HIGH-EXTRACTION MINING, SUBSIDENCE,
AND VIRGINIA’S WATER RESOURCES

RICHARD ROTH
VCCER Graduate Research Assistant

JOHN RANDOLPH
VCCER Director

CARL ZIPPER
VCCER Associate Director

Virginia Center for Coal & Energy Research
Virginia Polytechnic Institute & State University
617 North Main Street, Biacksburg, Virginia

May 1990



Preface and Acknowledgements

The Virginia Cenler for Coal and Energy Research was established in 1977 as an “interdisci-
plinary study, research, information and resource facility for the Commonwealth * As a public
service research organization, the Center’s mission is to research and provide information
on coal and energy issues of public interest.

It was with this mission in mind that we iniliated this project to explore the technical, regula-
tory, and legal issues concerning mine subsidence and water resources in Virginia. Because
of the sensitive nature of this subject to the coal industry, citizens” and environmental groups,
and state agencies and policy makers, we have undertaken a deliberate and lengthy process
of research, draft reports, and circulation for review and comment. The research was initiated
in May 1988. The original draft was prepared in May 1989 and circulated lo state agency
representatives and coal companies. Extensive comments were received over the next se-
veral months and a second rewritten draft was circulated for wider review in October 1989.
Once again, lengthy comments were received, prompling further research which was incor-
porated into this final report.
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Chapter 1: Introduction

Underground coal mining is viewed by many
as being preferable to surface mining in
terms of its disruption of the environment
and of coalfield communities. Certainiy the
impacts of unregulated surface mining can
be serious. The effects of surface mining in
some Appalachian states were a major im-
petus to the passage, in 1977, of national
environmental legislation to contro! the ef-
fects of coal mining. Virginia, therefore, can
be considered fortunate in that most of the
state’s coal reserves are only minable
through underground methods. Nonethe-
less, underground mining is not without en-
vironmental impacts. One of them is
subsidence.

Although recent debate in Virginia, summa-
rized in this chapter, has centered on the
effects of longwall mining, subsidence re-
sults from other underground mining tech-
nologies as well. Longwall mining and
pillar-extraction mining {sometimes called
pillar-retreal mining) together comprise
high-extraction mining, in which more than
50 percent of the coal is removed from a
seam. The higher the percent of coal re-
moved, the more likely is subsidence to oc-
cur. This report considers the effects and
regulation of subsidence from all high-
extraction mining. Much, bul not all, of the
research  reviewed concerning both
subsidence and the hydrologic effecls of
subsidence focuses on longwall mining,
perhaps because of the more rapid, com-
plete, and predictable nature of subsidence
over longwall mines. Thus, considerably
more is known about longwall subsidence

than about subsidence over pillar-extraction
mines in which some supporting coal is feft.
In this reporl, we have approached
subsidence from both technologies for the
most part as essentially similar. We note
possible and demonstrated differences
where appropriate throughout the report.

Contraversies over subsidence and its im-
pacts are not limited to Virginia. The tlitle of
a recent conference on subsidence reflects
the industry’s perspective: An Industry Un-
der Seige: Some Facts About Subsidence
According to Gerald T. McPhee, Director of
Governmental Relations for Island Creek
Corporation, legislation or regulatory re-
visions aimed at longwall mining have been
proposed in four of the 11 stales in which
longwalls are operating, and there are or-
ganized anti-longwall groups in 3 of the
states.?

Environmental impacts of ccal mining, in-
cluding subsidence, are regulated in Virginia
by the Department of Mines, Minerals and
Energy, Division of Mined Land Reclamation
{DMLR), under the provisions of the Virginia
Coal Surface Mining Control and Reclama-
tion Act of 1979 (VCSMCRA). VCSMCRA was
passed and the Virginia program was im-
plemented in order for the state to take over
responsibility for coal mining regulation from
the federal government. The U.S. Surface
Mining Control and Reclamation Act of 1977
provides for nationally uniform controfs over
the environmental effects of coal mining, but
allows states to take over responsibility for
regulation, with federal oversight and re-
view.

! Co-sponsored by the American Mining Congress and the West Virginia Coal Association in
Charleston, West Virginia, April 56, 1989. Thal it attracted nearly 200 industry and nonindustry at-
tendees illustrates the level of interest and concern in every state in which high extraction mining is

practiced.

2 Presentation on stale legislative iniliatives at An Industry Under Seige:

Some Facts Aboul

Subsidence, Charleston, West Virginia, April 5. 1989
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High Extraction Mining and
Subsidence Issues

Longwall Mining Employment
Effects

Longwall mining has made great strides in
virginia in the midst of a retrenchment of the
coal mining industry. Virginia’s coal mining
industry suffered during the past decade
from a decline of the U.S. steel industry and
rising world export competition. In order to
stay competilive, the coal industry has
looked to productivity gains made possible
by increased mechanization. Longwall min-
ing technology has been one of the most
important sources of improved productivity.
Yet its contribution to increased labor pro-
ductivity in Virginia coal mines has been
blamed for job loss.? Unemployment in
Dickenson County, for example, officially av-
eraged 15 percent during 1986 when unem-
ployment in Virginia as a whole was
exceptionally low. Furthermore, researchers
familiar with employment in the area con-
tend that the methods used to estimate offi-
cial unemployment rates - grossly
underestimate the true numbers of unem-
ployed and underemployed workers.4

Industry officials deny that longwall mining
costs jobs, pointing out that without the
technology many of the largest mines couid
not operate profitably and would be closed.
Furthermore, they contend that although
there are fewer workers underground in a
longwall mine, the technology requires more
support personnel than conventional mining
methods. Finally, they say that using
longwall technology is the only way to mine
very deep coal seams with any degree of
safety.

It is true that while Virginia production in-
creased from 41.8 to 46.4 million tons from
1986 to 1988, the number of mine workers
decreased from 12,525 to 11,096. And in
1988, the ten highest production mines in the
state used longwall equipment. These were
also the top ien in mine employment with
2,600 workers, or 24 percent of the total
number of miners. These miners produced

11.7 million tons or 30 percent of the stale
total at a productivity of 2.8 lons per worker-
hour, 17 percent better than the state aver-
age of 2.4 tons per worker-hour. Other
things being equal. one could argue from
these figures that mines using longwall
equipment have contributed o job loss by
improving productivity However, there are
other factors in the overall mining employ-
ment picture, such as the necessity of com-
peting in a world coal market and the
technological limitations on mining certain
seams by conventional mining methods, that
make it difficult to attribute job loss to pro-
ductivity gains realized through longwall
mining.

Property Damage from
Subsidence

Subsidence can damage buildings, septic
drainfields, roads, well casings, and other
structures located on affected ground. Most
coal companies offer compensation for such
damages. An issue of concern is the ade-
quacy of compensation being provided by
mining companies to affected residents, and
the right of mining companies to cause
subsidence without permission from surface
owners.

Subsidence from both tongwall mining and
pillar-extraction mining can cause property
damages. However, subsidence from
tongwall mining is predictable and immedi-
ate, and it affects relatively large areas,
while that from pillar extraction mining is
generally less certain and slower to develop.
Individual areas undermined by pillar ex-
traction mines are generally smaller than
the areas undermined by tongwall mines.
Pillar-extraction mines are better able to al-
ter mining plans to avoid causing
subsidence under individual surface struc-
tures. Perhaps for these reasons, the im-
pacts of longwall mining have attracted
substantially more public attention in recent
years than pillar-extraction mining.

The complaints of properly owners affected
by subsiiidence from longwall mining re-
cently reached Richmond, where the Virginia
General Assembly formed the Joint Sub-

¥ Hibbard, Walter R., Jr. An Abridged History of the Southwest Virginia Coal Industry. Blacksburg:

VCCER, July 1987, p. 37.

4 Seltzer, Curtis.
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committee Studying the Effects of Longwall
Mining. Al a series of hearings held in the
coal counties, the subcormmittee heard from
properly owners whose property was dam-
aged by subsidence; from people living in
fear of methane gas explosions,
earthquake-like jolts, and “seismic bumps”
allegedly caused by active land subsidence;
and from some who said their lives have
been affected by anxiety over lhe anticipated
loss of their homes. The subcommittee also
heard from mining company management,
who described the programs for mitigation
and compensation that the companies have
voluntarily implemented. Some citizens
have been satisfied by these programs. but
others say they are inadequate.’

Environmental Effects of
Subsidence

Land subsidence associated with high ex-
traction mining is of environmental concern
primarily because of its actual and potential
effects on water resources. Beyond lower-
ing surface elevation, damage to the land
surface itself is generally limited to forma-
tion of fissures and cracks.t However,
hydrologic effects resulting from mining
subsidence may be more serious. Effects
observed in some states where high-
extraction mining is practiced include
“stream capture” through subsidence cracks
in streambeds; disturbance of aquifers and
contaminalion of groundwater: well and
spring dewatering and degradation: and far-
reaching aiteration of the hydrologic regime
in some watersheds. It should be noted that
hydrologic effects of subsidence are site-
specific. Thus it is far from certain that the
entire range of effects documented in other
states will be found in Virginia.

The subsidence impacts of underground
mining are regulated under the federal Sur-

face Mining Control and Reclamation Act
and implementing state laws and regu-
lations. In Virginia these are the Virginia
Coal Surface Mining Control and Reclama-
lion Act and regulations administered by the
Division of Mined Land Reclamation. These
rules offer certain mechanisms to protect the
"hydrologic balance” and certain public wa-
ter supplies. However, they do not require
companies o relace or compensale property
owners for disruptions of individual water
supplies from underground mining as they
do for disruptions from surface mining.

The environmental effects of subsidence,
particularly those involving disruption of wa-
ter supplies, can have serious social im-
pacts. In a U.S. Bureau of Mines study of the
short-term effects of longwall mining on
shallow water sources, the authors note:

In rural areas, such as much of the north-
ern Appalachian coal region, the degree
of subsidence damage to frame structures
generally is not as devastating as even a
temporary loss of water sources, espe-
cially in farming. While a certain amount
- .of water can be hauled for household use,
the requirements for watering farm ani-
mals or washing are substantial and
heavily dependent on a loca! supply.?

Purpose of Research

The purpose of this research is to investigate
the evidence for hydrologic effects of
subsidence caused by high extraction min-
ing and to assess the adequacy of current
institutional controls for dealing with these
mining technologies. There are several
reasons for focusing on the hydrologic ef-
fects of high extraction mining.

1. K water resources are permanently
damaged, the land’s ability to support

® The Subcommittee released its report, Senate Document No. 26, in January 1989. Only Senator
Buchanan signed the report; a dissenting report was filed by three other Subcommitiee members,
and one member declined to endorse either reporl. Senalor Buchanan, the Subcommittee’s chair-
man, proposed legislation that called for increased monitoring of subsidence effects of high extraction
mining techniques, as well as better premining nolice for surface owners. However, its provisions
merely emphasized what is already provided for in the current regulations under the Virginia Coal
Surface Mining Control and Reclamation Act of 1979. The bill died in commitlee,

® ingram, D. K. Surface Fracture Development Over Longwall Panels in South-Central West Virginia.
Washington: U.S. Department of the Interior. 1989. Bureau of Mines Report of Investigation, Ri-9242,

7 Moebs, N. N.; Barton, T. M. “Short-term effects of longwall mining on shallow water sources.” In:
Mine Subsidence Control. Proceedings, Bureau of Mines Technology Transfer Seminar, Pittsburgh,
Septemnber 19, 1985. Washington, D.C.: U.S. Bureau of Mines, IC-9042. 1985, p.14.
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future human uses as well as plant and
animal life is diminished.

[xe]

Because of the nature of hydrogeology,
these are difficull impacts to assess.
Our current understanding of
hydrogeology and the hydrologic im-
pacts of high extraction mining is rela-
tively primitive compared to what is
needed to assess cause and effect re-
lationships with certainty.

3. No known actions by a mining company
can “repair” damaged groundwater
systems, and there is considerable un-
ceftainty concerning “natural repair”
mechanisms.

Research methods

Research focused on iwo broad areas. The
first concerned the technical question of the
documented and potential hydrologic effects
of high-extraction mining. The second in-
cluded the institutional controls over the en-
vironmental effects of high-extraction mining
in Virginia, at the federal level, and in other
states. Research methods employed can be
grouped accordingly:

Technical Issues

1. Review and analysis of published and
unpublished literalure in the areas of
mining engineering, geology,
geohydrology, hydrology, regulatory
analysis, and law.

2. Examination of selected DMLR mining
permit fites and complaint investi-
gations,

Chapter 1: Introduction

3. Interviews with knowiedgeable
geologists and hydrologists.

Legal/Regulatory Issues

1. Analysis of the U.S. Surface Mining
Control and Reclamation Act and fed-
eral regulations under that Act; the
Virginia Coal Surface Mining Control
and Reclamation Act, and the Virginia
Permanent Regulatory Program for Sur-
face Coal Mining and Rectamation Op-
erations; and related materials, such as
committee hearing repors.

2. Examination and analysis of memo-
randa and documents of the Division of
Mined Land Reclamation (DMLR).

3. Personal interviews with officials of
DMLR, the federal Office of Surface
Mining Reclamation and Enforcement
(OSMRE), and mining regulatory agen-
cies in other states; with environmental
officials in Virginia and other states: and
with atlorneys representing environ-
mental groups, citizens groups, and coal
companies.

4. Review of OSMRE annual oversight re-
ports for Virginia and other states.

5.  Analysis of court case decisions and
common law.

Research was conducted from March, 1988
through April, 1990. Two earlier versions of
this report were circulated for comment and
revised accordingly. A list of those from
whom comments were received is ap-
pended.



Chapter 2: High-Extraction Mining

In Virginia most minable coal reserves can
only be accessed by underground mining
methods, which account for the majority of
coal production (Figure 1).

Conlinuous mining technology accounts for
the greater part of underground coal mine
production in Virginia. This technology em-
ploys a mobile piece of equipment cailed a
“continuous miner,” to break coal from the
mine face (the exposed part of the coal
seam) and move it to a system of conveyers
and/or shuttie cars that then transport the
coal from the mine. Depending on mine
conditions, the mine face is worked in six- to
eight-vard increments, at which point the
machine is moved so the mine roof can be
secured and ventilation extended. Because
of the necessity of roof support, a consider-
able amount of coal {typically 40 percent or
fmore, depending on mine conditions) must
be lefl intact; the resulting mine design is
called "room-and-pillar.” in a room-and-
pillar mine a series of paralle! tunnels,
called entries, are developed with contin-
uous miners. The entiies are then con-
nected by tunnels called cross-cuts. In ptan
view the resulting pattern of extraction re-
sults in a honeycomb-like mine design,

The vast majority of room-and-piHar mining
operations in Virginia practice what is
variously  called pillar-retreat, pillar-
extraction, or pillar-recovery mining. When
a section is fully developed in a room-and-
pillar plan, the blocks of coal {pillars) sup-
porting the roof are “pulled” starting al the
far end of the section and working back (re-
trealing) toward the entry. There are nu-
merous methods for recovering the coal in
the pillars, all of which result in a higher ex-
traction ratio than conventional room-and-
pillar (typically, at least 70% of the coal is
femoved). As a rule, some degree of roof
support must be left in place, so that

subsidence may not be uniform or complete.
The methods used for pillar recovery and the
amount of coal and roof support remaining
vary with local mine conditions. Table 1
shows the variety of methods used and the
number of Virginia mines using them.

Longwall mining removes all coal from a
panel 350-1000 feet wide and from 1000 to
9000 feet long.® In Virginia mines, face width
varies from 580 to 730 feet. Coal is cut away
from the longwall face, which extends across
the width of the panel, either by a shearer
with rotating cutters or by a plow-like device
that is pulled across the face. The cutting
device is moved back and forth across the
face, removing up to three feet of coal at a
pass. The coalis carried away from the face
by an armored face conveyor lo the head-
or tail-entry, where it is emptied onto a stage
loader and thence to an entry belt conveyor
that takes the coal toward the mine en-
trance. A series of self-advancing, hydraulic
powered supports, lined up side-by-side
across the longwall face, provides roof sup-
port.  As the culter advances the supports
are hydraulically propeiled forward, leaving
the mine roof behind to collapse.

There are no “pure” longwall mines. A
considerable amount of coal must be re-
moved to prepare for the installation and
working of a longwalt. Continuous miners
create the paralle! and other entries neces-
sary for coal removal and ventilation. A
single underground mine can extend over a
very large area; because of coal seam con-
ditions and other factors, some portions may
be better suited to room-and-pillar mining,
with or without pillar retreat. than to longwall
mining, .

Longwall mining has some distinct advan-
tages over other mining methods. First, it
allows more compiete coal extraction from
a seam. Second, il provides miners with

§ Peng, S. 8. Coal Mine Ground Control. New York: John Wiley and Sons {Second Edition), 1386, p.

15,
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FIGURE 1: VIRGINIA COAL PRODUCTION BY METHOD: 1973 - 1988
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greater safety, because cutting is performed
beneath a canopy of steel supports, and be-
cause fewer miners are necessary. The
need for fewer miners may afso reduce ex-
posure to coal dust, which causes black
lung. Finally, longwall mining is the only
feasible way to mine very deep seams with
any degree of safety, because
compressionai forces at great depth can
cause both roof collapse and pillar failure.

Longwall mining, because of its systematic
removal of roof support, causes rapid and
fairly predictable subsidence of overburden.
Pillar extraction mining is likely 1o cause
relatively rapid subsidence, but its develop-
ment is not as predictable as is the case with
longwall mining. Depending on local condi-
tions in the mine, some pillars may be nearly
completely removed while others are left in-
tact (to facilitate ventilation, for example).
“The result is an inconsistent and staggered

system of pillar support within a ‘pillared
area.” This can cause variations in the de-
gree and delays in the timing of
subsidence.”?

While the effects of the subsidence caused
by longwall mining vary. its rapidity,
predictibility, and completeness have some
advantages over the subsidence that may
ultimately occur above room-and-pillar
mines. For one thing, subsidence above
room-and-pillar mines may occur decades
after mining is complete, even when pillar
recovery methods are used. Residents of
urban areas in [llinois and Pennsylvania are
now suffering the effects of subsidence from
long-abandoned room-and-pillar mines. Re-
mediation or compensation to owners of
surface struclures damaged in such circum-
stances may be difficuit or impossible, be-
cause many companies have long since

¥ Price, K. (General Manager, Virginia Division} and Breeding, 5. G. {Assistant to the General Manager,
Community Relations). Island Creek Coal Company, Oakwood. Virginia, Personal communication,

January 19, 1990.
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Other Underground

64 Various

Total Underground
314

TABLE 1: 1989 VIRGINIA UNDERGROUND COAL MINE PERMITS
" MINING METHOD AND EQUIPMENT TYPE '

Number Method
of Permits
Longwall
13 Longwall
Pillar Recovery

56 Pocket and Wing
1 Pocket and Wing
9 Left and Right
7 Split Pillar/Split Wings
1 Split Pillar/Split Wings
1 Split Pillar/Split One Wing
6 Split Pillar {oniy)
4 Open End

128 Three Cut
7 Three Cut
1 Three Cut
6 Two Cut
2 One Cut
7 Five Cut {farge blocks)
1 Four Cut (large blocks)
237

Source: Dala provided on request by Virginia Division of Mines, 1990.

Type of Equipment

Longwall

Continuous Mining Machine
Scoop Haulage

Continuous Mining Machine
Continuous Mining Machine
Scoop Haulage

Contlinuous Mining Machine
Scoop Haulage

Continuous Mining Machine
Continuous Mining Machine
Scoop Haulage

Loading Machine
Continuous Mining Machine
Continuous Mining Machine
Continuous Mining Machine
Continuous Mining Machine

Various

gone out of business.® In the interests of
economic efficiency and long-term planning,
it is advantageous 1o have complete
subsidence while the mining operation is
stilt in progress or shortly thereafter. The
degree of prediclability allows for measures
that prevent or minimize damage 1o surface
structures.

High-Extraction Mining in
Virginia

in 1989, 250 of 314 {80 percent) underground
mine permils in Virginia specified high ex-
traction methods, 237 with pillar recovery
techniques and 13 with longwall equipment.
According to industry sources, pillar recov-
ery is what makes it possible to operate

9 SMCRA calls for “restoration and reclamation of land and water resources adversely affected by past
coal mining, including ... prevention, abatement, and control of coal mine subsidence.” 91 Stat. 457,
30 U.S.C. 1231. The program is funded through a reclamation fee collected on coal currently being

extracted.
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underground mines profiltably using conven-
tional technology. On average, these pillar
recovery mines extract about 70 percent of
the coal present, although this may vary
considerably from mine o mine and within
each mine. These mines amount to about
85 percent of Virginia’s non-longwall under-
ground preduction.

In 1889, Virginia had 13 longwalls in ten
mines, second only to West Virginia. They
are owned by four companies: Island Creek
Coal Co. {5); Pittston Coal Group, Inc.
{Clinchfield) (4); Consolidation Coal Co. (2):
and Westmoreland Coal Co. (2)." As of
March 1989, one of the longwall units was
idle, so that only 12 are producing coal. This
number accounted for more than ten million
tons of coal, over a quarter of the state’s
totat underground mine production and more
than a fifth of total coal production by all
methods. This number represents only ac-
tual longwall production; in the mines where

' Randolph et al., op cit.
12 Randolph et al., op cit.

2 Randolph et af., op cit..

longwalls operate, fotal production is con-
siderably higher: 13.7 million lons, repres-
enting over a third of all Virginia
underground production and more than 30
percent of all coal mined in 1988.%

Although modern longwall mining was intro-
duced into the Commonwealth in 1868, ils
contribution to total state coal production
remained small {less than 7 percent) until
1984.% Longwall mining production totals
climbed in each year since. According lo
industry officiais. longwail mining makes it
possible, both technologically and econom-
ically, to mine coa! deposits that woutd not
otherwise be mined." This is due to im-
proved saflety, greater extraction, and in-
creased productivity (2.8 tons per man per
hour vs. 2.4 tons per man per hour for all
methods in 1988). Given current market
conditions, it is safe to say that longwall use
is the main reason Virginia coal production
has been increasing since 1984,

4 Mathis, E., President, Pittston Coal Group, inc., Lebanon, Virginia. Interviewed by Ted Clutter, VCCER,

May 3, 1988,
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Chapter 3: Hydrogeology of the Virginia Coal Fields

Geology

The coai-producing region of Southwest
Virginia lies in the Appalachian Plateau
physiographic province, and is drained by
the Clinch, Poweli, and {via Russell Fork and
Levisa Fork) Big Sandy rivers. The area is
characterized by rugged, mountainous to-
pography consisting of deep, V-shaped val-
leys with steep slopes and narrow, winding
ridges. The landforms were shaped by the
erosion of a high plateau of sedimentary or-
igin. These sedimentary rocks, which range
from Cambrian through Pennsylvanian ages,
were uplifted as a block, and deformation is
not nearly so dramatic as in the adjacent
Valley and Ridge Province. Accordingly,
strata remain nearly level to gently sloping,
with only occasional deep fractures. There
are several coal-bearing formations, all of
Pennsyivanian age, and at least 27 major
coal seams.” These formations consist of
alternating layers of sandstone, shale. thin
layers of clay, and coal beds.

Soils in the coalfields are the product of
weathering and disintegration of parent ma-
terials. The richest soils are found in the
floodplains at valley bottoms, which are filled
with unconsolidated material washed down
from the slopes. On the slopes themselves,
soils are generally thin and prone to erosion
after vegetative cover is removed. On
level-topped ridges that have escaped ero-
sion, soil covers are thick. Soil and slope

conditions confine agriculture to the small
areas found in valley bottoms and ridge tops.

Surface Water

Streams draining the coaifields are almost
universally dendritic, testimony to the ero-
sional morphogenesis of the region. Ex-
ceptions occur at major faults, along which
several of the larger streams run in rela-
tively straight lines. Although the region on
average receives plentiful precipitation,
there is a remarkable variation in stream
flow. Because of steep slopes and thin soil
cover, runolf following precipitation is rela-
tively quick, During dry months, all but the
largest streams are reduced to very low
flows.

Surface mining has affected the hydrology
of streams draining some basins that have
been extensively mined. Base ftows in these
streams have increased since the advent of
surface mining, and this increase, together
with observed changes in flow duration, in-
dicates enhanced infiliration and storage of
precipitation with correspondingly more
gradual drainage.”™ In other mined basins,
however, such effects have not been ob-
served. Extensive mining activity also may
change surface and groundwater quality:
water in mined basins tends toward a sulfate
type, while that from unmined basins is pre-
dominantly of a bicarbonate type.??

5 National Research Council, Committee on Ground-Water Resources in Relation to Coal Mining., Coal
Mining and Ground-Water Resources in the United Stales. Washington, D.C.: National Academy Press,

1981, p.55.

' Larson, J. D.; Powell, J. D. Hydrofogy and Effects of Mining in the Upper Russell Fork Basin, Buchanan
and Dickenson Counties, Virginia. Richmond: U.5. Geological Survey, Water-Resources Investi-

gations Report 85-4238, 1986.

7 Ibid.; and Rogers, S. M.; Powell, J. D. Quality of Ground Water in Southern Buchanan County, Virginia.
Richmond: U.S. Geological Survey, Water-Resources investigalions 82-4022. May, 1983,
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Groundwater

The most important factor in determining
overall groundwater flow in the coalfields is
topography. Like surface water,
groundwater flows down the ridge slopes
toward the valleys, eventually discharging
into streams and comprising their base
flows. Groundwater availability, as evi-
denced by well yields, is greales! in valleys
and on lower slopes."®

Besides topography, rock characteristics
exert a great influence on the direction of
flow and on the amount of groundwaler
available. Transmissivily is a measure of
the ability of water to move through a rock
formation. Transmissivity depends on the
permeability of the rock, which can be either
primary or secondary (Figure 2}.

Primary permeability refers to movement of
water through spaces between rock grains,
and depends-on amount of pore space and
the size and shape of the rock grains. In
smali-grained rocks such as shale or clay,
permeability is very low. Layers of such
rock act as "aquitards,” retarding the move-
ment of water. More porous rocks, such as
certain sandstones, store greater quantities
of water and permit relatively easy passage.
Such rocks are generally referred to as

aquifers, Sandstones in the Virginia
coalfields, however, tend to be well-
cemented and generally poor water
sources."

Secondary permeability refers to the move-
ment of water along rock fractures, bedding
planes, joints, and faulls. Because of the low
primary permeability of rock layers in the
formations underlying the valleys and ridges
of the Appalachian Plaleau, secondary
permeability is much more imporiant to both
groundwater storage and flow than primary
permeability 2

In a study in Preston County, West Virginia,
secondary permeability of sandstone units
was found to be one to three orders of mag-
nitude greater  than their  primary
permeability. ' These findings agree with
those of Schubert, who points out that in-
creased hydraulic conductivity produced by
fracturing can drastically aiter the hydrologic
characteristics of rock.2? Sloan and Warner,
similarly, warn against using groundwater
models based on primary hydraulic
conduclivity in areas such as the
Appalachian coal region, where aquifer
storage and flow characteristics are fracture
controlled.®

Considerations of topography, lithology, and
stratigraphy are alt imporiant in understand-
ing the occurrence and movement of
groundwater in the Virginia coalfieids. There
are two hydrologic studies that together
provide a good general understanding of
groundwater hydrology in the Virginia
coalfields. The first is an investigation con-
ducted in 1979/80 by Wyrick and Borchers of
the role of stress-relief fractures in the
hydrology of an Agppalachian valley.2 Ero-
sion of valleys from sedimentary formations

" Epps, S. R. Buchanan County Groundwater: Present Conditions and Prospects. Richmond: Virginia
Water Control Board, Planning Builetin 311, October 1978; and Dovel, M. R. Wise-Dickenson County
Ground Waler: Present Conditions and Prospec!s. Richmond: Virginia Water Control Board, Planning

Bultetin 333, June 1983.

