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Abstract

Extensive lowering of ground surface, called land subsidence, results from the heavy withdrawal of ground water.
Subsidence is also caused by consolidation of sediment as in soft ground. ‘

Land subsiderce phenomenon has a long history in Japan. Since the early part of this century, particularly since the
1910s, many deep wells were drilled with the development of modern drilling machines that pumped out ground water
excessively from the wells. During the 1930s, the observed subsidence rates were rapid in Tokyo and Osaka areas, at
more than 10 cm par year. During the Second Word War, subsidence rates were very small due to a reduction in the
withdrawal of ground water from wells. But around 1950, rapid subsidence was again observed due to the industries
being rebuilt and rapid industrial development in both Tokyo and Osaka areas. Since 1960, land subsidence has become a
nation wide phenomenon in Japan, However, since 1979, the general tendency of land subsidence in major areas across the
nation has slowed down considerably as a result of various countermeasures and regulation enforced by the central and
the local governments.

Areas along the Japan Sea experience heavy snowfall during winter. The maximum depth of snow in most areas
of the coastal plain is more than 3 meters. In order to avoid disruption of the daily lives of residents during the winter
season, various methods of clearing snow have been adopted. In 1963, a new method to melt snow which is rapidly
becoming popular was implemented in Nagaoka City. The snow is melted by sprinkling it with ground water from pipes
set up along roads and parking lots etc.

Joetsu City, which is situated in the west of the Niigata Prefecture, has a coastline to south of the Japan Sea. Urban
Takada, which is situated in the south of Joetsu City, is one of the typical land subsidence areas in Japan. Land
subsidence has been observed in heavy snowfall since the latler half of 1970s due to excessive pumping out of ground
water to melt snow at the urban Takada, Joetsu. Especially annual land subsidence in 1984, as it is called “59 Gosetsu”,
was 10.1 cm, which was the maximum value of that vear in Japan.

In order to prevent land subsidence, Niigata Prefectural Government established guide line for decrease of ground
water discharge for snow melting and measures to be taken by people who has well when land subsidence was occurring.
In 1987, the object of prevention of land subsidence in Joetsu has been established.

The ground water level is much lowered in winter due to excessive pumping out of ground water to melt snow.
Subsidence is caused by consolidation of Quaternary deposits, because of lowering ground water level. Recently decline of
ground water level of confined aquifer, as it was "G bed”, about 50 m depth has occurred due to increase of wells for
pumping up ground water of Gy bed. These wells are almost cut of the restraint of the Niigata Prefectural Pollution
Prevention Regulation.

At the urban Takada, it was obserbed in order to explain subsurface geology and geotechnical properties of the
upper Quaternary deposits. The boring observation was put in operation two sites, which are located the Takada branch
of public hall, south of the urban Takada, in 1992, and the Johoku junior high school, north of there, in 1994, Some
consolidation tests on undisturbed saturated cohesive seils, which was taken from these observation, were carried out in
a laboratory, and the factors that increased the settlement of sample were determined.

Formerly observation well has observed subsidence with the method of measuring the change of elevation of its iron
casing. This method is necessary to wide area and high cost. By negative friction between well casing and layer, it s
difficult with this method that subsidence is observed exactly.

It was developed a new observation system in order to monitoring of land subsidence. This observation system is




used the wire made of aromatic polvamide for measuring subsidence and tried to minmiaturized the observation system and
cut down the expenses. It was tried to improve the accuracy according to reduction of influence of friction by reducing
the amount of contact between component parts, We were equipped these new observation system used to land subsidence
at the Ariake Higashi elementary school, Ariake, west of Saga Prefecture in 1989 and at the Takada branch of public

hall, Joetsu in 1993, subsidence due to rapid decline of ground water level was ohserved precisely.
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Actual State of the Land Subsidence in the Takada Plain, Niigata, Japan
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Abstract

Land subsidence in Takada Plain has occurred since the 1960s due to increase of ground water discharge
used for industrial purposes. Later land subsidence has decreased according to preventive measures, such as
the setting up industrial water works and control of ground water pumping under Niigala Prefectural Pollution
Regulation. However land subsidence has been observed in heavy snowfzll since the latter half of 1970s due
to excessive pumping out of ground water to melt snow at the urban Takada, Joetsu. Especially annual land
subsidence in 1984, as it is called “59 Gosetsu”, wasl0.] em, which was the maximum value of that year in
Japan.

Recently decline of ground water level of confined aquifer, as it was “Gibed”, about 50 m depth has
occurred due to increase of wells for pumping up ground water of Gibed. These wells are almost out of the
restraint of the Niigata Prefectural Pollution Prevention Regulation. It is clear that in heavy snowfall land

subsidence has occurred according to compression of laver between ground surface to 137 m deep. Accordingly

the measure for these wells is the subject for a future study. *
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Fig. 1 Map showing study area in Niigata.

(The scale 1:200 000 map sheet "Takada” published by the Geographical Survey Institute Japan is used.)
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Tocation of geological section as shown in Fig5.)
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Table 1 Permeability and characteristic of quality in every
aquifer, the Takada Plain.

{Based on the reference 5).)

wkg AREC EE KEOWHE
(em/s) {m)
G 6.10X107%  20~30 T-Fe 13mg/!
G 5.90%107%  50~70 " 2~ §mg/t
Gs 3.59x107%  20~50 # 2~ 6mg/!
Gy 2,95x107%  50~90 u 0.01~0.5mg/1
Gs ABH cr- 150mg/ i 7ELlE
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Fig. 5 Location of observation wells and geological section in the
Takada Plain.
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Fig. 6 Contour map of land subsidence for peried from 1968 to
1973 in the Takada Plain.
{Based on the reference 7). Subsidence contours in

centimeters.)
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Fig. 11 Annual land subsidence of 1984 when heavy snow.
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Fig. 12 Annual land subsidence of 1985 when heavy snow.
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Table 3 List of observation wells for land subsidence in the

Takada Plain.
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{(m} {m—m)

1 Gy EBE 277 216 —270 19674 (S42.03)
2 MG, PEE 180 172 180 19694E(S544.12)
3 fEsbi EBEL 206 220 —289  19724F(S47.12)
4 THG, B 162 150 —155  19744E(S40.12)
5 E#G, BB 243 232 —237 196545 (S40.04)
6 L#8G, WHE 200 186 —194 19664 (S41.11)
7 OEHEG, FiBE 300 250 —295  1967# (542.04)
8  sdeshsom YA 50 39 — 50 19904 {H02.03)
9 wdehizm EEE 12 g.5— 11.5 198848 (S63.03)
10 BEHG, i8R 137 114 —129  19734E(S48.12)

11 wmHEARME ERF 35 30 — 35
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Countermeasures of Land Subsidence of the Joetsu, Niigata, Japan
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Abstract

In Joetsu District, Niigata, Japan, land subsidence following the decline of ground water level has occurred
since the 1960s. Land subsidence has been caused mainly by pumping out of ground water used for industrial
purpose in coastal area along the Japan Sea. Later ground water level has risen and land subsidence has
decreased according to the following measures. Those are setting up industrial water works, change over of the
source of drinking water from ground water to surface water, voluntary restraint of discharge of ground water
used for industry, recharge of ground water by well and control of ground water pumping due to Niigata
Prefectural Pollution Prevention Regulation.

However recently land subsidence has been observed in heavy snowfall due to excessive pumping out
of ground water to melt snow at urban Takada, Joetsu. Especially annual land subsidence in 1984, as it is
called "59 Gosetsu”, was 10:1 c¢m, which was the maximum value of that year in Japan. In order to prevent land
subsidence, Niigata Prefectural Government established guide line for decrease of ground water discharge [or
snow melting and measures to be taken by people who has well when land subsidence was occurring. In 1987,
the object of prevention of land subsidence in Joetsu District has been established.

It is important for solving the problem of land subsidence that measures relative to ground water are
established from synthetic point of view and taken in a body by administration and inhabitant.
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Table 1 Criteria for giving and removing the warning signal in

Joetsu District.
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Subsurface Geology Based on Boring
Observation at the Urban Takada,
Joetsu, Niigata, Japan

BEFALLE - B2
Tkuo TOHNO' and Kazuyoshi SEKIYA®
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Abstract .

Joetsu City, which is situated in the west of the Niigata Prefecture, has a coastline to south of the Japan Sea.
Urban Takada, which is situated in south of the Joetsu City, Niigata, is one of the typical land subsidence areas,
due to excessive pumping out of ground water to melt srow in winter.

At the urban Takada, it was observed in order to explain subsurface geclogy and geotechnical properties of
the Quaternary deposits. The boring observation was put in operation two sites, which are located the Takada
branch of public hall, south of the urban Takada, in 1992, and the Johoku junior high school, north of there, in
1994, The result of boring observation enabled our to classify the layer, which is in eight beds. We call them Cy.
Gy. C1. Gy, Co, Gg, Cg and Gg3 beds from the ground surface downward, The Cy and Cs beds consist of very soft
and high compressibility cohesive soil.

C; bed is composed mainly of clay with humus. There is a strong fear that this bed subsides remarkable,
because of the ground water level in Gy bed is drew down rapidly in the winter.

Co bed is composed mostly of alternating hed of clay and sand. and exists between aquifers. There is fear
as C; bed that Cy bed subsides remarkable. Thickness of both beds increases toward the north from south of the
urban Takada, so that in respect of land subsidence the part of north is more critical than the part of south of
there,
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Study on Subsidence in Every Section in urban Takada, Joetsu, Niigata
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Abstract

At urban Takada in Joetsu, Niigata, Japan, where land subsidence due to pumping ocut of ground water to
melt snow has occurred. From 1991 to 1996, we observed subsidence of layer shallow than 137 m depth, which
is Quaternary deposits. It is clear that in heavy snowfall land subsidence has occurred according to
compression of layer from the ground surface to depth of 137 m, In this study we classify the layer in four
sections.

As a result of observation, it became clear that compression of the bed from 18 to 50 m depth occupied the
majority of subsidence. The amounts of compression of that bed accounted for more than 70 percent of the total
subsidence. This compression of that bed was caused by remarkable decline of ground water level in Gy bed,

which was confined aquifer ahout 50 m depth.
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Consolidation Characteristics of Undisturbed Soil

in Urban Takada,Joetsu, Niigata, Japan
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Abstract

Urban Takada, which is situated in the south of Joetsu City, Niigata Prefecture, is one of the typical heavy
snowfall areas in Japan. The ground water level is much lowered in winter due to excessive pumping out of
ground water to melt snow, Subsidence is caused by consolidation of Quaternary deposits, because of lowering
ground water level.

At the urban Takada, Joetsu, it was observed in order to be clear the geotechnical properties of the upper
Quaternary deposits. The boring observation was put in operation two sites, which are located the Takada
branch of public hall, south of the urban Takada. in 1992, and the Johoku jurior high school, nerth of there, in
1994, Some consolidation tests on undisturbed saturated cohesive seils, which was taken from these ohservation,
were carried out in a laboratory, and the factors that increased the settlement of sample were determined.
Simulation of subsidence at the Johoku junior high school was carried out by using the results of the standard

consolidation tests. -
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Phote. 1 Snow melting by sprinkling ground water from the pipe in
road near the Takada branch of public hall, Joetsu as on
February 3, 1994.
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Photo.2 Automatic cedomeler apparatus with compressed air.
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Fig. 2 Appearance of automatic oedometer apparatus with compressed air.
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Table 1 List of properties taken from soil specimens at Takada branch of public hall, Joetsu.

