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RESPONSE OF HYDROLOGY TO UNDERGROUND COAL
MINE SUBSIDENCE-LITERATURE ASSESSMENT

AND ANNOTATED BIBLIOGRAPHY

By Liane L M. Kadnuck 1 and A. J. Fejes2

ABSTRACT

This U.S. Bureau of Mines publication is intended to provide minng industry representatives and
regulatory authorities with a reference package dealing with studies on hydrology and underground mine
subsidence. An annotated bibliography and a list of additional sources are given and represent
references publihed prior to June 1993. Ninety-two references were identifed and 72 obtained for

assessment. Anotating the references included evaluating the study methodology and summarizig the
basic results. The references are also compiled based on geographic location to aid the user in
identifg articles of particular interest.

lEnvironmental engineer.
2Mining engineer.

Denver Research Center, U.S. Bureu of Mines, Denver, CO.
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INTRODUCTION

The purose of thi U.S. Bureau of Mines (USBM) re-

port is to present a liting of avaiable inormation per-
taig to hydrologic response to underground mine sub-

sidence. The basic intent is to assist mine operators,
ming consultants, and regulatory agencies in identifg
sources of inormation that wi aid in quantifg the

impacts of coal mine subsidence on hydrology. By using
this reference lit and anotated bibliography, ming in-
dustry personnel will be better able to evaluate potential
hydrologic consequences of underground ming, deal with
permit requirements, and develop their own subsidence

and hydrology inormation sources.
As part of a continuing subsidence research program,

the USBM expanded conventional subsidence studies to
include the investigation of underground mining effects
on overburden stratigraphy and associated effects on the
hydrologic regie. As part of this effort, an intensive lit-
erature search was performed to locate available infor-
mation. Ninety-two articles are identifed, and 72 are
annotated for this publication. The anotated articles
lited in thi report are on fie at the USBM's Denver

Research Center.
Thi report outlies available information and state-

of-the-art research programs targeted at quantifyg the
impacts underground mine subsidence has on hydrology,
including both surface and ground water resources. Arti-
cles identifed represent hydrologic studies undertaken in

the Illois, Appalachian, Alabama, and Western coal

regions, as well as some in Europe, Australia, and China.
The literature provides information regarding hydrologic

and geomechanca intrumentation plan, hydrologic
modelig, research plans, and combined hydrologic and

subsidence monitoring procedures.
Table 1 is a summar of the annotated articles cate-

gorid geographically by coal region. Appendix A is the

anotated bibliography giving authors, publishing informa-
tion, and a brief synopsis for each article. Appendix B

provides a liting of additional sources identifed dealg
with subsidence and hydrology. Al references lited pro-
vide as much inormation on dates and locations of each
publication as was avaiable at the time thi report was

prepared.

Table 1.-Geographlc summary of annotated arUcle.

Gerahic ara References pertining to georahic
loation 

1

Australia. . . . . . . . . . . .
Europe. . . . . . . . . . . . .
United States:

Alabama.. .......

Appalachia:
General. . .. . . . .
Kentucky. . . . . . .
Maryand. . . . . . .
Northern. . . . . . .
Ohio......... .
Pennsylvania . . . .

30,72
2, 3, 23, 24, 42, 46, 70, 71

50

22, 25, 47, 48, 49
59
21
31, 32, 33, 34, 53, 65
17,36,41
5, 7, 8, 26, 28, 35, 37, 38, 39, 40, 44,

52,55,56,60,61,63,67,68
54
1,13, 14, 16, 18, 19,20,27,29,57,
64,69

Illnois. . . .. . . . . . . 4,6,9,10,11,12,15,43,51,58,66
Western . . . . . . . . . . 45, 62

lNumbers refer to annotated references In appendix A.

Virginia. . . . . . . .
West Virginia . . . .

With the general public's increasing awareness and con-
cern over the impacts of minng on water resources, reg-
ulators and mine operators must become more aware of
some of the possible hydrologic effects of underground
ming that ca be expected. Because of liited amounts
of available data and studies analyzg hydrologic impacts
caused by ming, the USBM identifed avaiable inor-
mation and created thi document to provide a common
source of inormation that would be a usefu tool for mine
operators, consultants, and regulators.

HYDROLOGIC MONITORING INFORMATION REQUIRED BY MINE OPERATORS

The Code of Federal Regulations (CFR), Title 30, Part
784, states that underground coal mine operators must
include a determination of probable hydrologic con-

sequences (PHC) with permit applications.3 Included in
the PHC is the determination of the consequences the
proposed mining operation could have on the quality and
quantity of surface and ground water. Additionally, mine

3U.S. Coe of Federal Regulations. Title 30, Mineral Resources;

Chapter VII, Offce of Sunace Mining Reclamation and Enforcment:
Part 700 to end, Mineral Resources: July 1, 1993.

operators are requied under Part 817.41 to "...miniz

disturbance to the hydrologic balance withi the permit
and adjacent areas, (and) to prevent material damage to
the hydrologic balance outside the permit area." In order

to provide the inormation needed for a PHC, and to
prevent material damage, mine planers and operators
need inormation on hydrologic response under varous

hydrologic, geologic, and mining conditions. Few studies
have been undertaken in this area, but those currently
available provide invaluable knowledge to other concerned



pares. Information contaied in th report provides an

accunting of specic studies conducted under va
conditions thougout the United States and abroad. Use

3

of these inormation sources wi aid mine operators and
planers in complyig with cuent Federal reguations.

AVAILABILITY OF INFORMATION

Few studies have been publihed that deal specically
with subsidence impact on hydrology. Work publihed to
date ha been performed at various loctions and by var-
ious intitutions. Goo sources of subsidence and hydrol-

ogy inormation are unversities with ming engeerig
departments, State and Federal agencies, and professional
soceties. The USBM, the U.S. Geological Surey, and the
Offce of Surface Ming are the Federal agencies most

likely to deal with hydrologc impact from subsidence.
Additionally, many mining companies and consultig rirs

undertake their own studies and publih them in profes-
sional joural.

With the growig concern over availabilty and qualty
of water resources, research on the impact of minng to
hydrologc resources is expcted to increase in the future.
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APPENDIX A.-ANNOTATED BIBLIOGRAPHY

1. Ahnell, G., and H. W. Rauch. The Effec or UD-
dergound Coa Mining on Water Wells in Monopia
County, West VugDia. Ground Water, v. 16, No.5, 1978,
p.358.