% LeCain, G. U.S. Geological Survey, Marion, Virginia. Personal communication, October 14, 1988.

o Wyrick, G. G.; Borchers, J. W. Hydrologic Effects of Stress-Relief Fracturing in an Appalachian Valiey.
Washington, D.C.: U.S. Geological Survey, Water Supply Paper 2177, 1981, p.10.

# Schmidt, R. D. Fracture Zone Dewatering to Control Ground Water Inflow to Underground Coat
Mines. Washington, D.C.: U.S. Bureau of Mines, BUMINES RI 8981, 1985.

2 Schubert, J. P. Fracture Flow of Groundwater in Coal-Bearing Strata. Prepared for 1986 Symposium
on Surface Mining Hydrology, Sedimentology, and Reclamation, Lexington. Kentucky, December 1-5,

1980.

8 Sloan, P, Warner, R. C. “A Case Study of Groundwater Impact Caused by Underground Mining." ir:
Graves, D. H.; DeVore, R. W. (eds.) Proceedings, 1984 Symposium on Surface Mining, Hydrology,
Sedimentology, and Reclamation, Lexington, Kentucky, December 2-7, 1984, Lexington:  University
of Kentucky, Office of Engineering Services, December 1984 (Bulletin UKY BU136). pp. 113-120.

2 Wyrick, G. G.; Borchers, J. W. Hydrologic Effects of Stress-Reliel Fracturing in an Appalachian Valley.
Washington, D.C.: U.5. Geological Survey. Water Supply Paper 2177, 1981. p.10.
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Space

charactlerislic of the Appatachian Plateau
removes compressional stress of overlying
malerial, resulting in predictable patterns of
fractures in valleys and on ridge walls. On
the ridges, siress reliefl results in verlical
fractures that allow the vailey walls to siump
oulward and downward. This slumping
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cayses compression fractures at the base of
the ridges. The slumping also opens up
horizontal fractures in bedding planes be-
iween diflerent strata. Another consequence
of the erosional removal of compressing
rock is the upward arching of rock strata on
valley floors, which causes vertical fractures
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there as well as opening of bedding planes
between the strata underlying the valley
floors {(Figure 3).

Wyrick and Borchers” analysis of the results
of pump tests and slug tests of strategically
placed wells, as well as streamflow data.
yielded results consistent with the theory
that the fracture system described above
controlled groundwater movement in the
valley. Water falling on ridge tops and
slopes enters vertical fractures, moving
through them and horizontal fractures on the
ridge sides, eventually intercepting horizon-
tal fractures at the valley floor. The water
flows through these fractures until it reaches
a level at which the streambed intercepts
them, and then empties into the stream. In
this model there is little movement of water
within the ridge mass, except on its fraciured
outer edges.

The second study® was a cooperative effort
of the Powell River Project, the Virginia
DMLR, several mining companies, and the
US. Geological Survey. This study used
mobile testing equipment to investigate hy-
draulic properties of various strata encount-
ered in exploratory drilling by mining
companies in the Virginia coalfields. Tests
were conducted to determine transmissivity,
hydraulic heads, and hydraulic connection
of water-bearing zones. Although the final
report is still in preparation, preliminary re-
sulls are as follows:

In the Virginia coal region, the uppermost
100-150 feet is a fractured zone, with a
weathered mantle of unconsolidated mate-
rial {alluvium and colluvium). The most ac-
cessible groundwater is in the fractured
zone. Fraclure flow (i.e., secondary
permeability) is predominant, and well vields
are low, rarely above 5 gallons per minute
{gpm). This zone is the source of most do-
mestic water supplies, either through
springs or shallow wells. Groundwater re-
charge in this zone is relatively rapid, and
following a rainfall drainage from it feeds
streams for one to four days.

Below this upper laver. the only lithologic
units with significant transmissivity are coal
seams. Siltstones. shales, and sandstones
consistently show extremely low
transmissivily over a wide range of ele-
vations except where fractured. In contrast,
coal seam transmissivilies show a consist-
ent correlation with elevation: the deeper
the seam, the lower lhe transmissivity. At
greater depths, increasing pressure closes
the cleats and microchannels through which
water moves. The coal seams comprise the
only deep lithologic units with significant
groundwater storage. Most perennial
springs occur at coal seams, and most
stream baseflow in the area is from water
slowly released from the coal seams. Re-
charge to the coal seams is through deep
fractures.

This view of coal seams as the only lithologic
units capable of storing and transmitting
significant quantities of water is corrob-
orated by an earlier study of the hydrology
of the Upper Russell Fork Basin in Buchanan
and Dickenson counties.® Water levels were
monitored in five ridgetop wells, each open
to a different coal seam. Water levels at the
wells were at different altiludes, and unsat-
urated zones were encountered between the
coal beds, “indicating the presence of a se-
ries of perched water zones above the coal
heds."¥

Springs are frequently associated with coal
seam oulcrops, because coal seams are
relatively permeable and because they are
often underlain by ctay. Hence, water flow-
ing downward through vertical fractures is
stopped in ils movement by the clay, then
flows along the slight inclination of the layer
until emerging on a hillside. The “perched
aquifers™ supplying such springs individually
may be of little regional significance as wa-
ter sources, but they are adequate to supply
a small number of households where they
occur. According to a Virginia Division of
Mineral Resources geologist involved in
mapping the coalfields, springs are valuable
in helping to locate coal seam outcrops.#

% LeCain, G. U.S. Geological Survey, Marion, Virginia. Personal communication, Qctober 14, 1988.

% Larson, J. D.; Powell, J. D. Hydrology and Effects of Mining in the Upper Russell Fork 8asin, Buchanan
and Dickenson Counties, Virginia. Richmond: U.S. Geological Survey., Water-Resources Investi-

gations Report 85.4238, 19886.
7 bid., p. 30.

# Henika, W. Virginia Division of Minerat Resources. Blacksburg. Personal communication, August

1988.
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Groundwater Quality

There are several sources of information on
groundwater quality in the coalfields of
Virginia. One is the Planning Bulletin series
for Wise, Dickenson, and Buchanan counties
published by the Virginia Water Control
Board.® Data for these reporis are from an-
alyses of spigot samples from wells located,
for the most part, in valieys. It is likely that
use of existing wells biases overall waler
quality characterization, because they are
usually in areas of good water quality.
Buchanan County’s groundwater is de-
scribed by Epps as “characteristically acid

to slightly alkaline, irony, somewhat hard,
and may have a sulfurous odor.”™™ Local
problems include higher-than-recommended
levels of iron, manganese, chloride, sulfates,
and dissolved solids; hardness; acidity; and
dissolved gases, including hydrogen sulfide
and methane.

Water quality problems seem to stem from
the geochemistry of the area rather than
from substances introduced by man. Dovel,
in his review of groundwater conditions in
Wise and Dickenson counties, describes the
waler from the coalfields in those counties
as "irony, moderately hard and acid, and {it}
may be discolored and malodorous."¥ Wa-

3 Epps, S. R. Buchanan County Groundwater: Present Conditions and Prospects. Richmond: Virginia
Water Conlrol Board, Planning Bulletin 311, October 1978; and Dovel, M. R. Wise-Dickenson County
Ground Waler; Present Conditions and Prospects, Richmond: Virginia Water Control Board, Planning
Bulletin 333, June 1983.

¥ Epps, op. cit., p. 29.

1 Dovel, op. cil., p. 55.
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ter quality problems for these counties are
similar 1o those of Buchanan County, wilh
the exception of the Powell River Valley in
Wise Counly, which comprises a different
geologic regime.

The U.S. Geological Survey has conducled
several studies of surface and groundwater
qualily in the region. In a study of
groundwater in southern Buchanan County,
findings generally support the characteriza-
tion of groundwater quality found in Epps’
study. No area-wide degradation of
groundwater quality was found, but some
tocal effects of surface mining were appar-
ent. Slream watler is generally rich in
bicarbonate in unmined areas, but may take
on a sulfate character in some heavily mined
areas, depending on the chemical charac-
leristics of the rock unils disturbed. Well and
spring waler from coal seams s
sulfate-rich.® tn a study of Buchanan and
Dickenson counties, mining was again found
fo result in increased sulfate concentrations
in ground and surface water

Groundwater Usage

Groundwaler provides most of the water for
all uses in the coal fields. In the Big Sandy
water supply planning area, which includes
all of Dickenson and Buchanan counties and
parts of Wise and Tazewell counties, ground
waler supplied more than two-thirds of all
water used within areas designated by the
State Water Control Board in 1982 as “de-
mand centers. ™ These include most
urbanized areas within the planning district

houndaries. Approximately half of the pop-
ulation and nearly all pubtlic waler supply
syslems in the area are included within the
demand cenlers. In the more remote parts
of the region beyond the demand cenlers,
domestic users, businesses. and industrial
and mining operations are ail heavily de-
pendent on groundwater.

A study focusing exclusively on domeslic
water users found that in Buchanan County
only 7.9 percent of year-round housing units
were supplied by public or private water
systems; over 80 percent relied on individ-
ually drilled or dug welis, while the remain-
der used other sources such as springs and
cisterns.® In Dickenson County, 36.3 percent
of housing units were supplied by public or
private water systems; the remainder relied
on wells, springs. cisterns, and other
sources.*

The importance of an adequate and de-
pendable water supply to individual fand-
owners cannot be overstated. Some,
however, question whether the springs and
wells relied upon by rural residents of the
coalfields are in fact adequate and depend-
able. According to Island Creek Coal Com-
pany, most such sources "have been
historically intermiltent and unreliable, with
good quantity in wet weather and little or no
flow during dry periods.™ On the other
hand, a consulling geologist familiar with
conditions in Appalachia comments, "rural
people are not stupid. Homesites where
adequate supplies couwld not be developed
have long since been abandoned il they
were ever occupied. " There is, in fact, no

R Rogers, S. M.; Powell, J. D. Quality of Ground Water in Southern Buchanan County, V:rgmfa
Richmond: U. S Geologlcal Survey, Water-Resources Investigations 82-4022, May, 1983,

33 Larson, J. D.; Powell, J. D. Ibid.

¥ Big Sandy Water Supply Plan. Richmond: Virginia State Water Control Board, Planning Bulletin 346,

March 1988, p. 11-11.

The two-thirds supplied by groundwater includes water supplied within the de-

36

37

38

mand centers by both individual systems (moslly wells) and public and private water supply systems.

Island Creek Coal Company reports that of the approxnmately 450 properties that have been or may
be affected by that company’s current or future mining operations, 199 or 44 percent use public water
systems; 214 or 48 percent use individual wells; and the remainder use other water sources. Price,
K.. Breeding, S. Virginia Division, Island Creek Coal Company, Oakwood, Virginia. Personal com-
munication, January 19, 1990.

George, C. A, Gray, J. L. Water for Tomorrow: A Report on Water and Waslewater Needs in Virginia.
Roanoke: \frgm:a Water Project, Inc., October 1988,

Price, K. General Manager, Virginia Division, Island Creek Coal Company. Oakwood, Virginia, Per-
sonal communication, August 9, 1989,

DiPretoro, R. Geologist, Morgantown, West Virginia. Personal communication, January 18, 1990,
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systemalic documentation of the adequacy
and reliability. or lack thereof, of shallow
wells and springs in the coalfield region of
Virginia.

Groundwater also serves as the principal
source of domestic and industrial water for
both individual wells and public systems in
the more densely populated areas of the re-
gion. The geology and morphology of the
area prevent regional movement of
groundwater, limiting the supply in each
valley. Epps reported in 1978 that some
population centers in Buchanan County were
in danger of depleting their supplies through
overuse ¥

Groundwater is also an important source of
water for wildlife, which depend on springs
and seeps. Moreover, it supplies the base
flow for area streams.

Summary

This section has described the hydrogeology
of the Virginia coalfield region. The area’s

® Epps, op. cit., p. 73.
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normally ample precipitation is carried away
relatively quickly by steep streams with low
base/peak flow ratios. Groundwaler occurs
primarily in fractured zones near the surface
and in alluvial valleys. Both storage and
transmissivily are dominated by secondary
permeability in lhe fraciured zones, which
extend from the surface to a depth of 100-150
feet. Coal seams are the only lithologic units
with significant groundwater transmissivity.
Groundwater quality is variable over the
area; common problems are high levels of
iron, hardness, acidity, and odor. The ade-
quacy and reliability of shallow wells and
springs serving rural residents and busi-
nesses in the area are questionable.

Nevertheless, groundwater supplies most of
the domestic and industrial needs of the coal
countfies. Many of these needs could not be
supplied by any other source of water with-
out considerable investment, Springs,
seeps, and surface streams fed by
groundwater also provide aquatic habitat
and water for game and nongame witdlife.
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Chapter 4: Subsidence Effects on Water Resources

The hydrologic balance is defined in the
Virginia Coal Surface Mining Reclamation
Regulations as: :

...the relationship between the quality and

quantity of water inflow to, water outflow
from, and water storage in a hydrologic
unit such as a drainage hasin, aquifer, soil
zone, lake, or reservoir. It encompasses
the dynamic relationships among precipi-
tation, runoff, evaporation, and changes in
ground and surface water slorage.*

In this section, a number of studies are re-
viewed in order to understand the mech-
anism whereby high-extraction mining might
affect the hydrologic balance. None of these
studies was conducted in Virginia. Because
they were undertaken in nearby Appalachian
stales with similar geologic conditions, how-
ever, their results have implications for the
Commonwealth.

General Mechanism and
Conceptual Model

The mechanism of action is subsidence. As
described in Chapter 2, longwall and most
high exiraction mining unavoidably cause
subsidence of the overlying rock by remov-
ing its subjacent support. This is called
“planned and coniroiled subsidence™ in the
Surface Mining Control and Reclamation Act.

In room-and-pillar mining, blocks of stress-
bearing coal are left in place to support the
mine roof, commonly teaving the cavily in-
tact when the mine is abandoned. Defor-
mation of overlying strata is limited to layers
relatively close to the mine. Depending on
mine conditions, pillar collapse can resull in
eventual surface subsidence. Severe
subsidence over mine cavilies can develop
if these cavities are close to the surface.

As discussed in Chapter 2. in most Virginia
room-and-pillar operations, additional coal
is removed by mining the pillars. Tech-
nigues vary depending on specific mine
conditions, bul together they comprise
piltar-retreat {or pillar recovery} mining. In
pitlar-retreat mining. blocks of coal support-
ing the roof are partially or compietely re-
moved, beginning at the farthest reaches of
the fully-developed mine section. Roof col-
lapse may or may not be immediate, de-
pending on how much of the pillar coal is
removed. The development of subsidence
above piliar-retreat operations is not as
straightfofward as with longwall panels, and
few predictive siudies have been reported in
the literature. The timing and extent of
subsidence depend on where and how much
coal is removed: it is unlikely that a "well-
developed subsidence trough™ similar to that
seen above longwall paneis would result.
However, with extraction ratios of 80 percent
or higher, fairly rapid subsidence would be
expected.

Longwall equipment. on the other hand,
mines a broad face, typically between 350
and 1000 feet wide, and as high as the coal
seam is thick. As the mine face moves
through the seam. roof supports are moved
forward, allowing the mine roof behind to
cotlapse and causing surface subsidence.

The geomechanics of subsidence above
longwalls have been studied extensively and
are well-understood. As the mine roof is al-
lowed to collapse, there is an area of caving
and severe fracturing which occurs directly
above the mined ctoal seam. This area ex-
tends upward 30-60 times the coal seam
thickness, depending on the mechanical
qualities of overlying rock strata (Figure 4).

Strata sag above the caved area. A “zone
of comtinuous deformation™ may extend to
approximately 50 feet of the ground surface,

“ Virginia Coal Surface Mining Recfamation Requlations, Sec. 480-03-19.760.5, p. I-10,
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depending on the geomechanical properties
of overburden tayers. This zone is charac-
terized by inlermiltent fracturing, bedding
plane separation, and some sliding of beds
across each other. The presence of rela-
tively plastic clay layers or massive rock
layers in this zone may preven! the forma-
tion of new vertical fractures, so that down-
ward waler movement is slowed or siopped.
A near-surface zone comprising the upper
50 feet of overburden may show increased
fracturing and permeability because of com-
pression and tension. At the surface is a
well-defined subsidence trough, The hori-
zontal dimensions of the trough are greater
than those of the collapsed mine void.

The subsided surface extends across an
area defined by “angle of draw.” The Insti-
tution of Civil Engineers {ICE) in England de-
fines angle of draw as “the angle between
the line from the edge of the excavated area,
normal to the seam, and the fine joining the
edge of the excavated area to the point of
zero effect at the surface.”™ The ICE puts
the angle of draw at 25 to 35 degrees, but
because the subsidence trough tails off
gradually the extent of major deformation is
generally smaller than this. The angle of
draw varies according to the mechanical
characterislics of rock sirata above the mine
void. Considering the size of a longwall
panel (up to 1000 feet wide and 8000 feet
long) and distance to the surface. the
subsidence trough for a single panel may
cover a large area. Furthermore, in a typical
longwall mine there are mulliple panels in
close proximity.

A conceptual model of the hydraulic impacts
of underground mining was developed by
Booth, using mining engineering concepts
of strata movement and mine hydroiogy .« In
particular, he relates the effects of different
types of underground mining {longwall ver-
sus “deep headings and uncollapsed room-
and-pillar mines”) on rock strata in the
overburden to their hydraulic impacts. His
conclusions, supported by field observations
in the Appalachian Plateau of Pennsylvania,
are worth quoting at length:

Much of the ground-water impact of deep
underground coal mining is dependent on
and explicable by Ihe hydraulic property
changes resulting lrom mine-induced
slresses.  The impact of a single sup-
ported heading is lecal bul inlense. it
comprises a large pressure drop and
rapid dewatering in the increased-
permeabilily zone in the seam and imme-
diate roof within lhe pressure arch, but a
minor effect on main-roof strata above
this. An uncollapsed network of such
headings [such as that found in a room-
and-pillar mine] forms an underdrain
which may locally affect lower aquifers
considerably but whose effects on the
shallow system are slight and diffuse.

In contrast, the strata deformation and
hydraulic impact of longwall mining are
widespread and considerable, Lower
aquifers connected to the working areas
through fracturing are intensely affected
and provide much of the inflow to the
mine. Any hydraulic connections between
the mine and shallow aquifers probably lie
in tensile zones above the working areas
and at the leading edge of the subsidence
profile, but such connection is not a pre-
requisite to  mine-related impacts.
Whereas the hydrologic impact of sup-
ported headings is due to the drainage to
the mine, that of longwall mines is also
due to independent aquifer response.
Subsidence-induced  permeability  in-
creases in shallow aquifers cause in-
creased throughput and (accentuated by
storativity increases) lawered water fev-
els in recharge zones regardless of mine
drainage. Later compression and settle-
ment cause partial reductions in
permeability and storativity and partial
recoveries in water fevels.#3

Booth also paoints out that the specific effects
of a mining operations depend very much on
local geologic conditions.

Rauch, summarizing his own and others’
work (primarily in West Virginia), relates de-
watering to subsidence theory. In the zone
of caving and deep fracturing, dewatering is
severe. Wells penetrating the zone are
“partially {o totally dewatered and exhibit no
short term recovery.”* In the surface zone

1 Institution of Civil Engineers. Ground Subsidence. London: Institution of Civil Engineers, 1977, p.

13.

42

Booth, C. J. "Strata movement concepls and the hydrogeological impact of underground coal

mining.” Ground Water 24(4).507-515, July-August 1986,

9 Ibid.

4 Rauch, H. W, “Ground Water lmpacts From Surface and Underground Coal Mining.” In: Proceedings
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FIGURE 4: SUBSIDENCE ABOVE A HIGH-EXTRACTION COAL MINE

Source: After Peng, S. S.; Chiang, H. 5. Longwali Mining. New York: Wiley and Sons, 1984,

and the zone of continuous deformatian,
walter supplies and aquifers “lypically suffer
only partial and temporary water losses
above subsided coal mines and recover
within a few days of the initial impacts."*
Factors influencing water supply impacts,
according to Rauch, include vertical proxim-
ity of the well or aquifer 1o the mine, lateral
proximity to the mine, overburden lithology
and stratigraphy, fracture zones, longwall
panel width, type of water supply, topogra-
phy, and distance 1o the nearest stream.*

Similar conclusions were reached by
Hasenfus ef al. as a result of extensive
hydrological and geomechanical monitoring
al a longwall mine in West Virginia.¥ Over-
burden depth at the mine was roughly 700
feet, and directly above the coal bed lay ap-

proximalely 200 feet of highly competent
limestone and sandstone strata. The study
included subsidence monitloring, time do-
main reflectometry, static water leve!l obser-
vations and hydraulic conductivity in test
welis, premining and postmining coring, and
seismic surveys. Four distinct overburden
zones were identified and related to impacts
on aquifers in those zones. In Zone 1 {the
"gob zone"), just above the mined panel and
extending 4 to 6 times the mined seam
thickness, porosity is greatly increased by
caving and rubblization. Zone 2 (the "highly
fraclured zone"}, above Zone 1 and extend-
ing to about 30 times the seam thickness, is
a transitional. highly-fractured zone with
massive block-type caving and vertical frac-
turing. in Zones 1 and 2 no recovery of wa-
ter levels was observed. Zone 3, the

of a Conference on Weslt Virginia Ground Water 1987 — Status and Future Directions. Morgantown,
West Virginia: West Virginia University, Water Research Institute, 21 pp., 1989.

4 Ibid.

4 Rauch, H. W. "A Summary of the Ground Water Imp'acls From Underground Mine Subsidence in the
North Central Appalachians.” In: Proceedings, Coal Mine Subsidence Special institute, December 8,
1989, Pittsburgh, Pennsylvania. Eastern Mineral Law Foundation, 1889, 31 pp. (Chapter 2).

¢ Hasenfus, G. J.: Johnson, K. L: Su, D. W. H. “A Hydrogeomechanica! Study of Overburden Aquifer
Response to Longwall Mining.” In: Peng. Syd S., editor. Proceedings of the Seventh International
Conference on Ground Control in Mining. Morgantown: West Virginia University, COMER, Depart-

ment of Mining Engineering, 1988, pp. 149-162.
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“composite beam” extending from above the
highly fraclured zone lo within 50 feet of the
surface, exhibits litlle vertical fracturing and
occasional horizontal slippages belween
strata. Water leveis in perched agquifers in
this zone may decline temporarily but sub-
sequently recover. In this zone, downward
movement of water is inhibited because the
integrity of low-permeability layers is main-
tained despite subsidence. Zone 4, the
“surface zone," comprises the uppermost 50
feet. Strata in this zone are susceptible to
fracturing and movements. The researchers
concluded that the use of geomechanical
data such as time domain refllectometry,
surface subsidence, and rock strength char-
acterization is extremely useful in interpret-
ing hydrologic response to mining.

Field Studies

During the past decade there have been a
number of other studies documenting the
hydrotogic impacts of high-extraction mining,
both in the Appalachian region and else-
where. Although these studies were per-
formed in states other than Virginia, the
hydrogeologic characteristics of nearby
Appalachian states such as Kentucky,
southwestern  Pennsylvania, and West
Virginia are close enough o those of the
Virginia coalfields to indicate potential for
similar effects.

One of the earliest was Hobba's sludy of the
effects of mining and mine collapse in three
West Virginia watersheds.® The siles were
chosen to compare the effects of deep min-
ing and subsequent mine collapse in areas
where the mined coal seam lay above major
drainage with those in which the seam lay
below major drainage. Overburden in the
above-drainage area was generally less
than 150 feet thick; in the below-drainage
area thickness ranged from 600 to 700 feet.
Subsidence was greatest ‘over shallow
mines, but reached the land surface even
where the mined seam lay 600-700 feet be-
neath the surface. In both cases Hobba {like
Booth) found that mining and subsidence
fractures increased hydraulic conductivity

and the hydraulic connection of aguifers.
Rock unils near the surface showed higher
transmissivity in mined basins than in un-
mined basins, and increased infiltration and
circulation of groundwater through these
rock units resulted in higher mineral foads
in streams. Subsidence fracturing resulted
in changes to the hydrologic balance that
included increased infiltration of precipi-
tation and surface water, decreased
evapotranspiralion, and higher base flows in
some small streams. [n above-drainage
areas, pumping of water draining into mines
caused diversion of water underground from
one watershed to another. Static head in
cbservation wells in mined areas flucluated
50-100 feet in the course of a year, indicating
rapid recharge and draining of water-
bearing zones penetrated by the wells. Littie
drainage from wells and streams was found
in areas undisturbed by subsidence in the
areas in which mining was below major
drainage.

Stoner used well testing methods to deter-
mine the hydrologic characteristics of an
area in the Appatachian Plaleay in
Pennsylvania before and after underground
coal mining. He found water-bearing zones
to be common al the interfaces between
sandstones and shales, and in fractured
sandstones and coals as well. Static water
levels in wells closest (vertically) to the mine
were affected most. Both pillar retreat and
longwall mining "may cause increased ver-
tical permeability by fracturing which could
hydraulically connect shallow aquifers to a
deep mine. However, complete overburden
collapse may result in water-level recovery
of shallow aquifers as indicated at one well
site over long-wall mining."* Stoner specu-
lates that the rapid recovery of this well
“could be explained by the reduction of ver-
tical permeabiiity of the strata overlying the
mine coupled with complex interflow  be-
tween various aquifer horizons tapped by
the open-hole well. As the long-wall panel
advanced beyond {the well}, mine-induced
fractures may have reciosed or become
plugged with clay gouge to effectively reduce
vertical permeability. Subsequent recovery
of the shallow aquifer heads wouid then be

¢ Hobba, W. A, Jr. Effects of Undergmund Mining and Mine Collapse on the Hydrology of Selected
Basins in West Virginia. Morgantown, West Virginia: U.5. Geological Survey, USGS RI-33, 1981, 77

Pp.

49 Stoner, J. D. "Probable hydrologic effects of subsurface mining." Ground Water Monitaring Review

3(1):128-137, Winter 1983, p. 136.

Chapter 4: Subsidence Effects on Water Resources

20



possible.”® In a laler study, Stoner and
others observed very rapid recovery (7
hours) in one well above an aclive longwall
panel %

The supposition that subsidence fraclures
reseal relatively quickly, aliowing water level
recovery, is accepted by engineers at some
mining companies. Dr. Jay Lehr, hydrologist
and well expert, and Executive Director of
the National Water Well Association, also
believes that subsidence effects on
groundwater levels are lemporary s Others,
however, inciuding a hydrologist who has
studied the geohydrology of the Virginia
coalfields, doubt that subsidence fractures
will ever seal themseilves.® This is a con-
troversial and important point, because it
bears directly on the question of whether
dewatering of shallow aquifers is short-term
or a long-term. Like many other impacts of
subsidence, it may be entirely dependent
upon site-specific conditions.