& RNRE  AREST O

BREE EREE WKL LHTRE  AWERE s

(m) TR (g/em®  (g/em®) (%) (%)

1 16.63~16.66 U-2-2 ¥ FEET 1.787 1.345 37.0 2.748 1.043 97.5
BITHHETH D

2 29.15~29.18 U-4-3 #% + 1.760 1.245 41.4 2.690 1.161 95.9
4 AR A

3 29.48—29.51 U-4-5 ¥y + 1.760 1.243 41.6 2.703 1.175 95.7
Hi 4 IS HE4RIR A
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Table 2 List of properties taken from soil specimens at Johoku junior high school, Joetsu,

Fe  EEE  BHES %Eﬁ% EEE EREE aEekR LHTRE QMR s

{m) (g/em®)  {g/em®) (%) (%)

1 8.58~— 8.61 1-1-5 %5 + 1.638 1.016 61.2 2.737 1.694 98.9
BITHETH S

2 18.09~18.12 1-3-2 %5 & o 1.618 1.062 52.4 2.675 1.519 92.3
2 RS RESR A

3 28.06~28.09 1-4-2 v REHED 1,744 1.265 37.8 2,807 1.217 87.2
ZIZHHETH A

4 31.28~31.31 1-5-3 #f + _ 1.562 1.034 51.0 2.755 1.664 84.4
B ERA

5 31.38~31.41 1-5-4 ¥ I 1.584 1.006 57.4 2,845 1.828 89.3
BIZHETHS

6 31.77-31.80 1-56 # H1- 1.639 1.096 49.5 2.774 1.531 89.7
R A BR A

7  35.16~35.19 1-6-2 v ER 1.739 1.250 39.1 2.769 1,215 89.1
FImEcHh 2

8  42.90--42.93 1-7-4 ¥ *+ N 1.657 1.082 53.2 2.803 1,591 93.7
BT 4 BB HEYiR A

9 $2.10~62.13 1-8-2 ¥ + 1.844 1,356 32.1 2.789 0.998 89.7
THEATEG

10 63.19~63.22 1-9-3  # -+ 1.740 1.258 38.3 2.769 1,201 88.3
TEBRLELT W

11 70.22~70.26 1-10-3 @® L b 1.759 1.293 36.8 2.711 1.097 90.9
- A R )

12 70.34~70.37 1-10-4 @R b 1.756 1.254 40.0 2.691 1.146 93.8
T HSED

13 75.21~75.24  1-11-3 L R HEEL 1.850 1.415 30.7 2.713 0.917 50.8
Pt % TEfE SR A

4 82.70~82.73 1-12-2 # + 1.845 1.398 32.0 2.747 0,965 9l.1
. IZIZHEATH L

15 82.87~82.90 1-12-3 # -+ 1.845 1.399 30.4 2.689 0.922 88.7
TEy 5o A

16 85.06~85.00 1-13-2 )b b E#lE) 1.898 1.433 31.5 2.770 0.920 94.8
7 4 R REY R A

17 85.23~85.26 1-13-3 - - &5 1.824 1.372 32.9 2.671 0.947 92.9
T % BEHRAE A

18 85.93~85.96 1-14-2 I MEIAED 1.852 1.392 33.1 2.712 0.548 94.7
AT 4 BT IR A

19 98.28~08.31 1-16-3 3+ n} 1.$00 1.488 27.7 2.755 0.851 89.7
iAo T oA

£ 3 LRI LRMESHEKAER TS A EERERT

Table 3 Results of standard consolidation tests at Takada branch of public hall, Joetsu.

Hy  RINRE T ® 4 PHER EREE WEns BRSO EMSIER e EERR GRRHRE  EKEH

{m) (g (g) {cm) (kgf/cm®) (sec)  (cm®/d) (cmzf'kgf) {cm/d)
(<1077 (x1079)
i 16.63~16.66 b P Hfh1 104.6 76.37 2.070 3.81 0.39 49 1890 1.04 19.6
2 29.15~-29,18 % T 102.3 72.36 2.058 4.42 0.42 46 1550 0.516 8.02
3 29.48~29.51 4 103.7 73.23 2.084 4.64 0.39 31 2410 0.302 7.28
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Table 4 Results of standard consolidation tests atl Johoku junior high school, Joetsu.

#Y  IROUREE +H & EMES #EEE oW RIUSH ESIER w EERN SRIERE  EBKEK

- {m) () (@ (em}  {kaf/em®) (sec) (em®/d)  flem™/kef) {cm/d)
1 §.58~ 8.61 ot 97.4 60.42 2.104 L.25 0.50 2430 28.5 4.84 1.8
2 18.09~18.12 ot 85.4 58.66 1.983 2.59 0.61 432 168 277 40.2
3 28.06~28.09 M b HBFL 105.4 76.49 2.137 2.04 0.3 138 492 1.47 §2.5
4 31.28-~31.31 #o4 96.2 63.71 2,179 3.35 0.63 290 236 2.09 4.93
] 31.38~-31.41 b 95.0 60.98 2.143 3.70 0.71 375 176 2,08 3.66
6 31.77-31.80 ¥+ 103.6 69.30 2.236 3.22 0.48 240 266 1.96 45.0
7 35.16~35.19 >0 b HELT 103.0 74.03 2.085 4.90 0.22 25 2670 0.352 81.2
8 42.90~42,93 ¥ o+ 103.5 67.56 2.208 4,30 0.46 11 6860 0.494 293
9 62,10~62.13 ¥ I 14,2 86.45  2.191 §.22 0.27 21 3570 0,384 118
10 63.19~63.22 ok 107.1 77.44 22177 4.48 0.34 469 137 1.24 14,6
11 70.22~70,26 WHNLF 106.6 77.92 - 2.132 5.09 0.22 15 4350 0.510 192
12 70.34~70.37 EEHI M b 106.3 75.895 2. 141 8.50 0.48 15 4800 0.674 32.3
13 75.21-75.24 ¥ R 103.7 79.34 1,983 8.64 0.27 15 3780 0.333 109
4 82.70~82.73 ¥ o+ 106.2 80.45 2.03%6 7.50 .32 135 450 (.680 27.0
15 B2.87—82.90 ot 112.6 86.34 2.182 7.55 0.28 55 1370 (.456 6.24
16 85,06~85.00 A b HiR: 108.1 82.97 2.033 5.49 0,21 44 1660 0.240 34.4
17 85.23—85.268 A - HER 110.2 82.89 2.136 8.50 .28 8 8590 0.356 33.6
18 85.93~85.96 N b HMER 107.3 80.82 2.049 9.82 0.36 19 3170 (.283 75.0
19 98.28~98.31 ¥} 112.0 86.68 2,085 11.3 0.32 55 1150 (.433 43.1
;i +
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Fig. 4 Boring log and results of standard consolidation tests at Takada branch of public hall, Joetsu.
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Fig. 5 Boring log and results of standard consolidation tests at Johoku junior high school, Joetsu.
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Fig. 6 Relationship between stress of ground and consclidation

vield stress at Takada branch of public hall, Joetsi.
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coefficient of consolidation and mean consclidation pressure

at Johoku junior high school, Joetsu.
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Table 5 Results of settlement calculation of upper cohesive layer at Johoku junior high school, Joctsu.
K FHRE | BE MERLL | FEAEES | TMLRE fhn LEkR RELTE JE BEOHF i
{m) (m) (cm) (kgf/em®) (kgf/em?) {em) {em)
H € Cc P Apl Apz 51 Sg U| Ug 1351 ASZ
§.9- 9.5 8.20 260 1.70 0.50 0.584 0.705 | 0.742 16.6 17.1 (.980 | 0.930 16.2 16,3
9.5-11.7 10.60 220 1.30 0.30 0.746 0.752 | 0.829 8.7 9.4 0.926 | 0.860 8.0 8.1
11.7-16.0 13.85 430 1.55 0.61 0.954 £.815 | 0.970 27.6 31.3 | 0.860 | 0.755 23.7 23.7
16.0-20.0 18.00 400 1.55 0.61 1.207 0.895 | 1.137 23.1 27.6 | 0.790 | 0.650 18.2 17.9
20.0-24.0 22.00 40 1.60 0.50 1.463 0.972 | 1.299 17.0 21.2 | 0.755 | 0,585 12.8 12.4
24.0-27.9 25.95 350 1.60 0.50 1.726 1.049 | 1.458 15.5 19.9 | 0.750 | 0.560 11.6 11.2
27.9-30.6 29.25 270 1,10 0.30 1.962 1.113 | 1.591 7.5 9.9 | 0.790 | 0.580C 5.9 5.8
30.6-33.6 32.10 300 1.70 0.63 2.152 1.168 | 1.706 13.2 17.7 | 0.850 | 0.620 11.2 11.0
33.6-36.6 35.10 300 1.40 0.35 2.340 1.226 | 1.827 8.0 11.0 | 0.930 | 0.685 7.4 7.5
36.6-39.1 37.85 250 1.65 0.60 2,526 1.279 | 1.938 10,1 14.0 .00 0.760 10.1 10.6
39.1-41.7 40.40 260 1.40 0.40 2.698 1.329 | 2.041 7.5 10.6 1.00 0.845 7.5 9.0
41.7-44.6 43,15 290 1.55 0.43 2.881 1.382 { 2,152 8.3 11.8 1.00 0.940 8.3 11.1
BB, Spu S Un ASHBAEOTHHTAML, Sp S U ASEREEOTHRTKRCHITLLHRTS 2,
F 6 LRNIMIhEREaO TEOLTRIEER
Table 6§ Resulls of settlement calculation of lower cohesive layer at Johoku junior high school, Joetsu.
O | PR | BE ) MR | TR | FUEEE | MILERE BALTR IE % B HUED LT
{m) (m} (em) (kgf/em?) (kgi/em®) (em) {em)
H e Ce P ap Apa S Sz U, Uz A5y ASe
58.2- 61.0 59,60 280 1.30 0.48 4402 1.412 | 2,210 7.1 10.3 100 0.8%0 7.1 9.2
§1.0- 66.7 63,85 570 1.15 0.31 4.730 1.419 | 2.210 0.4 13.7 | 0.980 | 0.670 9.2 9.2
66.7- 70.5 68,60 380 1.10 0.27 5.103 1.427 | 2.210 5.2 7.6 0.825 | 0.56¢ 4.3 1.3
70.5- 72.5 71.50 200 0.90 0.20 5.339 1,432 | 2.210 2.2 3.2 | 0.770 | 0.525 1.7 1.7
72,5 715.9) 74.20 240 1.00 .30 5.572 1.436 | 2.210 5.1 7.4 1 0.745 | 0.510 3.8 3.8
75.5- 79.3 77.60 340 1.00 0.30 5.861 1.442 | 2.210 4.0 7.1 0,755 | 0.510 3.7 3.6
79.3- 81.5 80.40 220 0.90 0.20 6.104 1,447 | 2.210 2.1 3.1 0.780 | 0.525 1.7 1.6
81.5- 84.7 83.10 320 (.95 0.30 6.339 1.451 | 2.210 4.4 §.4 0.825 | 0.550 3.6 3.5
B4.7- 88.7 86.70 400 .95 0.28 6.569 1.4587 | 2.210 5.0 7.2 | 0.900 | 0.615 4.5 4.4
88.7- 92.8 90.75 410 0.95 0.28 6.995 1.464 | 2.210 4.9 7.0 1.00 0.695 4.9 4.9
92.8- 94.8 93.80 200 0.95 0.30 7.256 1.469 | 2.210 2.5 3.6 1.00 0.780 2.5 2.8
94.8-100.8 97.70 580 0.50 0.30 7.602 1.475 | 2.210 7.1 10.1 1.00 0.900 7.1 9.1
%is, Api, Si, U, ASEERAEOTIMT AN, Apy So Up ASERTEOTFHH PRI CERIELHETH S,
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Studies on Development of New Land Subsidence Observation System
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Abstract

Extensive lowering of ground surface, called land subsidence, results [rom the heavy withdrawal of ground
water. Subsidence is also caused by conselidation of sediment as in soft ground.