Outlies results of a study in Monongala County, WV,
of water well located in proxiity to underground mines.
Results indicated tht well went dry when less than 82

vertca m (25 ft) of overburden was present between the

mine and the well bottom. (Abstract)

2. Aston, T. R. C., aDd R. N. Singh. A Reppraisal or
Investitions IDto Strta Permeabilty Changes Asso-

ciated With Longwll MiDing. Int. J. Mine Water, v. 2,
No.1, 1983, pp. 1-14.

Evaluates permeabilty changes ahead of the longwal
face, at the face end, and in the ribside pilar. Several

studies were reevaluated using a unfied cumulative dif-
ference analysis to monitor in situ permeabilty changes
withi Britih Coal Measures strata. Data from this study
suggest that the onset of permeabilty chanes ocurs well
in advance of observed surface subsidence.

3. Aston, T. R. C., R. N. SiDgh, aDd B. N. Whittker.
The EtTec or Test Cavity Geolog on the In Situ Per-
meabilty or Coal Measures Strta Associated With

Longwll Minin Int. J. Mine Water, v. 2, No.4, 198,
pp.19-34.

Reviews the two methods most commonly used to
measure in situ permeabilty changes, namely "pumping in"
and "pumpin out," along with the advantages and di-
advantages of their use in Britih Coal Measures strata.
Five investigation sites in Great Britai were evaluated for
the effects of test cavity geolog on in situ permeabilty.
Permeabilty comparons between several sites and several
dierent tys of geology are included. The majority of

fluctuations in permeabilty values ocured in the ribside
coal pilar.

4. Bauer, R., E. Gerell, and D. Barkley. Charactriza-
tion or Coal MiDe Subsidence and Impact on Bedrock
and Near Suñace Hydrolog Over a Shallow High-
Extction Retrt Mining Operation in IIiDois. Paper

iD Proceedings or 1987 National Symposium on MiDing,
Hydrolog, SedimeDtolog, aDd ReclamatioD (UDiv. KY,

Lexington, KY, De. 1987). OtT. Eng. Sen., College Eng.,

Univ. KY, 1987, pp. 197-202.

Detais the results of hydrologic and geotechnca

response to high-extraction minng using bedrock and drif
piezometers, time domai reflectometry (TR), and mul-
tiple position borehole extensometer (MPBX) intruments

in the subsurace. The intruentation wa intaed in
two clusters on opposite ends of the long paneL.

Sudden and complete dewateri of the bedroc well and

gradua declie of the dr well were obsrved.

5. Both, C. J. The EtTec or Longwll Related De-

rormation on Ground-Water Flow Abve an AbndoDed
Coal Mine. Geoi. Soc. Am., Abstr. with Prs, v.15,

No.6, 198, p. 530.
Briefly dicues data gathered for use in buidi a

numerica model based on the min engieeri concept

of stress pattern and fuer uses the theory to dictate

head ditribution above coal seams.

6. Booth, C. J. Hydrologc Impact of Under-

ground (Lngwll) Mining in the Ilinois Basin. Paper in
Proceedings or the 3rd SubsideDce Workhop Due to
UDdergouDd Mining (W Unlv., MorgDtow, WV, June
1992). WV Univ., 1992, pp. 222-227.

Presents results of a monitorig progam that exained
the hydrogeologca impact of actve longal ming at

two sites in Ilois using piezometers intaled at vaous
depth in sceened well. Results showed that subsidence

causes fracturg and diation of joints and beddi planes,
which increase the fracte permeabilties and storage

coeffcients. Lo varations in geologica conditions wi

dictate whether these effect wi enhance an aquier or
not. In general, recovery and enhancement would perhaps
be less liely in open-ended aquifers than in closd-ended
aquiers.

7. Both, C. J. The Hydrogeologcal Impact or Dep

LoDgwll MiDing Appalachian Plateau, PenDsylvania.
Paper in Procdings or the National Water Well Asso-
ciatioD Conrerence on the Impact or Mining on Ground
Water (Denver, CO, Aug. 198). Natl. Water Well Assoc.,
1984, pp. 36379.

Discusses a hydrologica investigation of a deep longal
mine in Cambria County, P A, conducted to provide a con-
ceptual model and cabration data for the development

of a numerica model of ground water flow asated
with underground coal minig. An extemely detailed di-
cusion of geology, precipitation, and mine draiage is
included. Water levels in approxiately 15 well above
and near the mine were monitored. The mine draiage
data indicated a hydraulc connection between the mine
and the shalower ground water system. At thi site the
response of ground water levels to underming by long-
wal panels is considerable.



8. Both, C. J. Strta Movements Concepts aDd the

Hydrlogca Impact of UndergouDd Coa Mining.
Ground Water, v. 24, No.4, July-Aug. 198, pp. 50-515.

Presents an overvew of the expected response of

ground water to underming based on monitorig results
of shalow well over a longwal paneL. The results showed
tht there was little response in the well and that strata
permeabilty chanes occur in the tensile zone were of
higher magtude than those in the compressional zone.
The results alo indicated that based on the pressure arch

theory of subsidence, dewatering of the seam and roof
should be expected, but not higher in the stratigraphic
column.

9. Booth, C. J., aDd J. A. Saric. The EtTects or

AbandoDed Undergound Mines on Ground Water, Sa-
line County, IIiDols. Paper in Proceedings or the 1987

NatioDal Symposium on Mining, Hydrolog, Sedimen-

tology and Reclamation (UDiv. KY, Lexington, KY, De.
1987). OtT. Eng. Sen., College EDg., UDiv. KY, 1987,

pp. 243-248.

Presents results of a study that focused on ground water
response over an abandoned room-and-pilar mine in

Illois. Well were intalled in shalow drift and bedrock

aquiers. The study showed that no effects were observed
in the shalow dr wells, though the bedrock well showed

a declie in head over the mined area. It was also found

that some leakage from the shallow to deep aquifers was
possible through fracturg and subsidence mechanims.

10. Booth, C. J., aDd E. D. Spande. Potentiometric
and Aquifer Propert Changes Above SubsidiDg LoDgwll
Mine Panels, IIinois Basin Coalfeld. Ground Water,
v. 30, No.3, May-June 1992, pp. 362-368.

Evaluates alterations in the hydrogeologic regime at a
10Dgwal coal mine in Illnois. Two aquifers, a shalow

drif aquier and a deeper bedrock aquifer, were moni-

tored durg underminng. Packer, pump, and slug tests
were performed on wells in each aquifer and water-level
fluctuations were continualy measured. Results showed
that water levels in the drif aquifer experienced little
change due to ming, although well in the bedrock
showed gradual declies as mining progressed, then de-
clied sharly as the face passed beneath. The sharp de-

clies corresponded to a period of maxum tension in the
ground. Aquier testing indicated that hydraulic conduc-
tivity increased an order of magnitude in the bedrock
aquier afer minng.