Wells of different depths, tapping different
aquifers, may be unequally affected by
subsidence. In one U.S. Bureau of Mines
study, subsidence and groundwater levels
were monitored above an active longwall
panel in western Pennsylvania before, dur-
ing, and after mining. Cocal seam thickness
was four to five feet overburden depth 550
feet; panel length was 2900 feet and face
width was 585 feet. Zones of fracturing were
increased by subsidence, which stopped
within four months afler passage of the
longwall face. Transmissivity was dramat-
ically impacted by this fracturing, and
changes in groundwater flow patterns were
observed. Although the deep aquifer moni-
toring welils (drilled 1o a depth of 250 feet)

% Stoner, J. D., ibid., p. 133.

showed “precipitous”™ declines in water lev-
els. wells penetraling the shallow aquifer
zone {75 foot depth) were protected lo some
exlent by an aquitardal layer thal evidently
resisted fracturing. This conclusion is con-
sistent with Booth's conceptual model and
borne out by observation of flows from a
spring near the center line of the longwall
panel, which correlated with precipitation
but not with passage of the jongwall face.
Hydrology was still unstable at the end of
one year, as indicated by cascading in some
manitoring wells; deep well water level de-
clines had recovered only slightly. However,
aquifer dewatering was limited mainly to
deep wells in the area directly above the
longwall operation. Water quality, as indi-
cated by conductivity, was only slightly af-
fected .5

Tieman and Rauch observed differential de-
watering effects on water supplies at differ-
ent vertical and horizontal distances from
longwall panels at a mine site in Greene
County, Pennsylvania.® Fifly-eight water
wefls and springs, as well as streams, were
monilored over several longwall panels of
different ages and over unsubsided room-
and-pillar mine workings. Topographic relief
in the area ranged from 300 to 450 feet. The
650- to 1,000-foot thick mine overburden
consisted of shale, mudstone, claystone, fire
clay, sandstone, limestone, and coal. No
negalive impacts were reported for water
supplies over or near unsubsided mine
works. Eight of 11 water supplies above
longwall panels appeared to have been
partly to completely dewatered. Dewatering
occurred at vertical distances of 655 feet and
greater above the mined seam (the
Pittsburgh Coal Seam), but not closer to the

5

Stoner, J. D.; Witliams, D. R; Buckwalter, T. F; Felbinger, J. K.; Pattison, K. L Water Resources and
the Effects of Coal Mining, Greene County, Pennsyivania. Prepared by the U.S. Geological Survey,
Water Resources Division, in cooperation with the Pennsylvania Geological Survey. Harrisburg:
Pennsylvania Geological Survey, Water Resource Report 63, 166 pp. plus maps, 1987.

Lehr, J. Executive Director, National Water Well Association, Ames, lowa. Personal communication,

LeCain, G. U.S. Geological Survey, Marion, Virginia. Personal communication, October 1988,

Pennington, D.; Hill, J. G.; Burgdorf, G. F.; Price, D. R. Effects of Longwall Mine Subsidence on
Washington, D.C.: U.S. Bureau of Mines,

52
August 22, 1989.

53

54
Overlying Aquilfers in Western Pennsylvania.
BUMINES-OFR-142-84, May 1984, 130 pp.

55

Tieman, G. E.; Rauch, H. W. “Study of Dewatering Effects al an Underground Longwall Mine Site in
the Pittsburgh Seam of the Northern Appalachian Coalfield.” in: Eastern Coal Mine Geomechanics.
Proceedings, Bureau of Mines Technology Transfer Seminar, Pittsburgh, PA. November 18, 1986. U.S.
Bureau of Mines Information Circular 9137, 1987, pp. 72-89.
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seam. The greatest degree of dewatering
was observed in water supplies above panel
centers.

Eteven of 13 water supplies not direclly over
longwall paneis but within an angle of de-
watering influence of 42° were parily to
completely dewatered. Dewatering occurred
in a zone 720 feet or grealer above the
mined seam, but not vertically closer.

No dewalering was observed below the re-
gional drainage level defined by the major
stream over the mine. Vertical and horizon-
tal proximity to the major slream appeared
to shield water supplies from dewatering.
Proximity to other perennial streams also
influenced the degree of dewatering of water
supplies, with water supplies developed
above the elevation of the nearest perennial
stream at greater risk.

Water lost from groundwater supplies and
streams did not drain to the mine. Instead
it migrated downward, probably through
subsidence fractures, to near regional
drainage level, and then horizontally through
a sandstone formation, eventually discharg-
ing to the largest stream over the mine.

Sireams located above regional drainage
and undermined by Jlongwall panels less
than 30 months old were partly to completely
dewatered during baseflow conditions.
Normal baseflows were seen iIn streams
above regional drainage and undermined by
panels at least 36 months old, indicating
progressive recovery over the period in
these undermined streams,

All of the accessible, parlly dewaiered
groundwater supplies over longwall panels
recovered parlially within one to three years.
Of the four completely dewatered supplies
that were accessible, two showed partial re-
covery. Extent of recovery was influenced
by location, with wells adjacent to panels
and near stream level recovering more
quickly and to a grealer extent than those
over longwall panel centers. Several new
springs appeared or were developed al
lower elevations on slopes following mining.

A U.S. Bureau of Mines study showed a
similar result with respect to differential de-

% Bruhn, R. W.

Appalachia,” In: Peng, S. S. (ed)

watering of aquifers. Subsidence and
groundwater effects were monitored over a
coal mine in Barbour County, West Virginia
during developmental and pillar retreat min-
ing. Overburden thickness was approxi-
mately 600 feet. and coal seam thickness 5.5
feet. This study used a clustered piezometer
technique, with seven units in two clusiers
penetrating discrete sandstone formations
at 30 feet (570 feet above mine level), 220
feet (380 feet above mine level), 260 feet {340
feet above mine level}, and 360 feet (240 feet
above mine level}. Water levels were
measured before, during, and after pillar-
retreat mining. There were significant water
level declines in deep strata. For exampte,
in the deepest sandstone formations the
water levei dropped more than 250 feet dur-
ing retreat mining. In general, “the closer
the stratum fay to mine level, the greater the
decline in piezometric level.”® in keeping
with this general finding, effects were minor
and transient in the shallowest formation,
while in the 22C-foot and 260-foot formations
water levels dropped 50 to 100 feet during
active mining and recovered only parially

"afler one year. Water quality changes were

observed in all formations monitored, with
higher concentrations of disselved solids
and (in one formation) manganese, in-
creased conductivity, and lower pH following
mining. Water chemistry changes were no-
ticeable at one site two years afler com-
pletion of mining, bul “were not necessarily
so significant as to render the water unfit for
drinking purpcses."¥

Another U.S. Bureau of Mines investigation
demonstrated dewatering effects that de-
pend on the focation of the well in relation to
the longwall panel and the angle of draw.

Groundwater levels., stream flow, and
subsidence were monitlored above a
longwall panel in southwestern

Pennsylvania at a greater depth than the
above study. In this case overburden thick-
ness ranged from 730 to 1000 feet. Maxi-
mum surface subsidence at trough center
was more than three feet. Five 150-foot
monitoring wells, designed to simulate typi-
cal domestic water wells, were constructed
across the longwall panel. Welis 500 feet or
more outside the panel rib line were unaf-

“Influence of deep mining on the ground water regime at a mine in northern
Proceedings, 2nd Workshop on Surface Subsidence Due to

Underground Mining, Morgantown, West Virginia, June 9-11, 1986. Morgantown: West Virginia Uni-
versity, Department of Mining Engineering, August 1986, pp. 234-248.

57 Bruhn, R. W, ibid.
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fected, while those within the boundary of
the longwall showed precipitous declines.
One well near the centerline went dry and
had not recovered after a year of postmining
monitoring. Two wells, 100 and 300 feet
outside the longwall panel rib line {the first
within the 15° angle of draw indicating the
limit of major surface deformation and the
olher within the 25° angle of draw delimiting
detectable surface deformation} declined
15-20 feet but recovered to near premining
levels within ten months. Small streams and
a spring located within 1200 feet of the panel
were unaffected.s®

In yet another study, groundwater effects of
high-extraction mining (longwall and pillar-
retreat} in Upshur County, West Virginia
were compared with those of abandoned
room-and-pillar mining in Barbour County,
West Virginia. Groundwater sources {wells
and springs) did not evidence impacts from
unsubsided room-and-piilar mine workings,
but dewatering was apparent over the
longwall mines. Dewatering of strata above
longwall mines extended to nearly 300 feet
above the top of the mined coal seam; less
severe but still apparent impacts were seen
up to 360 feet above the coal seam. Dewa-
tering of overburden extended within an an-
gte of influence of approximately 20 degrees
from the mined panel. Well and spring de-
watering were also dependent upon lithology
and the location of a groundwater supply’s
recharge zone: if most of it was within the
angle of influence, dewatering was likely.
The presence of lineaments® also influenced
dewalering. Eighty percent of accessible
dewalered wells showed no significant re-
covery one to three years after dewatering.

Siream flow was also affected, with a decline
in flow proportional to the percent of the re-
charge area that was dewatered in areas
with 100-170 feet of overburden. Complete
loss of flow was also seen in some of these
sireams 50

Besides reductions in stream flows resulting
from decreased groundwater contributions,
streams may be directly affected by the de-
velopment of subsidence cracks and fissures
in the streambed. In West Virginia,
subsidence has sometimes resulted in the
complete or partial capture of stream flow.®

The effects of subsidence on streams were
studied by Dixon and Rauch at three under-
ground mine sites in northern West Virginia.
Baseflow discharge was studied in selected
streams located over and adjacent to
longwall panels. Streamflow impacts were
noted for streams crossing over longwall
panels at all three sites. Flow depletion
typically began before the sireams crossed
over the panels, and became more severe
as the panels were approached. As the
sireams crossed over the panels” upstream
edges, streamflow usually increased some-
what and then decreased again as they
flowed across the panels. Streams com-
monly dried up over mine panels located
within 500 vertical feet of the surface, but did
not go dry over deeper panels. Recovery of
streamflow, inferred by comparison with
nearby sireams over panels of diflerent
ages, was observed. Flows regained normal
levels within one to two years after initial
undermining where overburden exceeded
500 feet. One stream associated with a long
lineament in an anticlinal setting had not re-

6t

Moebs, N. N Barion, T. M. “Short-term effects of longwall mining on shallow water sources.” In:
Mine Subsidence Control. Proceedings, Bureau of Mines Technology Transfer Seminar, Pittsburgh,
September 19, 1985. Washington, D.C.: U.S. Bureau of Mines, 1C-2042, 1985, pp. 13-24.

A lineament can be defined as a linear topographic feature that reveals the presence of a subsurface
geologic feature such as a fault. Lineaments are often detected through such surface features as the
alignment of stream channels or soil, vegelative, or topographic features detectable by aerial pho-
tography.

Cifelli, R. C.; Rauch, H. W. “Dewatering effects from selected underground coal mines in north-central
West Virginia." In: Peng, S. S. (ed} Proceedings, 2nd Workshop on Surface Subsidence Due to
Underground Mining, Morgantown, Wesl Virginia, June 9-11, 1986. Morgantown: Waest Virginia Uni-
versity, Department of Mining Engineering, August 1986, pp. 248-263.

Jernejcic, F. West Virginia Department of Natural Resources. Personal communication, January 6,
1989. Also, Cifelli and Rauch, ibid., p. 252, note that "[s]ireams located over longwal! paneis at [two
active longwall mines in West Virginia] exhibited the disappearance or severe reduction of flow along
the length of the streams, ponding of waler due to subsidence and the local reversal of the natural
hydraulic gradient, and lining of the streams by the mining companies in order to limit mine inflow
rates of stream water.”
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turned to normal by the fith year afler
undermining.%

Subsidence has also been reported to aller
surface topography and thus drainage pal-
ierns, resulting in ponding in some areas.
Sometimes more destructive {at least in the
short term) than subsidence cracking and
ponding have been the measures taken by
coal operators to correct these problems. In

the case of subsidence cracks intercepting -

stream flow, coal operators sometimes
grade streambeds, then line them with plas-
tic or rubber to prevent water inflow to the
mines. Channelization and rerouting of
streams are also undertaken, sometimes at
the request of the surface owner, to alleviate
ponding.®

Hydrologic effects of multiple longwall pan-
els were studied by Walker ef al.% and by
Schultz.® in the former study, five welis
were positioned over the centerline, edge,
or chain pillar of three consecutively mined
longwall panels in Greene County,
Pennsylvania. Overburden thickness was
750-1000 feet, and the wells of a depth simi-
lar to domestic water wells, 150 feel. The
wells over the panel centertines showed the
greatest water level fluctuations and loss of
static head. Fluctuations and head loss aiso
occurred over previously mined panels dur-
ing active mining of an adjacent panei. Wa-
ter levels in four welis recovered to
near-premining levels within 18 months after
mining; the fifth stabilized for several months
after being undermined and then went com-
pletely “dry” for the remainder of the study.

Schultz’s study involved not only well level
monitoring but also aquifer tests. Ten ob-
servation wells 17 1o 150 feet deep over two
fongwall panels, mined at depths of 6§70 to

804 feel, were monilored. along with springs
and seeps. Eight of the wells were near the
panel centerlines. Supporting Booth’s con-
ceptual model, subsidence over the panels
raused increased permeability. Of the eight
wells in which usable results were oblained,
there were static water level declines of less
than 10 feet in six wells, 25 feet in one well,
and 42 feet in another. Water levels were
influenced by dry weather as well as mining.
Three observation springs located above the
panels showed a decline in discharge, while
new springs or seeps were observed form-
ing downslope from them.

Thirty-nine wells in areas not undermined
during the study period were also monitored.
These wells were in areas grouped into
three types. 1) areas not undermined; 2)
areas previously undermined by room-and-
pilar methods; and 3) areas previousiy
undermined by longwall mining methods.®
The mean seasonal water level in wells in
longwall-mined areas ranged from 2.64 to
31.35 feet lower than in wells in the other
areas. Twenty-nine percent of the wells in
longwall-mined areas were dry at least once
during the study pericd compared to 3 per-
cent of the wells in other areas. The mean
annual water level fluctuation was higher in
wells in longwall-mined areas than in those
in the other areas.

Coe and Stowe evaluated changes in the
hydrologic balance above two longwall op-
erations in the .Appalachian coal basin in
Chio. The water level in a deep well
dropped dramatically when an adjacent
panel was mined. Shallow water sources
located above or adjacent to active panels
were all affected. However, over a second
mine, the majority of water sources moni-
tored were not affecled by longwall-related

65

Dixon, D. Y.; Rauch, H. W. ‘“The Impact of Three Longwall Coal Mines on Streamflow in the Northern
Appalachian Coal Field." Paper presented at Geological Sociely of America Annual Meeting, St.
Louis, Missouri, 1989. GSA Meeting Paper Abstracts, 21(6):A231, 1989.

Jernejcic, ibid.; and Holbrook, J., Anthracite Reclamation Programs Branch, U.S. Office of Surface
Mining, Wilkes Barre, Pennsylvania. Personal communication, January 8, 1989,

Walker, J. S.; Green, J. B.; Trevits, M. A_. “A case study of water level fluctuations over a series of
longwall panels in the northern Appalachian coal region.” In: Peng, S. S. (ed.) Proceedings, 2nd
Workshop on Surface Subsidence Due to Underground Mining, Morgantown, West Virginia, June 9-T1,
1986. Morgantown: West Virginia University, Department of Mining Engineering, August 1986, pp.
264-269.
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subsidence. Lithology and topography ap-
parently accounted for the difference in mine
effecls on waler sources; although overbur-
den thickness above the second mine was
only half that above the first mine, a higher
percentage of clays, shales and claystones,
logether with less-rugged topography, ap-
parently accounted for the difference ¥

Groundwater impacts were evalualed aqver
three mine sites, two in northern West
Virginia and one in  southwestern
Pennsylvania, by Dixon and Rauch. The
sludy specifically focused on determination
of the maximum extent of dewatering; the
potential for physical damage from
subsidence to well structures; the recovery
of waler levels after dewatering: and the
geologic and mining factors responsible for
observed effects. The three mine sites were
distinguished primarily by the thickness of
overburden above the mine workings. De-
watering of groundwater supplies due to
subsidence over longwall panels was meas-
ured or reporled at all three sites, with the
most extensive dewatering occurring at the
site where overburden was thinnest (Site A,
less than 180 feet) and least extensive de-
watering occurring at the site with the
thickest overburden (Site C, 320 1o 640 feet).
Water level recovery was greater at the two
sites with thick overburden, and much less
extensive at the other site. At Site A, shal-
low dug wells in valleys and near streams
showed full recovery within eight months of
dewatering, in contrast to dug wells on
hillsides and drilled wells. At Site C, water
levels in accessible shallow wells returned
to normal within one to 14 days after initial
dewatering. At site B, extent of recovery
was not determined. Hydraulic conductivity
in shallow rock strata with 250 feet of the
surface was measured at Site C, and in-
creases of five- to 500-fold were observed.
Structural damage to undermined wells, in-

cluding collapsed well strata, ruptured wetll
partitions, ruptured plastic pipe, and pinched
melal pipe, was common at Site A, but less
common at Site C.58

One of the most comprehensive studies of
the effects of coal mining on water resources
was undertaken by Stoner ef al. in Greene
County, Pennsylvania.® Exiensive hydrologic
and geologic data were evaluated in order
to assess the effects of past and current
mining, both surface and underground, on
groundwater and surface water quantity and
quality. A numerical model was developed
to clarify groundwater flow and to predict ef-
fects of future mining on groundwater flow
and static levels. One component of the
study  involved  the monitoring  of
groundwater levels over three different ac-
tive underground mines: one room-and-
pilar, one pillar removal, and one longwall
mine. In one well, the bottom of which was
located 240 feet above the room-and-pitlar
mine, no decline in static water level was
observed. A well 608 feet above a longwalt
mine showed an eight-foot decline, with
nearly immediate recovery. However, the
static water level in the well whose bottom
was located 90 feet above a pillar-removal
operation dropped 200 feet and had not re-
covered appreciably at the end of a year.
Five test wells installed above abandoned
underground mines showed water level
fluctuations similar to those in wells over
unmined areas, suggesting that water-level
conditions generally stabilize after com-
ptetion of underground mining. The ex-
tremely rapid recovery observed in the well
above the longwall mine was not predicted
by the groundwater simulation model.

Summarizing from their investigations,
Stoner ef al. state that “future underground
mining of the Pittsburgh coal, where overly-
ing rocks are not fractured to the depth of
the mine, will not appreciably affect

7 Coe, C. J.; Stowe, S. M. “Evaluating the impact of longwall coal mining on the hydrologic balance.”
In: Graves, D. H.; De Vore, R. W. (Editors) Proceedings, 1984 Symposium on Surface Mining,
Hydrology, Sedimentology, and Reclamation, University of Kentucky, Lexington, December 2-7, 1984.
Lexington: University of Kentucky, Office of Engineering Services (Bulietin UKY BU138), pp. 395-403,

December 1984,

& Dixon, D. Y.; Rauch, H. W. “Study of Quantitative Impacts o Ground Water Associated with Longwall
Coal Mining at Three Mine Sites in the Northern West Virginia Area.” In: Praceedings, Seventh
Internatianal Conference on Ground Control in Mining, August 3-5, 1988, Morgantown, West Virginia.
Morgantown: West Virginia University, 1988, pp. 321-335.

% Stoner, J. D.; Williams, D. R_; Buckwalter, T. F.: Felbinger, J. K.; Patlison, K. L. Water Resources and
the Effects of Coal Mining, Greene County, Pennsylvania. Prepared by the U.S. Geological Survey,
Water Resources Division, in cooperation with the Pennsylvania Geological Survey. Harrisburg:
Pennsylvania Geological Survey, Water Resource Report 63, 166 pp. plus maps, 1987,

Chapter 4: Subsidence Effects on Water Resources

25



groundwaler quantity in Greene County. ™
Possible exceptions to this general predic-
tion would occur where overburden depth is
less than 300 feet, and in situations where
“vertical fracture zones or fractures caused
by collapsed mine workings effectively con-
nect shallow aquifers to a deep mine."” In
general, the authors suggest that the effects
of fracturing from deep mines will be iso-
laled and generally less than those reporied
in cases where the mining has not been as
deep. Changes in groundwater quality due
to underground mining were notl docu-
mented, in contrast to observed effects of
active and reclaimed surface mines. Sur-
face mining of coal also adversely affected
water levels in nearby wells. Acid mine
drainage into surface waters was found to
be common in eastern Greene County,
where past and present mining has been
cancentrated.

Summary of Field Studies

This chapter has- reviewed a number of
studies on the hydrologic effects of high-
extraction underground coal mining in the
Appalachian region. They are listed in Table
2 along with the location and characteristics
of the study. '

Following is a discussion of the extent to
which certain specific effects alleged to re-
sult from high-extraction mining are sup-
ported by the research reviewed. The
application of sludy results to coal mining
conditions in Virginia is discussed in the next
section.

1. Subsidence affects groundwater
hydrology. All studies reviewed support
this conclusion,

2.  Welis within the subsidence area may be
dewatered lo some extent; i.e., they may
exhibit at least short-term drops in static
waler levels. All relevant studies re-
viewed support this conclusion.

3. Shallow aquifers are less likely to exhibit
water level declines than deep aquifers.
There is considerable disagreement
among the sfudies with respect 1o this

™ Ibid., p. 107.

" Ibid.

statement, indicating that sile-specific
factors, including overburden thickness
and character and especially vertical
separation belween well bottom and
mined seam play a major role. Booth’s
model predicts that shallow wells will
be affected regardless of a vertical hy-
draulic connection to the mine void,
while Stoner would expect impact to
shallow wells only if such a conneclion
exists. In general, however, the studies
reviewed indicate that wells vertically
closer to mine works are more likely to
be affected. Rauch’s explanation of the
different zones above a collapsed mine
void lends conceptual support to this
conclusion.

The likelihood of dewatering depends on
a well's horizontal distance from the
mined panel, with those within an angle
of draw at increased risk and those
above the panel centerline at greatest
risk. Booth’s conceptual model predicts
this conclusion, and his study of well
response to a longwall panel indicated
that wells within 1400 horizontal feet of
the panel showed some dewatering,
while those farther away did not. Moebs
and Barlon found that water levels
within the boundary of the longwali
panel showed precipitous decline, while
those 500 feet or more outside the panel
rib line, and outside a 25° angle of draw,
were unaffecled. Rauch, generalizing
from his own and others’ studies, de-
scribes an "angie of dewatering influ-
ence” of about 30° +/- 10° with respect
to groundwater loss near longwall pan-
els™ [n fact, most studies in which
monitoring wells were positioned both
inside and outside of the subsided area
support this conclusion.

Water level declines in affected wells are
only short-term. There is conflicling evi-
dence regarding the duration of effects
on groundwater. Most studies suggest
that site-specific factors determine the
rapidity of recovery. Such factors in-
clude vertical distance between the
mine workings and the well bottom; well
location, coal seam depth, and overbur-
den thickness and character; whether

72 Rauch, H. W. Wesl Virginia Universily, Morgantown, West Virginia. Personal communication, January

16, 1990.

Chapter 4;: Subsidence Effects on Water Resources

26



Author

Hasenfus et a/. 1988

Hobba 1981

Stoner 1983

Fennington et a/, 1984

Tieman & Rauch 1987

Bruhn 1986

Moebs & Barton 1985

Cifelli & Rauch 1936

Dixon & Rauch 1989

Walker et a/. 1986

Schultz 1988

Coe & Stowe 1984

Dixon & Rauch 1988

Stoner et a3/, 1989

TABLE 2: SUMMARY OF STUDIES

Location Mine
Depth (Ft.)
wv 700
wv <150
600-700
PA unspec-
ified
PA 550
PA 656-1000
wv 600
PA 750-1000
wv unspec-
ified
wv < 500
> 500
PA 750-1000
wv 670-804
OH unspec-
ified
WV, PA < 160
160-320
320-640
PA Various

Mine Type

Longwalil

Aban-
doned

Pillar re-
treat and
longwall

Longwall

Longwall

Pillar
retreat

Longwall

Longwall
and pillar
retreat

Longwall

Longwall

Longwall,
room-
and-pillar

Longwall

Longwall

Various

Focus

Static water levels,
aquifer characteristics,
relationship of geomech-
anics to aquifer recovery

Hydrologic balance

Aquifer characteristics,
recovery of shallow
aquifers

Static water tevels,
aquifer characteristics

Dewatering effects on
wells, springs, and
streams

Effects on aquifers at
different depths

Static water levels and
streamflow; angle of
draw

Groundwater effects of
high-extraction mining
vs, abandoned room-
and-pillar

Subsidence impacts on
streams

Impacts on wells
over multipte
longwall panels

Effects on wells over
two panels; compar-
ison with unmined,
previously room-and-
pitlared, and pre-
viously longwalled

Hydrologic balance;
shallow vs. deep wells

Static water levels, de-
watering bounderies
and factors, damage to
well structures

Regional impacts of
mining on water re-
sources; groundwater
impacts of longwall,
rcom-and-pillar, pillar
retreat, and surface
mining; modelling
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the mine workings are above or below
drainage; topography; the presence of
tineaments and vertical fractures: hy-
draulic connections between streams
and wells; and the presence or absence
of aquitardal layers. Booth notes that
“subsidence-induced permeability in-
creases in shallow aquifers cause in-
creased throughput and {accentuated by
storalivity increases) lowered water
levels in recharge zones,” while later
compression and settflement “cause
partial reductions in permeability and
storativity and partial recoveries in wa-
ter levels.”™ Examples of complete re-
covery, partial recovery, and no
recovery of wells are found throughout
these studies. It should be noted that
most of the studies did not continue
mofnitoring longer than one year afler
mining, and thus could not draw con-
clusions with respect to long-term ef-
fects. Three studies (Hobba; Cifelli and
Rauch; Stoner et al) examined
hydrologic impacts over relatively long-
" abandoned mines. Sloner’s data sug-
gest that groundwater availability over
abandoned mines may not be appre-
ciably different from that in unmined
areas, although in cases where mine
collapse causes fracturing of overbur-
den, this may not hold. Schultz found
that wells over abandoned longwall
mines showed decreased water levels
relative to those over abandoned room-
and-pillar mines and those in areas
never undermined. It is unclear from his
study, however, how long before well
monitoring the mining had been done.
Moreover, several of these studies co-
incided with periods of low precipitation,
which is likely {o have affected recharge
and well recovery.

Springs and streams above or close to
high-extraction mines may be adversely
affected (i.e., partially or completely de-
walered). Of the studies in which
springs and streams were monitored,
those of Cifelli, Schuitz, Dixon and
Rauch, and Coe indicated dewatering.
while those of Moebs and Pennington
did not. Again, site-specific factors of
hydrogeology, mined seam elevation in

relation 1o major drainage, and location
of the spring or stream probably control.

Waler quality of streams. springs, and
wells in the vicinily of high-extracfion
mines is unlikely ta be significantly af-
fected. Most of the studies reviewed fo-
cused primarily on mining effects lo
water movement and availability. Of
those that examined water quality
changes after active mining, most found
that water quality changes were iran-
sient and of small magnilude. Whether
such changes are significant biologically
or for human use was not directly ad-
dressed. Potential effects are likely to
be highly dependent on site-specific
factors, including the mineral composi-
tion of overburden.