Formerly observation well has observed subsidence with the methed of measuring the change of elevation of
its iren casing. This -method is necessary to wide area and high cost. By negative {riction between well casing
and layer, it is difficult with this method that subsidence is observed exactly.

It was used the wire made of aromatic polyamide for measuring subsidence and tried to miniaturized the
observation system and cut down the expenses. It was tried to improve the accuracy according to reduction of
influence of negative friction by reducing the amount of contact between component parts. We were equipped
this new observation system used to land subsidence at Ushiva, Ariake, Saga and at urban Takada, Joetsu,

Niigata.
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Photo.1 Lift up of the Ariake Higashi elementary school building
in west of Saga Plain due to land subsidence, as on Octo-
ber 1988.
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Pholo.2 Established Shin Ariake observation site at the Ariake

Higashi clementary school, Ariake, Saga, as on October
1988.
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Fig. 2 Composition of new observation system for land subsidence at the Ariake Higashi elementary school,

Ariake, Saga.
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Photo.3  Just before equipped new ohservation apparatus at a bore
hole in the Ariake Higashi elementary school, as on
October 1988,
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Photo.4 New observation equipment used to monitoring of land
subsidence at the Ariake Higashi elementary school,
Ariake, as on October 1988.
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Photo.5 Equipment of recording and communications of data used
to observation of land subsidence at the Ariake Higashi

clementary school, Ariake.
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Photo. 6 Monitoring on October 1990 of land subsidence for a new
observation system at Shin Ariake observation site in

Ariake Higashi elementary school, Ariake.
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Photo. 7 New observation equipment used to monitering of land
subsidence at the Takada branch of public hail, urban

Takada, Joetsu, Niigats, as en November 1993,
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Photo.8 Hut of the observation system defence of snowfzall al the
Takada branch of public hall, Joctsu.
(After clear the snow, on February 3. 1994)
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Study on Measurement of Land Subsidence with a New and Simple

Observation System at the Urban Takada, Joetsu, Niigata, Japan
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Abstract

Niigata Prefectural Government has observed subsidence with the method of measuring the change of

elevation of well casing. This method in necessary to wide area and high cost. By negative friction between well

casing and layer, it is difficult with this method that subsidence is observed exactly.

We used the wire made of aromatic polyamide [or measuring subsidence and tried to miniaturized the

observation system and cut down the expenses. We tried to improve the accuracy according to reduction of

influence of negative friction by reducing the amount of contact belween component parts.

As a result of observation with this system at the urban Takada, Joetsu, Niigata, land subsidence due to

rapid decline of ground water level in winter was observed precisely, Accordingly this new and simple

observation system is effective.

U HIZ

HiBIECI, #EONHGROBRNE, HEXHD Wi

CEEN IR AN THMH IS He @ ok £

—

5]

CESIERIRM AT K DEE BRI

T305 g2 LN 162

Water and Soil Environmental Division, National Institute for
Environmental Studies. 16-2 Onogawa, Tsukuba, [baraki 305,
Japan.

e T R

T950-21 B EETEH3L14-1
Niigata Prefectural Research Laboratory for Health and
Environment. 314-1 Sewa, Niigata 950-21, Japan.

CHTE B R R AT

To43 FBE Rk HLE3-8-34
Joetsu Health Center, Niigata Prefectural Government, 3-8-34
Kasugayama-Machi, Joetsu, Niigata 943, Japan.

PN EREET L HETT-TwE @®@1)Y, oh
EHATIE, BEESOBBAIKE (La00, BRET
BOEHEVEERREL R TRER 5502 ERRR D
HahM»FRULEEBI A Ehs, BT LRES
HORBEIHONT A, T4, BRERTEHBLED
B, TEERCHINELRELOBEBICL T, HE
FOWT LD IESh AL LI ELHD, ME
AEET AL ATER LD L DB, SRS, HAS
KT TR OER L HIB DI = O BB O 5 —
HLWwIENEILHD,

FIC, WEOMMROEEICT 5 3 PR H D
e EY, EROERONL E BROBRERY,
BH10, BUMEBA VLTI EI Lo TRIBOREY



PORFIbAL - BEZ —3 - M A4 BERILE)

“d
B E—"24 b
Hyug—rrad bt

/-hx YFS
N

A

g
o HE
e
o
e 5
T4 XA — .
k P e o %
A % T
_ P HE—2
'A' HY-A2EH
F
| heE
HONEG

B 1 sl TR oY

WL, EEOBEOHLER 7YY P9 1
W EHOMRAEL b s g Bk, BR®E
THEMAITER LI A, BEOBRETIZLEE
BEBTA I EATHRE o7, ‘
REE T, BT B5E L7 R 2 s T 3 2
F o VT TN AT 4, EwvS,) oK, Bl
CEROWE, B AT LORMEL £ LR LR

fZonThS,

2 R AT LAORBEE T OEK
2.1 #HEE AT LORBEER
2 iR L-HBE L ET RO E T
% b I A KA W X EE o WO PRI & A 7 4
HEBL, RELLCHITER L, EEORBIRR
#BEH 2R L7, MBI, HE T AROEBK
[ MBI THEERL TwB L IATHL, JOH
AORBICGEEPLHEENRE L THMLTEY,
IRERER, AR, HHHD, HEBHEIEE
REISNTVD, ZOMISHHEREIOn SEATVE
vz, BELAS0 LT, PRERNEL GBATYS

Fig. 1 Structure of observation wellsl).

s . RO —

FH 1 LENVLARSROBKMECEELCHBRN 27 Lo

[ SR o D ARER
(1994% 2 H 3 O
Photo.1 Condition of the new observation system at the Takada
" branch of public hall, urban Takada, joetsu in snowfall, as
on February 3. 1994,

(BH1),

mh, HEREN AT L ERE LB, 19924 1CH
VIR TR SR — ) v FRE R T o TH D, €
OFEMEEE7) %, £y FHEREESsRofEE
ZRahv,



G #72iIBI% L AR 2 L TR & 2 7 AS X SRR BET B TSR

RS

janmpitnppunuEsasaswn)
R TRy \] b e
i Ay | S THELLY T g

B2 FLRBLAMERMETTERNS AT A0REbLY

Fig. 2 Localion ef a new and simple observation system for land subsidence,

2.2 BRFOM\E WERIZED AT EVWE Ty ) - FRITRRL TR
BUH o WS 2 E 3 1R, Bl A DR FThd, 2, AbLb—F— (R&)— ) OEEE

BEid35m, OEERSmm THh b, HFE, Jkk=—n 30~35m TH b,

BOBLHWEERRETHD, FAEE Yo 1 b A° HEGIEIZAkgDPAT ¥ L A8 A M 2RSS,



PIFHhbLE - BOG—a% - P IR - BEBETE

B 2 HEEY AT Ao E O R
(1995118 7 H#&#)

Photo.2 Equipment of the mew observation system on ground
surface at the wrban Takada, Joetsu, as on November 7,
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Fig. 3 Structure of observation well and composition of the new

observation system for land subsidence.

FIPOLT T3 FEHRORET B EHE T 28Ro 7,
hl, EHCHARIEMS 71 PR SN
FINEFOEBE S 4kg & L7z, $728 BT, 2ok
F200BEE AL TIkg® Ay ¥ -9 4 2R
HLTHED, BIIROBRKENRINLLIICLTH
L, HIEHOSHFET CORBORIE - WL - T,
B =Y I FBEETETBENT, Fhil¥iayr—
URERBCL > THET DX IR L, 285, #HB
VAFLOFMIEIEG) RBESIY,

ZOER Y AT L EAREFET, T/ R
74 ¥ RO T EUHAHBRCDH 57048
T4 Y —OEHELMORE , FRPEIEREIIDOL

BEVAIBEAYSELRY, Cone, HBRCIE
WhHEE TR CTHEERIIEE L,

2.3 AFEELAET— 2 ORE

T A F a0 EEH I, EONGRE, #HTk
W (kEH), RUHHEBNORETH DL, HEOIGE
B OTRy - URERE, T AMEERRKAE
FEEMREEASEIRRIEICE > TIEL T a, 1
BEf & HlET A LI IEEL, £07 - IIBNEE
PHZERIE L2 RRSR @ Is IR L 72,
ESREBICIGE L MET — S R BEEH (128 -4
D»3AFT) BEA, FERTEH 4~11RFT) 2A
HolicalL, #0578 2 EICBIN 2T -0, & B,
EE 3, REREc R LANEF -5 #ET 285
(2, HEEHEED A TR /Zﬁ:ﬁofb’éﬁi:f yHE
LdDThi,

3 fEROBREDOHE
3.1 REEE
Y A7 A0 EEIZBIAMEROKS 3143, #it
0.6mXHH0.6mXH51.2m Thd (BEH1~2), Licdio
T, WO EEERIEH 4t LR, H1IRLE
I hFITolRIC L AR EET L, 1080
@ 1365050 1 & ot itk HY — 4 (58)
HETLLENHDLOT, HEOBEHNEI LTLK
ALy, THOEEERIL RS, BEHEEHET
SOt RER L THRETZ LS, ZDHLD,
EATRATA S W EHEIHEERIT 2 BET AR
B L o Twh, —F, Bl A7 203 HHED
B AN S Ve, HROBRY AT LALERETSL L,




BEBTOREN DL IBEHICLLLDEEZTHE,

OB AT LARRELISERL BEETELLE
Hiti s Th o720, BEL LA LBHETLLENS D,
BB MBOIMECEE ) 2Lzl (BE1).
WUHE A EE+ 2 WKL, #92.2m% (§1.5m>XH1.5m)
ThY, IRTLEEDIHFD1IHSI05D 1 DESL
LI

3.2 mERR

HEZEY L TR A 200K 4R L, Hid
AT LOZFBEBEHNAATHL, i, EROE
EXNOBNAOREERA L RBELTHS ST, TS
SUSHBLTHIGD 1 Thb, FBRACIEEAED
SRR THER TS B EFETE 80 AAHT
HY, TORTFIN S0 TRARERNTELZE
Mlhh, TOLICHE AT LARBELELEZ L
foT, REEHOKNBLIELHL I LFTE,

3.3 Eie

1R8OI ORI V2B, BEE0. 8mm @
TIINERBEORE, BR1kgDAT VARG 1«
1 hE, 22o0@HEL, FALFERFFEHETIRORE
BTHE, EOHE: 257 L THRBTLVLENSHLH
B (HE—-L) RChaeHA28AS LBV E, &
B, #B L UER S SO L bR vIEEE
BT B, ROBMMRE, —BEEETLL, 11T
AALBUERTZLVAIZELTHY, B VIME
B hetot, £ HE-LBKETHD, 628
BATHHNELSHY, BHRLBEHTL SR BREPRH
FEATRETHDL,

PB Y A7 LAV T 7 3 FEEROALH T A
it o= — 7 NG E3EEFTNEIES L E
PHETE, HEEEPLT— yHBEELNUTHL, |
YRS VOMPENEFBOREBETHDL (TH2), 2D
L9102, REBHBEL WD, F4 by EoRBEYE
CEAETLERFTETHL.

