Introduction

| Introduction, by Working Group 8.4, International
Hydrological Programme

1.1 BACKGROUND | NFORVATI ON

The increasing exploitation of ground water, especially in basins filled with unconsolidated
al luvial, lacustrine, or shallow marine deposits, has as one of its consequences the sinking or
settlement of the land surface--land subsidence (see d ossary, Appendix D).

The occurrence of mgjor | and subsi dence due to the withdrawal of ground water is relatively
conmon i n highly devel oped areas. Case studi es on | and subsi dence and on renedi al nmeasures taken
wi Il be useful for devel oping areas facing sinmlar problens in the future.

The problens of |land subsidence were included in the programme of the International
Hydrol ogi cal Decade. During the Decade the major action with respect to | and subsi dence was the
organi zation of the International Synposium on Land Subsidence held in Tokyo in 1969. The
subj ect has al so been retained under the franework of the International Hydrol ogi cal Programe
and included in the work plan for the first phase of the Programe (1975-1980) as | HP subproj ect
8. 4.

In April 1975, the Intergovernnmental Council for the International Hydrol ogi cal Programe,
at its first session in Paris, established a Wrking Goup for coordination of |IHP subproject

8.4, "lnvestigation on |land subsidence due to ground-water exploitation.” The Wrking G oup
menbers are listed below. In addition, A |I. Johnson, Vice President of the International
Associ ati on of Hydrological Sciences, was the designated liaison from that international

or gani zati on.
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México 1, D.F. Tokyo 141, Japan
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National Research Council
1364 San Polo

Venice, Italy 30125

1.2 PURPOSE AND SCOPE OF GUI DEBOOK

The group was asked to prepare a gui debook on subsi dence due to ground-water w thdrawal, paying
particular attention to measures to control and arrest subsidence, the use of artificial
recharge, and the repressuring of aquifers. The goal was to produce a gui debook that will serve
as a guide to engineers, geologists, and hydrol ogi sts faced with the probl emof |and subsidence,
particularly in devel oping countries. They nmay be asked to answer the questions of whether |and
subsi dence is occurring, if so, where and at what rate, the cause or causes, and what can be
done to stop it or at least slowit down. The guidebook should be of assistance in planning and
undertaking the field studies.
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The first session of the Wrking Goup was held in Decenber 1976 in connection with the
Second | AHS- UNESCO | nternati onal Synposium on Land Subsidence in Anaheim California. At that
nmeeting the group drafted the general outline of the gui debook and deci ded on the distribution
of worKk.

The gui debook is organized in tw parts. Part | is a nmanual of seven chapters on the
occurrence, neasurenent, nechanics, prediction, and control of land subsidence due to
groundwater withdrawal. It has been prepared as a joint effort of the Wrking G oup nenbers.

Part Il is a series of invited case histories of |and subsidence due to ground-water
wi t hdrawal , prepared by individual authors. The first chapter in Part Il (Chapter 8) is a brief
di scussi on of other types of |and subsidence witten by Ms. Alice Allen. Subsidence may occur
from many other causes than w thdrawal of ground water. Sone occurrences are due to natural
causes and sonme are the work of man. Anyone investigating subsidence due to ground-water
wi t hdrawal shoul d have at least an elementary know edge of other types of subsidence and the
geol ogi c environments in which they are likely to occur. Al though the present discussion by M.
Allen is brief, it contains 62 references, which should prove very helpful to the reader who
wi shes to | earn nore about any particul ar subsidence process.

The second chapter in Part Il (Chapter 9) consists of 15 case histories of subsidence due to
ground-wat er wi thdrawal , prepared by individual authors. These case histories cover a w de range
of conditions and nmagnitudes of subsidence. O the occurrences described, 12 are areas of
ground-water withdrawal for use and 3 represent conditions where ground water is withdrawn as a
step in obtaining a resource. These are Latrobe Valley, Australia (withdrawal to permt mning
brown coal), Nigata, Japan (withdrawal to obtain natural gas), and Wirakei, New Zeal and
(wi t hdrawal of hot water for geothernmal power).