Subsidence may make more
groundwaler available for development.
There are  several aspects  of
groundwater avaiiability for develop-
ment: infiltration, hydraulic conductivity,
and storativity. Increased fracturing as-
sociated with subsidence would log-
ically be expected to enhance these
aspects of groundwater availability ow-
ing to decreased runoff, greater infil-
tration, and increased storage.
Increased amounts of groundwater
available for development would de-
pend on where increased storage and
enhanced secondary permeability oc-

-curred. Static water levels might also

show increased fluctuation in response
to precipitation events. Results from
studies in which aquifer lesting was
conducted are mixed, however, indicat-
ing once again that site-specific faciors
may control. Bruhn found that the effect
of pillar retreat mining was either to
leave hydraulic conductivity unchanged
or to increase it by one or two orders of
magnitude. No dominant trend in
storativity values was observed in his
study. Pennington found that "fracturing
from subsidence apparently has little
effect on the hydraulic conductivity of
the aquifers.”’* Hobba found that high
transmissivities were associated with
areas affected by mine collapse, and
concluded that mining and mine
subsidence “increases the total amount
of water available for development by

3 Booth, C. 4., op cit.,. p. 514.

4 Pennington, D., el al, op. cit., p. 93.
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permitting increased infiltration and re-
duced evapotranspiration."?s

9. Subsidence may aller stream flow char-
acteristics. A potential effect of
subsidence on surface streams is alter-
ation of base flows. In his investigation
of hydrologic effects of subsidence due
to underground mining, Hobba found
that subsidence increased infiltration,
reduced evapotranspiration, and in-
creased base flows in small sireams
draining the subsided area.’™ Ecological
and social impacts stemming from such
an effect might be beneficial, because
streams in the coalfields are known for
guick discharge of precipitation runoff
and low base flows. None of the studies
examined the  effects of mine
subsidence on peak flows.

Applications to Virginia

The studies reviewed above were conducted
in the northern Appatachian region of
Pennsylvania, West Virginia, and Ohio.
Therefore, conclusions drawn from them are
limited to their specific areas, geological
formations, and mining conditions. Never-
theless, because of broad geolegical simi-
larities between those areas and the Virginia
coalfield region, it is possible to draw infer-
ences about the potential effects of high-
extraction mining in Virginia. Moreover, no
published studies have focused on the
hydrologic effects of subsidence in the Com-
monwealth.

Geology and mine depth are fwo important
factors in understanding the implications for
Virginia of the out-of-state studies. <Con-
cerning geology, some conditions in Virginia
are different from northern West Virginia and
Pennsylvania; for example, the massive
sandstone formations found in some parts
of the Virginia coalfields have no counter-
parts in northern West Virginia or
Pennsylvania. On the other hand, there is
considerable variation in geomechanical

3 Hobba, W. A, Jr., op. cit., p. 74.
% bid,

~

7 Randolph et al. 1989,

properties of overburden even within
Virginia. The studies reviewed include a
range of geologic conditions and demon-
strate potential impacts in a variety of situ-
ations,

Concerning mine depth, there was a great
deal of longwall mining done in relatively
shaflow coal seams in West Virginia during
the early 1980s. Several of the studies re-
viewed included mines at depths less than
500 feet, while about half studied mines al
600 to 1000 feet. In contrast, seven of
Virginia’s ten operating longwall mines are
mining seams with 1000 to 2700 feet of over-
burden. The minimum overburden of the
other three longwall mines operating in
Virginia is 420 feet.”” On the other hand,
most of Virginia“s pillar extraction operations
are above drainage, operating at consider-
ably less depth than the state’s longwall op-
erations, at depths similar to those mines
documented in reviewed studies. Despite
the differences, the apparent similarilies be-
tween the geology, topography, and mining
techniques in the published studies re-
viewed above and those found in the Virginia
coalfields lend credence to the view that the
potential exisis for similar effects in Virginia.

There is some evidence that effects similar
to those documented elsewhere are being
experienced in Virginia. From 1983 through
1489, DMLR received 52 complaints of well
loss, spring loss, well degradation, or pond
foss associated with subsidence from
underground mining. Twelve weére judged
valid by the agency; fifteen not valid; twelve
inconclusive because of insufficient data;
and the remainder (13) are either under in-
vestigation or have been settied privately.
Of ithe 52 water-related complaints, 27 were
at mines with longwalls. The number of
valid, not wvalid, inconclusive, and other
complaints associated with longwall mines
were, respectively, five, two, ten, and ten.®
Another six complaints of spring loss or well
loss during the same period were judged by
DMLR to be due to subsidence from non-
longwatl underground mining operations.™
While these numbers by themselves cannot

7* DMLR complaint investigation file, Big Stone Gap. February 1990.

™ lbid.
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support conclusions (primarily because they
do not represent the universe of water prob-
lems caused or alleged to be caused by
high-extraction mining in Virginia, as dis-
cussed in Chapter 6), they do suggest that
some adverse hydrologic impacts are being
experienced in the coal fietds.

The polential effects of mining-induced
subsidence on groundwater levels and flow
in the Virginia coalfieids are likely to be lo-
calized. According to the findings in avail-
able literature, effects such as lowering of
groundwater levels and dewatering of
aquifers that supply wells, springs, and
seeps are not likely to extend much beyond
a limit defined by an angle of draw generally
between 15 and 35 degrees. This is ex-
pected because of the low transmissivities
of deep lithologic units, except where
lineaments or large fractures are encount-
ered. Moreover, groundwater systems in the
coal-producing region of Virginia are gener-
ally tlimited by topography, with no
hydrologic conpection between groundwater
systems from one valfey to the next. This
fact is recognized by Epps in her report on
groundwater prospects for Buchanan
County:

Groundwater shortages in high use areas
will become more severe unless new
areas with underdeveloped groundwater
supplies are tapped. Considering the dif-
ficult terrain and the economics involved,
it is probable that people in built-up
seclions will continue to suffer seasonal
shortages which will gradually become
year-round shortages while the next val-
ley a mile away has groundwater to
spare.® :

To say that the hydrologic effects are focal-
ized is not to diminish their importance. The
impacts of these effecis can be severe to af-
fected individuzls and local ecosystems.
And while the area of potential effects
around a particular high-extraction mine in
most cases does not extend far beyond the
undermined area, some of these operations
are very large, with thousands of acres sub-
ject 1o subsidence over their jife. The per-
centage of land area in

Buchanan,

Dickenson, and Wise counties that may ulti-
mately be affected by high-extraction mining
subsidence is substantial. Nevertheless, il
should be possible in most cases to deter-
mine the limits beyond which subsidence-
related groundwater effecis/impacts will not
occur. Effects on surface waters could cre-
ate impacts outside the immediate area of
the mining operation, Research suggesls
that streams draining mined areas show
changes in chemical composition, with in-
creased sulfate levels and in some cases
increased dissolved solids.® These effects,
however, are perhaps more closely related
to surface mining. Virginia is foriunate that
the pyritic geological strata responsible for
the worst acid mine drainage problems in
other Appalachian states are not present in
large quantities.

Summary

There is considerable research evidence of
shorf:term  hydrologic impacts of rapid
subsidence; the exact nature of the effects
depends on site-specific faclors of lithology,
topography, and stratigraphy, as well as the
location, dimensions, and timing of mining
operations. The studies reviewed seem
generally consistent with Booth’s conceptual
model, in which fracturing and sagging of
strata overlying high-extraction mines and
within a specified and limited angle of draw
increase transmissivity and storativity both
in deep formations and in shallow aquifers.
Groundwater levels are iikely to decrease in
the vicinity of subsided areas, affecting wells
and springs, and groundwater flows may be
disrupted. Several researchers saw evi-
dence of at least partial aquifer recovery to
premining leveis after completion of active
subsidence. In the few studies that exam-
ined water quality impacts, the effects of
subsidence on groundwater, if any, were
short-term and minor. Water quality impacts
could be a concern where there are large
deposits of pyritic or other highly reactive
mineral materials in the overburden, but this
is generally not a problem in Virginia. Sur-
face streams may be directly affected by

® Epps, S. R. Buchanan County Groundwaler: Present Conditions and Prospects. Richmond: Virginia
State Water Control Board, Ptanning Bulletin 311, October 1978, p. 73.

#1 Larson, J. D.; Powell, J. D. Hydrology and Effects of Mining in the Upper Russel Fork Basin. Buchanan
and Dickenson Counties, Virginia. Richmond: U.S. Geological Survey, Water-Resources Investi-
gations Repoft 85-4238, 1986; and Rogers. 5. M.; Powell, J. D. Quality of Ground Water in Southern

Buchanan County, Virginia.
Report 82-4022, May 1983.
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streambed fracturing or indirectly affected larities in mining, geology. and lopography
by groundwater rerouting. Although the between the Virginia coalfields and those of

studies reviewed in this chapter were not the studied areas lead !o a conclusion that
conducted n Virginia, and there are some similar effects could be occurring here.
differences in geologic structure, basic simi-
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Chapter 5: Institutional Mechanisms for Protection

of Water Resources

This chapter reviews the institutional con-
trols -- the laws, policies, and implementing
government agencies - that protect
Virginta’s water resources and users from
adverse subsidence effects. Two major wa-
ter resource protection mechanisms are de-
scribed:

1. The Surface Mining Control and Recla-
mation Act {(SMCRA), as implemented
by VDMLR, which provides a mech-
anism for protection of water resouces
considered apart from human uses.

2. The common law, which provides pro-
tection for water resources only when
property rights are involved.

Regulatory Framework
Under SMCRA

Public policy must determine what level of
water resources protection is possible, de-
sirable, and appropriate. Those involved in
the policymaking process must weigh the
potential social and environmental impacts
of high-extraction coal mining against the
potential economic impacts of regulation.

In theory, levels of protection range from full
protection to none at all. This issue can be
viewed as a continuum, associating with
each level of protection a level of accepiable
damage. In a general sense it is possible to
distinguish a few broad categories:

Full protection. No damage would be al-
lowed 1o groundwater and surface water re-
sources. No diminution in quantity or quality
would be allowed, consistent with Virginia‘s
antidegradation policy for groundwater
quality.® There would be no adverse social

or environmental impacts (apart from the
opportunity cost of mining), and productive
and beneficial uses of both water and land
(insofar as its use depended on water avail-
ability) would be unimpaired. Given that the
technical studies reviewed in the previous
chapter show that high-extraction mining
may cause adverse effects to water re-
sources, this level of protection is probably
inconsistent with further development of coal
resources through high-extraction mining.

Partial protection. Pariial protection would
allow limited deterioration of water quantity
or quality in connection with coal extraction.
Limits could be set in terms of severity of
degradation, areal extent, and duration. Al-
lowable damage would be short-term, local-
ized, and consistent with long-term,
cumulative protection of the resource. For
example, temporary disruption of wells and
streams, with recovery after a year or two,
might be permitted under a partial protection
standard. Parlial protection is consistent
with a cost-benefit approach, because it al-
lows for flexibility and compromise. Tempo-
rary disruption of streams and wells within
a circumscribed area might be considered a
reasonable price to pay for extracting coal.
(Who pays the price is a distinctly different
question). The cumulative effect of numer-
ous short-term, local water resource dis-
ruptions must also be considered in
permitting decisions.

No protection. If no protection were pro-
vided, coal mining operatars would not be
required to take any measures to prevent
erosion, treat mine drainage, or remediale
damage to surface owners or the environ-
ment. Costs to mining firms would be re-
duced, allowing coa! to be scld at more
competitive prices on the world market.
Coal mine employment would probably in-

2 See section in this chapter on Virginia water law and nalicy.
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crease, with attendant regional economic
benefils. Disruption of existing water re-
source use could be widespread, particularly
in areas wilh numerous mining operations.
In a worst-case scenario {mining above
drainage, severe fracturing to surface},
wells, springs, and streams could be dam-
aged or destroyed and surface owners left
with no legal recourse. Productive use of
land and water resources could be seriously
disrupted. The need to protect and replace
vital water supplies would subject the re-
gion’s citizens, industries, and governments
to numerous costs.

In terms of the preceding framework, Con-
gress intended to provide for partial pro-
teclion of water resources in passing the
Surface Mining Control and Reclamation Act
of 1977 ® SMCRA has two overall purposes:
to encourage exploitation of coal resources,
and to minimize environmental damage in
doing s0. The following review of SMCRA
provisions (as implemented in Virginia)
shows that Congress was aiming at a level
of protection of hydrologic resources that
would minimize mining impacts, containing
them both spatially and temporally,
Throughout the Virginia and federal statutes
is the phrase, “minimize the disturbance to
the hydrologic balance,” the performance
standard for allowable hydrologic damage
within the mine permit and adjacent areas.
Qutside the permit area, "material” damage
is to be prevenied.

Such a standard only implies that the oper-
ation will do no more damage than neces-
sary, that the damage will “constitute the
least possible.” No standard of protection is
implied by "minima! damage.” In theory, a
mining operation could minimize the envi-
ronmental disturbance to the extent techno-
logically and economically feasible, and still
do considerable damage.

Clearly, extraction of coal reserves cannot
be accomplished without some localized,
short-term effects on water resources.
Short-term, localized damage consistent
with long-term, cumuiative protection is what
Congress seems to allow in requiring that (a)
damage to the hydrologic balance be mini-
mized within the permit area (localized
damage); (b) iasting impacts be considered
in the cumulative hydrologic impacl assess-
ment (CHIA) process; and (c) impacts out-

side the permit area {nonlocalized damage)
be prevented. This localized, short-term
damage conslitutes environmental degrada-
tion accepiable under SMCRA,

Although SMCRA and its implementing reg-
ulations are highly detailed and complex,
Congress and OSM recognized that there
would be many determinations that could not
be made across the board and were better
delegated to the judgement and discrimi-
nation of those implementing the regu-
lations. Through such terms as “minimize,”
"aquifer that significantly ensures the
hydrologic balance,” “material damage.,”
and the like in SMCRA, Congress left con-
siderable latitude to DMLR and similar
agencies in other states for determining lev-
els of protection for the hydrologic balance.

Virginia’s Coal Surface Mining
Reclamation Regulations

The Virginia Coal Surface Mining Control
and Reclamation Act (VCSMCRA) was
passed to implement a state primacy pro-
gram under SMCRA. Regulations instituted
by DMLR in the Department of Mines, Min-
erals, and Energy {DMME) are similar to the
federal regulations. Following the federal
regulatory scheme, Virginia’s regulations
rely on a system of permitting, bonding,
monitoring, and detailed performance
standards for all phases of coal mining op-
erations to achieve their purpose: to mini-
mize environmental damage associated with
coal mining. The following sections describe
relevant permitting, monitoring, and per-
formance requirements for protection of the
hydrologic balance.

Permitting Requirements

General. Applicants for underground mine
permits are required to submit a general
description of premining environmental con-
ditions, including: cultural and historic re-
sources; climate; vegetative cover; fish and
wildlife resources; and land use, capability,
and productivity. Detailed information re-
garding the mine itself is required in an op-
erations plan, inciuding maps; schedules of
planned operations; mining techniques and
equipment; and an explanation of planned

83 Note, however, that one of Congress’ stated purposes in the Act is to “assure that the rights of sur-
face landowners and other persons with a legal interest in the land or appurtenances thereto are fully
protected from such operations” {emphasis added). SMCRA Sec. 102(b), 30 U.5.C.A. Sec. 1202(b).
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construction, maintenance, use, and removat
of mining facilities. A reclamation plan de-
scribing intended methods and timing of
reclamation efforts, and their estimated cost,
must also be submitted.

Hydrologic Information. Detailed hydrologic
information must also be submitted with the
permit application. Required baseline
groundwater information includes “the lo-
cation and ownership for the permit and ad-
jacent areas of existing wells, springs, and
other ground-water resources, seasonal
quality and quanlity of ground water, and
usage.”®™  Minimum  requirements for
groundwater quality include measures of
total dissolved solids, pH, total iron, and totai
manganese. For groundwater quantity, min-
imum requirements are "approximate rates
of discharge or usage and elevation of water
in the coal seam, and each water-bearing
stratum above and potentially impacted
stratum below the coal seam."® Additional
data may be required if a determination of
probable hydrologic consequences {PHC;
see below) indicates that adverse impacts to
the hydrologic balance may occur, on or off
the permit area.

There is a difference belween the hydrologic
information requirements applicable to sur-
face mines and those applicable to under-
ground mines. For surface mines expecled
o adversely impact water resources used
for domestic, agricultural, industrial, or other
purposes, applicants are required to identify
alternative sources of water. In the case of
surface mining, DMLR also has the authority
to require the mining company to replace
affected water supplies. Identification of al-
_ ternative sources and replacement of
adversely-affected water supplies are not
required for underground mines.

PHC. The permit applicant is required to
submit a determination of probable conse-
guences of mining on the “quality and
quantity of surface and ground water under
seasonal flow conditions for the proposed
permit and adjacent areas."®™ The PHC

8 Sec. 480-03-19.784.14
¥ Ibid.
* Sec. 480-03-18.784.14(e)

7 Sec.
impairment.

8 Sec. 480-03-19.784.14(g)

{probable hydrologic consequences deter-
mination) describes potential adverse im-
pacts, if any, on the hydrologic balance,
including sediment yield from the disturbed
area: acidity, total dissolved and suspended
solids, and other water quality parameters;
flooding or streamflow alleration;, and
ground and surface water availability. The
PHC must also determine whether contam-
ination of ground or surface water could oc-
cur as a result of contact with toxic or
acid-forming materials. Each permit revision
for an ongoing mining operation must be re-
viewed by DMLR with regard to whether or
not a new or revised PHC is necessary.

CHIA. Before issuing a permit, DMLR is re-
quired to assess of the probable conse-
quences of the applicant’s mine, together
with all other active, planned, or abandoned
mines in the area, on the area’s water re-
sources. This "cumulative hydrologic impact
assessment™ {CHIA) must also be reviewed
for each permit revision. The purpose of the
CHIA is to determine “whether the proposed
operation has been designed to prevent
material damage lo the hydrologic balance
outside the permit area™¥ (emphasis added).

Hydrologic Reclamation Plan, A hydrologic
reclamation pfan must be submitted, ex-
plaining how the applicant’s mining and
reclamation operations will be conducted to
“minimize the disturbance to the hydrologic
balance” within the permit and adjacent
areas, .to prevent material damage outside
the permit area, and meet applicable water
quality laws and regulations, in parlicular
those of the Clean Water Act at 40 CFR Part
434, Specific objectives of the plan are to
“avoid acid or toxic drainage; prevent to the
extent possible using the best technology
currently available additional contributions
of suspended solids fo streamflow; provide
and maintain water treatment facilities when
needed; conirol drainage; and restore ap-
proximate premining recharge capacity.”®
The plan must specifically address the po-
tential adverse impacts identified in the PHC.

480-03-19.784.14(f). “Material damage” is used in the context of SMCRA to mean functional
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Submitted by Applicant

Mine Operation Plan
Reclamation Plan

Subsidence Survey

Performed by DMLR

TABLE 3: ELEMENTS OF THE MINE PERMIT APPLICATION PROCESS

Premining Environmental Resources Information

Geologic Information

Groundwater Hydrology

Surface Water Hydrology

Probable Hydrologic Consequences
Hydrologic Reclamation Plan
Groundwater Monitoring Plan
Surface Water Monitoring Plan

Subsidence Control Plan

Cumulative Hydrologic Impact Assessment

Monitoring. The PHC provides the basis for
design of monitoring plans, focused on pa-
rameters related to the suitability of ground
and surface water for current and approved
postmining land uses. The design and in-
tensity of monitoring efforts depend on ex-
pected hydrologic consequences.

Groundwater monitoring plans should in-
clude installation of monitoring wells in sig-
nificant water-bearing strata, water quality
moniloring within the permit area; and indi-
vidual monitoring of “each significant
aquifer™ in any adjacent area that has wells,
springs, and/or mine discharges. Quarterly
submission of data is required. Monitoring
must be sufficient to identify the causes of
any diminution or contamination of usable
groundwater, guard against offsite influ-
ences, and provide representative data on
the effects of the proposed coal mining op-
eration. Specific DMLR instructions for
groundwater monitoring allow for tailoring
of the monitoring network according to the
specific conditions and expected effects of
the mining operation, and for waiving or
adding some monitoring requirements at the
discretion of the reguiatory agency.

Surface water monitoring requirements in-
clude measurements of tolal dissolved sol-
ids or specific conductance, total suspended

9 Sec. 480-03-19.700.5

solids, pH, total iron, total manganese, and
flow at strategic locations upstream and
downstream of potential impact areas. Point
source discharges must be monitored in ac-
cordance with Clean Water Act require-
ments.

Subsidence Survey and Control, For under-
ground mines a subsidence control plan is
required. The permit musi include informa-
tion on and show the location of structures
or renewable resource lands within the per-
mit or adjacent areas. Renewable resource
lands are defined as "areas which contribute
significantly to the long-range productivity of
water supply or of food or fiber products,
such lands to include aquifers and aquifer
recharge areas.”™ The plan must demon-
strate whether or not subsidence will cause
material damage or diminution of reason-
ably foreseeable uses of structures or re-
source lands, including aquifers.

if so, the plan must contain a description of
the size, sequence, and timing of develop-
ment of underground mine works; the mining
method used; a description of the geological
conditions likely to affect subsidence devel-
opment and its effects; and a description of
the anticipated eflects and measures
planned for mitigation of these effects. Po-
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tential impact areas are usually calculated
using a 28 degree angle of draw.®

If the preliminary survey shows, and DMLR
agrees, that structures or resource lands do
not exist in the permit or adjacent areas, or
that subsidence would not cause material
damage, no further information is required,

Performance Standards

Hydrologic Balance Protection. The general
performance standard for underground
mines is that all operations “shall be con-
ducted to minimize disturbance of the
hydrologic balance within the permit and
adjacent areas, to prevent material damage
to the hydrologic balance outside the permit
area, and to support approved postmining
land uses.”®

Specific performance standards for
groundwater protection relate primarily to
effects within the permit area of surface op-
erations associated with underground min-
ing: handling of earth materials,
excavations, and drainage control. Besides
the requirement that these operations be
conducted to minimize acidic or toxic infil-
tration to groundwater systems and restore
the approximate premining recharge capac-
ity, the specific perfformance standards in
this section (480-03-19.817.41) are related
entirely to monitering. Only one section
raises the possibility that something other
than monitoring may be required: Section
480-03-19.817 41(c){2){ii} states, "if degrada-
tion, contamination or diminution of water
quatlity or quantity are evident through mon-
itoring, then additional monitoring and/or

remedial action may be required by the Di-
vision.” (emphasis added).

Performance “standards for both
groundwater and surface waler protection
apply mainly to above-ground operations of
an underground mine, apart from monitoring
requirements, In both cases. monitoring is
required throughout the course of mining
and reclamation unlil bond release, unless
DMLR is satisfied the operation has met the
general performance standards stated
above,

Subsidence Control. The performance
standards for subsidence control demon-
strate the apparenlly paradoxical treatment
of longwall and other high extraction mining
methods evident in SMCRA.® Mine opera-
tors must either take whatever measures are
technologically and economically feasible to
prevent subsidence resulting in material
damage, or adopt a mining technique {e.g.,
longwall mining or pillar retreat mining) that
provides for planned subsidence “in a pre-
dictable and controlled manner.™® If
subsidence results from a mining operation,
the operatlor is required fo repair surface
damages "by restoring the land to a condi-
tion capable of maintaining the value and
reasonably foreseeable uses which it was
capable of supporting before subsidence™
and, to the extent required by state law, ei-
iher correct material damage to any struc-
tures or facilities by repair or compensation.
The emphasized phrase reflects a significant
change in the federal regulations, the con-
sequences of which are discussed below.

Underground mining cannot be conducted
under or adjacent to public buildings;

% Brown, D. R., Commissioner, DMLR. Memorandum re: Requirements for Subsidence Control Plans,

October 10, 1986.

¥ Sec. 480-03-19.817.41(a)

"Paradoxical” in that subsidence from underground mining causing material damage is not allowed,
except in "those instances where the mining technology used requires planned subsidence in a pre-
dictable and controlled manner.” SMCRA Sec. 516(b)(1), 30 US.C. 1266. This clause reflects Con-
gress’ concern for prevention of unplanned subsidence years after completion of mining, and their
conviction that high-extraction mining was preferable in this respect. The Congressionat sponsors
of SMCRA, according to Congressman Morris Udall (Arizona) (one of the bill’s principle proponents}
considered longwall mining “ecologically preferable, and it and other methods of controlled
subsidence are explicitly endorsed.” 123 Congressional Record H22731, July 10, 1974; quoted in
Gorrell, G, R.; McGuire, K. M. “Major issues in subsidence regulation.” in: Peng, $. S. (ed.) Pro-
ceedings, 2nd Workshop on Surface Subsidence Due to Underground Mining, Morganlown, West
Virginia, June 9-11, 1986. Morgantown: West Virginia University, Dept. of Mining Engineering, August
1986, pp. 19-30.

9 Sec. 480-03-19.817.121(a)

M Sec. 480-03-19.817.121{(c)
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Inside the Permit and Adjacent Areas

Outside the Permit and Adjacent Areas

+ Prevenl material damage

TABLE 4: PERFORMANCE STANDARDS FOR HYDROLOGIC BALANCE PROTECTION

* Minimize disturbance to the hydrologic balance
e Support approved postmining land uses

churches, schools, and hospitals; or water
impoundments, unless the subsidence con-
trol plan demonstrates that subsidence will
not cause material damage. DMLR reserves
the right to limit the amount of coal extracted
in order to prevent subsidence damage to
the facilities listed above, and to “any
aquifer or body of water that serves as a
significant water source for any public water
supply system.” The agency can also sus-
pend mining operations if such damage is
imminent, or if public safety is imperiled.
Finally, mining operators are required to
give six months notice to owners and occu-
pants of surface structures beneath which
mining is planned.*

Significant Regulatory Changes

Since Virginia's regulatory program under
SMCRA was approved by the U.S. Secretary
of the Interior in 1981, there have been sig-
nificant modifications to regulations defining
protection of the rights of surface owners af-
fected by subsidence. These modifications
have resufted from litigation over statutory
authority for some regulatory requirements.

Replacement of Water Supplies. One signif-
icant change for protection of surface owner
rights concerns the requirement for replace-
ment of water supplies damaged by mining
operations. As mentioned above, Virginia
regulations and those of the Office of Surface

# Sec. 480-03-19.817.121(d)

Mining

Reclamation and Enforcement
{OSMRE) at the federal level require re-
placement of water supplies disrupted by
surface mining, but not those disrupted by
underground mining. In OSMRE’s original
(1979) regqulations under SMCRA the water
replacement requirement was considered
applicable to both surface and underground
mining.¥ However, in In Re: Permanent Sur-
face Mining Regulation Litigation® Judge
John Flannery, (4.S. District Court for the
District of Columbia), ruled that the language
in SMCRA, Sec. 717. applied only to surface
coal mining, despite the fact that in Sec. 701,
“surface coal mining operations" is defined
to include "surface impacts incident to an
underground coal mine” as well as the areas
“where such activilies disturb the natural
tand surface.” Following this ruling, federal
reqgulations were modified accordingly (in
1983, under Interior Secretary Watt) and
Virginia incorporated this distinction in its
permanent regulatory program.

