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PREFACE

Subsidence, also termed as land subsidence, has been
attracting attention of one and all due to its impacts not only on the
surface but also on the sub-surface and underground properties.
Over the globe, the subsidence movements have been found to have
taken place due to various natural and manmade activities and the
Man has been trying to find out the ways and means for
minimizing the damages, prediction of subsidence movements,
measurement of the movements, and finally the management of,
the subsidence movements. Vast areas on the globe have
experienced subsidence movements and related impacts and as of
now many areas are experiencing these movements. The
importance of the subsidence movements enhances with the
importance of land areas as, with the growth of the population the
per capita availability of the useful land is decreasing.

Among the various subsidence causing activities, the author
considers the underground mining in sedimentary deposits and the
withdrawal of water from the underground sources are as the most
important and prominent activities in the Indian context.
Underground mining of sedimentary deposits has been going on in
the country for more than 225 years while extensive pumping of
water from the underground sources is comparatively a recent
phenomenon.

The subsidence know-how in respect of the underground
mining of sedimentary deposits,  though well-developed, has not
been properly documented and the published literature on this
subject does not make the operators self-reliant to take  on the spot
decisions, which, in the opinion of the author is necessary for
efficient running of the industry.  Therefore, in this handbook
efforts have been made to present the subsidence management
methodology in such a manner that in majority of the situations,
the operating managers/engineers would be in a abled position to
take decisions on their own and only in the situations involving
complications the expert advice will be required.   The handbook is
also expected to be useful to the planners and the officials of the
regulatory agencies, e.g., the Directorate General of Mines Safety



and the Indian Bureau of Mines. It will also be of use to the faculty
in the teaching institutions and will be an asset in the libraries.

In respect of the ground water withdrawal, the subsidence
know-how in the country is very limited and there is a need to
develop this as quickly as possible, as the dependence of the
industries and the population on this source of water is increasing
day-by-day and more-and-more number of tube-wells are being
made wherever, ground water is available without considering the
consequences. Therefore, an effort has been made by the author in
this handbook to bring forth the importance of this subject for the
future of the Nation as also to present some suggestions on the
management of the subsidence in the areas having ground water
withdrawal. The author anticipates that the handbook will initiate
action towards developing the understanding of the subsidence
phenomenon with respect to the withdrawal of water from the
underground sources and the consequences of these movements,
ultimately leading to the management of the activities such that
the damages are minimum possible. This will also help in the
development of the know-how for the prediction of the subsidence
movements due to ground water withdrawal. The handbook will
thus, be useful to the planners and managers of projects involving
in utilization of water from the underground water sources. The
handbook will also be useful to the students of civil and other
related engineering disciplines.

This handbook presents the three chapters — the first
chapter gives rise an overview of subsidence due to underground
mining and ground water withdrawal — the second chapter deals
exclusively with the management of subsidence due to
underground mining of sedimentary deposits — the subsidence
management aspects of ground water withdrawal are dealt in the
third chapter.

The author has used the subsidence know-how in respect of
the underground mining of sedimentary deposits in studying more
than 100 cases related to the extraction of coal seams underneath
and in the vicinity of surface and underground properties in the
Indian coalfields. Most of the recommendations made in these
studies have been implemented with the results that the coal
mining industry has been able to extract more than 20 million
tonne of coal from underneath and in the vicinity of the surface
properties. In addition, the prediction of the subsidence movements
and their impacts have also been done for a number of mines for the
development of their Environmental Management Plans. Some of
the case studies are presented briefly in the text.

vi Subsidence Management Handbook



 The author is thankful to his friends and colleagues who
helped him in the development of the subsidence know-how and
who worked with him in monitoring of the subsidence movements
in coal mining areas in the country. Special mention is being made
for Dr. B. Kumar, Scientist, CMRI, Dhnabad and S/Shri R. Sinha,
B.N. Pandey, S.D. Tiwary, S.N. Prasad, S.K. Singh and R.K. Sinha
also of CMRI, Dhanbad. The author is also thankful to the critics
who left no stone unturned in having their say. Thanks are also due
to Shri Durga Das Chandra for helping in preparation of the text of
the handbook on the computor and to Shri A. Bhattacharya for
helping in preparation of the drawings for the handbook. The
author is grateful to the friends who encouraged him to bring out
this handbook for the benefit of the Indian community.