1.3 OCCURRENCE OF SUBSI DENCE

The chief source of information on areas of |and subsidence due to ground-water w thdrawal is
the Questionnaire on Land-Subsidence Occurrence, Research, and Renedial Wrk that was
distributed worldwide in 1975-78 by A 1. Johnson, then President of the International
Conmi ssion of Subsurface Water of |AHS. The results of this survey are being conpiled for
publication by UNESCO and | AHS. O her sources of data are (1) the 15 case histories in Part Il
of this casebook, (2) the Proceedings of the Ist International Synmposiumon Land Subsi dence held
in Tokyo, Japan, in Septenber 1969, and (3) the Proceedings of the 2nd International Synposium
on Land Subsi dence held in Anaheim California, in Decenber 1976.

Table 1.1, based on the infornation |isted above, summarizes infornation on 42 subsidence
areas worldwi de, of which 18 are in the United States and 10 are in Japan (Figure 1-1).
Actual |y, Japan has the | argest nunber of subsiding areas of any country. According to Yamanoto
(1977, p. 9 and Figure 2), the nunber of subsiding areas in Japan has reached 40 and is still
i ncreasing. Mdst of the subsidence is due to ground-water withdrawal from thickly popul ated
t opographically | ow areas bordering the ocean. Only the 10 chi ef subsidence areas in Japan due
to ground-water withdrawal are reported in Table 1.1 and shown in Figure 1.1. Al of these
border the ocean.

In terms of vertical magnitude, the subsiding areas listed in Table 1.1 range fromreported
m nor casi ng protrusion i n Bangkok, Thailand, and 0.15 mof subsidence in Venice, Italy, to 15 m
in the Cheshire district of Great Britain where rock salt has been m ned by solution since Roman
times. As a result of man-induced sinkhol e devel opment in carbonate terrane in Al abama, we even
have a reported maxi mum of 37 m The areal extent of subsidence, worldw de, ranges from 10 knf
in the San Jacinto Valley to 13,500 knf in the San Joaquin Valley, both in California (USA).

Figure 1.2 shows the geographic |location of the 17 areas in the United States (exclusive of
the Al abama sinkhole area) on a nmap of conterminous United States. Subsidence of the |and
surface in the 17 areas ranges from 0.3 m at Savannah, Georgia to 9 m on the west side of the
San Joaquin Valley (Los Banos-Kettleman City area) in California (Figure 1.3). Subsidence
exceeding 1 nmetre occurs in four States: Texas, Arizona, Nevada, and California. The areal
extent ranges from 10 kn? in San Jacinto Valley, California, to 13,500 kn? in the San Joaquin
Valley. California is the State ranki ng nunber one for the dubi ous honor of having the |argest
area of subsidence --about 16,000 knf. Cose behind is Texas with 12,000 knf; and Arizona is
third with 2,700 knf.
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Figure 1.1 Chi ef subsi dence areas in Japan.
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Introduction

1.4 GEOLOG CAL ENVI RONMENTS OF OCCURRENCE

Subsidence due to ground-water withdrawal develops principally wunder two contrasting
environnents and nechanics. One environnent 1is that of carbonate rocks overlain by
unconsol i dated deposits, or old sinkholes filled with unconsolidated deposits, that receive
buoyant support fromthe ground-water body. Wien the water table is | owered, the buoyant support
renmoved, and the hydraulic gradient increased, the unconsolidated material nay nove downward
into openings in the underlying carbonate rocks, sonetines causing catastrophic collapses of the
roof. In Al abama, according to J. G Newton (1977 and Chapter 9.11), an estimted 4,000 nan-
i nduced si nkhol es have fornmed since 1900 in contrast to less than 50 natural collapses. In the
United States manmade sinkhole occurrence is common in carbonate terranes from Florida to
Pennsyl vani a, nunbering many thousands. The individual sinkhole area is small, however, the
diameter wusually ranging from 1 to 100 m (Stringfield and Rapp, 1977). Carbonate terrane
susceptible to sinkhole formati on when the water table is |owered occurs in nmany parts of the
world. In populated areas the formati on of sinkholes can produce a variety of problens rel ated
to the maintenance of manmade structures and the pollution of water supplies. Newton discusses
sone of these problenms in Chapter 9.11. The overall subject is broad and beyond the scope of
t hi s gui debook.