A challenge by the National Wildlife Feder-
ation and others to the 1983 regulations
pointed to SMCRA reclamation plan re-
quirements as a basis for requiring water
replacement by underground coal operators.
Sec. 508(a)(13) calls for the reclamation plan
to include a description of measures that will
assure protection of the quantity of surface
and ground water systems, both on- and off-
site, or to provide alternative sources of wa-
ter where protection of quantity cannot be

% |n Virginia, the notice requirements are generally for surface owners and occupants over the mine
works and (for high extraction mines) within a 28 degree angle of draw.

¥ Gorrell, G. R.; McGuire, K. M. “Major issues in subsidence regulation.”

In: Peng, 5. S. (ed.) Pro-

ceedings, 2nd Workshop on Surface Subsidence Due to Underground Mining, Morgantown, West
Virginia, June 9-11, 1986. Morgantown: West Virginia University, Dept. of Mining Engineering, August

1986, pp. 19-30.

% 19 Epvironment Reporter, Cases, 1477, 1495, May 16, 1980.
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Ruling that water replacement was not required for

Deference to stale law on liability for subsidence

DMLR no longer responsible for enforcing liability for

TABLE 5: CHANGES IN REGULATIONS
Federal
1980
underground mining operations.
1987
damage to structures.
Virginia
1987
subsidence damage to structures.

assured. However, Judge Fiannery ruled
that this section’s scope is limited to plan-
ning and permitting requirements, not per-
formance standards.® The U.S. Court of
Appeals, D.C. Circuit, later ruled in a con-
solidated appeal of this decision and other
issues that Congress did indeed distinguish
between surface and underground mining
operations with respect to the duty to re-
place damaged water supplies.'™ As a re-
sult, water replacement is still not required
for underground mining operations under
federal regulations, although state regula-
tory agencies have the authority to require
mitigation measures as conditions of the
mine permit approval. It would appear that
such measures include water
replacement. In order to provide for more
consistent protection for surface landown-
ers, some states have enacted laws requir-
ing water supply replacement or
compensation,®2 '

Compensation for Subsidence Damage to
Structures. In 1987, regulatory control over
compensation for subsidence damage was
removed. Prior to July 1987, Virginia’s per-
formance standards for subsidence control,
like those at the federal level, provided for
surface owner protection from the effects of
subsidence. Mine operators, in the event of
subsidence damage to structures and other
surface features, were required to either
promptly replace or repair each damaged
structure to the condition il would have been
in had subsidence not occurred; purchase
the damaged structure for its pre-subsidence
fair market vafue; or compensate the owner
for subsidence damages.’ In 1387 the fed-
eral regulations were revised, however, al-
tering the damage correction provisions of
both the subsidence conirol plan and
subsidence control performance standards
seclions with the phrase, “lo the extent re-
quired under State law.”'™ Virginia changed

% In Re: Permanent Surface Mining Regulation Litigation, 22 Environment Reporter, Cases, 2153, 2165,

July 15, 1985.

1% National Wildlife Federation v. Interior Department (1988), 27 Environmental Reporter, Cases, 1153,

10 52 Federal Register 4866, February 17, 1987,
102 See Chapter 8.
0 Sec. VB817.124

¥ Federal Register 52(137).26972-26973, July 17, 1987. The provision that subsidence damage be ad-
dressed in subsidence control plans and that damage be corrected or compensated “only to the ex-
tent required under State law™ was part of OSMRE’s original regulations. However, in the Federal
District Court for the District of Columbia, Judge John Flannery remanded this portion of the regu-
tation simply on procedural grounds (In re: Permanent il, October 1, 1984). Meanwhile, in response
to OSMRE’s March 1985 notice that certain ¢changes in Virginia's permanent program, originally ap-
proved by OSMRE in 1981, were necessary o ensure that it was “no less effective” than the federal
program. In order to meet state needs and abjectives, Virginia elected to completely rewrite its
permanent program regulations. In November 1986, OSMRE found the clause, "o the extent required
by State law” in Virginia's proposed revisions to be “less effective than the corresponding federal
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its regulations accordingly, since VCSMCRA
requires that the state’s program be no more
stringent than the federal program, and sur-
face owners whose structures are damaged
must now negotiale individually with coal
companies individually or go to court. Min-
ing operators are still required to repair or
pay for damage to the land itself under both
federal and state law.™

The remainder of this section discusses the
extent to which surface owner property
rights are protected by common law.

Common Law: Protection
of Property Rights

The body of Virginia law concerning property
rights in water makes a sharp distinction
between waters flowing in a well-defined
channel and "percolating” waters, i.e., what
is normally thought of as groundwater. The
doctrine of riparian rights applies to walers
flowing in a channel, even If the channel is
underground. Under this doctrine, riparian
property owners {i.e., those owning property
on the banks of the channel) have the right
to use the water flowing through the channel,
so tong as this use does not interfere with
similar rights of other riparian property
owners downstream,

There are two common law doctrines that
apply to groundwater rights. One is the so-
called English rule of absolute ownership.
The owner of a piece of land is entitled to the
use of any and all groundwater he can re-
cover. This rule has been facetiously re-

ferred lo as the “law of the biggest suck” --
whoever has the biggest pump gets the wa-
ter. There are no restrictions or consider-
ations regarding waier use. except that it
cannot be used maliciously. The American
rule, or “reasonable use doctrine,” also al-
lows the properly owner to withdraw as
much groundwaler as he wishes. except that
water use must be reasonable and on the
premises; it cannot be exported. Virginia
courts have held that mining operations are
a reasonable use of property insofar as
percolating waters intercepted by mining
operations are concerned.'® Although the
Virginia courts have not made a definite
choice between these two theories, the rea-
sonable use doctrine seems to be favored.'?
The crucial difference between these doc-
trines and the riparian doctrine is that in the
former, the effect of a property owner’'s use
of groundwater on his neighbor’'s use is not
considered. This is probably due to the ar-
chaic origins of common law, when
groundwater’s extent and movements were
not understood.

Although the body of law governing the ef-
fects of underground mining on surface
owner groundwater rights is still evolving,
several important issues were seltled early
in this century. The distinction between wa-
ters flowing in well-defined channels and
percolating waters was elaborated in
Clinchfield Coal Corp. v. Compton,'™ where
the court stated that for the riparian doctrine
to apply, the water must not only flow
through a defined channel, but that the
channel must be discoverable by surface in-
dications without excavation for that pur-
pose. The presumption is that underground

rutes,” since that portion of the federal rules had been suspended. OSMRE subsequently rewrote the
rufes including the phrase in question, and approved the reinsertion of the phrase into Virginia's

regulations on July 17, 1987,

. Y5 Although it remains true that coal operators are liable for damage to structures only to the extant
required by state law as of the date of this publication, it appears that a change in federal regulations
may occur as a result of a recent court decision. In National Wildlife Federation v. [nterior Depart-
ment (1990}, the U.5. District Court of the District of Columbia ruled that the Interior Department
acted improperly in making the rule change described above. 31 Environment Reporter, Cases, at
1007. The court ordered the regulations at 30 C.F.R. Sec. 827.121(c) remanded to the Secretary of
the interior. Tt appears that interior will not appeal this ruling, but the coal industry (represented by
the American Mining Congress and the National Coal Association, intervenors in the case under
discussion} is considering an appeal, according to Longwall Forum 2{1). March 1990.

108 Clinchfield Coal Corp. v. Compton, 148 Va. 437, 139 S.E. 308 (1927)

197 Virginia Groundwater Protection Steering Committee. A Groundwater Protection Sirategy for Virginia.
Richmond: Virginia State Water Control Board, May 1987.

108 139 S.E. 308, 148 Va, 437 (1927)
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water is percolating water unless it is proven
otherwise '™

Several cases involving water supplies
damaged by coal mining demonstrate that
tiability depends on several factors, includ-
ing whether or not the water was
percolating, or flowing in a defined channel;
ownership of the surface lands and their re-
lation to the coal operation; terms of the
deed severing the minera! and surface es-
tates; and the right of subjacent support.

Subjacent Support

Some explanation of the subjacent support
principie is necessary. It is well-established
in Virginia law that the owner of the surface
lands in a severed estate (i.e., where own-
ership of an underlying coal deposit has
been split from ownership of overlying lands)
has an absolute right 1o support of his tand,
unless this right has been waived. The coal
owner must leave sufficient coal pillars,
props, or other means to support the mine
roof. The principle precludes use of high
extraction mining methods, unless the coal
mine owner is prepared to accept liability for
surface damages. ™

If subjacent support is not sufficient, the coal
owner may also be liable for damages to
groundwater supplying wells and springs,
depending on the terms of the deed severing
the mineral estate. The seminal case re-
garding subjacent support in Virginia was
Stonegap Colliery Co. v. Hamilfon, in which
it was held:

Where the surface of land and an under-
fying mine belong to different owners, if

the mine owner, in mining the minerals,
fails to leave sufficient pillars, props or
other means of support lo prevent the
strata overlying the minerals from break-
ing and falling, and as a result the said
strata are broken, and thereby a spring
on the surface is drained and destroyed,
the mine owner is liable for resulling
damages. '

In the same opinion, the court stated:

if, in mining in the usual and ordinary way,
subterranean streams or percolations of
water which feed a spring on the surface
are intercepted, thereby causing the
spring to sink or become dry, there is no
liability therefore upon the owner and op-
erator of the mine.

Thus, liability for damage to water supplies
hinges upon the question of subjacent sup-
port.

This principle was applied in the case of
Drummond v. White Oak Fuel Co." In this
case, the court ruled that the coal owner is
liable to the surface owner for destruction of
a spring only if the damage is the result of
removal of subjacent support; il adequate
support was left and no subsidence resulted,
the coal owner is not liable. The principle
has been affirmed repeatediy in the Virginia
courts.'?

The case of Oakwood Smokeless Coal Corp.
v. Meadows' provides an interesting vari-
ation. The cause of action was a spring, not
dewatered but rendered unuseable by pol-
luted water draining from the mine onto the
plaintifi’'s adjacent land as percolating water.
Because both the coal owner's land and the
plaintiff’'s land had been parl of the same
parcel when the coal rights were ceded, the

'® C{W Coal Corp. v. Salyer, 104 S.E.2d 50, 200 Va. 18 (1958)

119 A case decided on January 12, 1990 by the Virginia Supreme Court tested the right of a coal company
to conduct longwall mining operations without the permission of the surface owner to remove
subjacent support. The case stemmed from the Clinchfield Coal Company’s planned removal of coal
with five longwall panels from beneath 81 acres of undeveloped land owned by Gerald and Betty
Large of Dickenson County. Although reaffirming the principle of an absolute right of subjacent
support, the majority of the court agreed with Clinchfield, that a coal operation cannot be enjoined
merely because it will cause subsidence, in the absence of any showing that damage will likely result.

Two justices dissented.
11 119 Va. 271, 89 S.E. 305 (1916)
12 104 W, Va. 368, 140 S.E. 57 (1927)

I Kerr v. Clinchfield Coaf Corp., 168 Va. 149, 192 S.€ 741 (1937); and Oakwood Smokeless Coal Corp.

v. Meadows, 184 Va. 168, 34 S_E.2d 392,

184 va. 168, 34 5.E.2d 392
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plaintiff had acquired the land with this bur-
den. which entailed the coal owner’'s right
operate his coal mine. As the court poinis
out, “the right to mine coal without the right
to drain the mine is no right at all.”™ Since
that time, the Clean Water Act and its
amendments have sharply limited the right
to dispose of mine drainage into surface
streams.

This review of Virginia common law shows
that protection of groundwater righis from
the effects of underground mining is limited
in scope. The question whether protection
of property rights, even if it were compre-
hensive, could adequately protect water re-
sources raises a difficult question; how can
scciety value water resources (or any envi-
ronmental resources) apart from the rights
of individuals to use whatever portions of it
they can? 1t is in part to correct environ-
mental abuses that fall outside the sphere
of property rights and their exchange in the
market that environmental faws such as
SMCRA are created.

Virginia Water Law and
Policy

While common law focuses on damages 1o
property rights, and VCSMCRA establishes
a regulatory apparatus focusing on a partic-
ular industry, there is an as yet uninvoked
public policy relevant to this problem:
Virginia’s Groundwater Protection Policy.
As implemented through the Virginia Water
Control Law,' the policy reflects the follow-
ing language from Aricle XI, Section 1 of the
Virginia Constitution:

Further, it shall be the Commonweaith’s
policy to protect its atmosphere, lands,
and waters from pollution, impairment, or
destruction, for the benefit, enjoyment,
and general welfare of the people of the
Commonwealth.

The report of the Groundwater Protection
Steering Committee, A Groundwater Fro-
tection Strategy for Virginia,* notes that
DMLR authority to require water supply re-
placement does not extend to underground

113 Virginia Code 62.1 et seq.

mining. The report recommends that the
Department of Mines, Minerals, and Energy
review the adequacy of DMLR’s authority 1o
protect groundwater affected by under-
ground mining. DMLR’s current represen-
tative on the steering commitiee, when
queried regarding the status of this recom-
mendation, responded that a change in the
VCSMCRA regulations since the preparation
of the report had made such a review un-
necessaty.'? The change referred to allows
DMLR to include the surface area above
underground mines outside the permit area
in their monitoring and PHC determinalion
requirements. The significance of this
change is discussed in Chapler 7.

Summary

The effects of coal mining and their social
and environmental impacts are subject to
both regulatory controls and common law in
virginia. In theory, regulation can provide
any level of protection for the hydrologic

balance; subject to constitutional con-
straints. SMCRA provides for partial pro-
tection. The complex reguiatory scheme

implemented under SMCRA and in Virginia
under VCSMCRA includes detailed require-
ments for permitting, bonding, performance
standards, monitoring, reclamation, and
enforcement. The standards for protection
of water resources under this regulatory
framework are to minimize mining’s
hydrologic impacts in the immediate vicinity
of the mine; leave the land in a condition that
will support approved postmining land uses;
and prevent material damage outside the
immediate vicinity of the mine. Changes at
both the federal and state levels have re-
sulted in diminished regulatory control over
the impacts of underground mining
subsidence on surface property owners.

The impacts of underground coal mining on
water rights of surface landowners are
largely controlled by common law in
Virginia. The Virginia courts have recog-
nized the principle that coal companies are
liable for damage to water supplies caused
by mine subsidence where no waivers of
subjacent support exist, but not for damage

116 \irginia Groundwater Protection Steering Committee. A Groundwater Protection Strategy for Virginia.
Richmond: Virginia State Water Control Board, May 1987, 79 pp.

17 Haynes, L. DMLR, Big Stone Gap. Personal communication, June 1989.
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where there is no subsidence. Virginia's
Groundwater Protection Policy, which con-
tains a nondegradation standard with re-

spect to groundwater quality, has nol been
invoked in the case of mining subsidence
effects on groundwaler.
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Chapter 6: Limitations on Protection of Water

Resources

Protection of Virginia’s water resources and
their uses from the effects of high-extraction
mining is limited by technical, legal, and in-
stitutional factors. They include technical
means for prevention of subsidence dam-
age; the knowiedge base essential for pre-
dicting and identifying hydrologic effects in
a complex geologic environment; statutory
authority; economic constraints at the
policymaking level; and the nature of the le-
gal process. This chapter considers the
contraints imposed by these-factors on mine
operators and on the institutions responsible
for protecting water resources and their us-
ers,

Knowledge Base

An adequate knowledge base is essential for
prediction of mining effects on both ground
and surface water, as well as for assignment
of liability and equitable settiement of con-
flicts over damages arising from these ef-
fects. The term, “"knowledge base,” refers
to conceptual understanding or medeling in
a broad sense, as well as to availability of
data on actual field conditions in specific to-
cations. These two components are consid-
ered separately, though it is sometimes
difficult to distinguish them in praclice,

Conceptual Models

The degree of knowledge of the mechanisms
of groundwater flow and of groundwater-

surface water interactions limits the predic-
tion of subsidence effects on the hydrologic
balance and on developed water sources
that depend on it. Though considerable
progress has. been made, modeling of
groundwater systems is still relatively crude.

Mathematical modeling of groundwater
transport began with the classic work of
Henri Darcy, which described the flow of
water through porous media in terms of
pressure and head."® The equation for the
flow of water through saturated porous me-
dia has been known in its steady-stiate form
since the [ate nineteenth century. Early
mathematical models for groundwater were
characterized by the use of simplifying as-
sumptions that allowed the processes to be
modeled, but because they were not usually
met in practice, limited the usefulness and
validity of results. Such assumptions in-
cluded those of isotropy (groundwater can
flow in any direction with equal ease); ho-
mogeneity {the aquifer is homogeneous in
terms of water storage and transmission),
infinite exient in the horizontal plane; and
instantaneous response to pumping. Early
models, moreover, were only able to con-
sider the steady state. The history of the
development of groundwater hydraulics has
been “largely a history of the systematic re-
moval of these assumptions one by one."™
Despite the steady improvement of
groundwater modeling, numerical and finite
difference models still have difficulty hand!-
ing saturated zones characterized by inho-

" Darcy, H. “Determination of the laws of flow of water through sand.” Translated from Les Fonlaines
Publiques de la Ville de Dijon, by Victor Dalmont, Paris, 1856. In: Freeze, R. A Back, W. (eds))

Physical Hydrogeology.

Benchmark Papers in Geology, Vol. 72.

Stroudsburg. Pennsylvania:

Hutchinson Ross Publishing Company, 1983, pp. 14-21.

1 Freeze, R. A Back, W. (eds) Physical Hydrogeology. Benchmark Papers in Geology, Vol. 72.
Stroudsburg, Pennsylvania: Hutchinson Ross Publishing Company, 1983, p. 136.
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mogeneity.'® Moreover, the more
complicated the model, the more extensive
the data requiremenis. These same cau-
tions apply to integrated groundwaler-
surface waler models, because they
generally consist of a groundwater model
linked to a surface water model.

Mathematical modeling techniques for
hydrologic systems have limited applicability
in the complex hydrogeologic systems of the
Appalachian Plateau. The effects of exten-
sive fracturing, complex stratification, and
topography on transmissivity, storativity, and
recharge are difficult for any mathematical
model to handle, and the data requirements
for precise modeling of a specific site could
be prohibitive. These difficulties are multi-
plied by the additional complexity and un-
certainty of subsidence and its effects on the
rock layers that comprise aquifer media.
Though the development of the subsidence
trough over a high-extraction mine is pre-
dictable and, in theory, well-understood,
there are many complicating factors that
make it difficult to predict with precision the
size and shape of the final subsidence basin.
These factors include the physical properlies
of the overlying strata; the size of the gob
(the broken rock filling the cavily imme-
diately above the caved seam);, mining
depth, in combination with the height and
width of the mine opening; topography; the
presence of adjacent panels or overlying
abandoned mine works; and time .’

Though some recent modeling advances'®
show promise for providing improved pre-
dictive capability to the coal industry and
DMLR, the limited applicability and practi-
cality of mathematical models  of
groundwater and surface water continue to
limit precise prediction of hydrologic effects
of subsidence in Virginia’s coal counties. It
could be argued, however, that precision is
not always essential for regulatory purposes.
Using descriptive models of the hydrologic
balance,'® together with study results that

delineate the hydrologic effects of
subsidence and experience gained through
observation of effects, DMLR now has an
adequate knowledge base for understanding
polential subsidence impacts. This know-
ledge and experience have led the agency
to increase ils hydrologic monitoring re-
quirements.

The knowledge base {which includes both
conceptual understanding and specific data)
has sometimes been inadequate when
DMLR must determine (a) if a specific ob-
served effect, for example the loss of a
spring or well, was caused by subsidence
from an underground mine; or {b} if observed
effects indicate significant damage to the
hydrologic balance. An adequate PHC de-
termination should identify any stratum that
“serves as an aquifer which significantly en-
sures the hydrologic balance within the cu-
mulative impact area.™#*  However, the
inadequacy of hydrologic information sub-
mitted by some permit applicants has made
it difficult for DMLR to determine whether or
not an affected aquifer significantly ensured
the hydrologic balanceé.” This difficulty is in
part due to the vagueness of the regulatory
language — what does it mean, for example,
to “significantly ensure the hydrologic bal-
ance”?

lt appears that DMLR may also have con-
tributed to the problem during the mid-1880s
by not requiring sufficient data or adequate
modeling during the permitting process that
would have allowed a better understanding
of a speciflic area’s hydrogeology. In Sec.
480-03-19.784.14(h)2 of the Virginia regu-
lations, there is a provision that waives
hydrologic moniloring requirements may be
waived if the applicant demonstrates in the
PHC that "a panicular water-bearing stratum
in the proposed permit and adjacent areas
is not one which serves as an aquifer which
significantly ensures the hydrologic balance
within the cumulative impact area.” In se-
veral of its annual oversight evaluation re-

120 It should be noted, however, that the effects of inhomogeneity are scale-dependent, Over a large
enough area, variations in aquifer characteristics tend to smooth out.

12t Peng, 8. 8. Coal Mine Ground Controf. 2nd Edition. New York: John Wiley and Sons, 1986, pp.

427428,

2 See, for example, Owili-Eger, A.S.C. “Dynamic fractured flow simulation model." Mining Engineering

41(2):110-114, February 1989,

123 One such model is that of Wyrick, G. G., supra note xx,

124 Sec. 480-03-19.784.14(h})
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ports on DMLR’s implementation of SMCRA,
OSMRE identified unjustiied waivers of
groundwater monitoring for underground
mines as a problem.’” However, OSMRE’s
criticism applied to DMLR’s program before
November 1986. Rule changes that came
inlo effect at that time, according to DMLR,
significantly strengthened Virginia’s
hydrologic balance protection standards for
underground mines by imposing permit in-
formation requirements for aquifers in pro-
posed permit and adjacent areas. These
information requirements remain in effect
today.

To determine that a particular aquifer is a
significant component of the hydrologic sys-
tem, premining data are necessary regard-
ing aquifer characteristics {storage and
transmissivity, as well as areal extent), dis-
charges to surface water, and water quality
data. However, as discussed in the following
section and elsewhere, such data have sel-
dom been required of applicants.

Data Availability

DMLR gained authority to require premining
installation of monitoring wells (except in
alluvial valleys), piezometers, aquifer test-
ing, and in some cases, monitoring of exist-
ing water wells in a regulatory revision of
November 1886. In the DMLR permit appli-

cations examined as part of this research,
all of which were issued prior lo the regula-
tory revision’s eflective date of February 15,
1987, both subsidence control plans and
PHCs simply asserted that the hydrologic
effects of proposed mines are not expected
to be significant. No modeling or monitoring
evidence was offered to support the permit
applicant’s position, despite SMCRA'’s clear
assignment to the permit appticant of the
burden of affirmatively demonstrating that
the mining operation would comply with all
requirements of the state program.'®

The lack of hydrogeological dala available to
regulatory agencies has been noted in the
literature. Chugh, ef al, note that
hydrogeciogy is the most neglected area in
premining investigations.*¥ Pendleton ar-
gues that the state of the art of predicting
hydrologic consequences of subsidence lags
behind that of predicting geomechanical
consequences; 12

Nineteen of the 37 [Colorado coaf mining]
permit applications reviewed for compli-
ance ... have delineated ground water
aquifers or surface water bodies within
their permit and adjacent areas. All 37 ...
contain projections of the specific
hydrologic consequences anticipated as a
result of subsidence. Faced with a man-
date to minimize impacts to the hydrofogic
balance, any permit applicant would pre-
fer to demonstrate that the anticipated

175 U S. Office of Surface Mining. Annual Report, Virginia Permanent Program, for the Period May 1, 1984
o Aprif 30, 1985. Big Stone Gap, Virginia: Office of Surface Mining, pp. 18-19, November 1985; and
U.S. Office of Surface Mining Reclamation and Enforcement. Fiscal Year 1986 Annual Evaluation
Report for the Regulatory and Abandoned Mine Land Reclamation Programs Under the Surface
Mining Control and Reclamation Act of 1977 in the State of Virginia for the Period May 1, 1985 to June
30, 1986. Big Stone Gap, Virginia: Office of Surface Mining Reclamation and Enforcement, February

1987, p.9.

% Sec. 510{a} and (b} of SMCRA, under “Permit Alpprova'l or Denial,” state:

{a) The applicant for a permit, or a revision of a permit, shall have the burden of establishing
that his application is in compliance with all the requirements of the applicable State and

Federal program.

{b) No permit or revision shail be approved unless the application

affirmatively demonstrates and the regulatory authority finds in writing ...that— (1) all the
requirements of this chapler and the State of Federal program have been complied with

Cited in McGinley, P. C; Shostak, R. J. Subsidence and the Federal Surface Mining Act: The Land-
owners Perspective. Paper presented at the Coal Mine Subsidence Special Inslitute, Pittsburgh,
Pennsylvania, December 8, 1989, sponsored by the Eastern Mineral Law Foundation.

127 Chugh, . P.; Caudle, R. O ; Agarwala, V. K. “Premining investigations for longwall coal mining." In:
Chugh, Y. P.; Karmis, M. (eds.} International Conference on state-of-the-art of ground control in
fongwall mining and mining subsidence. New York: Society of Mining Engineers of AIME, 1982, pp.

3-12.

2 Pendleton, J. M. “Coal mine subsidence in Colorado:; Practical application in a regulatory setting.”
In: SME Fall Meeting, Albuquerque, New Mexico, October 16-18, 1985. Littleton, Colorado: Society
of Mining Engineers of AIME (Preprint 85-328), 8 pp., 1985,
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hydrologic consequences of subsidence
are minimal. Virtually every permit ap-
plication’s probable hydrologic conse-
quence descriplion observes that ground
subsidence will result in cracking of the
ground surface above the proposed
underground mine workings, but that
weathering processes will rapidly seal and
eliminate that cracking. While this cbser-
vation may seem intuitive, little docu-
mented evidence exists within the
literature to support it. The physical ex-
pression of the cracking will prebably be
relatively rapidly eliminated, but evidence
suggests that the hydrologic conse-
quences may be of very long duration.'?

The primary reason for the optimistic pred-
ictions found in the PHCs examined, and
their acceptance by DMLR, is that prior to
February 15, 1987, PHCs were required to
address anticipated hydrologic effects only
within permit areas. A permit area generally
encompasses an underground mine’s sur-
face works. 1t is usually not an area that will
be affected by subsidence, and is only a
fraction of the total surface area to be
undermined. Figure 5 shows the permit area
superimposed above a few of the many
longwall panels in a Dickenson County,
Virginia mine. This areal limitation on PHCs
meant that DMLR did not have the authority
to require monitoring above most subsided
areas. The implications of the regulatory
change to a broader applicability of PHCs
are discussed further in Chapter 7.

Data availability to DMLR could be improved
if mining companies were required to report
instances of damaged water supplies, as
they are, for example, in Ohic. Some im-
pacts to water supplies come to DMLR's at-
tention only when the surface owner and the
mining company cannct come to a settle-
ment, and the surface owner files a com-
plaint.® To judge the dimensions of the
probiem of subsidence impacls on water re-
sources, information on the number and lo-
cation of wells impacted is crucial.