11. Booth, C. J., and E. D. Spande. Response or
Groundwater Hydrolog to Subsidence Above a Longwll
Mine in Illnois. IL State Geol. Sun., IMSRP-1991-2,
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1991, 7 pp. Also in Prding or the National Sympo-

sium on Mine Subsidence, Prdiction and Control (Assoc.

Eng Geol. 33rd Annu. Meet., Pittburg, PA, Oct. 199).

Assoc. Eng Geol., 199, pp. 113-118.

Detai an evaluation of well in dr and bedrock aqui-

fers above an Illois coal mine for response to under-

ming. Dri wells did not show effect from ming,
althoug the bedrock well showed shar declies as the
face pased, with recovery observed later. Bedrock perme-
abilty increased in sand and shale unts, and the hydraulic
gradient changed in sandstone.

12. Booth, C. J., E. D. Spande, D. F. Brutcher, and
B. B. Mehnert. Hydrogeological Response to Longwll
Coal Mining in IIinois. Geol. Soc. Am., Abstr. with Pro-

grms, v. 21, No.6, 1989, p. A230.
Gives a brief description of ground water monitoring

over a longwall mine in Ilinois. Preliminary results indi-
cated that wells in a shallow drift aquifer show little
response, but bedrock wells show greater water-level fluc-
tuation and subsequent recovery. (Abstract)

13. Bruhn, R. W. Influence or Dep Mining on the
Ground Water Regme at a Mine in North Appalachia.
Paper in Procdings or the 2nd Workshop on Suñace
Subsidence Due to UDdergound Mining (W UDiv., Mor-
gantown, WV, June 1986. WV Univ., 1986, pp. 234-248.

Describes results of strata and ground water monitoring
over a pilar retreat operation. In-mine and borehole in-
strumentation was used to monitor stratigraphic move-
ments. Hydraulic testing was performed in the wells and
showed a general increase in hydraulc conductivity after
mining. Water chemistry showed an increase in total
dissolved solids content after the area was undermined.

14. Bruhn, R. W. A Note on Ground Movements and
Associated Ground Water Responses at an Undergound
Appalachian Mine. Soc. Min. Eng. AIME preprint 85-6,
1985,9 pp.

Presents results of monitoring ground water over a
pilar retreat mine in West Virginia during mining. Seven
wells were installed in two clusters at the ends of a paneL.

Instrumentation included mine roof extensometers, roof
bolts, stress meters, surface inclinometers, time domain
reflectometers (TDR's), and ground survey monuments.
Total extraction mining caused significant declines in water
levels in deep-lying strata, but had little effect on water
levels at shallower depths.

15. Cartight, K., and C. S. Hunt. Hydrogeolog or

Underground Coal Mines in Ilinois. Paper in Proceed-
ings or International Symposium on Water in Mining and
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Undergund Work (SIAOS) (Granada Spain, Sept.
1978). Natl. Assoc. Min. Eng. in Spain, 1978, pp. 61-8.

Profies hydrologic problems that may be encountered
in underground coal mines in Illois. It wa found that

shalow ground water was generaly unafected by minng,
although deeper water sources could create mine stabilty
problems. The hydrogeology of the mined area was stated
to be of priar importance in mine plang, for exa-

ple, location of chanel sands.

16. Cirell, R. C., and H. W. Rauch. Detering Er.
rects From Selected Undergound Coal Mines in North.
Central West Virginia. Paper in Procdings or the 2nd
Workshop on Suñace Subsidence Due to Undergound
Mining (W Univ., Morgntown, WV, June 1986). WV
Univ., 1986, pp. 249-254.

Describes the rapid dewatering of well and piezom-
eters as the longwal face passed underneath and until it
was 6.6 m (20 ft) beyond the monitorig point. An upper
water-bearng unit responded more slowly to undermining
than a lower unit. An angle of inuence for dewatering

was caculated and found to range from 24° to 32° off the
end of the paneL. Streamflow decreased as the percentage
of the watershed undermined increased. Streamflow was
more responsive to undermining durg baseflow condi-
tions than durig high flow.

17. Coe, C. J., and S. M. Stowe. Evaluating the 1m.
pact or Longwall Coal Mining on the Hydrologic Balance.
Paper in Proceedings or the 1984 Symposium on Suñace
Mining, Hydrology, Sedimentolog and Reclamation

(Univ. KY, Lexington, KY, De. 1984). Of. Eng Serv.,
College Eng., Univ. KY, 1984, pp. 395-43. Also in Pro-

ceedings or the National Water Well Association Con.
rerence on the Impact or Mining on Ground Water
(Denver, CO, Aug. 1984). Natl. Water Well Assoc., 1984,
pp. 348.359.

Quantifes changes in the hydrologic balance resulting
from longwall subsidence using a method of overlaying
hydrographs over precipitation and time of mining. Re-
sults of the study show that subsidence effects on hydrol-
ogy are related to the fracture pattern that develops above
the longwall paneL. Two cae studies were presented and
showed that effects were less where ground water was
more locaized, and impacts were reduced when shales and
mudstones were present in the overburden.

18. Dixon, D. Y. The Impact or Thre Longwll Coal
Mines on StreamDow in the Northern Appalachian Coal
Field. Geol. Soc. Am., Abstr. with Progrms, v. 21, No.6,
1989, p. A231.

Outlies results of undermining a stream, and states

that streamflow showed fewer effects with increased

overburden thickess. Streams locted over mines with

more overburden recovered more quickly. (Abstract)

19. Dixon, D. Y., and H. W. Rauch. The Impact or
Thre Longwll Panels on StrmDow in the Nortern
Appalachian Coal Field. Paper in Procdings or the 9th
International Conrerence on Ground Control in Mining
(W Univ., Morgntown, WV, June 199). WV Univ.,
199, pp. 169.1112.

Focuses on the effects of subsidence on streams over
three longwal mines. Results showed that the streams
went dr over the panel under base flow conditions. A
dewatering angle of inuence was caculated to be 22 to

2-, off the nearest panel edge. The degree of dewateri
was less at mines with thicker overburden, and streamflow
recovered withi 1 year after underming.

20. Dixon, D. Y., and H. W. Rauch. Study or Quan.
titative Impacts to Ground Water Associated With
Longwll Coal Mining at Thre Mines in the Nort West
Virgnia Ar. Paper in Procding or the 7th Inter.
national Conrerence on Ground Control in Mining (W
Univ., Morgntow, WV, Aug 198). WV Univ., 198,
pp.321.335.