The other environment and by far the npbst extensive occurrence is that of young
unconsol i dated or semnmiconsolidated clastic sedinments of high porosity laid down in alluvial
| acustrine, or shallow marine environnments. Al nost all the subsiding areas included in Table 1.1
are underlain by seniconfined or confined aquifer systens containing aquifers of sand and/or
gravel of high permeability and |ow conpressibility, interbedded with clayey aquitards of |ow
vertical perneability and high conpressibility under virgin stresses. Al the conpacting
deposits were nornmally |oaded, or approximately so, before man applied stresses exceeding
preconsol idation stress. These aquifer systens conpact in response to increased effective
stress caused by artesian-head decline in the coarse-grained aquifers and time-dependent pore-
pressure reduction in the fine-grained conpressible aquitards, causing |and-surface subsidence.

O the principal clay mnerals--montrnorillonite, illite, and kaolinite--nmontnorillonite is
the nost conpressible. Montnorillonite is the predom nant clay mneral in the conpacting aquifer
systens in southwestern United States--California (Meade, 1967), south-central Arizona (Pol and,
1968), and Texas (Corliss and Meade, 1964)--also in Mexico Cty (Marsal and Mazari, 1959).
Montmorillonite conprises 60 to 80 per cent of the clay-mneral assenblage in each of these
areas. Illite is the chief clay mneral in the Taipei basin (Hvmang and Wi, 1969), and in the
Quaternary deposits in Tokyo (Tokyo Metropolitan Govt., 1969).

Anot her occurrence of subsidence due to ground-water withdrawal that is not represented in
Table 1.1 has devel oped at many sites in Sweden and Norway and probably in other glaciated areas
of simlar geologic and hydrol ogic environnents. According to Brons, Fredriksson, and Carlsson
(1977), nost of the bedrock in Sweden is crystalline rock, favorable for construction of
underground structures, especially tunnels, because of high strength and because |oose and
weat hered parts have been renpved by the glaciation. After the latest glaciation, clay and silt
were deposited on a thin layer of till or sand and gravel resting on the bedrock surface
especially in bedrock depressions that conmonly are indicative of tectonic zones deepened by the
ice. The areas covered with clay are small but the urban regions are nostly in these areas. Deep
tunnel s cutting through tectonic zones act as drains, |owering the pore-water pressure first in
the pervious bottomlayers (confined aquifers), and then gradually (over a period of years) in
the overlying clay layer. Broms and others (1977) describe damages cause by this type of
subsi dence and steps that can be taken to mitigate or prevent the subsidence. They can be
sumari zed as foll ows:

1. Before the construction of a tunnel, by avoiding areas which can be affected by sub-
si dence

2. During the construction, by pregrouting;

3. After the construction, by grouting, in order to reduce the | eakage or by artificia
infiltration of water to nmaintain the pore pressure in the conpressible |ayers

Moreover it is often possible to decrease the subsidence in soft clays by preloading. It is also

possible to preload the conpressible layers in advance by tenporarily |owering the groundwater
| evel by punping from deep wells.
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1.5 PROBLEM5S AND REMEDI AL STEPS

Princi pal probl ems caused by the subsidences listed in Table 1.1 are (1) differential changes in
el evation and gradi ent of stream channels, drains, and water-transport structures, (2) failure
of water-well casings due to conpressive stresses generated by conpaction of aquifer systens,
(3) tidal encroachment in low and coastal areas, and (4) in areas of intensive subsidence,
devel opment of tensional or conpressional strain in engineering structures. Additional details
on problenms are discussed in the case histories of Chapter 9.