o, BRI AT L, BEPFRTRVED, T
IAFAFFOECHRECELEENORE (W 5em)
Fhtid, BEOBRAEF OB Z e
TELEVIRFETE LTV,

G R UAMEARRTTEIN Y A7 A L8Rl MY 2

FHE 3 HEMNL AT AOERTFERLIT- TWwHKR

(19964 8 20 A #i?)
Photo.3 Pericdical maintenance of the new observation system, as
on August 20, 1996,

4 WABR
4.1 77 3IFHHORY

T 73 NS OB E R, TTEE A LM
BB ELTWL, LEdoT, FEIHOLILS
WEL M TEH -\, BUPBobhk{hoThb
HW2EZATHHY, MEDLDH, o LoREE
THNTAZEERTI, 7T I FEEROLOEEEE
FTHI L, B, BT ARALOEE A5 1993
FIZR3HPHMBEL, 773 FEEROROMUIHR
T4 hHEMAHEELZ,

T FEEOROMYTEEOBHOBTRE L
J& O ke B oD BRI % [ 4 1275 LA BRI R AR L
HTFRGEDERDE L Thiawniz b pdb & TIUHEE
fTLTD, ZhA7TT 3 FEHOMTZLIBA2T0
IXHETHD, BBOEEBETLALOLELEY, L
AL, MEZHELT,513005H W5 B8 *#%8
L@, UGROTEs L A2 (h-ThE,
240F5MH (10HR) B LB TEEALYERL &<
Bh, MUBEHLRE (Lo, £2C, BEY (FF
B *REGBLCPrLH I AABOIOMELESH2G
B ZRGET A8l L,

T 7 I FBMEOM I oM { & o71994-5 A
356 A 6 HE TOMTAMEBEOEREOHRFR
¥BEBIFRELE, TOBICILE, #HTAREITEEA S
FLTBLY, 773 Fi#ETHOClE L BB
REWHLNOESER, BEORbict-THLEMRL



FIFFARAE - PO — - M 5 - RBINE]

8
G 6 ARG
w
2 a2t
B
=0 -
E
B2
£ 0
& wer

_6_

-8 1 . L 1 . a1

0 50 100 150 200 260

A (RFR)

B4 793 FERESHU R DO T AL RBOTER
Fig. 4 Ground water level and subsidence before the wire made of

aromatic polyamide being extended.
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Present State of Land Subsidence in Saga Plain and Monitoring of

Subsidence with New Observation System at Ariake, Saga, Japan
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Abstract

Saga Plain, which is situated in the south of Saga Prefecture, has a coastline along the northern shore of the
Ariake Sea. This plain is a typical area of land subsidence” where significant subsidence has occurred
continuously and adequate countermeasures are urgently neede. In this Plain, land subsidence had occurred in
1950s due to increase of ground water discharge used for agriculture.

Shiraishi District is situated west of the Saga Plain. Land areas whose elevations are less than 5 meters
above sea level are extensively distributed in this District. The tidal range of the Ariake Sea is about 6 meters.
River and coastal dikes are constructed to prevent flooding of those land areas. Shiraishi District of the Saga
Plain is composed mainly of deltaic plains and is known for its large reclaimed areas. Paddies are found
extensively in this areas. Very few rivers exist that can supply surface water for growing rice in this areas.
Thus, irrigation in these areas has to depend mainly on the ground water supply.

It was developed a new observation system in order to monitoring of land subsidence in the Saga Plain.
This observation system is used the wire made of aromatic polvamide for measuring subsidence. As a result of
observation with this system at the Ariake Higashi elementary scheol, Ariake, west of Shiraishi District,
subsidence due to rapid decline of ground water level was observed precisely. Accordingly this method is
proved elfective.
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Table 1 Maximum subsidence in major land subsidence areas of Japan based on level surveying.

(Data from the Environmental Agency nf]apanl))
T MAXIMUM  SUBSIDENCE  (mm)
PREFECTURE AREA ‘
197576 77 78 79 RO Bl 82 83 B4 85 B& BT B 'wg 00 9l 92 w3 W

IOKKAIDO 1SHIKART PLAIN 57 33 101¥ 86® 44 3z 56 5p¥ me erlt ag 1215 38 217 M

AOMORI AOMORL PLAIN| 37 30 20 17 8§ 22 10 15 4% 24 22 24 2 22W 8 28 i1 10 19 7

YAMAGATA | YAMAGATA  BASIN | 137P 25 6 32 23 9 16 13 17 16 2 21 & 5 20 12 W 2 5 24

MIYAGT SENDAI PLAIN| 96 71 55 189* 56 54 37 43 33 66 51 42 42¥ 3 2 25 2B W 15

IBARAKI KANTG PLAIN| 8 71 72 95 81 54 49 48 44 56 46 41 40 45% 40 43 43% 489 2 56

TOCIIGT KANTO PLAIN 241 31 20 31 18 o 55 oz 4@ 33 32 s 3 8P om w2
SAITAMA KANTO PLAIN | a7 141 g8l 15t g1 7oV 672 53 523 g0 56 47 48V sa® 462 49 42 47 3 48

CHIBA KUJUKURI PLAIK| B4 91 44 45 36 56" 54 43 w1 30 32 3l 93* 42 30 3} ;W ;2

CHIBA KANTO PLAIN| 77 74 58 95 86 53 45 35 34 53 29 32 45% 36 26 23 3 2% :Y 3%

TOKYO KANTO PLAIN| 34 & 43 5 22 1& 25 11 13 3 I§ 13 15 1 o 4 8 2 10 30

KANAGAWA | KANTO pLaN | 11:¥ 89 51 as 48 41 107D 2630 168" 64 82 33 a2z 28 so 20 s1T om w7

KANAGAWA [ SHONAK PLAIN| 30 22 32 33 33 20 16 21 2 73 22 20 19 22 15 529 34 43 w27

NIGATA NIGATA PLAIN{ 48 25 12 a0 15 33 17 3 1l 23 3 2 17 3 20 2 {5 369 14

NIGATA TAKADA PLAIN| 16 20 42 25 4 20 3 23 22 i01Y &Y 4P 14 8 3 12 9% B 19 30

NIGATA MUIKAMACHI  BASIN 44 67 2z M4 30 a4 18 16 82 W Bm oM oy o2 9 sall gyl g3l g
NAGANG SUWA BASIN a3 33 53 5P o4tz e 400 33 28 m o240 3 a7 0w

AICHT NOBI pLAIN | 99 84 73¥ 45 35 22 32 2 2 2 15 10 18 6§ 22 20 14 1§ 10 28

GIFU NOBI PLAIN| 20 32 15 22 3 12 16 14 2 25 23 % 22 )z 2 21 20 22 9 46

MIE NOBL PLAIN| 93 75 53 48 45 31 22 33 22 2 15 ¢ 17T 6 13 10 13 18 10 3

OSAKA OSAKA PLAIN (101 93¥ 8% 63 23 17 20 2 18 2B 25 |3 19 M 15 14 13 28 M 5

HYOGO OSAKA PLAIN[108 75 26 22 s 5% 14 m 15 12 ¥ 17 8 28 13 17T 28 12 185*
SAGA SAGA PLAIN| 93 68 59 103 a5 35 46 w¥ 33 se evY 3w a7 sV 42® s s a3 oz 160®
KUMAMOTO | KUMAMOTG  PLAIN| 36 38 30 43 28 22 23 20 24 20 1§ 15 12 18 12 al 14 14 11 27

* : Subsidence caused mainly due to varthquake
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Table 2 Annual amount of ground water pumping in Saga Plain, west Kyushu, japan7
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AMOUNT OF GROUND WATER PUMPING (X 10°m™)
AREA
1975 76 77 7R 79 B0 8l %3 B4 CBS  B6 BT BB 's9 90 '91 o2 93 'S4
SAGA DISTRICT | 156 123 110 19 11l % Q3 04 50 5] 47 46 45 44 45 45 45 42 4%
SHIRAISHI DISTRICT [ 129 100 109 175 116 83 90 122 101 110 100 47 64 90 78 90 67 91 56 204
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Photo. 1 Subsidence with crack in paddies at the foot of Kishima
Mountains, Saga, due to very excessive pumping out of the
ground water primary for agricullural purpose, as on
February 1995
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Photo.2  Lift up of the Fukutomi town office building due to land
subsidence.
(In October 1989, seven risers had to be added to the
front steps of this building.)
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Photo.3 Reconstructed Fukutomi town office building of two
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storied. as on December 1993,
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Photo.4  Lift up of the Shiraishi junior high school building,

Shiraishi, due to land subsidence, as on 1988,
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Fig. 2 Ground elevation and ground water level al Shirpishi, Sagas). (Data from the Saga Prefecture Authorities).
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Photo.5 Lift up and no use of the well for pumping ground water
for agricultural purpose in the Shiraishi District, Saga

Plain, as en February 1995
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Tabie 3
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Stratigraphical classification o¢f Quaternary System of

lowland along the coast of Ariake Sea, west Kyushu,
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UPPER HASUIKE MEMBER

Japan™ .
ARIAKE CLAY MEMBER

HOLOCENE

LOWER HASUIKE MEMBER
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KAWAZOE FORMATION

USHIYA FORMATION

KWER E 5% &, EREHOEHEHITITER R
KIGEE T - B REDFH 0, KR & EEFAN A
TEBBACZIVERHOFEE L NEORIKEEEBE > T
Whe T, HKEBEKRE oM FEHORHATIZE




E gt

Frittar I L b b A b A, ARERSHE
W, BEHMERICEE L b o RER OB, S
Bill, AFUIPHTEEL T,

KILBEI D 5 B, KEH 58787 OIRRETHIH 3
BYDEFTIEG, MEBEICHEL T 7 7Bk fbo
BBEEPLLT L, LALELLHANDE, Eokil
OWVODOENIZ L2 TCTERHBCHL PSS, =
Dfzs, FAETH, KIIAAEE LA SICEE L2
KILK G EEET, L TTEATF 7 7B EHIg
L, HROBEEMELT, RN EREERTIDZE
HENTw2,

EETFEC, WMo XLE R & A 00FRN LT
TIHERL TS, HI2EEROMEE-3 KK
(Aso-3), 7 ~ O JFEW @ M8 -4 ALK (Aso-4),
$922 0004FEFTORE R-Tn KUK (AT), #56 3004ERi®
WAR-T A=Y KUK (K-Ah) % EAH 5, MaE-4K0
IXASHERE L 7B, BB oS Y L akBE T
ARz, MEFE TREBEYT - LB L
FoEEERIC AT B, MR -Te KWK, BEEALF T H
LM LA AT XKEROBTHMYTH Y, F(HELM
HETHAL Tb, £OHR LA, FEHERY
ORI TH L 7L okl orEicdzh, BT
RS T, MEEH T S LTI R T D i
RO THBOME L 2RI HST 5, BE-TH
FA ALK, RAFH VT T ORI LR FHER
b, HABMEFETE AR LT, FOMHRL
ik, EFHRHOBCEER C S, RETIZFEH
FE-EE, PRSP T RIS L FEh To A8 4
R BASER L 2B, HAVIIEBIEHNOLEYE
By AR ALT s,

3.2 AHEOME

R TFE O R R O SR B E &R TR R e
By A0, FEMAHEARIZH 2 AR IAREA
SR TETLENER BEoBYRFEFER) I8
19RBE I TEREQ0m DA — LT T - K ) v % T o1,
Mg, WUCRLTHE LS WKHHIEEE
LTHh, HHURCTIns L/ sic B L - MEE
Koz 5,

F=aFT - E—) ALk bR ER TR
BT, i - B8 - BB EITo 0, FORRICEDC
wEEFIE, B30L)ichh, ROLIIoTEIL

DEPTH (m)
0 —r —_
ARTAKE CLAY FORMAT(ON
LOWER HASUIKE F. AND MITAGA¥A F.
AS0-4 BED AND NAKABARU F.
AS0-3 BED (PYROCLASTIC FLOW DEPOSITS)
50
KAWAZOE FORMATION
(GRAVEL BED OF MT. TARA ORIGINY
190
KAWAZOE FORNMATION
150
USHEYA FORMATION
200

B 3 HHAREROHBEEIF
Fig. 3 Geologic columnar scction at Ariake Higashi clementary

school site, Ariake, Saga.