Report on a study of ground water fluctuations due to
underground min at three mines in West Virginia. Re-
sults indicated that dewaterig of well was more severe at
mines with shalow overburden. Well dewaterig due to
crack propagation started before the face pased at one
site with shalow overburden. Dewaterig occured afer
subsidence had commenced at sites with thicker over-
burden. An angle of dewaterig inuence wa caculated
to be 24°. Well locted close to streams exhbited less
impact and recovered more quickly.

21. Duigon, M. T., and M. J. Smiga. First Report on
the Hydrologc Effects or Undergound Coal Mining in
Southern Garrtt County, Maryand. MD Geol. Surv.
Rep. Invest. 41, 1985, 62 pp.

Discusses the monitorig of hydrologic resources in
proximity to a new underground mine in Marland.
Ground water wells and streams near the mine were
gauged for flow and quality both prior to and durg
ming. Results showed that the streams began losing
water to subsidence-induced fractures. Lo ground water
gradients were expected to shif once subsidence occurred.

22. Emrich, G. H., and G. L Merrtt. Effec or Mine
Drainage on Ground Water. Ground Water, v. 7, No.3,
1969, pp. 27.32.

Gives a brief overvew regarding the formation and
effects of acid mine drainage on ground water. At thi
site, the general effect of underground mining on ground



water is a loweri of the loc water table. Acid mine

draie seeps into the loc ground water thoug crack

and fractes resulti from subsdence.

%3. Fawctt R. J., S. Hibberd, and R. N. Sing.
Analytc Calculations or Hydrulic Conductvities Abve
LongU Coa Face. Int. J. Mine Water, v. 5, No.3,
198, pp. 45-6.

Diss an investigtion into usin an analytica
method to predict hydraulc conductvities above longwal
faces us caculated stresss and field data. Boreholes
were intrented to measure hydraulc conductivity

changes from subsidence-induced fracturg and cavig.

Results indicated that rock faiure leadi to increases in

hydraulc conductivity is due to high compressive stresses
in advace of the face followed by fracture diation from
tensile stresses behid the face.

24. Ganity, P. Water Percolation Into Fully Caved

Longwll Face. Paper In Procdings or Symposium on

Strta Mechanics, Developments In Geotehnical Eng-

neerig (Univ. Newcastle-Upon-Tye, Newcastle, Eng-

land). Unlv. Newcastle-Upon-Tye, v. 32, 1982, pp. 25-29.
Investigates the mechanms of mine water inow in

mines located off the norteast coast of England. Areas
identied to be the priar causes for inows included

areas of strata dicontiuity, where overburden was less

th 100 m (305 ft) thick, where tensile strai exceeded
0.6%, and where sadstone formed less than 35% of the
overburden.

25. Glrrns, S. P., c. A. Anderson, J. G. Bennett and

M. Krmer. Numerical Prdiction or Subsidence With
Coupled Geomechanical-Hydrologcal Modeling. Paper

in Procdings or the Workhop on Surface Subsidence

Due to Undergound Mining (W Univ., Morgntow,
WV, Mar. 1982). WV Unlv., 1982, pp. 63-72.

Discuses use of a subsidence model coupled with a

thee-diensional finte-element code for ground water

flow to study the relationship between changes in rock
strai and permeabilty of the formation. The ADINAT
coe was used for the simulations. It was concluded that
much more inormation on hydraulc properties is needed
to adequately perform thi tye of research.

26. Gren, J. B., M. A. Ti-evits, and J. S. Walker. A
Case Study or the Effects or Subsidence on a Lol
Groundwter System. Paper In tbe Procdings or the
198 National Symposium on Mining Sedimentolog and
Relamation (Univ. IC, Lengton, IC, De. 1986). Of.

Eng. Serv., College Eng., Univ. KY, 1986, pp. 223-231.

Studies the effects of mining on water-level fluctuations
and head loss in 10 well over thee longwall panels at
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mines in Pennylvaa. Results indicated tht the greatest
chanes oced Over the panel centerlie, and decreased
at the rib and over chai pilar similar to the subsidence

troug. Thus the water-level fluctuations appear to be a
function of panel geometry and position of the face, as
the largest changes ocurred as the face pased underneath
and contiued until the face was past the well a ditance
corresponding to the overburden thickness. In general,
well did not exhbit effects durg extraction of an adja-

cent panel unless the well was locted withi the ane of

draw for the paneL.

27. Hasenrus, G. J., K. L Jobnson, and D. W. H. Suo
A Hydrogeomecbanical Study or Overburden Aquirer
Response to Longwll Mining. Paper in Procdings or

the 7th International Conrerence on Ground Control in
Mining (W Univ., Morgntow, WV, Aug. 1988). WV

Univ., 1988, pp. 149-162.

Discuses use of a system of monitor well, time

domai reflectometry (TDR) intrumentation, coreholes,
and seismic sureys to correlate aquifer response with
strata response to undermining. Results showed that the
well went dry as the face passed underneath or when

slightly outby, and most showed subsequent recovery.
Changes in water levels coincided with identifed zones
of bed separation. A four-zone conceptual model was

derived to delieate areas of gob, fracture, composite

beam, and surface.

28. Hil, J. G., and D. R. Price. The Impact or Dep
Mining on an Overlying Aquirer In Western Pennsylvania.
Ground Water Monit. ReV., v. 3, No.1, Winter 198,
pp. 13143.

Detai a study in which eigt monitori wells com-

pleted in shalow and deep water-bearing zones were used
over a single paneL. Observations showed that water levels
declied in the deep wells as the face passed underneath

and progressed up to 65.6 m (20 ft) beyond. The re-
sponse to underming was greater in the deeper well
and the impacts appeared to be locad. Correlation

with subsidence measurements indicated that the most
signcant hydrologic response occurs durig maxum
subsidence.

29. Hobba, W. A. Effects or Undergound Mining and
Mine Collapse on the Hydrolog or Selected Basins in
West Virgnia. WV Geol. and EcOD. Surv. Rep. Invest. 33,
1981,77 pp.

Presents an overvew of mine subsidence effects on
the surface and ground waters in three basins in West
Virgia. Surface water budget and qualty were exained

along with ground water gradient change and aquier
dewatering. Also includes some discussion on remediation
techniques.
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30. Holla, L, aDd M. BuizD. The GrouDd Movement,
Strta Fractrig and ChaDges in Permeabilty Due to

Dep Longl MiniDg. IDt. J. Rock Mech., Min. Sci.
aDd Geomech. Abstr., v. 28, No. 2/3, 1991, pp. 207-217.

Gives overvew of multiwie borehole extensometer

measurements in overburden strata. Specic observations
on bul permeabilty changes were inconclusive, and many

reasons were cited for lack of data confdence.