Rermedi al or protective nmeasures of sone sort have been taken in 10 of the 15 case-history
areas and 30 of the 42 areas listed in Table 1.1. The various steps that have been taken to

control or aneliorate subsidence will be discussed in Chapter 7. The nethods enployed and the
results attained should be of interest to anyone facing a subsidence problemdue to water-1evel
decline from overpunping. In Part | of this guidebook, frequent reference will be nmade to

pertinent case histories.
1.6 ACKNOALEDGVENTS

Beyond the joint efforts of the Wrking Goup, several people have assisted in preparation or
review of chapters. In preparation of Table 1.1, Marcelo Lippmann assisted by contacting
countries in South Anerica concerning possible subsidence. Chapter 2 reviewers included R K
Gabrysch, R L. Ireland, R L. Laney, H H Schumann, and especially F. S. Riley, for his many
hel pful suggestions. Chapter 3 was reviewed in detail by DO C. Helm who also made a mgjor
contribution to Chapter 5. He is the author of section 5.3.6, including discussion of the depth-
porosity nodel and the aquitard-drainage nodel. J. A daCosta was very helpful in editorial
revi ew of several chapters and case histories. Also, we are indebted to Ms. Margaret Farmer for
her patient and careful typing and retyping of manuscript drafts.

1.7 REFERENCES
ACKI, S. 1977. Land Subsidence in Niigata. | AHS/ Al SH Pub. No. 121, p. 105-112.

ACKI, S., and M YABE, N. 1969. Studies on partial conpaction of soil layer in reference to | and
subsi dence in Tokyo. | AHS/ Al SH Pub. No. 89, p. 354-360.

AOMORI PREFECTURE. 1974. Report on water bal ance study in Aonori region. Environment and Health
Dept., p. 1-111 (in Japanese).

BERTONI, W, CARBOGNIN, L., GATTO P., and MXZI, G 1973. Note interpretative prelimnari
sull e cause della subsidenza in atto a Ravenna. C.N.R, Lab. per lo Studio della Dinanica
dell e Gradi Masse, Tech. Rept. 65, Venezia.

BEZUI DENHOUT, C. A., and ENSLIN, J. F. 1969. Surface subsidence and sinkholes in the dolomtic
areas of the Far West Rand, Transvaal, Republic of South Africa, in Tison, L. J., ed., Land
Subsi dence, V. 2. | AHS/ Al SH Pub. No. 89, p. 482-495.

BROVS, B. B., FREDRI CKSSON, ANDERS. 1977. Land subsidence in Sweden due to water-|eakage into
deep-lying tunnels and its effects on pile-supported structures. |AHS/ Al SH Pub. No. 121, p.
375- 387.

BUREAU OF CONSTRUCTI ON, TOKYO METROPCLI TAN GOVERNMVENT, 1969. Land Subsi dence and fl ood control
neasures in Tokyo. p. 1-40.

CARBOGNIN, L., GATTO, P., MJZZI, G, GAMBOLATI, G, and RICCARI, G 1977. New trend in the
subsi dence of Venice. |AHS/ Al SH Pub. No. 121, p. 65-81.

CARBOGNIN, L., GATTO P., MXZZI, G, and GAMBOLATI, G 1978. Land subsidence of Ravenna and its

simlarities with the Venice case. American Soc. Civil Engineers, Proceedings of Eng. Found.
Conf. on Eval uation and Prediction of Subsidence, Pensacola Beach, Florida. Jan. 1978.

12



Introduction

COLLINS, J. F. N 1971. Salt: A policy for the control of salt extraction in Cheshire. Chesire
County Counci | .

COMISION HIDROLOGICA DE LA CUENCA DEL VALLEY DE MEXICO, SRH. 1953-70. Boletin de Mecénica de
Suelos del NUm. 1-6. Mexico.

COMISION DE AGUAS DEL VALLE DE MEXICO, SRH. 1975. Boletin de Mecanica de Suelos Num. 7, 289 pp.

CORLISS, J. B., and MEADE, R. H. 1964. Clay minerals from an area of land subsidence in the
Houston-Galveston Bay area, Texas, in Geological Survey Research 1964. U.S. Geol. Survey
Prof. Paper 501-C, p. C79-C81.

DAVIS, G. H., COUNTS, H. B., and HOLDAHL, S. R., 1977. Further examination of subsidence at
Savannah, Georgia, 1955-1975. IAHS/AISH Pub. No. 121, p. 347-354.