BTED,

HFED SR I CHEFRRLB L whbhTwya
HWETH5, RE23.4m T THTEE LINETHAEL
LB TR OFENRIHS T 5, HE23.4m T
121 HERTIIAE Y, EEL3 420 im VE RN B O EE
& (HBG) WHLTAAKBETHL,

PEIE29.6m £ T, MR EARE L FOEE,O %
W, HEARDTFNBETHERIRIOOEEES NS, F
26.2m E THEROLHHBIIHAL T ERE T
MLt OERTHD, FRURE, YL HELIOD
BE S LLZZAIIBTH A,

EE.Tn FTOBFIEL LTABEO VBT
HY, MEFEFOTETEBICHL TS, EER.8mIT
HeKILA T AET, MEE-aXILRICHEST 5, ZOTHE
BIGEKEREO VB4 2hERTHS,

RHE39.7m T TOLBBIIME- 2K ESRICED
Mg THL, FEI2m T TIE, F& L CL0FERNH
LIFEBL TS REREORB TH Y, £HhIEE,
WED LML DERBE o T, Fui (1994) 124 R,
R ¥ THIEIR, FRUESERBE LY.
L Ladss, CoF—17r FTEE=RIcEELY
Motz



H GEEPHIIST BT T OBUK & HAN 30 LA Hie s FERH & 2 5 400 L BB

4 FLORBLTRAL 2T ACLBRERR
HEAB AN TIT o 2K ) » 7Ol % PR

WKTLTWwA

O TR WL-212, WL-1Z51 & 95115 2 5121k~
o —H, HEOEE R, AHSELEO

LTt THUAEE ORI 0T AR LS TFTRAZEWHERBA R wodh, §5-1, SS-2& § 1343

moiz (1), £2°C, SBESEWRAL, 19894108 MU LS L THETERL, LALEHROET EALE
ICERE L, oMM 2BREAY,

(21 [ I O I S N e N 2 el <17 B2 AP 21 =i
BE»HIWIE 2 ARE COBRBILTBNDGE L
bOTHY, Lk, IOBMHEBEEL T AT
PHEHEBFT E T AL,

FHG6I, #Ho B L RETHE L A7 4%
RLAbDTHL, BlliZ 2 2ORETIT-THY,

M-, TSRS AEEROBB OB T
A (WL-1, A ML—F—HEGL —96.5~106.0m)
EIDBOERNE COMBOESE (SS-1, HEE
WEEGL. —126.0m) 2WE L Twa, Bill-212, T
WRPIZHER L 2 ZHIG O T RAL (WL-2, X b L —
T—EEGL ~26.3~29.3m) EHWHHIRBEY HKET
LB OREEE (SS-2, Wz HIEREGL. —31.0m) %l
BLT VD, FINEEICEALTVWITHABO#TA X 6 HAUIBRNTIZAE L 2B TR 27 4
. Phote.6 Equipment of new observation system for land subsidence
W - M = -
fz WL-114, BRICKWBCETL, 9 A#& 122 GL. at Shin Ariake observation site in Ariake Higashi
—=15.2m FTITF L 728% 3k A EBK L"le‘%? Vi elementary school, Arizke, Saga.
2 T | I B T T T T T T ¥ T 0 S S S
,"wjiimw5““%$“33&°:° soz32388%%
et ia 0 ¥L-1 ° 09age JURTTEE Mttt 1 182
C o T e 3
8 |- . ° o ° 4
— ‘. “tese, ] e °
= ety °
*es =
asnatdan BT TILP A . ° =
g 12 | as “‘SASA"?. '-.o.o 180 E
= LLAA.*““‘ o.'. 3
b aoa0ttstion °MMMAAM:‘MAMA:““M‘ o, “
- An FYY A“‘ ‘n.. n =
= s sangan ta, -
g a, A.‘ -_.-. E
= “ ““AA T UL
= o2t b 4 a, 9178
AA a ‘L‘ e
NMA“‘AA “‘
§§-1 AAAAAA‘ .
24 = AA: LYY —l 177
LYY
1 1 1 | 1 1 1 1 A 1 1 1 | H | 1 1
11 12 1 2 3 4 B 6 7 8 ] 10 11 12 1 2
1989 1490 1991
Bl 4 FiE RS RE L A TR S A 7 402 £ B BT 1Y
Fig. 4 Observation of a new system for use in subsidence at Shin Ariake observation site in Ariake Higashi

elementary school, Ariake, Sagam’.



EalagtidS

(UL-2) SR LS affmERL Twd I EH5h
Be T, WMTAEZIIEALFDZWAIZIIH TR
TEOEXFTEHEL TwEY, HBROLTHEREOER
D 220, WTKGEAEEL TOMBL TEL TS
ZENGHhBE, THIHCLTHBOXTRIZFERLT
Wi,

4B LTHESS-28 UL-2 TRl S h - tig o %
BigA s ss, FILMESRILZEEZE 2mm D
RN T - TH Y, BRSNIEESE L TR o7,
IoEH I Edh, HUIARLAZENS AT A
BBV TwLEwib, B, IOYATLE, H
AEERICBESH, EEMNcBlrREToh TV,

5 &hHYi(C

EEEHOPAE, 2L LTRERLEDOTS
HOMTAREHKLTWA LD, HFETEHHOHARL
TOHLGHER 1D 2-TEBY, EREYTA-F
AHE AR L Tvb, ZOFHFETLEHEERITRE
EMEATonbHE, 0L, HFEEbELY, @
N ECHRIFZE SR TL, FHFOZEAEPKE
THIE RS, LAb—ERRAIES L, BKT A
BBV EZATLHD,

AR T RBAE» OB SOEFLMECTL L
P&, BRI E S TELIEBKEFEATLZE, B
BASET L% < C ORI EREAR om B TR L
el kIl B, VIR, HRMOTHE TEHIZT
FEEEAE LA v, FIIHE LT
B S A7 L ORI X 0, B ILRET LY
LERCHELBRNY AF AOEHEER-TH{2b
DN Thb,

E
HLVEY AT ADREBELFOBROBRIIRLT,
g R RSN O ASE—E, EHRIEA (4, L

E(EB OZK, REGR 7V 54 F7 »OALEER
Rz kKB o, S0, E{ALFRLEY
ERETHD,

3 A X B

1) BT RE AR (1995) | 2EO ST T KOS
PR 6 €/,

2y BH - REARE (1089 D EYE - BEET O
MR e TEN. SUMTETLEMRERS,
pp.133-134,

3) WEERE - BEHE . BEAN FRATF - EEE
gh TIWE— - 50 - ABEE - BEET - 1
HC-® 0 2 REMNR S@EE 19%0) 1 F
BEiERFRbOF— L a7 - FE—-) rrick BENR
BeEEEFEHRE BESNLES, No.2(,
pp.104-105.

4) FILE— - BFHEA - HEZ - ERELE - T
% EEERE (1994)  FHELRREOSENA A
WAFHREE S IR EMS, Vol 18, No.2,
pp.103-129,

5) PHEFEREE (1090) P KiEEHTHELATRE ER
HikR 4, 234p.

6) KBEE 0977 I HFETFHoRBRT. L& EHE,
Vol.25, No.6, pp.69-74.

7) RIEBTAEREREEEE (1956) © BT 58
FEMROERIRIIZ o WT. 23,

8) FErAREE (1986) @ b EOBEBLT ORI #3E
TR BIET RS, pp.27-34.

9) SEEE - SN EAE B R B (1986
CEEEH IO BT AIEAICRE ) LT L T AKE
~NEE. LTEITFSHE L& EE, Vol.34, No.ll,
pp.13-18.

10) MIEFEREE (1991) ( EBHETEHOBBLTHEREE
BRI 274, BENEMHRAHEREES No.
F-31-'91/NIES, pp.25-30

11) TOENO, Ikuo (1994) : Land Subsidence Problems in
Japan. Lowlands, pp.413-437.

12) THERERGE - ALEEEAE (1997) ¢ L WAL TBIE
AFLOME HEELBRTOREBRTHEREF LY
AL TEE Y A7 A0BRE. EXREWRATTIER
&, No. RI35, pp.61-68.

13y FREFHREE (1994) @ L T OB LB AT 4.
BT HERE ST ARSE, pp.1-6.




HYLAHEMAFMERHRARES

XE1 B RBRAKBoEXBEECCHIZEEHA-—-Br#EMNBRE LT - ~BAOSIER.(1977)
HEZ2E REMPYCLIIAEERBEROFM LA ST AEWMNME - —BASI/28E FRME.(1978)
(% ¥)
BILAERARHFRES
WH3E A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus
(Dipters, Chircnomidae).{1978) . )
(BxE2LAVAHH Chironoeus FIMORR, VF ¥, vROEBOHE)
KE4E AT vV FroNn—RL3RLAE-SEABLDANCEREOMR — —WAO6G2EE g4 . (1978)
KES5E EBEREAR-ZABRCYROCABCEBEB L ABRC - RERYOERARERE TGN TAME - — @M
51,52 HRME.(1978)
KEFE RABOEERRELCIMTIBREHRE (II) — Wyl LT~ —BE3ER.(1979)
W78 A morphological study of adults and immature stages of 20 Japenese species of the family Chironomidae
{Diptera).(1979)
(BFXE2RVANAEORSD, V¥, HROEBLEGHE)
XEBE ARAEBRYHOR - BIUAEGBELOEALCATIEH IR TIRBNTIN - —HR02,53FE HERS. (137
KEIT AT wVFrori—LLaBbAkR-BRBLEVRATCFEREOFRR - -~ BHNIEH FHE LS. (1979)
MEI0E BEEHCLIZALSSHERORHBLHBUNT 2 XBNFAR - - BHOSI~93FE FRMEHS. (1979)
¥E118  Studies on the effects of air pollutants on plants a2nd mechanisns of phytotoxicity.(1980)
(KAFRYEORYERB IV EOHMP Bt oMM T 55 5%)
%128 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing computer
~controlled instrumentation,(1980)
(D Ra—FHEBRREAALE? L —ABLUBRRE 7S AVAXBR LD ETHAE )
#1358 Studies on chironcmid midges of the Tame River.(1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pelliution
with sewage water.
Part 2. Description of 20 species of Chironominae recovered from & tributary.
(BRI CRETZIRAVAOHSR
-1 FOo—FREAHINLE2ZVHEHOGH L TR LIIFERE L ORF
-—E28 2o—-FTHE-RAWBEh= Chironominae BH BT >WT)
KEL4E FHEEY, SRAHLESY, ERRSOIBERFACRIFT RS LT 2 — — A3, 045K HUHR
WE.(1980)
KEISHE AKERPHOR-BIUTHAHTROEAINTARGCMTARBONE - —BHOS4ER B EE. (1980)
KELGE HAPBML VTV —F - L2AEFLREREA. (1980)
¥EBLTE MEOEBBLIUVRZABCRETEADR - —HBENEBOALEM L XAHBEHSOW R - ~HEMII,54FER A
B, (1980)
#1858 Preparation, analysis and certification of PEPPERBUSH standard reference material.(1980)
(RMSEHHET ) a v 7 0%, 2B LTRER)
KBL9F E?kiﬂmﬂmi{btﬂﬁ'aﬁéﬂf%(lll)——n&%ﬁ(ﬁ%ﬁ)miﬂﬁi——ﬂﬁm53,545¥.§.(1981)
B8 BRAROBRRLEMTIAZIRAFRA(V)--BrARROBE, AR AXFUEB LIV ZTOMKERIRIFILEE - -
W03, 04%F M. (1981)
®E2E RABROEFELINRIZESHE(V) - -WrAdBAGINORBAHBRELE ZOFME - —MBM5I,54F K. (1981)
®B22E5 RABOBXRBECHTIZEEWMA (V) --GrH0EBFORELEYHER - —MMG3, 04F K. (1981)
®KE2IE RABOBRBLECHTIBEH ROV ) - -HE0BHBERBIER -T2 EWOH R - - EME3,54FE K. (1981)
KEME BARAOEFRLCEHIZIESHERV) - -~ BEXBLOHAACREIESOERMLMIZIHA— —IBMS3, 045 K.
(1981)
WH2E RBRAKEOBHRBLIHTLIRSWR(K)— —Microcyetis (EHB IO MMM - ~BM53,548 K. (1981)
BT PRAROERBLGINTIBREMA(X)--SEERNHRELC LD AGPOWE - ~MM53,544 /. (1981)
XEITHE RABOBFRLGEHTIBSHR( )--WHEE - - WAL, 54FE % . (1981)
KPWBE MEAXEATROHEHYEGLHT LM - ~@EMi4,00F 8 HHAEE. (1981)
298  Studies on chironomid midges of the Tama River.(1981)
Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution in
relation to the pollution with sewage waters.
Part 4. Chironomidae recorded at a winter survey,
(BBINERETZ222YVHEAOCHR
-—-B38 HMYOoRFECRHEETAhATZVZAY)HEH Orthocladiinee ERORBWE, ZOSHBOTABFRE LD
BRiconT
-—HB4E WANOEAPORETRESTHESHOIH LELRN)
HENE BRECBIIERRECFABOREHMMBLERTIEROM R - —BI54,556H BNHFRBPL.(1982)
RMIE XKEERPHOHE-FLUHSEROEAENT ARSI M T2 RBUME - —BMNSSER SRAEEE. (1981)
KB AT wFFr A RLARUAR-RARBEVARCEREORR— - REAABR B a2 RNy EYE