31. JohDsoD, K. L EtTects or Longwll Coal MiDing
OD the Hydrolog or Two Appalachian Strm Valleys.
Paper iD Procdings or the NatioDal Water Well Asso-
ciation Fifh National Outdoor Action Conrerence on

Aquirer Restoration, Ground Water Monitoring, and
Geophysieal Monitoring (Ls Vegs, NY, May 1991).
Natl. Water Well Assoc., 1991, pp. 1111-1125.

Presents studies of water qualty, aquier tranmis-
sivity, and water levels at two longwal ming sites in the
Northern Appalachian coalelds where the depth of min-
ing is 164 to 197 m (500 to 60 ft). Four monitoring well
were driled prior to ming at each site. A premin and
postminng comparion of signifcant factors was made.
Localed surface flow was alo evaluated by exainng the
streamflow above each site. This study showed that long-
wal minng beneath the two stream valleys did not lessen
the quantity or qualty of shallow ground water in the

valleys, nor did it afect streamflow. At th specic site,
shallow aquifers yielded more water to well afer ming.

32. Johnson, K. L. Influence or Topogrphy on the
EtTects or Longwll Mining on Shallow Aquirers in the
Appalachian Coal Field. Paper in Proceedings or the 3rd
Subsidence Workshop Due to Undergound Mining (W
Univ., Morgntown, WV, June 1992). WV Univ., 1992,
pp.197-203.

Discusses the response of hitop and stream valley

aquifers in Appalachia as longwal ming occured be-
neath them. Well in the hiltop aquifers showed de-
creases in water levels as minig progressed, and showed
partial to complete recovery. Wells in the valley aquifer
showed increases in transmissivity and well yield. Wells
located outside the mine limits did not sustain any change.

33. Johnson, K. L, and A. S. C. Owli-Eger. Hydro-
geologie Environment or Full Extraction Mining. Long-
wail USA Conrerence Papers (Pittsburgh, PA, June 1987).
Ind. Presentations West, Inc., 1987, pp. 147-158.

Examines the results of four studies of the effects of
longwall mining on overburden permeability at two mines
in England and two in northern Appalachia. Results
indicated that shallow wells on hiltops or hilsides may
experience depressed water levels but usually recover in 2
to 3 months, and yields may increase because of increased

permeabilty. At th site, the fuy developed cavi zone
wa believed to be less than 35 ties the exacted seam
heigt.

34. Levitt B. R., and J. F. Gibbens. EtTec or Long-

wall Coal MinlDg on Rural Water Supplies aDd Strss
Relier Fractre Flow Systems. Paper In Procdings or
the 3rd Subsidence Workshop Due to Undergound Min-
In (W Unlv., Morpntow, WV, June 1992). WV Univ.,
1992, pp. 228-236.

Asesses the response of 174 domestic water supplies
to longwal ming in the Pittsburgh Coal Seam. The
response of each well was categorid by the need for

intervention to reestablih a suitable water supply. The
response of the wells was strongy correlated with the
topographic settig, with valey well showig the least
effect and hitop well showig the greatest effect. Re-
sults also indicate that water supplies remaied unaffected
or were reestablihed at 149 of 150 sites.

35. Matetic, R. J., and M. A. Trvits. A Case Study or
Longll Mining EtTec OD Water Wells. Soc. Min. Eng.

AIME preprint 90-141, 199, 7 pp.
Describes the monitoring of eight ground water monitor

well intalled over a longwal panel. The water levels

were monitored as the panel was moved. Results showed
that changes in the water levels start when the face is less
than one overburden thickness from the well. Water wa
lost from the well, but recovery had started before sub-

sidence was complete. Well located outside the panel
perieter were not affected.

36. Matetic, R. J., and M. A. Trts. Does Longwll
Mining Have a Detrimental EtTect on Shallow Ground
Water Sources? Paper in Procdings or the National
Water Well Association Fifh National Outdoor Action

Conrerence on Aquirer Restoration, Ground Water Moni-
toring and Geophysical Methods (Ls Vegs, NY, May
1991). Natl. Water Well Assoc., 1991, pp. 1087-1100.

Describes the results of monitoring hydrologic response
in seven wells located above two contiguous longwall

panels in Vinton County, OH. Water-level fluctuations,
surface subsidence, and hydrologic properties were meas-
ured as mining progressed through the study area. Over-

burden depth varied from 65.6 to 115 m (20 to 350 ft),
and the seam had a thickness of 1.5 m (4.5 ft). The seven
wells were located on a transverse profie of the longwall

panels. The data suggested that longwal minng in thi
area did not have a detrimental effect on the shallow

ground water system. There was an overal increase in
specific capacity, and the transmissivity of the well was
generally unchanged.



37. Matetic, R. J., aDd M. A. Trts. Hydrlogc
Vartions Due to Long Minin Paper in Prd-
inp or the 3rd SubsIdence Workhop Due to Under-

grund Mining (WUniv., Morgntow, WV, June 1992).
WV Univ., 199, pp. 204213.

Diss a study of water-level fluctuations and
ches in hydraulc conductvity and water chemistr at a
mine site in Pennylvaa. Two long panels were
intrented with thee piezometers and two pumpin

well. The piezometers were aranged subparalel to the
panel centerlie. Subsidence monuments were intaled to

monitor ground movement. The study showed that water
levels bega to declie when min stared and dra-
maticay decreased when the face pased beneath them.
Recvery began when the face was located at a ditance
correspondi to 40% of the overburden thckness past the
well. Hydraulc conductvity was observed to increase

fourfold in some well. Minor changes in water chemistry
were observed, but they did not reduce the water qualty.

38. Matetic, R. J., and M. A. Trvits. The Impact or
Higb-Extcton Minin on Nea-Surface Water. Paper
in Prding or the National Water Well Assocation

4th National Outdoor Acton Conrerence on Aquirer Res-

toration, Ground Water Monitoring and Gephysical
Methods (Ls Vegs, NY, May 199). Natl. Water Well
Assoc., 199, pp. U05-U17.

Descrbes monitori results of eight well intaled
over two adjacent longal panels in shalow saturated

zones. Water-level monitoring and hydraulc testing both
before and afer min were performed. The well
showed a shar decreas in fluid level as the face ap-
proached, but bega to recver before subsidence was

complete. Well located over the active panel showed the
most effect from the ming, and well locted outside the
panel boundaes showed little or no response.

39. Matetic, R. J., and M. A. Trevits. Longwll Min-
ing and Its Effect on Ground Water Quantity and Quality
at a Mine Site in the Northern Appalachian Coal Field.
Paper in the Prdings or the FOCUS Conrerence on

Eastern Reonal Ground Water Issues (Newon, MA
Oc 1992). Natl. Water Well Assoc., 1992, pp. 573-587.