Better information is alsc necessary to dis-
tinguish the hydrologic effects of mining from
other causes. Problems in predicting
hydrologic eflects, for example, are greatly
amplified by the fongstanding drought that

123 jhid., p.5.

plagued southwestern Virginia during the
1980s. Effects have been widespread and
severe. Wise, Virginia, for example, reports
a cumulative precipitation shorifall from 1981
to 1986 of almost 50 inches below the
1055-1986 average: 1987 and 1988 were also
drought years."' In some areas, overpump-
ing of aquifers may have contributed to wa-
ter supply depletion. The precise effect to
the hydrologic balance of drought and pos-
sible overpumping of aquifers, however, is
as uncertain as determining the possible ef-
fects of mining. Did a formerly dependable
well go dry because of the drought, because
of a new well being installed nearby, or be-
cause of high-extraction mining? What por-
tion of the observed unusually low flows in
a particular stream can be attributed to
mining in the watershed and what portion to
drought? These questions plague DMLR’s
complaint investigations, making it impossi-
ble to definitively altribute observed effects.

Prevention of Subsidence
Damage Through Mine
Engineering

While a discussion of the broad range of
surface-protection measures afforded by
mine engineering is beyond the scope of this
report, there are some that are relevant to
the protection of hydrologic features from
subsidence damage. A review of mining
engineering iiterature on ground control and
subsidence reveals two possibilities for pre-
venting subsidence damage from high-
extraction mining methods. First, measures
may be taken al the surface to strengthen
structures, isolate them from surface defor-
mation, or incorporate flexible elements inlo
their design. Second, measures may be
taken in the mine, including strategically
planning mine fayout and operational proce-
dures that will protect surface structures and
land features.

In some cases, surface measures may do
more harm than good. An official of the West
Virginia Department of Natural Resources
stated that mining companies in that state

13 Gray, G., atlorney, Clintwood, Virginia. Personal communication, January 4, 1989.

1 Hydrologic Information Storage and Retrieval System (HISARS), Virginia Water Resources Research

Center, Blacksburg, Virginia.
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FIGURE 5: PRE-1987 PERMIT AREA IN RELATION TO UNDERGROUND MINE
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Souwrce: DMLR subsidence complaint investigation.

grade and channelize streams, sometimes
at the request of surface owners, to alleviate
drainage problems caused by subsidence or

to prevent infiltration of water into mines.'®
In this official’s view, these practices have in
some cases resulted in severe, though lo-

132 Jernejcic, F. West Virginia Department of Natural Resources. ‘Personal communication, January 10,
19889,
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calized, environmental damage. Mining
company officials, however, assert that
slream grading is no longer commonly
practiced in West Virginia, due to more
stringent regulation.'®

Grouting subsidence fissures in streambeds
has been attempted in some cases. The el-
fects of such efforts on George’s Creek in
western Maryland are currently under study
by the U.S. Bureau of Mines, but results have
not yet been reported.’™ The various meas-
‘ures reported here to protect or repair sur-
face water features are not applicable to
groundwater, and there are no reported
techniques that can be applied at or near the
surface for protection or remediation of
subsidence damage to groundwater re-
charge or flow.

Mining measures to prevenl surface
subsidence damage generally atiempt to
prevent subsidence in a particular location,
or to aiter the deveiopment or progress of
the subsidence “wave” that travels with the
advancing longwall face. Backifilling of a
longwall "gob” ({the mined-out area behind
the advancing face) to alleviate subsidence
is precluded by cost and technical
feasiblity.'® As a general rule the develop-
ment of a subsidence trough above a
longwall panel cannot be prevented. There
are, however, mining methods for reducing
the damage produced by subsidence ground
motion.

The most straightforward method for pre-
venting subsidence damage is to remove
only a limited percentage of the coal be-
neath the surface feature fo be protected.
Unfortunately, leaving a higher percentage
of coal for support would make many mining
operations in Virginia economically infeasi-
ble. Partial exraction can be achieved

through room-and-pillar, board-and-pillar, or
panel-and-pillar methods, but not by
tongwall mining. The extent of the mine in
which partiat extraction must be practiced in
order to protect a surface feature can easily
be calculated. As a general rule, about half
of the coal seam must be left unmined in
order to prevent noticeable subsidence.
This percentage may be higher for very deep
seams, as greater vertical stress may cause
pillar deformation. 1%

Rapid mining and harmonic extraction are

_ two techniques that have the potential 1o re-

duce subsidence-induced structural damage.
Rapid mining capitalizes on the fact that the
faster mining proceeds, the smaller is the
tensile strain at the surface.'” Harmonic ex-
traction relies on a coordinated advance of
two adjacent faces, with one to some extent
cancelling the surface strains generated by
the other. This method requires very close
coordination between two longwall systems.
Rock stresses and rate of face advance must
be closely monitored, and if one operation is
slopped by equipment failure, the other must
also.be stopped. These requirements trans-
late into higher costs and lower productivity.
Furthermare, according to one industry offi-
cial, harmonic mining is infeasible because
of inherent mine ventilation problems. '
These methods are best adapted to protect
a small surface area, such as the area be-
neath a structure, or a stream.

Prevention of Damage
Through Regulation

This section considers possibilities for DMLR
to prevent potential damage to the
hydrologic balance from high-extraction
mining.

17* Morgan, Claude D., Regional Manager - Engineering and Environmental Affairs, Consolidation Coal
Company, Bluefield, Virginia. Personal communication, December 20, 1989.

1 Holbrook, J., Chief, Anthracite Reclamation Programs Branch, U.S. Office of Surface Mining Recla-
mation and Enforcement, Wilkes Barre, Pennsylvania. Personal communication, January 9, 1989,

135 Whittaker, B. N.

“A review of progress with longwall mine design and layout.” In: Chugh, Y. P.;

Karmis, M. {eds.) State-of-the-Art of Ground Control in Longwall Mining and Mining Subsidence.
New York: Society of Mining Engineers (AIME), 1382, pp. 77-84.

% Pang, 5. 5. Coal Mine Ground Control. New York: John Wiley and Sons, 1986, p.458.

137 Peng, ibid., p.460.

13 Price, K. General Manager, Virginia Division, Island Creek Coal Company, Oakwood. Virginia. Per-

sonal communication, August 9, 1988,
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OMLR’'s requirement that mining operations
minimize disturbance to the hydrologic bal-
ance within the permit and adjacent areas,
prevent malerial damage outside these
areas, and support approved postmining
land uses, is subject to interpretation. “Per-
mit and adjacent areas"” includes
subsidence-impacl areas (and occasionally
more if DMLR deems it necessary). The
clause stating that the hydrologic balance
must be able to support approved
postmining land uses does limit allowable
damage: even if damage is major, it must
at least be temporary. Furthermore, “mate-
rial damage” must be confined to the permit
and adjacent areas.

Thus, DMLR has both statutory authority and
obligation to circumscribe potential damage
to the hydrologic balance in space and time,
but not to prevent it. Only if the aquifer in
question is "a significant source of water
supply to any public water system” or is
judged to be significant to the hydrologic
balance outside the permit area, does it re-
ceive special protection, and then only if
DMLR determines that subsidence will
probably cause material damage. DMLR
cannot otherwise prohibit mining that may
damage an aquifer not used for a public wa-
ter supply, even though it may supply a
number of domestic wells.

Limited Range of
Regulatory Responses

Subsidence damage to the hydrologic bal-
ance usuvally comes to DMLR’s attention by
way of complaints from surface land
owners. '™ When a complaint is received, it
is investigated. The investigation may in-
clude permit file review, field investigations,
and interviews with complainants. If signif-
icant adverse hydrologic impacts of
subsidence are found that were not pre-
dicted by the PHC determination, or if dam-
age is found outside the permit and adjacent
areas, DMLR may issue a Revision -Order
Notice {(RON), requiring the mining company
to revise either its PHC, its subsidence con-

trol plan. or both. In most cases, increased
monitoring is required. If the damage is
judged serious enough, DMLR can require
the mining company to modify its operations.
Actions might include designating a “buffer
zone" where undermining would not take
place, or leaving enough coal to prevent
subsidence, but any measure would be or-
dered only to detect or prevent further dam-
age. For damage already done, there may
be no remedy.

Under VCSMCRA, DMLR has several options
for action against mining companies whose
operations violate permit conditions. Upon
finding that a coal company is violating the
terms of its permit (either performance
standards or reclamation plan) DMLR can

‘issue a notice of violation, giving the com-

pany reasonable time to bring its operations
into compliance. The agency may also as-
sess a civil penalty with the viofation, the
amount depending on the severity of the vi-
olation’s impacts, company culpability, good
faith efforts to comply, past violations, and
time taken to comply. Civil penalties are
unlikely to exceed $5,000, and may be con-
siderably less. If the company fails lo abate
a violation after the issuance of violation
notices and assessment of civil penalties,
the agency issues a cessation order for fail-
ure to abate the violation. This action re-
quires a minimum civil penalty of $750 per
day for up to 30 days. If the company still
does not comply, it may forfeit part or all of
its permit bond. If more damage than pre-
dicted is occurring DMLR may require a
bond increase. DMLR also can order a ces-
sation of coal mining if it determines that the
operation creates imminent danger to the
public health or safety; or is causing or can
reasonably be expected to cause significant,
imminent harm to land, air, or water re-
sources.'®

A mining operation or company that has es-
tablished a pattern of violations must be
served with a “show cause order,” which
essentially requires the company to explain
why its permit should not be suspended or
revoked. If the company fails to do so to
DMLR’'s satisfaction, the agency may take
the threatened action.

39 It is worth repeating that an unknown number of water loss cases never come to DMLR’s attention,
Larger mining companies follow a policy of replacing water suppties that they believe their operations
have damaged. As a rule, only those cases that cannot be resolved between the surface owner and

the mining company result in complaints,

1 Sec, 480-03-19.843.11
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DMLR has no authorily under VCSMCRA o
require thal mining operators replace water
supplies (wells and springs) destroyed or
damaged by subsidence. Under Judge
Flannery’s rulings, water replacement is
only required in the case of surface
mining.™

Limitations on Protection of
Water Rights Under
Common Law

The scope of protection of properly rights in
groundwater afforded by Virginia common
law is limited with respect to potential dam-
ages caused by underground coal mining.
When mining does not cause subsidence,
the coal company is not liable for damage to
groundwater. However, with respect to the
high-extraction mining methods that are the
focus of this research, the legal principle is
well-established that mining companies are
liable for damages to groundwater supplies
when subsidence is the cause, unless the
right to subjacent support was waived when
the mineral estate was severed.'®

There are several important points regard-
ing the protection afforded by this estab-
lished legal principle. First, even when
liability is clear, it is difficult under common
law to prevent the damage for which a party
is liable. Except in those extreme circum-
stances in which a court is willing to grant
an injunction fo prevent damage from
occuring, to pursue a case in torts injury
must already exist. Typically, this means
that whatever damage to the hydrologic bal-
ance resuits from subsidence must already
have occurred.*

Second, there is nothing automatic about
assignment of liability, even when there is
an established legal principle. The coal
company is liable for damages if it can be
shown that the coal mining operation caused
the injury. For the same reasons discussed
in the section on “Knowledge Base” at the
beginning of this chapter, demonstrating
causality is not a simple matter. in each
case there are similar constraints: tack of
monitoring data; lack of a rigorous under-
standing of highly localized hydrogeologic
conditions; and the confounding effects of
drought.

Voluntary Water Replacement
Policies

Large mining company policies of water re-
placement reflect a recognition of the estab-
lished common law principle of liability for
subsidence-caused water supply damages,
as well as the “good neighbor” policy that
these companies espouse. Westmoreland
Coal Co., for example, uses the term “good
neighbor” in its 1987 draft subsidence policy
statement for its Virginia operations. The
policy says that if a surface owner’s water
supplies are affected by the company’s op-
erations, Westmoreland will “take appropri-
ate action which could include providing a
temporary water supply unlil the water re-
turns or until repairs can be made, or de-
veloping an alternate water supply.”™'
island Creek Coal Co. has applied a similar
policy 1o settle water supply damage claims.
The company donated funds for the pur-
chase of a water truck by the Buchanan
County Public Service Authority to serve
surface owners who had lost water supplies;

41 in re: Permanent Surface Mining Requlation Litigation. 19 Environment Reporter, Cases, 1477, 1495,
May 16, 1980; National Wildlife Federation v. Interior Department (1988), 27 Environment Reporter,
Cases, at 1153. However, DMLR would appear to have some ability during the permitting process to
encourage mitigatory measures. See 52 Federal Register 4866, February 17, 1987.

12 T uphold waiver claims, Virginia courts normally require that the contract severing the surface and
mineral estates contain either explicit language or clear implication of intent to waive subjacent

support.

3 Gerald and Betty Large v. Clinchlield Coaf Co. is a case in point. Here, the surface owners won a
lower court injunction against longwall operations planned under their undeveloped land. The in-
junction was overlurned by the Virginia Supreme Court on the grounds that probable damage was
not established. Although the decision does not seem to affect Virginia subsidence fiability law, and
may not even rule out injunctive relief where probable damage is demonstrated, it seems lo establish
that mere subsidence in and of itself is not damage, and further limits Jandowners’ ability to prevent

subsidence damage through common law.

44 Westmoreland Coal Company, Big Stone Gap, Virginia.
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some properlies were hooked up 1o public
water supplies. Island Creek, however, does
not pay the water bill after hookup.'s Con-
solidation Coal Co. and Pittston Coal Group,
Inc. {Clinchfield Coal Co.) foliow similar poli-
cies. 1

As stated earlier, the number of settiements
and sums involved for water replacement or
compensation as a resuit of high-extraction
mining are fully known only to the individual
mining companies. Gerald Gray, a
Clintwood, Virginia, attorney who has re-
presented a number of surface owners in
subsidence damage cases, stated that in the
eighl water loss cases in which he has been
involved (all were alleged to result from
subsidence caused by pillar retreat mining),
settlements ranged from $5,000 to $45,000.
He stated that he knew of another 15-20
cases represented by other attorneys in the
area. "

Water replacement measures accepted by
some surface owners have included instal-
lation and maintenance of cistern systems;
drilling new wells and installing filters; and
connection to a public water supply system.
There are four important points with respect
1o water replacements offered by coal com-
panies:  First, spokespeople for surface
owners question whether the measures de-
scribed above constitute adequate replace-
ment for dependable water supplies that
were essentially free."® Second, these water
replacement measures are made voluntarily
by the coal companies and at their dis-
cretion. Third, voluniary water replacement
by the ccoal companies, especially if it in-

volves trucking in water for a few months,
may turn out to be a short-term fix for a
long-term problem. Finally, voluntary water
replacement policies may not be legally en-
forceable, although signed agreements re-
sulfing from such policies are.

Industry officials argue that there are cosls
associated with operating private wells, so
that the water was never "free.” Second,
they argue that connecting a resident to a
public water supply often constitlules re-
placement of an undependable and inade-
quate supply with a reliable one."™ Finaily,
they say, far from being a shori-term fix for
a long-term problem, permanent water sup-
ply replacement may be a long-term fix to a
short-term problem.

Regarding subsidence-relaled damages,
coal company executives believe that they
are not only doing more than they have to,
but that they are sometimes victimized by
spurious claims. This sentiment has been
expressed by others as well. Commenting
on coal companies’ liability in Kentucky,
Smith and Smith argue that legal require-
ments for proof of causation in cases of
hydrologic damage, which formerly favored
the coal operators, now favor the surface
owner. In their view, the situation is such
ihat "property owners can claim practically
anything and have a reasonable chance of
collecting a handsome amount of money."'%
On the other hand, Richard DiPretoro, a
West Virginia geclogist who has served as
an expert witness in numerous subsidence
damage suits, argues that "spurious claims

15 General Assembly of Virginia. Report of the Joint Subcommitlee Studying the Effects of Longwall
Mining. Richmond, Virginia, January 1989, p. 10. Of 465 subsidence damage claims received through
the end of calendar year 1989, Island Creek has settied 256 {55 percent) and denied 160 (34 percent).
About 6 percent of these claims resulted in lawsuits. The proportion of claims involving water loss
is not avaitable. Breeding, 5. G., Assistant to the General Manager for Community Relations, Island
Creek Coal Company, Oakwood, Virginia. Personal communication, February 2, 1990.

5 Ihid,

W@ Gray, G. Atlorney, Clintwood, Virginia. Personal communication, January 4, 1989,

¢ Gray, G, ibid.; and McKinney, J., President, Dickenson County Concerned Citizens, Clinchco, Virginia.
intarviewed by Ted Clutter, VCCER, May 21, 1988,

143 Price, K., op. cit.
150 Smith, S. R.; Smith, 8. G. "Legal and technical ramifications of environmental data collection.” In:
Graves, D. H.; De Vore, R. W. (eds.) Proceedings, 1984 Symposium on Surface Mining, Hydrology,

Sedimentology, and Reclamation. Lexington: University of Kentucky, Office of Engineering Services
{Bulletin UKY BU136), December 1984, pp. 109-111.
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are only a tiny fraction of the complaints that
are, or should be. made. ™%

Limitations of Voluntary Water
Replacement

In cases where there is disagreement be-
tween the surface owner and the coal oper-
ator as to whether the mining operation
caused damage to water supplies, the sur-
face owner may file a complaint with DMLR.
Following an investigation, however, DMLR's
ability to attribute damages to mining oper-
ations are limited, in particular where ade-
quate premining hydrologic monitloring was
not conducted. The effects of the longstand-
ing drought in the region make it particularly
difficult to determine the cause of well and
spring failure. ’

If DMLR does make a posilive determination,
it does not have statutory authority to order
the mining company to remediate or replace
the water supply or compensate the surface
owner, though a DMLR finding would un-
doubtedly strengthen the surface owner's
bargaining position with the company. In
cases where the operator does not believe
that mining caused the damage, the surface
owner has only iwo options: accepl the
damage and do nothing, or file a court claim
against the mining company.

There are a number of reasons why surface
owners might accept damage rather than
take a mining company to court. The most
obvious is cost. Pursuing a court claim
against a mining company for water supply
damage costs $1,500 to $10,000, according to
Gerald Gray.™® Expenses include attorney’s
fees as well as fees for consulting geologists
or hydrologists, if necessary. This might
seem to be a reasonable investment if the
outcome were certain, but it is not.

The economic situation in the coal counties
has been described earlier in this report.
There are so many unemployed, disabled,
and retired individuals living in the area on
pensions, social security, and unemploy-
men! benefits that a significant component

of its economy has been called a "mailbox
economy.” The rural areas under which
mining is frequently conducted are not pop-
ulated, on average, by people of means.

The ability and willingness of a surface
owner to challenge a mining company in
court depend not only on on financial means,
but on information and attitude. Speaking
of the probtems of seeking restitution for
subsidence damages in Dickenson County,
Judy McKinney, President of Dickenson
County Concerned Citizens (a citizens’
group organized in opposition to longwall
mining), offered the following characteriza-
tion:

A lot of people don't know what to do. |
mean it gets to the point that a lot of
people get really depressed. They don't
know what to do. A lot of people don't
understand the steps that they have to go
through. [Many] are old people, and they
don’t know what to do. The only thing
they've ever done is just worked real hard
all their life and minded their own busi-
ness., They don't know who to turn to.
They don’t know all these different agen-
cies. They don’t even know [the agencies]
exist.™

Economic Constraints at the
Policymaking Level

In passing SMCRA, Congress aimed not only
to control the adverse environmental im-
pacts of mining, particutarly surface mining,
but also to ensure the continued vigor of the
coal mining induslry as a hedge against de-
pendence on unreliable foreign energy
sources. More specifically, Congress in-
tended to encourage the expansion of
underground coal mining, and said so ex-
plicitly;'™

... the overwhelming percentage of the
Nation’s coal reserves cah only be ex-
tracted by underground mining methods,
and it is, therefore, essential to the na-
tional interest to ensure the existence of
an expanding and economically healthy
underground coal mining industry.

151 DiPretoro, R. S., Geologist, Morgantown, West Virginia. Personal communication, January 18, 1990.

152 Gray, G. Attorney, Clintwood, Virginia. Personal communication, January 4, 1989,

153 McKinney, J.. Clinchco, Virginia. interviewed by Ted Clutter, VCCER, May 21, 1988,

184 30 U.S.C. 1201(b)
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SMCRA aims at balancing environmental
protection and coal production expansion,
especially from underground coal mining.
There is no justification in Congressional in-
tent or statutory language for regulatory re-
quirements so stringent that they would
make underground coal mining impossible.

The only certain way to prevent subsidence
effects on water resources, particularly
groundwater, is to prevent subsidence. This
would require prohibiting all high-extraction
mining, and perhaps all underground coal
mining. As noted above, there is nothing in
SMCRA that suggests Congress envisioned
or intended such an outcome. Indeed, there
is ample evidence that the framers of
SMCRA considered tongwall mining, with its
immediate and final subsidence, an environ-
mentally superior method of underground
mining."™ It should be noled, however, that
nearly all of the literature on hydrologic ef-
fects of longwall mine subsidence appeared
well after SMCRA became law; one can only
specuiate about what effect the research
would have had on Congress’ view of
“longwall mining.

The economic importance of longwall mining
to the nation’s coal-producing areas, partic-
ularly those of Appalachia, is undeniable.
According to-Gene Mathis, former President
of Pittston Coal Group, Inc., which operates
several longwalfl mines in Dickenson and
Buchanan counties, longwalls make mines
profitable that would be unprofitable with
conventional mining methods. According to
Mathis, Pittston mines would shut down if
longwal! mining were no longer possible, s
This is not only due to the productivity of
longwall mining, but because deep coal
seams are difficult o mine safely with con-
tinuous mining methods. It is clear that
much of Virginia’s remaining coal reserves
cannot be mined economically any other
way.

Conlflicting goals of environmental protection
and economic growth in the coal industry
and in coal-dependent regions essentially
defined the policy debate that shaped
SMCRA. This debate conlinues as states
grapple with various issues that arise in de-
signing and implementing programs to reg-
ulate, but not hamsiring the industry.
Federal policy continues as a battleground
for the competing interests of
environmentalists, surface owners, and the
coal industry. In December, 1988, OSMRE
proposed a sweeping reexamination of the
closely related questions of "valid existing
rights™ {(VER) to mine in areas subsequently
placed off-limits by the passage of SMCRA
in 1977, together with the applicability of
these prohibitions to subsidence from
underground mining. Although the issues
are complex, deciding them could result in
a significant contraction of the area under
which mining that causes subsidence would
be allowed. In ils announcement of the pro-
posed re-examination of regulations under
SMCRA Section 522{(e), OSMRE said, “the
issue is one of great concern for the coal in-
dustry and various environmental and citi-
2en groups because the final rule may have
substantial economic or significant environ-
mental consequences.”'¥ At the time of the
announcement, OSMRE prepared a draft en-
vironmental impact statement covering the
two issues. OSMRE withdrew its proposal
for further study on July 21, 1989 after re-

ceiving "a large number of comments” on
it.1s®

The work of the Joint Subcommittee Study-
ing the Costs and Benefits of Longwall Min-
ing in Virginia (Senate Document 26)
illustrates the difficulties involved in reach-
ing consensus on an issue with possibly very
significant economic and environmental
consequences.’™ The subcommittee report
{signed only by Chairman John C.
Buchanan) concluded that longwall mining

™ Congressman Udall, debating one of SMCRA's predecessors, stated, “in fact the bili's sponsors
consider longwall mining ecologically preferable, and it and other methods of controlled subsidence
are explicitly endorsed.” 123 Congressional Record H22731 {July 10, 1974); quoted in Gorell, G. R;;

McGuire, K. M., ibid., p. 21.

15 Mathis, G. Pittston Coal Group, Inc., Lebanon, Virginia. Interviewed by Ted Clutter of VCCER, May

3, 1988.

%7 Federal Register 53(248):52374, December 27, 1988,

158 federal Register 54{139):30557, July 21, 1989.

% The complete Subcommitiee report was reprinted in the Summer 1989 issue of Virginia Coal and
Energy Quarterly, Virginia Center for Coal and Energy Research, Blacksburg, Virginia.
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is “a significant element” of the Southweslt
Virginia economy; that it involves "serious
costs” resulting from subsidence; and that
the question of property rights is a subject
of controversy between companies and resi-
dents and is at issue in pending litigation.
The report recommended clarification of
procedural requirements for permitting of
longwall mining and deferral of any legis-
lation on property rights issues pending the
outcome of ongoing litigation.

A lengthy disseniing opinion to the report
{signed by Subcommittee members Alson
H. Smith, Jack Kennedy, and Robert Russell)
found that Virginia’s existing program pro-
vides adequate controls on underground
mining to ensure proper protection of land
and hydrologic balance, that no additional
environmental protection is necessary, and
that unresolved property rights questions
await clarification by pending litigation and
federa! proposed rulemaking. The dissent-
ingreport recommended no new state leg-
islation. While the dissent did not cite
economic factors as influencing its findings
on the adequacy of current environmental
protection, its finding {as do al policy
findings concerning environmental pro-
tection} constituted a balancing of economic
and environmental values.
Virginia General Assembly Session, Senator
Buchanan introduced a bill reflecting the
recommendations of the subcommittee re-
port he signed. Lacking co-sponsorship, the
bill died in committee.

Longwall mining’s importance to under-
ground coal production and coal pro-
duction’s critical importance 1o the

near-term economic health, indeed survival,
of some of Appalachia’s coal-producing re-
gions, make it unlikely that policymakers in
Washington or in Richmond will move to-
ward more stringent measures for protection
of water resources from its potential adverse
effects.

Summary

This chapler examines a number of factors
that limitl protection of water resources in
Virginia, with the following conclusions:

The abifity to undersiand, track, and predict
hydrologic impacts is constrained by the
slate of the art of hydrologic modeling.

The lack of mining engineering methods to
prevent hydrologic damage may force DMLR

In the 1989

into "all or nothing” choices: either high-
extraclion mining in a particutar area is al-
lowed, or it is not.

Subsidence damage to a structure or even
a stream can be avoided by limiting the
amount of coal extracted from an area be-
neath it, but an aquifer or "the hydrologic
balance” cannot be protected in this way

‘without serious economic consequences of

iarge-scale limitations on mining.

Although DMLR has the authority to order
coal operators to repair or mitigate damage
to surface water bodies in some circum-
stances, the technology for doing so may be
lacking.

Lack of statutory authority limits DMLR’s
ability to implement a full-protection strat-
egy. The agency’s authority in general does
not extend to protection of property rights,
but is limited to environmental protection.
The agency cannot require replacement of
water supplies damaged by subsidence from
underground mining. And, although a range
of sanctions is available to DMLR, their im-
position would likely be triggered by damage
rather than preventing damage before it
happens.

The sometimes inadequate knowledge not
only hampers DMLR but also makes the re-
solution of property damage disputes diffi-
cult. Some of the difficulties the agency’s
technical personnel have had in determining
the significance of observed effects, and in
ascertaining their cause {as mining-related
or not}, appear to have their roots in lack of
monitoring and modeling requirements of
years past. The following chapler shows
how DMLR has responded to the problems
of inadequate and insufficient data.

Finally, the economic importance of longwall
mining to the Appalachiar region and the
health of the coal mining industry acts as a
constraint on implementation of a full-
protection policy. in the absence of infor-
mation documenting the need for it, the
pursuit of a fuli-protection policy that could
seriously damage a vital industry could not
be justified by policymakers. Damage to
water resources would have to be severe,
widespread, and obvious before anything so
drastic could be contemplated.