Dhanbad Naresh C. Saxena

Preface vii





CONTENTS

Preface                                                           v

1. SUBSIDENCE – AN OVERVIEW 1-19

A. Causes of Subsidence 1

B. Impacts of Subsidence Movements 5

C. Controlled Subsidence 16

D. Potential Areas in India 17

E. Dangers to Underground Workings 18

F. Concluding Remarks 19

2. SUBSIDENCE MANAGEMENT IN UNDERGROUND 
MINING AREAS IN SEDIMENTARY DEPOSITS 20-83

     Introduction 20

A. Collection, Compilation and Study of Details 21

B. Prediction of Subsidence Movements 25

1. Critical width-depth ratio (CW) 27

2. Non-effective width-depth ratio (NEW) 27

3. Maximum possible subsidence (Smax) 29

4. Maximum possible slope (Gmax) 31

5. Maximum possible strains (Emax) 31

6. Maximum subsidence (S) 32

7. Maximum slope (G) and strains (E) 32

8. Subsidence, slope and strain profiles 34

9. Subsidence, slope and strain contours 41

10. Volume of subsidence trough 43

11. Location of cracks 43

12. Changes in surface contours and drainage 
      pattern due to subsidence 43

13. Subsidence movements at the locations of 
      surface properties 44



14. Profiles of Railway lines, canals and roads 44

C. Prediction of Impacts 44

1. Problems to underground workings 45

2. Impacts on properties 46

D. Subsidence Management 47

1. Optimizing subsidence movements 48

(i) Reducing extraction thickness 49

(ii) Optimizing panel size 49

(iii) Planning with stowing 49

(iv) Alternate stowing and caving and 
      barrier-less mining 50

(v)  Multi-seam extraction with caving 52

(vi)  Extraction planning with non-effective 
       width-depth ratio 52

(vii) Partial extraction of bord and pillar 
       developed areas 53

2. Impact mitigation 53

(i) Location of the craks 53

(ii) Changes in surface contours 53

(iii) Study of the impacts of the subsidence
       movements 56

(iv) Minimizing dangers to the underground
       workings 58

3. Management of subsided land for various uses 61

(i) Developing surface water bodies 61

(ii) Developing forestry, plantation and grassland 62

(iii) Development of subsided land for agriculture 63

(iv) Development of subsided land for construction 
       purposes 63

(v) Construction of Roads over subsided areas 64

4. Converting impacts into resources 65

(i) Surface water bodies 65

(ii) Underground water bodies 65

E. Monitoring of subsidence movements 68

1. Case Studies 75

I. Sudamdih shaft and incline mines 75

II. Salanpur Colliery 76

III. Jamadoba 6 & 7 pits Colliery 77

x Subsidence Management Handbook





4. Impact assessment 140
5. Management measures 141
6. Concluding Remarks 141

BIBLIOGRAPHY 142-205

xii Subsidence Management Handbook



Virginia Politechnic Inst. & State Univ. (1987): Prediction of Ground
Movements due to Underground Mining in the Eastern United
States Coalfields, Final Report, Office of Surface Mining,
Reclamation and Enforcement, v 2. 

Voigt, B. and Pariseau, W.(1968): The Nature of Prediction in Subsidence
Engineering. ASCE Meeting, Pittsburgh, Preprint no 762, 42 p. 

Voigt, B. and Pariseau, W.(1970): State of prediction art in subsidence
engineering. J.Soil Mech., n 96(SM2), pp 721-750. 

Voigt, B. and Dahl, H. D.(1969): A post-yield phenomenological approach to
mine subsidence. Proc. Int. Symp. Mine Surveying, Parag, v III/3. 

Vos, G., Claessen, F.A.M. and Van Ommen, J. H.G.(1984): Geohydrological
compensatory measures to prevent land subsidence as a result of the
reclamation of the Markerwaard Podler in the Netherlands. Land
Subsidence, IAHS Publication No 151, pp 915 - 924. 

Wall, J. A. de (1986): On the Rare Type Compaction Behaviour of
Sandstone Reservoir Rock. Thesis Techn. Univ. Delft, 165 p. 

Wade, C. V. and Canroy, P. J.(1980): Rock mechanics study of a longwall
panel. Min. Engr., v 32, n 12, pp 1728 - 1734. 

Wade, C. V and Canroy, P.J.(1977): Rock Mechanics Study of a Longwall
Panel. Sco. Min. Engrs. Fall Meeting, St. Louis, Mo, Pre-print No.
77-1-391. 