Descrbes the results of monitoring hydrologic response
at a site in Cambri County, P A, throug the use of nested
piezometer and producig well. In addition, saples
from two well were periodicay collected and analyzd
to determine the effect of ming on the loca ground
water chemistry. Changes in ground water chemistry that
oced did not afect the potabilty of the water. A
decrease in water levels afer the longwal face passed

beneath the well was noted, and water-level recovery
began when the longwal face had progessed approxi-
mately 40% of the overburden thckness beyond a well.
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40. Matetic, R. J., and M. A. Trts. Longll
Mining Impact on Near-Surface Water. Paper in Pro-
ceng or the National Symposium on Mine Subsidence
Prdiction and Control (Assoc. Eng. Geol. 33rd Annu.

Meet., Pittburg, PA, Oc 199). Assoc. Eng. Geol.,

199, pp. 131-139.

Descrbes monitori results from eight well intaled
over two longw panels. Conclusions indicated that
chaes in water levels ocured when the face was less
than one overburden thckness from the well and that loss
of water ocured before the subsidence procss was

complete.

41. Matetic, R. J., M. A. Trvits, and T. Swinehart.

A Cas Study or Longwll Mining and Near-Surface

Hydrologcal Response. Paper in Proceedings or 1991
American Mining Congss Coal Convention (Pittburg,

PA, June 1991). Am. Min. Cong., 1991, pp. 1-U.
Discusses a study of the response of seven shalow

ground water well to underming. Results showed that
the timing of fluid level fluctuations coincided with pasage
of the mine face. There was a general increase in the
well' specic capacities and no change in transmisivities.

42. Mather, J. D., D. A. Gray, and D. G. Jenkins. The
Use or Trcers To Investigate the Relationship Betwn
Mining Subsidence and Groundwater Ocrrnce at

AbrfaD, South Wales. J. Hydrol., v. 9, 1969, pp. 136-154.
Discues a study in which sodium chloride and sodium

fluorescein tracers were used to map ground water
movement in the subsurface wider a mine. The tracers
were used to test the theory that areas of tensional strai
create conduits for preferential flow, and areas of com-
pressional strai reduce conductivity and thus create

ground water mounds. The tracers were used to follow
the ground water flow path and showed that a fissure cor-
ridor was present in the area of tensional strai and that

the strai regions represented hydraulic .dicontinuities.

43. Mehnert, B. B., D. J. Van Roosendaal, R. A. Bauer,
and D. F. Brutcher. Effec or Longwll Coal Mine

Subsidence on Overburden Fracturing and Hydrolog in
I1inois. Paper in Proceedings or the National Sympo-

sium on Mine Subsidence, Prediction and Control (Assoc.
Eng. Geol. 33rd Annu. Meet., Pittsburg, PA, Oct. 199).

Assoc. Eng. Geol., 199, pp. 105-112.

Describes an investigation in which wells, piezometers,
time domain reflectometry (TDR), and geophysica surveys
were used to map changes in subsurface hydrology due to
underground mining. Wells were installed in the drift,
overburden sandstone, and shale. The drif wells showed
little effect from the undermining. The bedrock well
showed head loss as the face approached, piezometric lows
at tensile events, and then partially recovered during
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compression. A cone of depression formed and followed
the location of the dynamic tensile event. Hydraulic

conductivity in the bedrock increased two to thee orders
of magntude. Rock qualty designation (ROD) and shear
wave velocity decreased afer ming.

44. Moebs, N. N., and T. M. Barton. Short.Term

Effects or Longwll Mining on Shallow Water Sources.
Paper in Mine Subsidence Control. BuMines IC 902,
1986, pp. 13.24.

Discuses monitoring results of five ground water wells
located over a longwal paneL. Results showed that well
withi the boundar of the longwall showed the greatest

effects, with the largest impact at the center of the paneL.

Well outside the angle of draw were unaffected. Springs
and streams in the area were not afected by the minng.

45. Moore, R. C., and M. A. Nawrocki. Effects or
Subsidence From Thick Seam Coal Mining on Hydrolog
(contract J0295012, Hittman Assoc., Inc.). BuMines OFR
93-8, 1980, 245 pp.; NTIS PB 80-219280.

Presents results of a literature search to identif mines
in the western United States mining thick seam coal. Site
reconnaissance of 10 mines in different coalelds was

conducted, and subsidence calculations and estimations of
hydrologic alterations were made. Synopses for each mine
site studied are included in the text. The authors acknowl-
edge the lack of hard data available and recommend

future studies of subsidence and hydrology be undertaken.

46. Neate, C. J., and B. N. Whittaker. Influence or
Proximity or Longwll Mining on Strata Permeabilty and
Ground Water. Paper in Proceedings or the 20th U.s.
Symposium on Rock Mechanics (Austin, TX, June 1979).
Univ. TX, Austin, TX, 1979, pp. 217.220.

Details results of monitoring changes in strata per-
meabilty in two.boreholes located at the end of a longwall
panel in a mine located under the seabed. It was observed
that the peak change in permeability occurred in front of
the center part of the face, and the largest changes were
related to the ground strain configuration.

47. Ouyang, Z., and D. Elsworth. Evaluation or

Groundwater Flow Into Mined Panels. Int. J. Rock
Mech., Min. Sci. and Geomecb. Abstr., v. 30, No.2, 1993,
pp.71-79.

Discusses results of a study in which a finte-element
model was used to simulate strata deformation over a
longwall panel and the associated effects on the hydro-
geologic regime. Rock mass properties including hydraulic
conductivity, fracture spacing, and stiffness were used to

simulate ground water inow to a longwal panel afer the

subsidence procss bega.

48. OwIi.Eger, A. S. C. Geobydrologc and Hydrogo-
mecbanical Impacts or Longwll Coal Mining on Lo
Aquirers. Soc. Min. Eng. AIME prepnnt 83.376, 198,
16 pp.

Descrbes a study in which four well were intaled

over a longall pane~ including one over a barer pilar.

It was obsrved that aquiers 100 m (305 ft) above the
ming horin sufered water losses, but generaly
recovered. The overal piezometric levels were lowered,
altbough aquifer yields were not afected. The well lo-
cated over the barer pilar did not sustai any change.

49. OwIi.Eger, A. S. C. Geobydrologc and Hydrogeo-
mecbanical Impacts or Longwll Coal Mining on Lol
Aquirers. Trns. Am. Soc. Min., Met. and Pet. Eng.,
v. 276, 1984, pp. 190.1914.

