out. As of January, 1976, the area
Surveyed by |eveling extended to 900 kn?, using 632 bench-marks where the |evelings are made
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Figure 9.4.5 Amounts of ground-water withdrawal; A, by ward; B, by year.
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every year. The conpaction of soil |ayers and the changes of ground-water |evels are observed at
68 observation wells located at 34 sites (Figure 9.4.6). The water-level plots are dashed.

Land subsi dence has occurred in the Koto district since around 1900 and in the eastern part
of the alluvial |ow and (Edogawa Ward) since 1920. On the other hand, in the Misashi no upl and,
| and subsi dence began to occur in the latter half of the 1950’s.

The maxi mum subsi dence in Tokyo is about 4.6 m and the maximum rate is 27 cmyr (Figure
9.4.7). The total subsiding area in Kwanto (Tokyo, Chaiba, Kanagawa, and Saitama) anmpunts to
2420 kn? and the area where the subsidence ampunts to nore than 10 cniyr is still about 100 kn?.

In order to prevent or abate such a rate of subsidence, the punping of ground water was
restricted as stated above, and thus the rate has dropped year after year since 1972.
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Figure 9.4.6 Secul ar changes of |and subsi dence and ground-water |evels in Tokyo.
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A

Figure 9.4.7 Total subsidence in Tokyo from 1938 to 1975.

9.4. 4 PARAMETERS

Soil tests were carried out on undisturbed core sanples. Consolidation tests were nade by
appl yi ng one-directional pressure. C. value ranged from 0.2 to 1.2 and has the tendency of
increasing with increasing water content. The M, value varies as foll ows:

x 1072 cnf/ kg

3
- 6 x 1078
xI 073 - 4axI1 o4

Alluvial clay 2
Di luvial clay 2
Tertiary clay |

K: hydraulic conductivity
Tokyo Group2.1 x 102 cm sec
Kazusa Groupl.3 x 1072
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9.4.5 COUNTERVMEASURES

In Tokyo, the local government |legislated a Metropolitan G ound-Water Law, superposed on the
"I'ndustrial G ound-Water Law' and "Buil ding Ground-Water Law. " Moreover, they constructed di kes
for floods and high tides, punping installations for drainage, water-supply works for industry,
and pol der systems. The estimated cost for the counterneasures for the period 1957 through 1970
is about 225 mllion U S. dollars.

The regul ati ons for ground-water withdrawal are as foll ows:

1. Restrictions under the Industrial Water Law.
The restrictions are designed to reduce the ground-water withdrawals by
supplying substitute waters. The main restrictions are described chrono-
logically in the foll ow ng:

January 1961: A ban on drilling a new well in the southern part of the
alluvial low and (the Koto district).
July 1963: A ban on drilling a new well in the northern part of the

alluvial Iowand (the Johoku district).

June 1966: Punpi ng of ground water in the southern part of the alluvial
low and (the Koto district) was restricted.

Decenber 1971: Purmpi ng of ground water in the northern part of the
alluvial Iow and (the Johoku district) was restricted.

April 1975: Punpi ng of ground water in the eastern part of the alluvial
|l owl and (the Edogawa district ) was restricted.

2. Restrictions under the Law Controlling Punping of Gound Water for Use in
Bui | di ngs
The law ains at holding in check the punping of ground water for air con-
ditioning and other non-drinking purposes in medium and highrise
bui | di ngs. The progress of restrictions under the law is descri bed chrono-
logically in the follow ng:

July 1963: A ban on the drilling of newwells in the alluvial |ow and.

July 1965 and July 1966: Restrictions on the punping of ground water in the
al luvi al | ow and.

May 1973: The restriction was extended to the whole area of the 23 wards,
and the control of ground-water w thdrawal s was strengthened.

3. Restrictions under the Tokyo Metropolitan Environmental Pollution Control
O di nance.
The ordinance restricted the drilling of new wells in areas not covered by
the two | aws nentioned above.

4. Suspension of drawi ng ground water containing natural gas
The Tokyo Metropolitan Governnent in Decenmber 1972 bought the mining rights
for water-soluble natural gas extracted in the neighborhood of the Ara
River estuary, and thereby suspended the punping of gas-water (3,000 M/
day) fromthe Kazusa G oup.

On the other hand, in the Tama district, the drilling of new wells
for industrial water and water for non-drinking purposes (for exanple, the
supply of bath water) is restricted under the Metropolitan O dinance nen-
tioned in (3) above, but with an increase in population in the district,
the denmand for ground water clinbed from 350,000 n’/day in 1964 to sone

900, 000 M /day in 1971.

The repl acenment drinking water and building water are supplied fromthe R ver Tone through
the Musashi aqueduct and the industrial water is supplied fromthe Metropolitan industrial water
works on the Tone which is provided by the construction of high danms on the upper part of this
river.
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