Currently, most of the larger mining compa-
nies operaling in Virginia have policies for
repair, replacement, or compensation for
water supplies damaged by subsidence.
Many surface owners have laken advantage
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of these policies through voluntary agree-
ments. Mining companies believe that their
policies are more than fair, but some surface
owners disagree. When the mining company
and the surface owner cannot come to an
agreement, recourse is through the courts.

The protection of water resources under
common law is limited. U5 remedies are
primarily after the fact and reached through

costly litigation with inherently uncertain
outcome. Thus, the surface owner who can-
nol come to an agreement wilh a coal oper-
ator is forced to make a substantial
investment for an uncertain return. f a pre-
vious owner of the property sold the right to
subjacent suppor! along with the mineral
estate, there may be no protection of the
water rights.
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Chapter 7: Regulatory Response

It is only during the past five years that
longwall mining has operated on a large
scale in Virginia, and DMLR has followed
sitit with increased attention to potential
subsidence damage to waler resources.
DMLR has made substantial changes to ad-
dress deficiencies in state regulations ap-
plying to high-extraction underground mines,
and in their implementation. As described
in Chapter 5, a change in reguiations at the
federal and state levels has removed DMLR
authority to require that adversely affected
water supplies be replaced or that their us-
ers be compensated.™ Changes have also
occurred in other important areas.

Increased Hydrologic Information. As noted
earlier, before February 15, 1987 the PHC
determination submitted to DMLR as part of
a mine permit application only covered the
permit area. The permil area for under-
ground mines was that containing the direct
surface impacts of the mine operation, in-
cluding staging areas, the mine entrance,
roads, and coal processing buildings. [n
most cases, however, the surface area sub-
ject to subsidence impacts was beyond the
permit area.

February 15, 1987, DMLR maodified its per-
mitting requirements to make Virginia’s reg-
ulations as effective as those of OSMRE.
Sec. 480-03-19.784.22, which lists the re-
quirements for geologic information to be
included in permit applications, was
changed as follows:

Each application shall include geologic in-
formation in sufficient detail to assist in (1)
determining the probable hydrologic con-
sequences of the operation upon the
quality and quantity of surface and ground
water in the permit and adjacent areas,
including the extent to which surface- and
ground-water monitoring is necessary...
{emphasis added]

Sec. 480-03-19.784.14, which specifies the
hydrologic information required as part of
the permit application, was modified to in-
clude both the permit and "adjacent areas.”
Adjacent areas include, al a minimum, all
possible subsidence impact areas, calcu-
tated by using a 28° angle of draw.

Because the lack of monitoring data has
been an important constraint on protecting
the hydrologic balance, these changes are
significant and should enhance DMLR’s
ability to predict and respond to subsidence
impacts on water resources.

in accordance with increased regulatory au-
thority to require monitoring outside the
permit area, DMLR’s hydrologic monitoring
requirements for high-extraction mines have
become more intensive. DMLR not only re-
quires hydrologic monitoring in subsidence
impact areas for new permit applications but
for significant revisions of existing permits
as well, Since most existing permits are for
five years and were approved under
VCSMCRA during the early- to mid-1980s,
post-1987 monitoring requirements will soon
be applied to most underground operations.

A hydrologic study being conducted by ls-
land Creek Coal Co. demonstrates DMLR’s
willingness to use its enhanced authority to
require more complete and adequate data
on hydrologic impacis of jongwall mining.
As part of a permit revision agreement,
DMLR and Island Creek cooperatively de-
signed the study, and the company has been
implementing it. Island Creek operates se-
veral longwall mining operations in the
Pocahontas No. 3 coal seam in Buchanan
County. The seam is deep: 1200 to 1500 feet
below drainage in some places, with up to
2400 feet of overburden. The study involves
monitoring of static water levels in three
slrategically located test wells above a

180 This change resulted from a U.S. District Court decision in In Re: Permanent Surface Mining Regu-
lation Litigation. 19 BNA Environment Reparter, Cases, 1477, 1 495, May 16, 1980,
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longwall panel in the VP-6 mine. Water
quality samples are alsc being taken, and
water levels in nearby domestic wells moni-
tored. Subsidence and seismic monitoring
are providing data for correlation with
hydrologic data. Mining was completed in
August 1988, and hydrologic monitoring that
began before mining operations continues.
A final report at the end of 1989 shouid pro-
vide much-needed information on the spe-
cific hydrologic effects of longwall mining in
Virginia.

instream Monitoring. Changes to DMLR

regulations allowed the agency o begin an,

instream monitoring program. Mining com-
panies are now required to monitor contin-
uously both streamflow and waler quality
upstream and downstream of the permit and
adjacent areas, including {in some cases)
subsidence impact areas. Monitoring prior
to the regulatory changes was required for
6 months prior to mining for baseline estab-
lishment but is now required both before and
during active mining.

Data Management System. Recognizing the
need for a more compiete regulatory pro-
gram information base, DMLR has under-
taken a comprehensive research and
information management effort. It is hoped
that a cooperative project involving DMME
(OMLR and the Division of Mineral Re-
sources - DMR), the Powell River Project,
selected coal companies, OSMRE, and the
U.S. Geological Survey {(USGS) will better
characterize and evaluate the groundwater
system of the Southwest Virginia coalfields
by establishing geclogic and hydrologic da-
tabases and producing geologic maps of the
area. The hydrologic study was described
in Chapter 3 of this report. This new data
management system will contain information
on static water levels, stratigraphy,. rock
types (including acidification potential), and
water quality parameters at hundreds of
geologic data points throughout 1he
coalfields. Based in a minicomputer at
DMME’s Big Stone Gap offices, the system
will comprise a geologic database compat-

ible with the USGS National Coal Resources
Data System, and a custom-designed water
resources database. Outputs include re-
ports, maps. fence diagrams, and three-
dimensionai perspective maps."™® The
system, which should provide DMLR, DMR,
and coal companies with a much improved
information base for planning and permitting
of mining operations, reclamation. and miti-
gation, has no component at this time that
pertains direcily to possible hydrologic im-
pacts from subsidence.

OSMRE Oversight Reports. Another per-
spective on DMLR’s increased attention to
subsidence issues can be found in the an-
nual oversight reports on Virginia’'s regula-
tory program compiled by the U.S. Office of
Surface Mining Reclamation and Enforce-
ment (OSM). In its fiscal year 1985 report,
OSMRE notes that in the previous review
period (FY 1984), deficiencies were found in
DMLR-approved subsidence control plans.
According to OSMRE, “"subsidence survey
summaries and proposed monitoring plans
for surface structures and features did not
specify how the degree of damage was to be
determined.”*? By 1985, DMLR responded
by requiring more complete information on
subsidence surveys, and to include the sur-
veys in the permit. OSMRE in its FY 1985
report noted “significant improvement” in
subsidence conirol plans compared to FY
1984,

The FY 1985 report. alse noled that during
1984 the data used to prepare cumulative
hydrologic impact assessments (CHIAs)
were inadequate, and that DMLR's
groundwater monitoring requiremenis were
deficient.*® The groundwater monitoring
deficiency was a result of DMLR’s narrow
interpretation of “permit area”™ in connection
with hydrologic monitoring. According to
OSMRE, DMLR considered only the impacts
of surface disturbances of underground
mines on ground water quality and quantity,
resulting in permitting "in a manner which
does not insure protection of the hydroiogic

151 Spangler, C. T, Hll, Chief Enginear, DMLR, Big Stone Gap, Virginia. Personal communication, February
16, 1989; and Technical Data Management System for Mining and Mineral Resource Information. Big

Stone Gap: Virginia DMME, 1988 (brochure).

%2 Annual Report, Virginia Permanent Program, for the Period May 1, 1984 to April 30, 1985. Big Stone
Gap: Office of Surface Mining, November 1985, p. 16.

183 DMLR disagreed with this assessment.
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balance outside the permil area.”' QOSM
notes that:

Federal regulations require that ground
water monitoring be performed to protect
those waters within the permit and adja-
cent areas which may be adversely im-
pacted. The definition of “adjacent area”
at 30 CFR 701.5 includes the “area outside
the permit area where a resource of re-
sources are or reasonably could be ex-
pected to be adversely impacted by
proposed mining operations, including
probable impacts from underground
workings,” a definition which the pream-
ble states was designed to specifically in-
clude the probable impacts from
underground workings.1®

DMLR addressed these questions in 1985,
making its regulation on hydrology as eflec-
five as the federal rule, including changes in
response to OSMRE concerns about waiv-
ers of groundwater monitoring.

In tts FY 1986 evaluation, however, OSMRE
again expressed concern over DMLR’s per-
mitling of underground mines, specifically
regarding subsidence and hydrology infor-
tation. While subsidence surveys in the
permits had improved wilh respect to sur-
face siructures,

...renewable resource lands were nat fully
addressed in any of the permits to the
extent that this term includes aquifers and
aquifer recharge zones in areas overlying
underground workings. Detailed informa-
tion on geology and hydrology was absent
in six permits. The remaining four permits
contained technically inadequate informa-
tion or presented unsubstantiated state-
ments that mining would not appreciably
impact the hydrologic regimes.'®

The report notes that DMLR had developed
official policy and procedural modifications

to address these concerns during the evalu-
ation period, and that these were undergoing
OSMRE review.

OSMRE’s FY 1987 evaluation report states
that DMLR had resolved the deficiencies in
its subsidence control plan requirements
with respect to technically adequate infor-
mation and consideration of aquifers and
aquifer recharge areas as renewable re-
source lands. The FY 1988 evaluation report,
examining permit applications approved af-
ter the effective date {(November 25, 1986} of
the regulatory amendment addressing this
problem, concluded that “aquifers and
aquifer recharge areas are discussed in suf-
ficient detail to justify the absence of, or
need for, a subsidence control plan.”®
Through a program amendment, the prob-
lem noted in the FY 1985 report with respect
to inappropriate or unjustified waivers of
groundwater monitoring was also resolved.

During the last four fAiscal years, OSMRE has
found DMLR’s inspection and enforcement
program to be satisfactory in most areas. In
the FY 1988 report, for example, OSMRE
says: “DMLR made 100 percent of all man-
dated inspections. Inspections were ade-
quately documented and complete
inspections appeared to cover all applicable
performance standards. Enforcement
actions and follow-up actions were appro-
priate, effective, and timely.”'® OSMRE
found that DMLR’'s record for citing vio-
lations had improved in FY 1988.

Summary

A knowledge of what is actually happening
in the field is an absclute precondition to any
attempts to control the environmental effects
of coal mining. DMLR has recognized the

184 Annuaf Report, Virginia Permanent Program, for the Period May 1, 1984 to April 30, 1985. Big Stone
Gap: Office of Surface Mining, November 1985, p. 18.

183 {bid.

166 Fiscal Year 1986 Annual Evaluation Report for the Regulatory and Abandoned Mine Land Reclamation
Program Under the Surface Mining Control and Reclamation Act of 1977 in the State of Virginia for
the Period May 1, 1985 to June 30, 1986. Big Stone Gap: U.S. Office of Surface Mining Reclamation

and Enforcement, February 1987, p. 10.

87 Regulatory and Abandoned Mine Land Reclamation Programs Under the Surface Mining Controf and
Reclamation Act of 1977 in the State of Virginia. Fiscal Year 1988 Annual Evaluation Report for the
Period July T, 1987 to June 30, 1988. Big Stone Gap: U.S. Office of Surface Mining Reclamation and

Enforcement, December 1988, p. 19.

8 [bid., p. 3.
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inadequacy of its knowledge base and has
made efforts lo remedy the siluation.

DMLR has addressed inadequacies in ils
program with respec! 1o prolection of water
resources potentially affected by ccal min-
ing. One of them, identified earlier in this
report, was lack of data, which stemmed in
part from DMLR’s lack of authority to require
adequate data from permil applicants.

CMLR has recognized the need for more
complete data, and has learned to scrutinize
PHC determinalions maore carefully, it has
changed its regulations in order to require
monitoring in subsidence areas. Further-
more, the agency has been bhuilding what
one attorney in the Environmental Law insti-
tute has called an “enviable” information
base for reguiatory decision making.'®?

169 McElfish, J. Attorney, Environmental Law Institute, Washington, D.C. Personal communication, March

31, 1989,
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Chapter 8: Subsidence Regulation in Five States

One geal of the 1977 Surface Mine Control
and Reclamation Act (SMCRA) and OSMRE’s
implementing program is uniform state reg-
ulation of the eflects of coal mining, so that
individual states cannot gain a competitive
coal industry advantage through lax envi-
ronmental standards. in order to receive
authority from OSMRE to implement regula-
tory programs under SMCRA, states were
required to enact laws and promulgate reg-
ulations at least as effective as OSMRE’s.
While various state programs are now more
alike than before SMCRA, differences result
from individual laws, reguiations, court deci-
sions, interpretations of property rights, and
implementation by the regulaling state
agency. Moreover, in none of the states
surveyed for this report has the body of laws
and regulations stabilized; regulation of sur-

face and underground coal mining continues

to evolve in each. ™

In the following sections, various state regu-
lations under SMCRA are described as they
apply to subsidence and the protection of the
hydrologic balance. This is not inlended to
be an exhaustive survey of all coal-mining
states. The states included were chosen
because either the geology of their coal-
mining regions is similar to that of Virginia's
{Kentucky and West Virginia); or their regu-
latory schemes are noleworthy. An indepth
examination of each state is not possible
within the scope of this research. This sec-
tion merely highlights some of the salient
features of each of the flive states” coal min-

ing regulatory programs and related activ-
ities.

Pennsylvania

Pennsylvania has a long history of both coal
mining and coal mine subsidence problems.
In 1913, Pennsylvania passed a iaw limiting
coal mining beneath streets and highways,
and later expanded it to provide subsidence
protection to public facilities and dwellings.
The law was declared unconstitutional in
Pennsylvania Coal Co. v. Mahon, a landmark
U.S. Supreme Courl decision on the taking
issue.” However, the conslitutionality of
Pennsylvania’s current  coal mining
subsidence control program was recently
upheld by the U.S. Supreme Court in
Keystone Bituminous Coal Association, et al.,
V. Nicholas DeBenediclis, et al.n?
Pennsylvania’s program reflects the state’s
long acquaintance with subsidence damage
to both structures and the land. it goes far-
ther than federal primacy requirements for
protection of both surface owners and water
resources.

Pennsylvania’s regulatory program for the
environmental effects of coal mining are au-
thorized under the State’ Coal Refuse Dis-
posal Control Act,”® the Surface Mining
Conservation and Reclamation Act," the
Bituminous Mine Subsidence and Land
Conservation Act,'”® and the Clean Streams

79 This is not surprising, considering that the federal regulations under SMCRA are still in a state of flux

more than a decade after the law was signed.
171 260 U.S. 393 (1922)
72 197 S.Ct. 1232 {1987}
172 52 P.5. Sec. 30.51-30.66
14 52 P.5. Sec. 1396.1-1386.25

75 52 P.S. Sec. 1406.1-1406.21
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Law." Under the revised federal primacy
subsidence control pregram that came into
eflect July %, 1983, surface structures are no
longer included in the definition of surface
lands, revoking federal protection under the
requirement that operators protect surface
lands from subsidence damage.
Pennsylvania’s Bituminous Mine Subsidence
and Land Conservation Act, however, estab-
lishes the operator's duty to “remedy dam-
age to structures.” Performance standard
regulations under the law {effective March
30, 1985) state that mining shall be con-
ducted to prevent subsidence damage to,
among other things, dwellings “in place on
April 27, 196677 The prohibition of
subsidence damage to structures may be
waived by the current owner. Coal opera-
tors must, within 10 days of being advised
of a claim of subsidence damage 10 a struc-
ture or surface feature, provide the State
Department of Environmental Resources
(DER) with pertinent information. Claim
settlements must be made within 6 months,
or an amount (determined by the DER}) equal
to the reasonable cost of remedying the
damage must be deposited with DER, to be
held in escrow until the operator submits
evidence that the claim has been settled.

For the purposes of subsidence controf,
Pennsylvania defines streams and springs
that flow continuously during the entire cal-
endar year as a result of groundwater dis-
charge or surface runoff as perennial.
Section  89.143(b.1.iv) of Title 25,
Pennsylvania Code, states that underground
mining activities “shall be planned and con-
ducted in a manner which prevents
subsidence damage to ...[a]quifers, peren-
nial streams, and bodies of water which
serve as a significant source for a public
water supply system.” Pennsylvania regu-
lations implementing the federal primacy
program {quoted) do not require protection
of perennial streams that do not serve as a
public water supply. However, protection of
such streams was adopted under a separate

76 35 P.5. Sec. 691.1 et seq.

177 Sect. 89.143 b. 1.

78 Pennsylfvania Bulletin, 15{13::1172, March 30, 1985

m 48, Office of Surface Mining Reclamation and Enforcement.

slate law. Under the performance standard
an operalor is required to maintain the pre-
mining uses of the stream, including aquatic
life support, waler supply, and recreational
uses. The operator determines the neces-
sily for and the appropriate measures 1o be
taken to preven! subisdence damage to the
stream. If the stream is damaged by
subsidence, the operalor must restore the
stream to its premining condition. If meas-
ures taken to protect the stream are ineffec-
tive, the operator must submit revised plans
or other data to demonstrate that future
mining activities will meet the performance
standard.'®

The U.S. Office of Surface Mining Reclama-
tion and Enforcement {OSMRE) made the
following statement in its annual report for
fiscal year 1986:

Combined efforts of DER and OSMRE
during 1986 have resulted in the modifi-
cation of the bituminous surface mine
permit application to solicit an adequate
Probable Hydrologic Consequence (PHC)
determination. in turn, the PHC provides
supportive information for the proper im-
plementation of an administratively com-
plete and technically proficient
Cumufative Hydrologic Impact Assess-
ment (CHIA) process. Based upon the
CHIA process, DER will be able to conduct
an evaluation of a proposed mining oper-
ation in concert with existing and antic-
ipated mining operations to assure the
hydrologic balance of the entire area is
properly protected.'”?

Pennsylvania has experienced instances of
hydrologic damage resulling from longwall
mine subsidence. Pumping and treating
water flowing into a longwall mine once re-
sulted in an interbasin diversion and conse-
quent periodic dewatering of a trout stream.
High-extraction mining subsidence has re-
sulted in dewatering or suspecied dewater-
ing of sireams in Cambria, Indiana,
Washington, and Greene counties, and indi-
vidual water wells have also been affected.'®

OSMRE Annual Reporl, 1986,

Washington, D.C.: U.S. Department of the Interior, 1986, p. 66.

180 Arway, J. A, Division of Fisheries Environmental Services, Pennsylvania Fish Commission, State
College, Pennsylvania. Personal communication, January 3, 1989,
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The Pennsylvania Division of Fisheries Envi-
ronmenlal Services identified some prob-
lems in the state’s regulalory gprogram.®
Regulations concerning permit application
requirements with respect to subsidence
control contain a definition of perennial
stream that differs from that contained in the
general definitions section. The definition in
the latter section {Sec. 89.5) identifies a per-
ennial stream as "a body of water flowing in
a channel or bed composed primarily of
substrates assoctated with flowing waters
and ..capable ..of supporting a benthic
macroinvertebrate community..” In the
subsidence control appfication section, by
contrast, the definition is more restrictive:
"a stream or part of a stream that flows
continuously throughout the calendar year
as a result of ground-water discharge or
surface runoff."*®* According to the agency,
this definition change resulis in a lower de-
gree of protection for some streams that
support aquatic fife but do not necessarily
flow every day of the year.

Moreover, although mining must protect
from perennial streams which are not signif-
icant sources of public water supply from
subsidence damage, “the prediction of
subsidence damage [for such streams] may
be more of an art than a science. Usually
damage must occur prior to DER inter-
vention and then it s a long drawn out
process to definitively prove damage.”®
Even with regulations protecting them, it is
still possible that perennial streams not
undermined may be dewatered into inter-
mittent streams because of subsidence-
induced water table reductions or diversions
from nonperennial streams in headwater
zones.

As in Virginia, Pennsylvania’s regulatory
agency cannot require replacement of
subsidence-damaged water supplies to indi-

vidual surface property owners. Mosl waler
damage cases are resolved outside the reg-
ulatory system, and larger coal companies
maintain voluntary water replacement poli-
cies. As in Virginia, {ack of data available lo
the regulatory agency makes it difficull to
determine the cause of well dewatering.
Because of a restrictive regulatory interpre-
talion similar to the one recently abandoned
by Virginia, groundwater moniloring has
been largely limited to determining the ef-
fects of underground mine surface
facilities. 1

Kentucky

In 1985, Kentucky’'s coal production ac-
counted for more than 17 percent of all coal
produced in the United States. Underground
mines alone produced 812 million tons.
Despite the size of Kentucky’'s coal mining
industry, however, it maintained only 5 op-
erating longwalls in 1989.

In 1988, the National Wildlife Federation filed
suit against the Kentucky Department for
Surface Mining Reclamation and Enforce-
ment, pairt of the Natural Resources and En-
vironmental Protection Cabinet. The suit
alleged failure fo cite all violations, take al-
ternative enforcement action, and provide
information on  pre-mining rate of
groundwater recharge 1 A settlement
agreement was reached on September 18,
1987.%  In 1988, through a cooperative
agreement, OSMRE provided funding for im-
proved mine inspection and enforcement as
called for in the settlement agreement.'¥”

The 1987 OSMRE report on Kentucky’'s min-
ing regulalory program states, “there are
several complex issues dealing with
hydrofogy relating to underground mining

" Arway, J. A. Summary, Presentation to the Deep Mine Mediation Committee. July 1, 1987. State

College: Pennsylvnia Fish Commission.
182 Sec. 89.141(b)2
182 jhid., p. 2.

18 Kernig, J. Pennsylvania Bureau of Mining and Reclamation. Personal communication, August 1988.

5 U.8. Office of Surface Mining Reclamalion and Enforcement. Fifthh Annual Report: Kentucky Perma-
nent Program. Lexington: U.S. Department of the Interior, August 1987, p. 8.

18 U.S. Office of Surface Mining Reclamation and Enforcemenl. Seventh Annual Report: Kentucky
Permanent Program. Lexington: U.S. Department of the Interior, July 1989, p. 3.

W |bid.
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which have not been addressed sufficiently
by Kentucky. "' The following statemenl
from the OSMRE report reveals the state of
Kentucky's regulation of subsidence-induced
environmental impacts:

Subsidence above underground works is
another complex technical issue which
needs to be addressed. Large crevices,
some as broad as eight feet, have been
noted, and on occasion made public roads
impassable and dangerous. Kenlucky
needs to recognhize this as a serious
problem and begin to deal with it as a
mining impact which must be addressed
through proper planning and correction
by the operator.1#

The 1989 OSMRE oversight report notes that
while Kentucky’'s inspection program has
improved, the state needs increased atten-
tion to the areas of blasting and hydrologic
impacts of underground mining, "as isolated
cases are creating significanl environmental
concerns to affected citizens.™'®

While the preceding suggests that
Kentucky’'s imptementation of subsidence
regulations may have been inadequate, at
least in recent years, the regulations them-
selves are similar to those of other states.
Kentucky’'s subsidence controls essentialy
parallel federal regulations, except that mine
operators are liable for subsidence damage
to structures. Subsidence control must be
addressed in the mining and reclamation
plan submitted as part of an underground
mining permit application. Existing struc-
tures and anticipated subsidence effects
must be addressed. The operator has se-
veral options to “mitigate the effects of any
material damage or diminution of value or
foreseeable use of lands” that may occur as
a result of subsidence:™ 1) “Restoration or
rehabilitation of structures and features ...to
premining condition™; 2) replacement of
structures destroyed by subsidence; 3) pur-
chase of structures prior to mining and res-
toration of land after subsidence; or 4)

%% jbid., p. €.
W ibid., p. 7.

purchase of noncancellable insurance poti-
cies payable to the surface owner in the full
amount of the possible material damage or
other comparable measures.

The section on performance standards for
subsidence control  within  Kentucky’s
subsidence regulations (KAR 18:210, Secl.
3) states that each permittee “who conducts
underground mining which results in
subsidence that causes material damage or
reduces the value or reasonably foreseeable
use of the surface fands shall, with respect
to each surface area affected by
subsidence,” either restore each damaged
“structure, feature, or value,” purchase it,
or compensate the owner as described
above.

Kentucky’s regulations, like their federal
counterparts, require a prediction of the
probable hydrologic consequences (PHC) of
mining operations. For groundwater sys-
tems, the PHC must include impacts on wa-
{er quality and quantity, “emphasizing water
tevels and the polential for water supply
diminution for existing users, and dewater-
ing of aquifers which are not currently being
used for water supply but have the potential
to be developed as a water supply
source.” ;' Suybmission of baseline data to
support the Cabinet’s determination of cu-

mulative hydrologic impacts is required.

Kentucky regulations regarding hydrology in
the performance standards for underground
mining is couched in relatively general
terms similar 1o those found in the federal
regutations. Underground mining must
“minimize disturbance of the hydrologic bal-
ance in both the permit area and adjacent
areas,” in order to prevent “material dam-
age" to the hydrologic balance outside the
permit area, and support the approved
postmining land uses '™ Changes in water
quality and quantity “shall be minimized.”
Most of the language on hydrologic effects
of mining is geared toward surface oper-
ations.

e | S, Office of Surface Mining and Enforcement, id., July 1989, p. 1.

191 405 KAR 8:040, Sect. 26
12 405 KAR 8:040, Sect. 32
193 405 KAR 18:060, Sect. 1
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Performance standards for subsidence con-
trol in Kentucky (405 KAR 18:210), prohibit
mining beneath or adjacent lo perenniai
streams unless the -Cabinet finds that
subsidence will not cause "material dam-
age.” If it does, "measures will be taken™ to
the extent technologically and economically
feasible to correct the damage and prevent
additional subsidence from occurring.
Underground mining is aiso prohibited be-
neath any aquifer that serves as a significant
source of supply to any public water system.
According to DSMRE geologist Tim Suilivan,
coal operators are required {o identify an
alternate water supply if they anlicipate
damage to an existing one."™ As with the
federal regulations, however, Kentucky's
reguiations do not require replacement of
private water supplies.

Ohio

Although Ohio has relatively few Iongwails

{three in 1989), there has been considerable .

activity relating 1o the regulation of their ef-
fects. A noteworthy aspect of the slate’s
requlatory system, from the point of view of
this report, is that Ohio requires under-
ground mining operators to replace ad-
versely affected water supplies. Liabitity for
structural damage (described below} is also
treated differently than by federal regu-
lations. ‘

Ohio’s high level of attention to the effects
of longwall mining is attributable, at {east in
part, to two factors. One is that the eco-
nomic contribution of coal mining, statewide
and even in the coal mining regions of the
state, does not loom as large as it does in
the coalfields of Virginia. The land being
undermined includes productive agricultural
~ land, some used for dairy farm operations.
Surface subsidence, and especially
hydrologic impacts, can have serious eco-
nomic consequences on such operations.