Detai a study consisting of four well located over one
longwal pane~ with one well placed over a barer pilar.

Monitoring of the piezometric levels and aquier char-
acteritics prior to and afer ming indicated a sixold
increase in tranmissivity in one well and that aquier
yields were not adversely affected. It was observed that
water levels had responded at the time of ming, but had
not recovered to preminig levels after 2 years.

so. Park, D. W. Effect or Mine Subsidence on Ground
Water Hydrolog. Soc. Min. Eng. AIME prepnnt 87.98,
1987,8 pp.

Gives a brief overvew of the effects of underground
ming on ground water in the Waror Coaleld of
Alabama. Four mines are profied, and the inormation
indicates that ming does not cause permanent daage to

ground water and that less severe effects are noticed with
thicker overburden.

51. Pauvlik, C. M., and S. P. Esling. The Effects or

Longwll Mining Subsidence on the Groundwter Con.
ditions or a Sballow, Unconfined Aquitard In Soutbern
Illnois. Paper in Proceedings or the 1987 National Sym.

posium on Mining, Hydrolog, Sedimentolog and Recla.
mation (Univ. KY, Lexington, KY, De. 1987). Off. Eng.
Serv., College Eng., Univ. KY, 1987, pp. 189.195.

Describes a study performed using thee well com-
pleted into an unconfined aquitard 164 m (500 ft) over a
coal seam. Two well were placed over a longwal panel
and the third over a chain pilar. Results showed that the

ground water table dropped one-thid the amount of
ground subsidence; flow direction and gradient changed.
Flow direction returned to preming conditions, but the
gradient increased by a factor of 1.5.



52. Pennlnøn, D., J. G. Hil, G. J. Burgdorf, and
D. R. Prce. Effec or Coal Mine Subsidence on Ground

Water Aquirers in Nortern Appalachia. BuMines OFR
142-8, 198, 129 PP.; NTS PB 84-236710.

Descrbes a study in whch ground water well, pump
tests downole geophysics and surace water monitori
devices were utid to quati response to min of a

longal panel in western Pennylvaa. Durg the study,
ground water in well wa observed to dece sharly as
the mine front approached, and levels contiued to de-

crease unti maxum subsidence had occred. Deep
well were afected more dramaticay than shalow wells.
Aquier dewaterig caused signcat decreases in aquifer
tranmissivity. Well located over the panel center showed

greater impact th did wells located over the panel edge.

53. Rauch, H. W. A Summary or the Ground Water
Impacts or Undergound Mine Subsidence in the North-
Centr Appalachians. Paper in Procdings or Speial

Institute on Coa Mine Subsidence (W Univ. Law
Center, Morgtown, WV, De. 1989). East. Miner. Law
Found., 1989, pp. 2.01-2.31.

Summars observed effects of underground coal min-
ing on water resources in Eatern coalelds. The author
dicuses both surface and ground water response to

room-and-pilar and longwal ming.

54. Sces, A. S. A Model ror Relating Coal Mining

Impact to Appalachian Plateu Fracture-Flow Ground

Water Systems. Pror. Geol., Spe. Rep., Mar. 1992, p. 15.

Descrbes a conceptual hydrologic model buit for the
Appalachian region and includes a brief profùe of poten-
tial ming-related impacts.

55. Schmidt, R. D. Factors Mecting Residential
Water Well Yield in the Vicinity or Room and Pilar
Mines. Paper in Proceedings or the 3rd Subsidence

Workshop Due to Undergound Mining (W Univ., Mor-
gantown, WV, June 1992). WV Univ., 1992, pp. 244-252.

Discuses monitorig results of U well above a room-
and-pilar mine in Indiana County, P A. Temperature,
caper logs, and nested piezometer data were evaluated

for specifc well. Fracture intercepts and geology of the

site are dicused briefly. A comparison between seven

well that were monitored in the valey and five wells that
were monitored along a hiside above the mine was com-

piled. The data from thi study support a conceptual

model of hiide and valey conditions in which under-

ground mining results in extension of vertica fractures,
increased hydraulic conductivity, and increased ground
water throughput in shallow strata.

56. Schmidt, R. D., and W. F. Ebaugh. Some Con-
siderations Regrding the Steady-State Response or

Shallow Aquirers to Undergound Mining. Paper in
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Procding or the 198 Symposium on Surface Mining,

Hydrolog, Sedimentolog and Relamation (Univ. KY,
Lengon, KY, De.I98. Off. Eng. Serv., Colleg Eng.,
Univ. KY, 198, pp. 1-7.

Asesses the changes in domestic well supply due to
presence of a room-and-pilar mine. Fracture trace anal-
ysis was usd to plan well and piezometer nests that
served to monitor aquier response. The study concluded
that effects on domestic wells could be reduced by drg
shalower wells with larger diameters.

57. Schultz, R. A. Ground-Water Hydrolog or Mar-
shall County, West Virgnia, With Emphasis on the Er-
reets or Longwll Coal Mining. U.s. Geol. Surv. WR
88-4, 1988, 139 pp.

Details a study of wells and sprigs near longwal mines
at three sites in West Virginia for response to minng.
Hydraulc changes induced by longwal mining at these
sites included increases in aquifer tranmissivity, declies
in ground water levels, increases in water-level fluctu-
ations, and decreases in spring flow.

58. Sells, D. E., R. G. Darmody, and F. W. Simmons.
The Effects or Coal Mine Subsidence on Soil Macro-
porosity and Water Flow. IL Mine Subsidence Res. Pro-
grm preprint 1992-3, 1992, pp. 137-145.

Focuses on characterig subsidence-induced fractur-
in in soil from longwal mining in Illois, givig rie to
preferential water flow paths. It was observed that frac-
turg was greatest at the panel edge and least at the panel
center. Preferential flow paths were similarly located at
the edge of the panel where fractures remaied open,
whereas fractures at the panel center closed because of
compression.

59. Sloan, P., and R. C. Warer. A Case Study or
Groundwater Impact Caused by Undergound Mining.
Paper in Procdings or the 1984 Symposium on Surface

Mining, Hydrolog, Sedimentology and Reclamation

(Univ. KY, Lexington, KY, De. 1984). OfT. Eng. Serv.,
College Eng., Univ. KY, 198, pp. 113-120.

Presents a cae study of underground ming impacts
on ground water in Kentucky. Domestic well were in-
ventoried and monitored. The authors make a cae for
the inadequacy of current hydrologic prediction models

based on misuse of fracture permeabilty in hydraulic
conductivity caculations. An outlie of basic data needs

is also given.