BRBO|E (74— N FFRRL) - -~BAMER SNHRATERE.(1982)

—.ix_



XHBII5
KEMg
XE|isg
KEIE
KEITE
MIEEIBT
KE3B
XE0E
KEE41E

b3 EYA-
WIS

KT
W4T
HEEE
XEATE
K485
KE495
#EBH0S
KESLE
XEo2E
B3I

M EH4E

ESE
KEMo6E

HEETE
HEE8E
LT

KBS
®H\61T
X625
W65
KOS
HEE55
W66
|67

HEREET
K69

BEtBodRHM L XaEHBE oK - - A BER s XALKABOYIav—vary——~BMGER BHHR
L. (1982)
RRAEROEBHAN  FHEFEOHBCHTIMA--BUSSEE BHHABE.(1982)
FEREOBL VA EHMETEGROFMEE T 2R SRITHI. (1982)
ENEHCL2EROBHE S ) L VFECNTIMAE - -~ MH55,56FK HHUMARS. (1982)
REERO L A7 ARNEBREMOMBICET 2 HA. (1982)
Preparation, analysis and certification of POND SEDIMENT certified reference material,(1982)
(RRFHEEY THEE) ORM, 2HRURIMH)
ERREHEOAMHUHN -  AEFEOCOBREMTIAFE - —HN6ER BAUMRHE.(1982)
AR O — BRUHSEROE RN TAHECHTINBRNF R - -~ BHCERE HHUFARXRE. (1983)
THEMOR LM T AN, (1983)
EEOVMMREFRAFEZCHT S REOME.(1983)
Studies on chironomid midges of the Tama River.({1983)
Part 5. An observation on the distribution of Chirenominae elong the main stream in June with

description of 15 new species.
Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream

in the June survey.
Part 7. Additional species collected in winter from the main stream.
(SENCRETLZALA)HBOTR
-—B5# XRACRETI2AVAMOLHBERMTZ26HORBEEF LAV HERECBETAIHASOLSE
--H6®H FZERARLIVDEALCRLILEZ VIRV IENOEFALODWT
——HTE F$EXRLHIACEEIALIZVANOZTHLIOVT) ]
AEY T F v v NA—EL3REKR-BRBEYAALEEEORE - - FERARDPER T IR CFERERYHER
BMHROFBHR (74 -V FERHE2) ~—BME4FEE BHIUFARAFEHE. (1983)
AWERY, ARARLEY, B4&BSOLHMAERI RS T ERB LB CHMIZFENRN — —BMEI~6FEE BINHAR
BaEeE. (1983) _ ‘
FHERY, SRARLESY, SERSOLMEBANRE TN LS LMy IR — —BN54,5588 BUHAE
BE B 1 oM. (1983)
HHERY, SREHLEY, EEBSOIMEBRECREIRE L BLEBMTIHH - —HTM, 088 #HRMRA
#E 2 5. (1983)
EBEHUSOAERBICM T2 Y X7 ARK.(1983)
FEREROBBHY - FEFEOMRBRENTIME - —BHSTER BHAARE.(1984)
BABOBHBLEHLCRIABEWR(I)--Fri@OoRAAHNBROE R & ¥l — - BHS~5TEE HAFRBE.
(1984)
BEAEOBS B ILICR T 2EEWR(I) - - B rHOYHBER LI 2 EIRNTIHF-—-BOSI~TER BIF
KW . (1984)
BRAkREOBRELH LR T IEAAR(INN - - By AERALBIIBEARZANALEEEXRBEHLEFHZORR
- —BMES~5TER BRHFRES. (1984)
RABROBRECHLCHTABGTHR(N)--BrBOAMRUFr(AEFROEMENL & BB - —BEHSS
~BTEE HPMARE.(1984)
RBAROBRBEHLCET2EAMA(V) - -BrHAOCERELRAKOETNE - —BMO~TEE BHAMARS.
(1984)
BAKOBRBEH LRI Z2EAAR(V) - - BERELHERE - -BNS5~5TEE HAHRHES. (1984)
EAKBOERREH LA TI2EATHRVI) -— B/ B0 sBER L OB EME- —HRANSS~57TE8 KW
wHE.(1984)
BAEOE R RAEBECHTI2EAHRVD) - -BRBES - —HOS~5TER HIAFRES.(1984)
HRHEECLIEROBMMNE=SI Y VY FHREMTAIM R - —BAKH~5TEE BHUMRESHE.(1984)
Rk E - AR LY - MEBREDRACERSORR- - REERE v Y Fy -2t/ EmlRoRR
- RKEHE B IEB ST ORREECHBONE — - BNS5~57FEE FUFRBE(E | 41/ ). (1984)
REAR-ZREBLY-HRBLYRACEESORA - - REL POV EEBRROTR~ —BUSS~5TEE B
RARBEGE 2 M), (1984)
HIEkBR-—BRBLEY-RABREYRACFEEERORR - -BHR AR PRSI 2 R RERDEEREROTR
(74— FREL)- —FWHS~STER BIARBEE I SMH).(1984)
FEERMYBEC LAKREERODPCEENEARCRT 2ME - -~ BME6~58FER HRHFRPBMBE.(1984)
BECPBITIERRLLAHOBEHBLUN I IRMNME - —BHCEE FAHFRARE.(1984)
HAREAHROoHYERSRL U TL2H R -~ HANM~0EE HAFRE SRS, (193
Studies on effects of air pollutant mixtures on plants— —Part 1.(1984)
(HEXEFERORY L RIZTES——H 1 2M)
Studies on effects of air pollutant mixtures on plants— —Part 2.(1984)
(HEXEEROMBDLRIZIRT - —-H22WH)
HERPTOFEPEC I AOEBHEYCH T IEHNRAR - —BH4I~56FEK KFAFRRSEE.(1984)
BECIHREARLIORHES NI ZHRN - - BNSE~STER HUFHRES.(1984)
MEASHOEFRLER NT > ERWTE.(1984)

— x —



HKETOE

KEBILE
KEBTLE

KETIB
KET4E

KETE
HETEE

KEBTTE
KEBTEF
KEBTIE

KER0E
KEBLE
HEWB2E
HABBIT

BB
MBS E

KIBREH
ERTS
XEGRE

HasE
I
KEIH
KELE
KEIIE
KT
HKEYSE
KEEI6T
WEATH
XH9ss

MEagE
#1008

KELOLE
1028

#1038
KEL048

HKEB105E
KEL065
®W1TE

Studies on chirononid nidges in lakes of the Nikko National Park.(1984)
Part 1. Ecological studies on chironomids in lakes of the Nikko National Park.
Part II. Taxonomical and morphological studies on the chironomid species collected from lakes in the

' Nikko Natianal Park.
(BXEYLHOMBOLA Y HICHT 3R
- -H 18 dXEXLAEOBOIRY hOEBENTFR
-—-HI2E AHAErAEOMBREERT22R VMO EEN, SBLUFR)
VE— bV R LA BEBRUBHME O HEN. (1984)
HEAR - ERB LY - LA RGO - —RARASD R T ALY R E RN EE RS ROF R
(Z 4N FHRR2)--MWEUSS~TER BUFHEE(H 4 2. (1985) )
RIbAR -—BRBLEYD-HEBCY RN ECERBONA - —BUSE5~5TEY BHUHFRLSHES. (1985)
BHERFZORAVOARRHEERIEREROMBIMNT2FR. RREH-20F I AL EEAE - BMSIER
R EE. (1984)
Limnological and environmental studies of elements in the sediment of Lake Riwa.{l385)
(EEYERETOTRCHT AR AKLERUCRRLLEZNFR)
A study on the behavior of monoterpens in the atmosphere.(1985)
(RKEPE /TR OXEBEWTI5HSE)
REEROBRMHA - FOFEOMRBI BT IMA— - BHSBER HETFREE. (1985)
HERMRECRETLEEFTORE ORAR. (1985)
Studies on the method for long tera environmental monitering— —Research report in 1980-1982.(1985)
(RRERNKCLIBROBBNE- S ) VR EHTIHR)
BRIEBTIRMBEOEFNECRT 2HAR - —BHOT/S8ER TR ME. (1985)
EREE M E OB EN RN T oA - -~ A AHEROMERA TR E LT.(1985)
HYOAEHNGGHMELMTANE - ~BMET~GRER HEFERES.(1085)
Studies on chironomid midges of some lakes in Japan.{1985)
(BRo#Boaz) HoRE)
HERERER L AR E G HEFROMR T AT - —EMET~59FK HAUFELS®E. (1985)
Studies on the rate constants of free radical reactions and related spectroscopic and thermochemical
parameters.(1985)
(ZV—2VANOEBEREEARERBRTRANLEOINSA—F—C W T ZHRE)
GCAMBARZMNVOREYZFLIEMT 5%, (1986)
REE - RERPHOMT L ZOMBBM N T IME - -HUSI~58ESE WS, (1986)
BHBRFEORAOARRRF K2 ERMIEROMB LM T2MAI. BRIEF-—EAMNE > 27 4L — —BIG5E
B EHRmAEE.(1986)
Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.(1986)
(LANDSATUE— P L YR LB rioxBEEHAD
FraFth IR LERCAZEARRMECUTOEBERBETY - ~HEEIAEMINITAA— P AAER L T EH
HRBERAG~OBMBOSGMEdm .0 e LT.(1986)
Econcmic analysis of man’s utilization of environmental resources in aquutac environments and national
park regions.(1986) '
(AME L2 BERRENBOEFIF - KRN B ARBER 2SI LT)
FAXAOORMMBEUIRIBT ZHE.(1986)
HREOTHBTLIORMEBCMIZIWR(I - —BHNB~50E 8 BUARSSHBE B 12 M/.(1986)
EROCHHAT L EOMMES W T EIHAN )~ — BWHNSBAS0ER BRUARRRSRE S25M.(1986)
BERRLREC LA kEHBCN T oRATR(I)— - S RABORELFHH - H2— —HMB~59FE8 HUHESD
&.(1986)
ENPMEREC LI AEBRBEMTIRAMA(I) - - k8# - AOK - HBOEBABE L - —BHNSE~504
E RBIMmARSE. (1986)
BRABR AR L3 AR BURT ISR A () - - ABRCERME Lok HOow L — —BRSB~EE SAFHFX
W&, (1986)
ERARMHMEC LI AHNBCH T 2R (V) - -8R LBk EAL-AEBRNOME 5/ — —MH58~
S94E 8 RN BITFAWE.(1986)
AEERPRCLIAREBRAOP AL L ARER T 20 R - —BHSE~59EE KATRBSHEE. (1986)
Ny Ty PR B bR RS R Y EORBE A Y Vv VR OB - -SSR ARNRKER USSR 2
MEHBOME - -~ BRNSE~6IFEE BRHFREE. (L986)
BEAZRAREABTRYHOEHEF T 2 KRBT R - - BRST~60EK HUFRME. (1986)
HRERMRAEEMICET 2 FRETE.(1986)
ARANMERNL LToRSOMEONHEICNT 2 X#0FHR. (1987)
Studies on chironomid midges in lakes of the Akan National Papk.(1987)
(THEMARELIAEOHNCBI 3222 ) HEORR)
WHERE BT IKPLETRORNE. (1987)
NHEFRYBABH B2 MBWE - MBPERKC BT 5%, (1987)
BEHRUC L 2EREBONGEFEOMRINT2HR — — HMSI~60EE HUFREE. (1987)
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B oASRMSEEE NI ZH A - -BOT~60EE HHFRESHE.(1987)