Wagener, F. Von, M. et.al.(1989): Surface subsidence in Southern Africa.
Proc. XII ISSMFF Conf., Rio de Janerio. 

Walker, J. S. and LaScola, J. C.(1988): Foundation response to subsidence
induced ground movements - A case study. Proc. CONFERENCE
1988, Fredericton, New Burnswick, Canada, pp 563 - 572. 

Walters, R. F.(1977): Land Subsidence in Central Kanas Releted to Salt
Dissolution. Kanas Geological Survey Bulletin. No. 214, 82 p. 

Walton, G. and Cobb, A. E.(1984): Mining Subsidence. Ground Movements
& Their Effects on Structures, Surrey Univ. Press, pp 216 - 242.

Wanless, B.A. and Jones, H.R.(1988): Nortech experience with GPS for
precise engineering and subsidence applications. Proc.
CONFERENCE 1988, Fredericton, New Burnswick, Canada, pp 573
- 579. 

Wardell, L.(1959): The problems of analysing and interpreting obsreved
ground movements. Coll. Engg., v 36, n 12, pp 529 - 538. 

Wardell, K. and Wood, J. C.(1966): Ground instability problems arising
from the presence of old, shallow mine workings. Proc. Midlands Soil
Mech. and Foundation Eng. Soc., v 7, n 36, pp 5 - 30. 

Wardell, K.(1950): A comparison between British and German experiences
of mining subsidence. Trans. Int. Min. Sur., v 30, 51 p. 

Wardell, K.(1952):The surveying observations required for the
determination of ground movements caused by mining. Trans. Int.

Bibliography 201



Min. Sur., v 32, 12 p. 

Wardell, K.(1953): Some observations on the relationship between fire and
mining subsidence. Trans. Ist. Min. Engrs., v 113, pp 471 - 483. 

Wardell, K.(1954): Mining subsidence.Trans. R.I.C.S., v 86, 53 p. 

Wardell, K.(1957): The minimisation of surface damage. Coll. Engg., v 34,
p 361. 

Wardell, K.(1957): The minimisation of surface damage by special
arrangement of underground workings. Proc. Euorp. Cong. Gr.
Movement, pp 13 - 19. 

Wardell, K.(1966): Problems posed by past and future mineral workings in
a development area. The Chartered Surveyor, Mineral Workings,
Leeds, pp 184 - 188. 

Wardell, K.(1969): Ground subsidence control. Mining Cong. J., v 55, n 1,
pp 36 - 42. 

Wardell, K.(1975):Mining Under Tidal Waters. A report prepared for the
Minister for Mines and Power (NSW Dept. of Mineral Resources,
Sydney.). 

Wardell, K.(1953-54):Some observations on the relationship between time
and mining subsidence. Trans. Inst. Min. Eng., v 113, pp 471 - 483.

Wardell, K. and Webster, N.E.(1957): Some surface observations and their
relationship to movement underground. Proc. Europ. Cong. Ground
Movement, Leeds., pp 141 - 148. 

Wardell, K. and Webster, N. E.(1957a): Surface observations and strata
movement underground. Coll. Engg., v 34, p 329. 

Wardell. K. and Eynon, P.(1968): Structural concepts of strata control and
mine design. The Mining Engrs, v 127, Aug.’68, pp 633 - 645. 

Webb, B.(1982): A Study of Longwall Subsidence in the Appalachian
Coalfield. M.S. Thesis, VPI & SU. 

Webester, N. E.(1951-52): Strata control and influence on underground
and surface damage. Trans. Inst. Min. Engr., v 111, pp 445 - 462. 

Weir, A.M.(1966):Subsidence- the interpretation of travelling strain
observations. Colliery Guardian, v 212, pp 576 - 577. 

Whetton, J. T.(1957): A general survey of the ground movement problem.
Coll. Engg., v 34, p 153. 

Whetton, J. T. and King, H. J.(1961): The time factor in mining subsidence.
Proc. Int. Symp. Min. Research, Rolla, Missouri, v 1, pp 1 - 29. 

Whitelock, G.C.H.(1920): Subsidence due to coal mining. Trans. I. Min.
Surveyers. 

Whittaker, B. N. and Redish, D. J.(1984): Mining subsidence in longwall
mining with special reference to the prediction of surface strain.
Proc. 2nd. Int. Conf. on Stability of the underground Mining,
NewYork, pp 576 - 588. 