DAVIS, G. H., and ROLLO, J. R., 1969. Land subsidence related to decline of artesian head at
Baton Rouge, Lower Mississippi Valley, USA, in Tison, L. J., ed., Land Subsidence, V. 1.
IAHS/AISH Pub. No. 88, p. 174-184.

EDITORIAL COMM. FOR TECHNICAL REPORT ON OSAKA LAND SUBSIDENCE. 1969. Report on land subsidence
in Osaka, p. 1-148.

ENSLIN, J. F., KLEYWEGT, R. J., BEUKES, J. H. T., and GORDON-WELSH, J. F., 1977. Artificial
recharge of dolomitic ground-water compartments in the Far West Rand gold fields of South
Africa. IAHS/AISH Pub. No. 121, p. 495-506.

GABRYSCH, R. K., and BONNET, C. W. 1975. Land-surface subsidence in the Houston-Galveston
region, Texas. Texas Water Development Board Report 188, 19 p.

GAMBOLATI, G., and FREEZE, R. A. 1973. Mathematical simulation of subsidence of Venice, 1,
Theory. Water Resources Research, v. 9, no. 3, p. 721-733.

GAMBOLATI, G., GATTO, P., and FREEZE, R. A. 1974. Mathematical simulation of subsidence of
Venice, 2, Results. Water Resources Research, v. 10, no. 3, p. 563-577.

GLOE, C. S. 1977. Land subsidence related to brown coal open cut operations, Latrobe Valley,
Victoria, Australia. IAHS/AISH Pub. No. 121, p. 399-401.

HOWELL, F. T., and JENKINS, P. L. 1977. Some aspects of the subsidences in the rocksalt
districts of Cheshire, England. IAHS/AISH Pub. No. 121, p. 507-520.

HWANG, JUI-MING, and WU, CHIAN-MIN. 1969. Land subsidence problems in Taipei Basin, in Tison,
L. J., ed., Land Subsidence, V. 1. IAHS/AISH Pub. No. 88, p. 21-34.

IKEBE, N., WATSU, J. I., TAKENAKA, J. 1970. Quaternary geology of Osaka with special reference
to land subsidence. Jour. Geosc., Osaka City Univ., 13, p. 39-98.

ISHI, M., KURAMOCHI, F., and ENDO, T. 1977. Recent tendencies of the land subsidence in Tokyo.
IAHS/AISH Pub. No. 121, p. 25-34.

KAZMANN, R. G., and HEATH, M. M. 1968. Land subsidence related to ground-water offtake in the
New Orleans area. Gulf Coast Assoc. Geological Societies Trans., v. xviii, p. 108-113.

KESSERU, ZSOLT. 1970. Felszini silllyedés vizszintsiillyesztés kovet-keztében (Land subsidence
due to the effect of sinking the ground-water table). Magyar Tudomanyos Akadémia IV;
Banyavizvédelmi Konferenciaja, Budapest IV. Conference of mine-drainage networks, Hungarian
Academy of Sciences, Budapest, 1.a/Vol. no. 3.

13



Guidebook to studies of land subsidence due to ground-water withdrawal

KESSERU, ZSOLT. 1972. Forecasting potential building damages due to the effect of sinking the
underground-water table. Il. International Conference of mining Geodesy, Budapest, Vol. V.

KUMAI, H., SAYAMA, M., SHIBASAKI, T., and UNO, K. 1969. Ground sinking in Shiroishi Plain Saga
Prefecture. IAHS/AISH Pub. No. 89, p. 645-657.

KUWAHARA, T., UESHITA, K., and IIDA, K. 1977. Analysis of land subsidence in Nobi Plain. IAHS/
AISH Pub. No. 121, p. 55-64.

LANEY, R. L., RAYMOND, R. H., and WINIKKA, C. C. 1978. Maps showing water-level declines, land
subsidence, and earth fissures in south-central Arizona. U.S. Geol. Survey Water-Resources
Investigations Report 78-83, 2 maps.