BEEREGO OO RBHEHES A FLEMT IHE. (198T)
BRECBTIRMBEOEFNVECHTIMA - -HWANSI~60FE FIURRESHE.(1987)

Application of X-ray photoelectron spectroscopy to the study of silicate minerals.(1988)
(FABRERYAR~OXBARFARBOLR)

RE#ERRA BB s AR PR AT 2R - - A M 7OV A O 2T 2% — — ARS8~
GLEER M BIRTIEME. (1988)

R EFERAATCS T 2 AR POV CH T R — —RME8~61EE WHRFRAESEE. (1988)
KREBAL RET A EERYHOEEHA AT IR - - BH60~61EE SR EL, (1988)
HEHZRAAERDBOLGEIGCH I 2 RRNA R - - BRST~61ER HRFRESEE. (1988)
ERPUHMECLIAERBCHTIREMR(V)--FBANORBELHY - Hi2— -BRISE~6LEE RUFRS
&.(1988)

BRI L2 A SR T 28 A R(V) - - B0t BERBE s AR - ~HA~CIEE HAFXRY
&.(1988)

BARBLREC SO KEXREBCHITIEAARVI) - - SRS EHEBEER LEAR - TR L2 LB EHO
H&E--HO60~6lFH WHFRBE.(1988)

BB M L3k B T AR A(VMI) - - AR AFLOFHESE - — BH60~615E BUTFESE
&.(1988)

BRSLEHEL L2 AARBUMTIRATR(X) - —BHSS~6IFEE BB SHRRE(1988)

Studies on the chironomid midges of lakes in Southren Hokkaido.(1888)

(tHEEFFoMEE IR ) HHOWMR)

RSV AEACWS A F—OHEL7 4 — LV FBREM~OKE.(1989)

Ny 7S50 FRBE B A2BRNEFAENEORBE ) /7R3 80oBR (1) - - BERVLUERE ST LSS
RESRE L 20X — —BRIE~62FH T REBE.(1989)
ERHERRABCHRBLASA D XSORGEENRUFMEYSORBM. (1989)

Chirononidee of Japan: checklist of species recorded, key to males and taxonomic notes.{1989)
(BARURPIUFE2AVAHOIS O EEBRAORAR)

Ny 2Ty FRABE ST AREBEMYHOBRH TS Y Y Y FHEOFR(N ) ——-RBEAAL B 2 kB0 R HR
CEHTOERERE - ~BNB~62FE KHHHRBE.(198D
FRRAAMCHEIINSHBACES HBEE TR, (1990)

EvERERAFGTARS

B1285

w295

H/130B
|18
#1328
#1335
W1I45
1358

Development of an intelligent decision support system for environmental modeling end planming.{1991)
(BROTFU LV EHEBOLDONNIREREXELAFLAOHR)
ARBERCETAEEEROMPCNWTIHA(] BRI RL T IEFAFF L - - BMRER~ PR T
FR BIMHRBEL.(1991) .

BHEFERSPLLIZ2BEER - VAJORERRT -4 Y VY FHEMATAHH. (1993)
FTRARZAPOFAREKCHMTATR.(1993)

BHEREL L2 ERBERUMNIZ2HBEROBRBORE & 447 .01994)
ARBUUFIIRAERLCETI2HMARE. (1994)

BEEBFROEBAME. (1995)

FRARLBHOMBR THREFLVLWERSA TR A F LA OMRE.(1997)
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Beport of Special Research Project of the National Institute for Environmental Studies:

% No.

¥ No.

1%

2%

Man activity and aguatic environment-—with special references to Lake Kasumigaura—Progress report in
1976. (1977)

Studies on evaluation and amelioration of air pollution by plants—Progress report in 1976-1977.(1978)

Besearch Report from the National Institute for Environmental Studies®:

% No.

#No.

¥ No.

X No.

o,

*No.

% No.

¥No.

¥ No.

¥ No.

* Na.

% No,
#No.

¥ No.,
¥ No.

% No.
*No.

¥ No.

*No.

¥ No.

*No.

% No.

*No.

*No.

#NO.

¥ No.
#No.

¥ No.
¥ No.

K|

4%

3£ ]

[it3

8%

9%

11

12

13

14%
15%

16*
17%

18
19x

20%

23+

24%

25%

26+

27%

28%
29

30«
Ilx

A comparative study of edults and immature stages of nine Japanese species of the genus Chironomus

(Diptera, Chironomidae).{1978) -

Smog chamber studies on photochemical reactions of hydrocerbon-nitrogen oxides system— Progress report

in 1977.(1978)

Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their effects

on cultured cells—Research report in 1976-1977.(1978}

Man activity and aquatic envircnment—with special references to Lake Kasumigaura—Progress report in

1977-1978.(1379)

A morphological study of adults and immature stages of 20 Japanese species of the family Chironcmidae

(Diptera).{1979}

Studies on the biological effects of single and combined exposure of air pollutants—Research report in

1977-1978.(1979)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system— Progress report

in 1978.(1979)

Studies on evaluation and amelioration of air pollution by plants—Progress report in 1976-1978.(1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity.{1980)

Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing comouter

-contrelled instrumentation. (1980)

Studies on chironomid midges of the Tama Biver.(1980)

Part L. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water. .

Part 2. Description of 20 species of Chirenominze recovered from a tributary.

Studies on the effects of organic wastes on the soil ecosystem— Progress report in 1978-1979.(1380)

Studies on the biclegical effects of single and combined exposure of air pollutants—Research report in

1979.(1980)

Remote measurement of air pollution by a mobile laser radar.(1980)

Influence of buoyancy on fluid motions and transport processes--Meteorological characteristics and

atmospheric diffusion phenomena in the coastal region—Progress report in 1978-1979.(1980)

Preparation, anslysis and certification of PEPPERBUSH standard reference material.(1980)

Comprehensive studies on the eutrophication of fresh-water areas—Lake current of Kasumigaura(Nishiura)—

1978-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Geomorphological and hydrometeorologi-

cal characteristics of Kasumigaura watershed as related to the lake environment—1978-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Variation of pollutant lcad by

influent rivers to Lake Kasumigaura-1978-1979.(1981)

Conprehensive studies on the eutrophication of fresh-water areas—Structure of ecosystem and standing

crops in Lake Kesumigeura—1978-1979%.(1931)

Comprehensive studies on the eutrephication of fresh-water areas—Applicability of trophic state indices

for lakes— 1978-1979.(1981)

Comprehensive studies on the eutraphication of fresh-water sreas—Quantitative analysis of

eutrophication effects on main utilization of lake water resources—1978-1979.(198L)

Comprehensive studies on the eutrophication of fresh-water areas—Growth characteristics of Blue-Green

Algne, Myerocystis—1978-1979.(1981)

Conprehensive studies on the eutrophication of fresh-water areas—Determination of argal growth

potential by algal assay procedure— 1878-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Summary of researches—1978-1979.(1981)

Studies on effects of air pollutant mixtures on plants—Progress report in 1979-1980.(1981)

Studies on chironomid midges of the Tama Biver.{1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution in
relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment—Progress report in 1979-1980.(1982)

Studies on the biclogical effects of single and combined exposure of air pollutants—Besearch report in

1980.(1981)

Starting with Beport No.3, the series title was changed.
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¥ Np.

#No.
#*No.
%iNo.
HNo.
*No.

*No.
#No.

¥ No.

¥ No.

¥ No.

¥ No.

* No.

#No.
¥ No.
¥ No.
¥ No.
#No.
#No.
#No.

¥ No.

¥ No.

¥ No.

#No.

¥ No.

¥ No,

¥No.

#No,

% No.

32s

33
34%
354
RIS
37

38
39%

40%

41%

424’