202 Subsidence Management Handbook



Whittaker, B. N.(1983): Chain pillar design considerations with reference
to longwall mining. Mining Dept. Magazine, Univ. of Nottingham, pp
65 - 76. 

Whittaker, B. N. and Aston, T. R. C. (1958): Under-sea longwall mining
subsidence with special reference to geological and water occurrence
criteria with North-East of England coalfield. Min. Sci. & Tech., v 2,
pp 105 - 130. 

Whittaker, B.N. and Breeds, C.D.(1977b): The influence of surface geology
on the character of mining subsidence. The geotechnics of
structurally complex formations. Geotechnica - Italia, Millan, v 1, pp
459 - 468. 

Whittaker, B. N. and Frith, R.C.(1987): Aspects of chain pillar design in
relation to longwall mining. Proc. 6th. Int. Conf. Gr. Cont. in Mines,
Morgantown, WV, USA, pp 172 - 182. 

Whittaker, B. N. and Pasamchmetogly, A.G.(1981): Ground tilt in relation
to subsidence in longwall mining. Int. J.Rock Mech.& Min.Sci.&
Geomech. Abstr., v 18, pp 321 - 329. 

Whittaker, B.N. and Pye, J.H.(1977a): Ground movements associated with
the near surface construction operations of a mine drift in coal
measure strata. Int. J. Rock Mech. Min. Sci. & Gr. Abstr., v 14, pp 67
- 75. 

Whittaker, B.N. and Pye, J.H.(1977b): Design and layout aspects of
longwall methods of coal mining. Proc. US 16th. Symp. Rock Mech.,
Minneapolis, pp 303 - 314. 

Whittaker, B. N. and Redish, D. J.(1989): Subsidence : Occurence,
Prediction and Control. Elsevier, Amesterdam, 508 p. 

Whittaker, B. N. and Singh, R. N.(1979): Design and stability of pillars in
longwall mining. The Min. Engr., v 214, pp 59-70. 

Whittaker, B.N. and Smith, S.F.(1987): Stability and operational aspects of
room and pillar mining in the UK sedimentary iron-ore deposits.
Underground Mining Methods and Technology, Elsevier, pp 393 -
402. 

Whittaker, B. N., Reddish, D. J. and Fitxpatrick, D. J.(1985a): Calculation
by computer program of mining subsidence ground strain pattern
due to multiple longwall extractions. J. Min. Sci. & Tech., v 3, pp 21
- 33. 

Whittaker, B. N., Reddish, D. J. and Fitzpatrick, D. J.(1985b): Ground
fracture due to longwall mining subsidence. Proc. I.M.W.A. Second
Int. Cong. on Mine Water, Granada, Spain, pp 1057 - 1072. 

Wiborg, R. and Jewhurst, J.(1986): Ekofish subsidence detailed and
solution assessed. Oil and Gas J. (Technology), pp 47 - 51. 

Wildanger, E. D. et.al. (1980): Sink-hole Type Subsidence Over Abandoned
Coal Mines in St. David, Illinois. Abandoned Mined Lands
Reclamation Council, Springfield, Illinois. 

Bibliography 203



Williamson, A.K. and Prudic, D.E. (1984): Simulation of flow and
compaction in the regional aquifer system of the central valley of
California, USA. Land Subsidence, IAHS Publication 151, pp
271-280.

Williams, J.H. and Vineyond, J.D.(1976): Geological indicator of
catestropic collapse of karst terrane in Missouri. National Academy
of Sci. Transpotation Research Record 612, pp 31-37. 

Wilson, A. H.(1972): Research into the determination of pillar size. Mining
Engr., v 131, pp 409 - 416. 

Wilson, A. H.(1972): An hypothesis concernning pillar stability. Mining
Engr. 

Winstanley, A.(1938): Strata movements. Trans. Inst. Min. Sur., v 19, pt.I. 

Williamson, A.S.(1979): Volumetric subsidence - compaction ratios for a
horizontal, Stratified elasic half space. Adv. in Rock Mech., v 2 B, pp
1112 - 1120. US Nat.Ac.of Sci.

Wilschut, D. (1995) : Long term settlement in Rotterdam. Land
Subsidence, IAHS Publication, No.234, pp.215-220.

Wolf, R.G.(1970): Relationship between horizontal strain near and reverse
water level fluctuation. Water Resources Research, v 6, n 6, pp 1721
- 1728. 