LEWIS, R. E., and MILLER, R. E. 1968. Geologic and hydrologic maps of the southern part of
Antelope Valley, California. U.S. Geol. Survey report, 13 p.

LOFGREN, B. E. 1975. Land subsidence and tectonism, Raft River Valley, Idaho. U.S. Geol. Survey
open-file report 75-585, 21 p.

LOFGREN, B. E. 1976. Land subsidence and aquifer-system compaction in the San Jacinto Valley,
Riverside County, California--A progress report. U.S. Geol. Survey Journal of Research, v.
4,no. 1, p. 9-18.

LOFGREN, B. E., and IRELAND, R. L. 1973. Preliminary investigation of land subsidence in the
Sacramento Valley, California. U.S. Geol. Survey open-file report, 32 p.

LONGFIELD, T. E. 1932. The subsidence of London. Ordnance Survey, Prof. Papers, new ser., no.
14.

McMILLAN, J. F. 1973. Land subsidence--Antelope Valley area of Los Angeles County. Dept. of
County Engineer, Survey Div., Los Angeles, Calif., 11 p.

MALMBERG, G. T. 1964. Land subsidence in Las Vegas Valley, Nevada, 1935-63, in Ground-Water
Resources--Information Ser., Rept. 5. Nevada Dept. Conservation and Natural Resources, and
U.S. Geol. Survey, 10 p.

MARSAL, RAUL J., and MAZARI, MARCOS. 1959. El Subsuelo de la Ciudad de Mexico. Primer
Panamericano, Congreso de Mecanica de Suelos y Cimentaciones, 614 p. (2d ed., 1969, is
bilingual in Spanish and English.)

MEADE, R. H. 1967. Petrology of sediments underlying areas of land subsidence in central
California. U.S. Geol. Survey Prof. Paper 497-C, 83 p.

MINDLING, ANTHONY, 1971. A summary of data relating to land subsidence in Las Vegas Valley.
Nevada Univ. System, Desert Research Inst., Center for Water Resources Research, 55 p.

MISKOLCZI, LASZLO. 1967. A debreceni mozgasvizgalatok geodéziai tanulsagai (Geodetic methodol-
ogy of land subsidence measurements in Debrecen). Geodézia és Kartografia v. 19, no. 1.

MIYABE, N. 1962. Studies in the ground sinking in Tokyo. Report Tokyo Inst. Civil Eng., p. 1-
38.

MURAKAMI, M., and TAKAHASHI, Y. 1969. Land subsidence research and regional water resource
planning of the Nanao Basin. IAHS/AISH Pub. No. 121, p. 211-222.

MURAYAMA, S. 1969. Land subsidence in Osaka. IAHA/AISH Pub. No. 88, p. 105-130.

NAKAMACHI, N. 1977. Land subsidence in Osaka, Japan. Society Soil Mechanics and Foundation
Eng., v. 25, no. 6, p. 61-67. (In Japanese)

14



NEWIQN, J. G 1977. Induced sinkhol es--a continuing problem al ong Al abarma hi ghways.

Assoc. Hydrol ogical Sci., Pub. 121, p. 453-463.

ORLOCZI, ISTVAN. 1969. Water balance investigations based upon measurement of land subsidence
caused by ground-water withdrawal. IAHS/AISH Pub. No. 88, p. 224-232.

PIANCHAROEN, CHAROEN. 1977. Ground water and land subsidence in Bangkok, Thailand. IAHS/AISH
Pub. No. 121, p. 355-364.

POLAND, J. F. 1968. Compressibility and clay minerals of sediments in subsiding ground-water
basins, southwestern United States. Geol. Soc. America 81st Ann. Mtg. Prog., Mexico City
(1968), p. 241; 1968, Geol. Soc. America Spec. Paper 121, p. 241.

POLAND, J. F. 1977. Land subsidence stopped by artesian-head recovery, Santa Clara Valley,
California. IAHS/AISH Pub. No. 121, p. 124-132.

POLAND, J. P., LOFGREN B. E., and RILEY, F. S. 1972. Glossary of selected terms useful in
studies of the mechanics of aquifer systems and land subsidence due to fluid withdrawal. U.S.
Geological Survey Water-Supply Paper 2025, 9 p.