.43

44¢

45%
46*
47x
48+
49%
50%
5%

52

. 33

54#

5o%

56%

57+

58%

59

80+

Gl

Smog chember studies on photochemical reections of hydracarben-mitrogen oxides system— Progress report
in 1979 —Research on the photochemical secondary pollutants formation mechanism in the environmental
atmosphere (Part 1).{1982)
Meteorological characteristics and atmospheric diffusion phenomena in the coastal region—Simulation of
atmospheric motions and diffusion processes—Progress report in 1980, (1982}
The development and evaluation of remote measurement methods for environmental pollution-— Research
report in 1980.(1982)
Comprehensive evaluation of environmental impacts of road and traffic. (1982}
Studies on the method for long term environmental monitoring—Progress report in 1980-1981.(1982)
Study on supporting technology for systems analysis of environmental policy— The Evaluation Labolatory
of Man-Environment Systeas.(1982)
Preparation, analysis and certification of POND SEDIMENT certified reference material.{1982)
The development and evaluation of remote measurement methods for environmental pollution— Research
report in 1981.(1983)
Studies on the biological effects of single and combined exposure of air pollutants—Besearch report in
1981.(1983)
Statistical studies on methods of measurement and evaluation of chemiczl condition of so0il—with special
reference to heavy metais—.(1983)
Experimetal studies on the physical properties of mud and the characteristies of mud transportation.
(1983)
Studies on chirononid midges of the Tama River.{1983)
Part 5. An observation on the distribution of Chironominae along the main stream in June, with
description of 15 new species.
Part 6. Description of species of the subfamily Orthcladiinae recovered from the main stream in
the June survey.
Part 7. Additional species collected in winter from the main stream.
Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system— Progress report
in 1879 —Research on the photochemical secondary pollutants formation mechanism in the environmental
atomosphere(Part 2).{1983}
Studies on the effect of organic wastes on the soil ecosystem—Outlines of special research project—
1978-1980.(1983)
Studies on the effect of organic wastes on the soil ecosystem—Research report in 197%-1980,Part 1.(1983)
Studies on the effect of organic wastes on the soil ecosystem—RBesearch report in 197%~1980,Part 2.(1983)
Study on optimal allocation of water quality monitoring points.{1983)
The development and evaluation of remote measurement method for environmental pollution—Research report
in 1982.(1984)
Comprehensive studies on the eutrophication controi of freshwaters—Estimation of input loading of Lake
Kasumigaura — 1980-1982.{1884)
Comprehensive studies on the eutrophicetjon contrel of freshwaters—The functicn of the ecosystem and
gignificance of sediment in nutrient cycle in Lake Xasumigaura— 1980-1982,(1984)
Comprehensive studies on the eutrophication control of freshwaters—Enclosure sxperiments for
restoretion of highly eutrophic shallow Lake Kasumigaura— 1980-1982.(1984)
Comprehensive studies on the eutrophication control of freshwaters— Seasonal changes of the biomass of
fishes and crustacia in Lake Kasumigaura— 1980-1982.(1984)
Comprehensive studies on the eutrophication control of freshwaters—Modeling the eutrophication of Lake
Kagsumigaura — 1980-1982, (1984)
Comprehensive gtudies on the eutrophication control of freshwaters—Measures for eutrophication control -
1980-1982.(1984)
Comprehensive studies on the eutrophication contrel of freshwaters—Eutrophication in Lake Yunoko-
1980-1982.(1984)
Comprehensive studies on the eutrophication control of freshwaters— Summary of researches— 1980-1982.
(1984)
Studies on the method for long term environmental monitoring—Outlines of special research project in
1980-1982.(1984)
Studies on photochenical reactions of hydrocarbon-nitrogen oxides-sulfur oxides system— Photochemical
ozone formatjon studied by the evacuable smog chamber—Atmospheric photooxidation mechanisms of selected
organic compounds—RBesearch report in 1980-1982, Part 1.{1984)
Studies on photochemical reactions of hydrocarben-nitrogen oxides-sulfur oxides system— Foramation
mechanisms of photochemical aerozol —Research report in 1980-1982, Part 2.(1984)
Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides system—Research on the
photochemical secondary pollutants formastion mechanism in the environmental atmosphere{Part !)-—Research
report in 1980-1982, Part 3.(1984)
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#No. 62%
¥No, 63«
%No. 64%
#No. 65
¥ No. 66
Mo, 67
#*No, G8=

#*No, 69%
#*No. 70

#No., Ti»
No. T2»
#No. T3
¥ No. T4x
¥No. 75
#No. 76
%No. T7*
¥No. TB=x
¥No. T9
¥No. BD#
%No, Blx
¥No. B2«
#No. 83
¥ No. 84x
*No. 85

*No. B6s
No. 87#

#No. 88

No. 89
#No. 90=
#No, 81

¥No. 92%
¥ No. 93x

#No. 94x

#No. 95«

¥ No. 96+

#No. 97#

#No. 98%

#No, 99x
No.100*

Effects of toxic substances on aquatic ecosystems—Progress report in 1980-1983.{1984}

Eutrophication and red tides in the coastal marine environment— Progress report in 1981.{1984)

Studies on effects of air pollutant mixtures on plants-—Final report in 1979-1981.{1984)

Studies on effects of air pollutant mixtures on plants—Part 1.(1984)

Studies on effects of air pollutant mixtures on plants—Part 2.(1984)

Studies on unfaveurable effects on human body regarding to several toxic materials in the environment,

using epidemiological and analytical techniques—Project research report in 1979-1981.(1984)

Studies on the environmental effects of the application of sewage sludge to soil —Research report in

1981-1983.(1984)

Fundamental studies on the eutrophication of Lake Chuzenji—Basic¢ research report.(1984)

Studies on chironomid midges in lakes of the Nikko National Park.

Part I .Ecological studies on chironomids in lakes of the Nikko Naticnal Park.

Part II.Taxonomical and morphclogical studies on the chironomid species collected from lakes in the
Nikko National Park.(1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing.(1384)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sul fur oxides system— Hesearch on the

rhotochemical secondary pollutants formation mechanism in the environmental atmosphere—Besearch report

in 1980-1982, Part 4.(1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides system—Final report in

1980-1982.(1985)

A comprehensive study on the development of indices system for urban and suburban environmental! quality-—

Environmental indices—Basic notion and formation. (1984}

Limnological and emvironmental studies of elements in the sediment of Lake Biwaz.{1985)

A study on the behavior of monoterpens in the atmosphere.(1985)

The development and evaluation of remote measurement methods for environmentai pollution-— Research

report in 1983.(1985)

Study on residents’ role in conserving the living environment.(1985)

Studies on the method for iong term environmental monitoring —Research report in 1880-1982.(1985)

Mcdeling of red tide blooms in the coastal sea—Besearch report in 1982-1983.(1985)

A studies on effects of implementing environmental impact assessment procedure—With particular

reference to implementation by local governments.{1985)

Studies on the role of vegetation as a sink of air pollutants—Research report in 1982-1983.(1985)

Studies on chironomid midges of some lakes in Japan.{1985)

A comprehensive study on the development of assessment techniques for health effects due to

environmenta] heavy metal exposure—Final report in 1982-1984.(1985)

Studies on the rate constents of free radical reactions and related spectroscopic and thermochemical

parameters. (1985)

A novel retrievel system for identifications of unknown mass spectra.({1988)

Analysis of the photochemical secondary pollutants and their toxicity on caltured cells— Research report

in 1978-1983.(1986)

A comprehensive study on the development of indices systems for urban and suburban environmental quality

Il —Environmental indices—Applications and systems.(1986)

Measuring the water quality of Lake Kasumigaura by LAKDSAT remote sensing. (1986)

National trust movement in Japanese nature conservation—Trustworthy or illusion?.(1986)

Economic analysis of man's utilization of environmental resources in aquatic environments and national

park regions.(1986)

Studies on the growth and decomposition of water-bloom of Microcyctis.(1986)

Studies on the environmental effects of the application of sewage sludge to soil{ I )—Research report

and papers(Part 1)in 1983-1984.(1986)

Studies on the environmental effects of the application of sewage sludge to soil{Il)—Research repart

and papers(Part 2)in 1983-1984.(1986)

Comprehensive studies on effective use of natural ecosystems for water quality management( I}

—Drainage and flowing down of pollutant load—Research report in 1983-1984.(1986)

Comprehensive studies on effective use of natural ecosystems for water quality management(II)

—Structure and function of the ecosystems of littoral zone~— Research report in 1983-1984.(19886)

Comprehensive studies on effective use of natural ecosystems for water quality management(Il)

—Self-purification in stream and soil —Research report in 1983-1984.(1986)

Comprehensive studies on effective use of netural ecosystems for water quality management(IV)

—Development and application of wastewater treatment technologies utilizing self-purification ability

—Research report in 1983-1984.(1986)

Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984.{1986)

Studies on the methods for long-term monitoring of environmental pollutants in the background regions
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—Development of highly sensitive and selective analytical methods for measurement of pellutants in the
background regions—Progress report in 1983-1985.(1986)
#No.101* Experimental studies on the effects of gaseous air pellutants in combination on animals.(1983)
¥No.t02* A review on siudies of the global scale air quality perturbation.(1986}
No.103* Technological assessment of electric vehicle from the environmental protection viewpoint.(1387)
#No.104 Studies on chironomid midges in lakes of the Akan National Park.(1987)
Part I .Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake Kussyaro.
Part II.Chironomid midges collected on the shore of lakes in the Akan National Park, Hokkaido
(Diptera, Chironomidae)
% No.105% Formulation of the dynamic behavior of water and solites leaching through the field soil.(1987)
%No, 106« Appraised landscape and thier environmental value in Tsukuba Science City. (1987}
No.107= Studies on remote sensing for spatial and temporal analysis of environment—Research report in 1984-1385.
(1987)
¥No,108% Studies on the role of vegetation as a sink of air pollutants—Final report in 1982-1985.(1987)
¥No.109x Studies on enviroamental information system for regional environmenta] evaluation.(1987)
#No.110x Modeling of red tide blooms in the coastal sea—Final report in 1984-1985, (1987)
#No.111 Application of X-ray photoelectron spectroscopy to the study of silicate minerals.(1%88)
No.112# Study on the organic aerosols in the photochemically polluted air—Studies on formaticn and behavior of
organic aercsols—Research report in 1983-1986.(1988)
¥No.113» Study on the organic aerosols in the photochemically Polluted air—Final report in 1983-1986.(1988)
#No.ll4* Studies on the assessment of the hazard of chemical substances to aquatic ecosystems— progress report in
1985-1986.(1988)
#No.115* Experimental studies on the effects of gasecus air pollutants in combination on animals—Final report in
1982-1986.(1988)
No.l16* Comprehensive studies on effective use of matural ecosystems for water quality management( V)
. —Drainage and flowing down of pellutant load—Rersearch report in 1983-1986.(1988)
%No.117* Comprehensive studies on effective use of natural ecosystems for water quality management(VI)
—Lake restoration and ecosystems—Research report in 1983-1986.(1988)
#No.118+ Comprehensive studies on effective use of natural ecosystems for water quality management(VI)
—1Use of self-purification in seil and stream, and development of biological waste water treatment
technology— Research report in 1985-1986.(1988)
#No.119% Comprehensive studies on effective use of natural ecosystems for water quality management(VI)
—Evaluation methods of self-purification water treatment system—Research report in 1985-1986.(1988)
¥ No.120% Comprehensive studies on effective use of natural ecosystems for water quality management(IX)
—Final report in 1983-1986.(1988)
No.121 Studies on the chronomid midges of lakes in Southren Hokkaido.(1988)
No.122#% Development of pseudo-random modulation CW lidar and its application to field measurements.(1989)
#%No.123% Studies on the methods for long-term monitoring of envircnmental pollutants in the baekground regions (II)
—Atmospheric pollutants on the remote islend and mountains : concentrations and variations—Research
repart for FY 1983-1987.(1989) :
%XNo.124x Studies on the genetie and microbiological characteristics of the Japanese quail exploited for the
research of environmental science.{(198%)
No.125 <{Chironomidae of Japan : checklist of species recorded, key to males and taxonemic notes.(13839)
No.126% Studies on the methods for long-term monitoring of environmental pollutants in the background regions (I )
—Representativeness of water samples and historical change of pollutants in sediment of Lake Mashu—
Research report for FY 1983-1987.(1990)
No.127# Land subsidence caused by pumping for melting snow in Muika-machi, Niigata Prefecture.(1990}
No.128 Development of an intelligent decision support system for environmental modeling and planning.{1991)
No.129x Studies for & systematic evaluation of chemospher under highly advanced technologies { I })—Chlorinated
dibenzofurans and chiorinated dibenzodioxins—Research report for FY 1987-1390.(1991)
No.130% A comprehensive study on the methods of monitoring on the hearth effects/risk of environmental
pollutions in urbanized area.{1983}
No.131* Studies on the new methods of asbestos analysis.(1993)
No.132* Analysis of Local Residents” Awareness of the Life Environment through Free Response Data.(1994)
No.133#% Studies on Bunoff of Pesticides in Water Environment.(1994)
No.134* Ecosysten Sturucture of Miyatoko Mire.{1995)
No.135% Studies on Land Subusidence of the Joetsu, Niigata, Japan and Development of New Land Subsidence
Observation System.(1997)

* in Japanese
% out of stock
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