Wu, W. and Haycocks,C.(1986): Statistical analysis of problems in close
proximity multi-seam mines. Proc. 27th. US Symp. Rock Mech.,
Tuscaloosa, AL., pp 317 - 323. 

Wu, W., Haycock, C. and Zhou,Y.(1987): Applications in design for close
proximity multi-seam mining. Proc. 6th. Int. Conf. Gr. Cont. in
Mining, Morgantown, WV, USA, pp 97 - 105. 

Wyllie, P. J.(1971): The Dynamic Earth. Textbook in Geosciences, John
Wiley and Sons, Inc., 416 p. 

Xu, D. M., Yong, R. N. and Mohamed, A. M. O. (1991): Time delay effect of
subsidence. Land Subsidence, IAHS Publication No 200, pp 635 -
645. 

Yamamoto, S. and Kobayashi, A.(1984): Groundwater resources in Japan
with special reference to its use and conservation. Land Subsidence,
IAHS Publication No151, pp 381 - 391.

Yao ,X .L. ,Whittaker ,B .N .and Reddish ,D.J.(1991) :Influence of
overburden mass behavioural properties on subsidence limit
characteristics. Min. Sci. and Tech., v 13, 167 - 173. 

Yashida, S.(1983): One Dimensional Simulation of Land Subsidence
During the Period of Piezometric Head Rise in Aquifers. Ann. Rep.
Of the Research Institute of Hazards, Niigata Univ., n 5. 

Yokel, F. Y., Salamone, L. A. and Chugh, R. M.(1981): Construction of
Housing in Mine Subsidence Areas. Report No. NBSIR 81- 2215,
Washington, DC: US Dept. of Commerce, National Bureau of
Standards. 

204 Subsidence Management Handbook



Yong, R.N. and Nutalaya, P. (1988): Impact of Quarternary Sediments on
Urban Development and Land Use of the Central Plain of Thailand.
Final Rep. Submitted to the Int. Development Research Centre
(IDRC), Ottawa, 242 p. 

Yong, R. N., Nutalaya, P., Mohamed, A.M.O. and Xu, D. M. (1991): Land
subsidence and flooding in Bankkok. Land Subsidence, IAHS
Publication No 200, pp 407 - 417.

Yoshida, S.(1982): A consideration of mechanism of land subsidence during
the period of piezometric head rise in aquifers. Ann. Rep. of the
Research Institute of Hazards, Niigata Univ., n 4, pp 99 - 106. 

Yoshida, S. and Aoki, S.(1984): Mechanics and one-dimensional simulation
of land subsidence during the period of recovery in aquifers. Land
Subsidence, IAHS Publication No 151, pp 147 - 156.

Young, C. M.(1971): Precentage of extraction of bituminous coal with
special reference to Illinois conditions. Engineering Experimental
Station Bull. No.100. Urbana: Univ. of Illinois. 

Young, L. E. and Stock, H. H.(1916): Subsidence resulting from mining.
Univ. of Illinois, Engineering Experiment Station, Bull. No. 91, 204
p. 

Yu-sun, Chen.(1984): Over recharge exploration of ground water and land
subsidence in Taiyuan city, Shanxi Province, China. Land
Subsidence, IAHS Publication No 151, pp 415 - 424.

Yudhbir, (1984): Mechanisms of collapse controlled subsidence. Land
Subsidence, IAHS Publication No 151, pp 467 - 478.

Zamare, M. M., Ahern, J. L. and Najjar, Y. M.(1989): Stability analysis and
characterisation of ground subsidence of abandoned lead-zinc mines
in North Oklahoma. Proc. 30th. US Symp. Rock Mech., pp 707 - 714.

Zeevaert, L.(1963): Foundation problems related to ground surface
subsidence in Mexico city. Field testing of soils. ASTM Special
Publication No. 332, pp 57 - 66. 

Zeevaert, L.(1973): Foundation Engineering for Difficult Sub-soil
Conditions. Van Nostzand Reinhold Company, New York.

Zenc, M.(1969): Comparison of Bals’ and Knothe’s method of calculating
surface movements due to underground mining. Int. J. Rock Mech.
Min. Sc., v 6, n 2, pp 159 - 190. 

Zhong, W. and Zhu, R.(1979): Calcution of surface movement and
deformation resulted from mining steeply dipping seam. Proc. IV
ISM, Aachen, Paper No. 4.38. 

Zienkiewicz, O.C.(1979): The Finite Element Method. Tata Mc Graw Hill,
India, 787 p. 