60. Stoner, J. D. Probable Hydrologic EfTects or Sub.

surface Mining. Ground Water MoniL Rev., v. 3, No.1,
Winter 1983, pp. 128-137.

Describes a study focused on the Greene County, PA,
coal region. An assumption of the study was that the
magnitude of water-level decline was inversely proportional
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to the thickness of overburden between the seam and the
bottom of a given well. Rapid declies of water levels
over a longwall panel were observed with recovery to near
preming levels. A two-dimensional finte-dierence pro-
gram was implemented and used to simulate changes in
hydrology. These conclusions were found: Water levels in
well located in undermined valeys wi declie; sprigs

and shalow well wi not be afected; streamflow may be

reduced because of vertica fracturing, and fracturng could
increase mine inows.

61. Stump, D. E., Jr. Undergound Coal Mine Sub.
sidence Impacts on Suñace Water. Abstract in Pro.
ceedings or the 3rd Subsidence Workshop Due to Under-
ground Mining (W Univ., Morgantown, WV, June 1992).
WV Univ., 1992, p. 253.

Provides a brief overvew of probable impacts sub-

sidence may have on surface water. Anticipated impacts
include loss of water to the ground water system, creation
of flooded subsidence trough, relocation of sprigs, and

alteration of surface draiage pattern. (Abstract)

62. Thurman, A. G., V. Straskrba, and R. D. Ellson.
Development or a Ground Water Hazard Map ror an Un.
derground Coal Mine. Paper in Proceedings or Inter.
national Symposium on Water in Mining and Under-
ground Works (SIA OS) (Granada, Spain, Sept. 1978).
Natl. Assoc. Min. Eng. in Spain, 1978, pp. 273.291.

Discusses how field and laboratory data were utiled to

develop a ground water hazrd map over three potentially
minable coal seams near Hanna, WY. A detaied investi-
gation into the geology, coal reserves, aquifers in the area,
and possible water inow into the mine is included. Al

aquifers in the area were of the artesian tye. Water in-
flow was estimated using the ground water hazd map.
Hydraulc conductivity of all major aquifers in the area
was establihed by utilg 25 boreholes that were driled

over the planed mine site.

63. Tieman, G. E., and H. W. Rauch. Study or De.
tering Effects at an Undergound Longwll Mine Site in
the Pittsburg Seam or the Northern Appalachian Coal

Field. Paper in Proceedings or Eastern Coal Mine Geo-

mechanics. BuMines IC 9137, 1987, pp. 72-89.
Describes a study that was performed at a mine that

contained both room-and-pilar and longwal mining

methods. An inventory of domestic wells and culiary (do-
mestic use) springs was made. Results showed that dewa-
tering was most extensive at the panel centerline and

limited to strata located 215 to 23 m (655 to 700 ft) above
the seam. A ratio of panel width to overburden thickness
in relation to dewatering was found to be 0.75 to 1.0. The
areas of room-and-pilar mining did not affect water re-
sources. Ground water lost from formation did not mi.
grate to the mine but rather emerged as new springs or

migated to base level flow. Most water well lost water
and did not recover, althoug streams tht lost flow

recovered to preming state.

64. TIeman, G. E., H. W. Rauch, and L S. Carver.
Study or Detering Effec at a Longll Mine in
Northern West Virgnia. Paper in Procding or the 3rd
Subsidence Workhop Due to Undergound Mining (W
Univ., Morgntow, WV, June 1992). WV Univ., 1992,
pp. 214.221.

Highghts the results of a study concern past hy-
drologic impacts of longwal coal ming at a mine located
in northern West Virgia. These impacts include ground

water and streamflow effects. The mined coal seam is 23
to 427 m (700 to 1,30 ft) deep with a surface topographic
relief of 98 to 164 m (30 to 500 ft). About 70 well and
spring water supplies were studied durg thi project.

Five springs and one dug well were reportedly dewatered
by ming. Three of these six supplies showed partial
recovery with 1 year. Most apparent hydrologic dewa-

tering impact appear to be temporar, and the most vul-

nerable areas for these impacts are hisides.

65. Trvits, M. A. and R. J. Matetic. A Study or the

Relationship Betwn Saturated Zone Response and
Longwll Mining. Induced Ground Strain. Paper in Pro.
cedings or the National Water Well Association Fifh
National Outdoor Action Conrerence on Aquirer Restora.
tion, Ground Water Monitoring and Geophysical Methods
(Ls Vegs, NV, May 1991). Natl. Water Well Assoc.,
1991, pp. 1101.1109.

Describes monitorig of surface subsidence and water-
level fluctuations at three coal mines in Northern Appa-
lachia. Water-level varations and ground strai were
compared to one another and showed that water levels in
well began to declie at the sae tie the ground went

into tension. Dramatic decreases in water levels were

observed when the longwall face was diectly beneath the
well, at the point of maxum tension. Water levels were
then observed to recover at the time of maxum com-
pressive strai.

66. Van Roosendal, D. J., P. J. Carpnter, B. B.
Mehnert M. A. Johnston, and J. T. Kelleher. Longwll
Mine Subsidence or Farmland in Southern Ilinois:
Near-Suñace Fracturing and Associated Hydrogeological
Effects. IL Mine Subsidence Res. Progm preprint
1992-4, 1992, pp. 147.158.

Describes results of monitorig a saturated zone

delieated 4.9 m (15 ft) below the surface at an active
longwal mine in southern Illois using seismic refraction,
electrica resistivity, and vertical and horizontal displace-
ment measurement techniques. Displacement measure-
ments suggested a liear strain profùe with depth of sur-
face fracture penetration of 8.9 to 10.2 m (27 to 31 ft).



There were no widespread subsidence-induced chanes to

the level or character of thi zone. .

67. Walker, J. S. Case Study or the Effecs or Long.

wall Mining Induced Subsidence on Shallow Ground

Water Sourcs in the Northern Appalachian Coalfeld.
HoMines RI 9198, 1988, 17 pp.

Detai a study that involved monitoring water-level

fluctuations in 10 well located over four longwall pan cis
and simultaneous monitorig of strai caused by sub-

sidence. Results indicated that water-level fluctuations
stared when the face was 131 to 197 m (40 to 60 ft)

from the well and continued until the face was a similar
ditance past. A shar declie in fluid levels was observed

when the face was one-third the overburden thickness

from the well. The greatest fluctuations were observed in

well over the panel centerlie, and fluctuations decreased

in well toward the chai pilars. The largest water-level

changes occurred when the strata surroundig the wells
were in tension, and only wells located within the angle of
draw of a panel were affected.

68. Walker, J. S., J. B. Gren, and M. A. Trevits. A
Case Study or Water Level Fluctuations Over a Series or
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