POLAND, J. F., LOFGREN, B. E., IRELAND, R. L., and PUGH, R. G. 1975. Land subsidence in the San
Joaquin Valley as of 1972. U.S. Geol. Survey Prof. Paper 437-H, 78 p.

ROLLO, J. R. 1966. Ground-water resources of the greater New Orleans area, Louisiana. Louisiana
Geol. Survey, Water Resources Bull. No. 9, 69 p.

SCHREFLER, B. A, LEWIS, R. W., and NORRIS, V. A. 1977. A case study of the surface subsidence
of the Polesine area. Internat. Jour. for Num. and Analytical Methods in Geomechanics, v. 1,
no. 4, p. 377-386.

SCHUMANN, H. H. 1974. Land subsidence and earth fissures in alluvial deposits in the Phoenix
area, Arizona. U.S. Geol. Survey Misc. Inv. Ser., Map 1-845-H, 1 sheet.

SCHUMANN, H. H., and POLAND, J. F. 1969. Land subsidence, earth fissures, and ground-water
withdrawal in south-central Arizona, USA, in_Tison, L. J., ed., Land Subsidence, V. 1. IAHS/
AISH Pub. No. 88, p. 295-302.

SHANGHAI HYDROGEOLOGICAL TEAM. 1973. On the control of surface subsidence in Shanghai. Acta
Geologica Sinica 2, p. 243-254. (In Chinese)

SMITH, C. G., and KAZMANN, R. G. 1978. Subsidence in the capital area ground-water conservation
district--an update. Capital Area Ground-Water Conservation Commission, Bull. no. 2, 31 P.

STILWELL, W. B., HALL, W. K., and TAWHAI, JOHN. 1975. Ground movement in New Zealand geothermal
fields. Ministry of Works and Development, Wairakei, Private Bag, Taupo. New Zealand. p.
1427-1434.

SZEKELY, FERENC. 1975. Mathematical model for the cone of depression of waterworks in loose
sedimentary basins. International Conference of IAH and I|AHS, Hydrogeology of Great
Sedimentary Basins, Budapest.

TAKEUCHI, S., KIMOTO, S., WADA, M., MUDAI, K., and HINA, H. 1969. Geological and
geohydrological properties of land subsided area--case of Niigata lowland. IAHS/AISH Pub.
No. 88, p. 232-241.

TOKYO METROPOLITAN GOVERNMENT. 1969. Land subsidence in Tokyo, p. 1-32.

Introduction

I nt ernat.

15



Guidebook to studies of land subsidence due to ground-water withdrawal

WATER RESOURCES BOARD. 1972. The hydrogeol ogy of the London Basin. Witer Resources Board,
Readi ng, 139 p.

W LSON, GUTHLAC, and GRACE, HENRY. 1942. The settlenment of London due to underdrai nage of the
London Cay. Jour. Inst. Civil Eng., v. 19, no. 2, Paper no. 5294, p. 100-127.

WN KKA, C. C., and WOLD, D. P. 1977. Land subsidence in central Arizona. |AHS/ AlSH Pub. No.
121, p. 95-103.

WNTZ, W A, Jr., KAZMANN, R G, and SMTH, C. G, Jr. 1970. Subsidence and ground-water off
take in the Baton Rouge area. Louisiana State Univ., Louisiana Water Resources Research
Inst., Bull. 6, 20 p. W A Wntz, Jr., Technical Appendix, 70 p.

WJ, CHIAN-M N. 1977. G ound-water depletion and | and subsi dence in Tai pei Basin. |AHS/ Al SH Pub.
No. 121, p. 389-398.

YAMAMOTO, S. 1977. Recent trend of |and subsidence in Japan. | AHS/ Al SH Pub, No, 121, p. 9-15.
ZAMBON, M 1967. Abbassanenti del suolo per estrazioni di acqua e gas-Deduzioni ed indirizzi

| ogi cament e consequenti per | a sistemazione del Delta del diume Po. Atti del XXIIl Congresso
Naz. delle Bonifiche, Ronme, 345-370.

16