Zilkovski, D.B. and Kok, J.J. (1995) : Estimation of subsidence in New
Orleans and vicinity as indicated by precise relevellings. Land
Subsidence, IAHS Publication No.234, pp.221-234.

Bibliography 205


	Cover
	Title
	Preface
	Contents
	1 Subsidence — an Overview
	A. Causes of Subsidence
	B. Impacts of Subsidence Movements
	C. Controlled Subsidence
	D. Potential Areas in India
	E. Dangers to Underground Workings
	F. Concluding Remarks

	2 Subsidence Management in Underground Mining Areas in Sedimentary Deposits
	Introduction
	A. Collection, Compilation and Study of Details
	B. Prediction of Subsidence Movements
	1. Critical Width-Depth Ratio (CW)
	2. Non-Effective Width-Depth Ratios (NEW)
	3. Maximum Possible Subsidence (Smax)
	4. Maximum Possible Slope (Gmax)
	5. Maximum Possible Strains (Emax)
	6. Maximum Subsidence (S)
	7. Maximum Slope (G) and Strains(E)
	8. Subsidence, Slope and Strain Profiles
	9. Subsidence, Slope and Strain Contours
	10. Volume of Subsidence Trough
	11. Locations of Cracks-
	12. Changes in Surface Contours and Drainage Patterndue to Subsidence-
	13. Subsidence Movements at the Locations of SurfaceProperties
	14. Profiles of Railway Lines, Canals and Roads-

	C. Prediction of Impacts
	1. Problems to Underground Workings-
	2. Impacts on properties-

	D. Subsidence Management
	1. Optimizing Subsidence Movements:
	(i) Reducing extraction thickness
	(ii) Optimizing panel size
	(iii) Planning with stowing-
	(iv) Alternate stowing and caving and barrier-less mining
	(v) Multi-seam extraction with caving-
	(vi) Extraction planning with non-effective width-depth ratio
	(vii) Partial extraction of bord and pillar developed areas

	2. Impact Mitigation
	(i) Locations of the cracks
	(ii) Changes in surface contours
	(iii) Study of the impacts of the subsidence movements
	(iv) Minimizing dangers to the underground workings

	3. Management of Subsided Land for Various Uses
	(i) Developing surface water bodies
	(ii) Developing forestry, plantation and grassland
	(iii) Development of subsided land for agricultural
	(iv) Development of subsided land for construction purposes
	(v) Construction of roads over subsided areas

	4. Converting Impacts into Resources
	(i) Surface water bodies
	(ii) Underground water bodies


	E. Monitoring of Subsidence Movements
	1. Case Studies
	I. Sudamdih Shaft and Incline Mines of Bharat Coking CoalLimited in Jharia Coalfield
	II. Salanpur Colliery of Bhrat Coking Coal Limited inJharia Coalfield
	III. Jamadoba 6 & 7 pits Colliery of Tata Iron & Steel Co.Ltd. in Jharia Coalfield
	IV. Jitpur Colliery of Indian Iron & Steel Co. Ltd. in JhariaCoalfield
	V. RK7 & RK New Tech Inclines
	VI. Naheriya Mine

	2. Concluding Remarks

	Annexure 
	I Subsidence Impact Matrix
	II Controlling Subsidence Movements by ReducingExtraction Thickness
	III Controlling Subsidence Movements byOptimizing the Width-Depth Ratio
	IV Controlling Subsidence Movements byPlanning Extraction With Hydraulic Stowing
	V Controlling Subsidence Movements by PlanningExtraction Without Barriersand by Alternate Stowing and Caving
	VI Controlling Subsidence Movements by SuitablyLocating the Barriers
	VII Extraction Planning with NEW Concept
	VIII Determination of the Factor of Safetyof the Barrier Pillars, and Hence their Designing
	IX Computation of the Volume of Subsidence Trough
	X Details of Jitpur Colliery’s Case Study
	XI Details of RK7 & RK New Tech Inclines’ Case Study
	XII Details of Naheriya Project’s Case Study


	3 Subsidence Management in the Areas Having Ground Water Withdrawal with Special Reference to Indian Situations
	A. Preamble
	B. Phenomenon
	C. Impacts
	D. Land Subsidence Management
	1. Collection and compilation of the details
	2. Prediction of land subsidence
	3. Monitoring
	4. Impact Assessment
	5. Management measures
	6. Concluding Remarks


	Bibliography