Second, while Ohio was in the rulemaking
process under their primacy program, a
number of unexpected and well-publicized
adverse impacis of subsidence over longwall
mines created a resilient negalive image of
longwall mining in the state. Ghio’s caution
in dealing with these impacts, attributable in
part te a lack of clear authority under the
state’s regulations, helped galvanize local
opposition. A group calted Citizens Organ-
ized Against Longwalling (COAL) has signif-
icantly influenced the development of
regulations dealing with subsidence in Ohio.
The organization’s success has encouraged
formation of local groups in other parts of
the state affected by longwall subsidence;
there is now “essentially a group for each
longwall mine in the state.™%

Underground coal mining is regulated in
Ohio under Chapter 1513 of the Ohio Revised
Code {(O.R.C. 1513}, predating SMCRA and
amended in 1978 to extend regulation to the
surface effects of underground operations.
The state’s regufalory program is adminis-
tered by the Department of Natural Re-
sources (DNR), Division of Reclamation.
Though SMCRA, per the Flannery rulings,
does not require replacement of water sup-
plies affected by underground mining, Ohio
faw {O.R.C. 1513) does. Repair of perennial
sireams damaged by mine subsidence must
be included in subsidence control plans;
however, Rothwell and Payne note that “the
actual feasibility of such repairs remains to
be tested.”1%

The state has recenlily put new policies into
effect with respect to structural damage re-
sulting from subsidence. In January, 1989
the Governor of Qhio, by executive order,
gave the regulatory agency the power to re-
quire repair of such damage.”™ This policy
was made part of the state’'s permanent
regulatory program as of August 1989. Min-
ing companies must perform detailed
presubsidence surveys, including photo-

134 Sullivan, T. . Kentucky Department of Surface Mining Reclamation and Enforcement, Frankfort. Per-

sona!l communication, August 18, 1988,

135 Payne, H., Chio Division of Reclamation. Athens, Ohio. Personal communication, October 6, 1988,

1% Rothwell, R. J.; Payne, H. J.

“Longwall coal mining under SMCRA 1877. The Chio experience.” In:

Peng, S. 8. {ed.) Proceedings, 2nd Workshop on Surface Subsidence Due to Underground Mining,
Morgantown, West Virginia, June 9-11, 1986. Morgantown: West \frgmla University, Dept. of Mining

Engineering, August 1986, pp. 9-12.

197 Dieringer, T. Chief, Ohio Division of Reclamation. Presentation at An Industry Under Seige: Some
Facls About Subsidence. Charleston, Wast Virginia, April 5-6, 1989, sponsored by the American
Mining Congress and the West Virginia Coal Association.
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graphic evidence, to estabilish a baseline
againsl which DNR can judge the extent and
cause of structural damage.'® In order lo
receive, revise, or renew a permit, coal op-
erators must commit themselves o repair
or compensate surface owners for
subsidence damage uniess the surface
owner and the operator have a private
agreement that addresses repair or com-
pensation. When subsidence damage oc-
curs, DNR notifies the operator, who must
then {absen! a private agreemenl) submit
and implement a plan for repair or miti-
gation.

Insufficient data for assessing the potential
hydrologic impacts of longwall mining has
been a continuing problem for Ohio’s regu-
latory agency. The problem has been ad-
dressed through regulation changes and
sponsored research. DNR now requires, for
new mines or significant extensions in exist-
ing mines, a year of premining well moni-
toring {slatic water levels and water quality)
and correlation data between wells and
progress of the longwall face '™ DNR is con-
sidering requiring pump tests {though there
is some disagreement among the agency's
hydrologists about the value of such tests,
given their expense) and aquifer modeling
from mining companies using longwalls.
The companies’ position has been that the
aquifers in question cannot be adeguately
modelied. 2¢

Two studies of the hydrologic effects of
longwall mining in Ohio have been con-
ducted. In 1884, Coe and Stowe examined
effects of longwall mining on well levels and
spring and stream flow rates in eastern
Ohio.® in this study, dug and drilled wells,
ponds, developed springs, and a siream
were monitored above two different longwall
mines. In one case, “nearly all water
sources were affected as the result of sur-

face fracturing of a shallow sandsione
aquifer, which effectively drained the
aquifer.”?? In the second case, several wells
were partially or completely dewatered, one
of three ponds showed water level decline,
and a stream fractured so that its flow was
sporadic after mining. Hydrologic disturb-
ance in the second case was described as
less severe than in the first because of a
higher proportion of plastic shales and
claystones in the overburden. More re-
cently, the USGS studied the cumulative im-
pacts of longwall mine subsidence on
streamflow, water quality, and benthic popu-
lations; however, a severe drought in Ohio
during 1938 rendered the siudy inconclusive
so far 2%

West Virginia

West Virginia, which accounted for nearly a
third of the nation’s underground coal pro-
duction in 1985, has more aclive longwal
mines in operation {about 30) than any other
state. Following the passage of the West
Virginia Surface Coal Mining and Reclama-
tion Act in 1981, the state was granied
primacy in implementing SMCRA. The West
Virginia Depariment of Natural Resources
{ONR) originally was given authority for im-
plementing the regulations, but in 1985 the
West Virginia Energy Act created the West
Virginia Department of Energy (WVDOE),
which took over regulation of the coal in-
dustry, including subsidence regulation.

Implementation of subsidence control regu-
lations in West Virginia did nol proceed

" smoothly. DNR aftempted to apply the first

set of subsidence control regulations only
prospectively, with existing underground
mining operations {as of July 15, 1983}
“grandfathered.” A subsequent courl deci-

% Payne, H., Ohio Division of Reclamation, Athens, Ohio. Personal communication, October 6, 1988; and

Coal Qutlfook 13(5).4, February 6, 1989.
1% Payne, H., ibid.

9 Payne, H., ibid. Payne notes that coal companies seem 1o share a concern that the more data they
supply, the more likely it is that it will be used against them.

# Coe, C. J.; Stowe, S. M. “Evaluating the impact of longwall coal mining on the hydrologic balance.”
in: Graves, D. H.; DeVore, R. W. (eds.) Proceedings, 1984 Symposium on Surface Mining, Hydrology,
Sedimentology, and Reclamation, Lexington, Kentucky. Lexington: University of Kentucky, Office of
Engineering Services {Bulletin UKY BU136), December 1984, pp. 395-403.

2 Jbid., p.402.

3 Swisshelm, R., USGS, Columbus, Ohio. Personal communicalion, January 6, 1989.
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sion found this action invalid, and in 1985
DNR ordered all underground mining oper-
ations to submit subsidence control plans.
If a preliminary survey indicates that no ma-
terial damage or diminution in value or
foreseeable use of the land will result from
subsidence, the control plan requirement
may be waived. This is common in West
Virginia, as many mines are localed in
sparsely populated, mountainous areas ™

During the West Virginia permit application
review process, the subsidence control plan
undergoes a two-level review. High-
extraction mine operators (greater than 80
percent coal removal) must submit more
data than required for lower extraction
mines, including maps of subsidence areas;
predicted subsidence profile; measures to
prevent material damage to land and struc-
tures (unless operator has the right to sub-
side); and a description of planned
subsidence effects.

When a coal operator can demonstrate in
the subsidence control plan that a legal
“right to subside” exists, he does not have
to detail measures taken lo prevent or rem-
edy damage to structures caused by mining
operations. This absolule “right to subside™
has recently litigated, but according to Mark
Scott, head of WVDOE Administration and
Enforcement, leases that give an operator
the right to subside offer no {egal recourse
for damaged property owners. A mine
subsidence insurance program makes pro-
tection for structures available in West
Virginia.

In cases where an operator has no right to
subside, WVDOE provides the following
guidance to ils regulatory personnel:

Dwellings without the right to subside be-
come extremely sensitive issues to han-
dle. The only acceptable mitigative
measure appears to be leaving coal to
prevent material damage, unless the
company and the resident have worked
out some mutually acceptable remedial
measure, 0%

Although aquifer mapping was once re-
quired for subsidence control plans, cur-
rently only narrative descriplions of
“significant” aquifers are required.?
Subsidence control plans must identify ai-
ternative water supplies for individual land-
owners whose wells and springs are likely
to be damaged by underground mining.
Provision of alternate water supplies is also
required in West Virginia.? Cases of disa-
greement betlween the surface owner and
the coal operator over water loss are de-
cided by the regulatory agency.®® As in
most states (following the federal regu-
lations), the terms “significant aguifer™ and

" "hydrologic balance™ are not clearly defined

for purposes of requlation.

In ils subsidence control plan guidelines,
West Virginia appears to grant coal opera-
tors a presumption of no damage. First,
WVDOE says that “if the overburden is more
than 250-300 feet and is at least 60 times the
seam thickness, material damage to streams
is unlikely."® The agency takes a similar
position with respect to aquifers:

The effects of subsidence on aquifers are
very much site specific based on
stratigraphy or lithology. When the
ground subsides due to mining, depending
on the nature of the overburden, there is
a fracture zone, extending above the
mined seam, about 35-60 times the seam

204 Meador, S. “"Regulation of surface subsidence in West Virginia." In: Peng, S. S. (ed.) Proceedings,
2nd Workshop on Surface Subsidence Due to Underground Mining, Morgantown, West Virginia, June
9-11, 1986. Morgantown: West Virginia University, Dept. of Mining Engineering, August 1986, pp. 6-8.

205 West Virginia Department of Energy. Permitting Handbook. Subsidence Controf Plan, Guidelines for
Interpretive Rules. Charleston: West Virginia Department of Energy, 1987, p.2.

28 Federal regulations {30 CFR 701.5) do notl modify the word aquifer with “significant” here. DiPretoro
argues that this results in a less eflective program in West Virginia. DiPretoro, R. S. Geologist,
Morgantown, West Virginia. Personal communication, January 18, 1990,

o7 Scott, M., Deputy Director for Administration and Enforcement, Department of Energy, Charleston,
Wast Virginia. Personal communication, August 26, 1988,

208 Boyles, 0. U.S. Office of Surface Mining Reclamation and Enforcement, Charieston, West Virginia.

Personal communication, February 24, 1989,

208 West Virginia Department of Energy. Permitting Handbook. Subsidence Control Pian, Guidelines for
Interpretive Ruies. Charleston; West Virginia Depariment of Energy, 1987, p.2,
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thickness. If the aquifer and the well bot-
tom are above this zone, and there is a
well developed shale bed below the
aquifer, the chances of material damage
are minimal. Even if there is a temporary
loss during mining, the shale bed tries to
seal itself after mining, forming an
aquiclude, and the aquifer returned more
or less to the original level 210

West Virginia is requiring increasingly de-
tailed premining hydrologic data.?* Mining
companies have shown a willingness to im-
plement monitoring, because good monitor-
ing data can provide them with protection
against spurious water claims. WVDOE has
had problems managing data, however, and
there are concerns over data qualilty. The
agency has contracted with West Virginia
University for data validation and manage-
ment assistance.??

The summary of West Virginia’s mining reg-
ulatory program in OSMRE’s 1986 Annual
Report noted that “the State has made only
minimal progress in implementing the
hydrologic protection provisions of SMCRA.
Cumulative Hydrologic Impact Assessments
{CHIAs) are not being prepared by WVDOE
and problems continue to exist in the ade-
quacy of statements of probable hydrologic
consequences (PHCs) and in the use of in-
adequate baseline hydrologic data."2"® A
CHIA process has since been implemented
in West Virginia, according to Dennis Boyles
of the OSMRE field office in Charleston.?4
Each of the WVDOE's seven field offices now
has a CHIA leader, and all permits have
undergone the process. West Virginia CHIAs
are not based on hydrologic modeling, but
rather professional judgement of the reguia-
tory personnel. OSMRE still has some con-
cerns about the quality of CHIAs being
produced by the agency, however.

Maryland

The environmental effects of underground
coal mining in Maryland are regulaled
through both a primacy program under
SMCRA and state statutes, including a law
enacted prior to SMCRA that regulates
underground coal mines through a permit-
ting system. Maryland’s coal mining regu-
latory program is implemented by the state’s
Department of Natural Resources, Waler
Resources Administration, Bureau of Mines.

Maryland is probably unique among the
states in having enacted legislation for re-
solving water replacement conflicts arising
from underground mining operations in an-
ticipation of such conflicts, rather than as the
result of them. The state currently claims
only one active large-scale underground
coal mining operation, in Garrett County.
The mine has recenlly added a longwall unit,
and while there have been a few instances
of water supply damage associaled with the
operation, all but one have been resolved
privately. The case that came 1o the atten-
tion of the Maryland Bureau of Mines as a
complaint was related to blasting, not
subsidence. Surface mines account for the
vast majority of water supply damage com-
plaints handled by the Bureau.

Despite the relative absence of water supply
impacts by high-extraction underground
mining, Maryland maintains in its primacy
program under SMCRA that operators are
required to replace damaged water
supplies.®® This regulatory interpretation
gained statulory support in 1989, when the
obligation o replace damaged water sup-

10 West Virginia Department of Energy. Permitting Handbook. Subsidence Control Plan, Guidelines for
Interpretive Rules. Charleston: West Virginia Department of Energy. 1987, p.3.

71 Scott, M., op. cit.

212 Boyles, D.. op. cil.

M Office of Surface Mining Reclamation and Enforcement. OSMRE Annual Report 1986. Washington,

D.C.. U.S. Department of the Interior, p. 79.

214 Pagrsonal communication, February 23, 1989,

215 Environmental Law institule. The Environmental Regulfalion of Coal Miing: SMCRA's Second Decade.
{Draft} Washington, D.C: Environmental Law Institute, 1989.
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plies was extended to underground mining
operations.?*®* The new law states that

The operator of a deep mine shall replace
the water supply of an owner of interest
in real property who obtains all or part of
the owner’s supply of water for domestic,
agricuftural, industrial, or other legitimate
use from an underground or surface
source where the supply has been af-
fected by contamination, diminution, or
interruption proximately resulting from
deep mining operations.27

Prior to passage of the 1989 law, Maryland
maintained a fund to assist in expediting
water replacement in surface mining cases.
The new law authorizes use of monies from
a Deep Mining Fund for remediation of water
supplies damaged by underground mining.
Before this source of funds was available,
landowners wilth damaged water supplies
might face the prospect of wailing for relief
while the cause of damage was investigated
and remediation negotiated, litigated, and
appealed.  Alternatively, mine operators
might be faced with the choice of paying for
immediate water replacement while they
appealed the agency’s finding, or paying
daily fines for noncompliance. The Deep
Mining Fund may be tapped, at the request
of either the coal operator or the landowner,
to pay for immediate water supply replace-
ment. {f the operation is found to have
caused the damage, the coal company re-
imburses the fund; if not, the landowner
does. The fund may also be used 1o pay for
water supply replacement when problems
develop after mining cessation and bond re-

lease, or in the evenl of bond forfeiture. The
existence of this fund and the Rexibility it al-
lows accounts in part for lhe lack of coal in-
dustry opposition to the 1989 law. 2"

Maryland's reguiatory system does not pro-
vide for an absolute prohibition of mining
beneath perennial streams. The state De-
partment of Natural Resources has the au-
thority to require at least 50 percent of the
coal in 2 seam be left to prevent subsidence
that could affect perennial streams. High-
extraction mining is prohibited beneath such
streams unless a variance is granted. The
agency handles undermining perennial
streams on a case-by-case basis.

Summary

In a recenl presentation on activities related
to longwall mining subsidence in different
states, especially activities perceived by the
mining industry as threats to longwall min-
ing, Gerald McPhee of Island Creek Coal Co.
identified two recurring themes: concern
over subsidence damage to structures, and
concern over effects on water resources.?”
In alt but a few of the states where longwall
mining is practiced, subsidence has re-
ceived political recognition as a problem. In
several stales, cilizens’ groups opposing the
practice have attempted to influence gov-
ernment policy. And on the national level, a
batile is taking shape over the application
of certain provisions of SMCRA to
subsidence effects of underground mining.?®

218 Under the federal regulations implementing SMCRA, water supply replacement is required only of

surface mining operations.

27 Ann. Code of Md., Nat Res Art. S57-5A-05.2(B) (1989).

218 Abar, T. Maryland Department of Natural Resources. Personal communication, June &, 1989,

219 McPhee, G. “State Legislative Initiatives.” Presented at An Industry Under Seige: Some Facts About

Subsidence.
Virginia, April 5-5, 1889,

American Mining Congress and Wes! Virginia Coal Association, Charleston, West

220 On December 27, 1988, OSMRE proposed re-examining the applicability of the prohibitions on mining
in Section 522(e) of the Act to subsidence resulting from underground mining. The existing rules had
been subject to fegal challenge on the basis that they were unclear as to the surface impacts of
underground mining. “Beyond clarifying existing rutes, OSMRE is interested in examining policy,
economic, environmental and legal considerations concerning application of the mining prohibitions
in section 522(e) to subsidence resulting from underground mining. This rulemaking proposal,
therefore, addresses the broader issue of whether and to what degree subsidence is covered by the
mining prohibitions set forth in section 522(e} of the Act. The issue is one of great concern for the
coal industry and various environmental and citizen groups because the final rule may have sub-
stantial economic or significant environmental consequences.” Federa/ Register 53(248):52374, De-
cember 27, 1988. The consequences of the application of 522(e} prohibitions on mining to subsidence
from underground mining are related to the question of valid existing rights (VER) to mine and the
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The five states reviewed in this section have
responded in different ways to the problems
posed by longwall mining (see Table 6, lol-
towing page). The problems, however, are
substantially the same: damage to surface
structures, surface water bodies, and waler
supplies making use of groundwater. An at-
tempt to account for the varying responses
among the states would constitute a major
research project in itself. But other states
provide experience and lessons that may be

useful to both the coal industry and the reg-
uiatory agency in Virginia. The clearest les-
son is that if longwall mining is practiced on
a large scaie, there is strong potentiai for
subsidence damage and conflicls between
coal companies and landowners.

The next chapler draws upon this review to
develop policy/action options for dealing
with the conflicts arising from the hydrologic
impacts of subsidence.

interpretation placed upon VER. Section 522{e) prohibits mining within national parks, wildlife ref-
uges, wild and scenic rivers, and other federal and federally-protected lands; as well as occupied
dwellings, cemeteries, public roads, and other public buildings and places.
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Chapter 9: Conclusions

This research has considered the evidence
for hydrologic effects of subsidence caused
by high-extraction mining; the potential im-
pacts of those effects on water resources;
and the adequacy of present controls over
those effects and impacts. Specifically, we
have addressed the following question: Are
Virginia’s avatlable control mechanisms
(technical, regulatory, and legal) adequate to
protect water resources from the potential
adverse effecis of subsidence resulting from
high-extraction underground coal mining?

Summary

There is considerable uncertainty over the
adequacy of current controls to protect water
resources from the potential adverse effects
of high-exiraction mining. Research evi-
dence from other states suggests that water
resources are likely to be adversely affected
whenever subsidence occurs. The nature of
those effects appears 1o vary with site-
specific factors in ways not yet fully under-
stood. Some states {including Virginia) have
chosen to regulate these effects under the
provisions of SMCRA,; others have consid-
ered the effects sufficiently serious to adopt
special statutory and regulatory remedies.

Technical research o analyze water re-
source impacts of subsidence has not been
conducted in Virginia. In addilion, there is
little documented information on the extent
of such impacts in Virginia, Because of
these data deficiencies, complete assess-
ment of the adequacy of existing controls is
impossible at this time. Resolution of water
resource problems caused by subsidence is
further complicated by the fact that opposing
parties hold entrenched opinions unsub-
stantiated by detailed investigations.

Regarding data deficiencies, two particular
concerns are:

1. Lack of detailed technical information
on hydrologic effects of subsidence
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caused by high extraction mining in
Virginia.

2. Llack of documented information re-
garding number of surface owners af-
fected, adequacy of compensation,
number of lawsuits brought by affected
surface owners, and the distribution of
costs associated with subsidence dam-
ages to water resources.

The potential for widespread impacts exists:
Minable seams underlie a significant portion
of the coalfield region; groundwater re-
sources serve a substantial portion of the
population.

Detailed Conclusions

1. Mining and its eflects on water resources
are subjects of vital importance to the coal
industry and to citizens of Southwest
Virginia.

Many residents, businesses, and public wa-
ter systems in the Southwest Virginia
coalfields rely on groundwater. Irrespective
of subsidence impacts, water availability in
the coalfield counties is a problem. Surface
flows are highly variable, and groundwater
availability and quality are poor in some
areas. The coalfield region’s water re-
sources are vilal to its economic develop-
ment potential and ability to establish a
more diverse industrial base.

ARer decades of mining, many of Southwest
Virginia‘s thickest and most accessible coal
seams have been depleted. According to
industry sources, it is not economically fea-
sible to retain piltars of sufficient size to
prevent long-term subsidence in the majority
of the region’s as-yet unmined coal seams.

High-extraction mining is essential to the
economic  well-being of the Virginia
coalfields. Longwall mining in particular is
vilal to the Virginia coal industry’s ability 1o
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compete in world markets. The coal industry
is the major employer in southwes!
Virginia's coal-producing counties and will
likely remain so for many years.

Industry officials show a sirong interest in
this issue. Some fear that future under-
ground mining will be threatened by in-
creased government regulation. All sides of
the debate appear to want problems associ-
ated with subsidence resoclved equitably and
fairly. Our investigations have found little
interest among residents of the Virginia coal
region in “shutting down™ high-extraction
mining. They realize the importance of the
industry to the region’s employment base
and economy.

2. To some degree, subsidence may be an
inevitable result of all underground coal
mining.

The matter of “degree” depends on the
mining method (see Table 7), mine depth,
geologic conditions, and other site factors.
Longwall mines extract B0 percent or more
of the coal in place and cause subsidence
that develops rapidly and is usually com-
plete within a matter of months. This
subsidence is predictable in terms of where,
to what extent, and when it will occur.

Pillar retreat or pillar removal methods ex-
tract 60-80 percent of the coal in place. They
cause subsidence that is usually less pre-
dictable in terms of location, extent, and
timing than subsidence resulting from
longwalls.

Conventional room-and-pillar mining ex-
tracts less than 60 percent of the coal, leav-
ing coal pillars 1o support the overburden.
As a result, subsidence is far less than with
high extraction methods. While the rule that
50 percent of the coal must be left in order
to prevent subsidence has gained some
currency, even with only 50 percent ex-
traction some subsidence may occur over
the long term. It may take decades for
pilars to compact and crumble. While the
resulting subsidence will leave shallower
depressions than that from high exiraction
methods, it Is impossible to predict where
and when that subsidence will occur.

In Virginia, nearly 85 percent of coal pro-
duction comes from wunderground oper-
ations. Of this underground production,
about 35 percent comes from 10 mines using
longwalls, about 52 percent comes from 237
mines using pillar removal methods, and
about 13 percent comes from 64 rcom-and-
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pillar mines. Given this information, the fo-
cus of aftention given to subsidence from
longwall mining by the Joint Subcommiltee
and others in Virginia appears to be unwar-
ranted. Subsidence impacis are not simply
a longwall mining issue, but an overall
underground mining concern.

3, Subsidence affects water resources, but
the nature of these effects is not well under-
stood.

This proposition is supported by both tech-
nical literature and by interviews with fed-
eral and state officials, representatives of
citizens’ groups, and representatives of en-
vironmental organizations.  All technical
studies reviewed showed that subsidence
has some effect on water resources (espe-
cially groundwater}, but the nature of those
effects vary widely. Documented effects in-
clude declining ground and surface water
levels above high extraction mines and de-
pletion of developed water sources. None
of the studies provided information on exist-
ing or potential technologies capable of pre-
venting hydrologic impacts of subsidence.
No scientific studies have been conducted in
Virginia that assess the hydrologic impacts
of subsidence. Reviewed technical studies
were primarily conducted in the northern
Appalachian area of northern West Virginia,
western Pennsylvania, and southeastern
Chio.

Geology and mine depth are two factors that
may prevent the direct application of the re-
sults of these technical studies to Virginia.
Although general geologic conditions are
similar, there are differences in the types of
rock found in the study areas relative to
those commonly found in Virginnia. These
differences may or may not affect the
transferability of study results. Concerning
mine depths, seven of Virginia’s ten longwall
mines operate at depths below the surface
considerably in excess of depths character-
istic of operations treated by the reviewed
studies. Many of the state’s pillar extraction
operations, however, operate at shallower
depths, similar fo the mining operations
studied in northern Appaiachia.

In Virginia, DMLR complaint files indicate
that mine subsidence impacts on residential
wells and springs have occurred. While
these complaints offer some evidence, the
numbers are not large (12 complaints shown
to be mine-related from 1983 through 1989);
however, not all water problems are re-
ported to DMLR.

76



Use in Virginia

Percent Extraction

Depth:

Longwall

approx. 35 percent
of underground
production

80+

Generally deep

Pillar Retreat
approx. 52 percent
of underground
production

60-80

Generally less deep

TABLE 7: GENERAL DIFFERENCES IN MINING METHODS

Room & Pillar
approx. 13 percent
of underground
production

< 60%

Generally less deep

(deeper the mine
the less potential
impact)
Spatial Extent: Wide (500-1000 ft)
subsidence trough.

Timing: Relatively immediate
and predictable.
Most subsidence
complete in 6-12
months.

Predictability: Predictable

{shallower the
mine the more
potential impact)

{shallower the
mine the more
potential impact)

Less well defined
subsidence area,
variable both in
extent and timing.

Less well defined
subsidence area,
variable both in
extent and timing.

Variable; some Delayed; may
immediate, some develop decades
later, if at all.

after years’ delay.

Not predictable Mot predictable

Hydrologic effects of subsidence may in-
clude benefits as well as damages. In the
technical reporis reviewed for this study,
however, disturbances and adverse effects
to the prevailing hydrologic balance are well
documented, but none of the reviewed
studies demonstrated benefits, although this
was not their basic focus.

There is considerable uncertainty over the
the exact nature of the hydrologic effects of
high-extraction mining. These unresolved
technical issues could form the basis for
further research:

* Are the groundwater effects of
subsidence temporary or permanent? Do
aquifers, particularly confined aquifers,
“naturally” repair themselves over
time?

® Can groundwaler impacts occur outside
the area of surface deformation? If so,
under what circumstances and why?

s  Are significant changes in water chem-
istry likely to occur as a result of
subsidence? if so, for how long are they
likely to persist?

e What is the impact of hydrologic effects
of subsidence on wildlife resources?
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Both the literature and experiences of
regulatory agencies in other states
show that subsidence can damage
streams, springs, and seeps that pro-
vide waler and habitat for plants and
animals, but no scientific literature that
addresses the issue of subsidence ef-
fects on biclogical productivity has been
identified.

* Does subsidence cause long-term water
resource benefits by increasing the af-
fected area’s groundwater recharge and
storage capacity? Potential beneficial
effects include a more dependable
groundwater resource, more consistent
stream baseflows, and possible de-
creased flood potential of sireams
draining subsided areas.

It is unlikely that any of these issues can be
resolved with a simple answer that can be
universally applied. Site-specific factors de-
termine the nature of the hydrologic impacts
that will result from subsidence. The current
state of knowledge prevents accurate pre-
diction of exacl hydrologic effects that result
from a specific high extraction mining oper-
ation.
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Industry representatives cite tack of water
inflow to mines as evidence that subsidence
caused by high extraction mining does not
affect groundwater resources in Virginia.
Technical studies reviewed indicate that in
other states, subsidence can affect
groundwater without causing waler inflow to
mines.

According to the technical studies reviewed,
hydrologic impacts are limited in most cases
to the surface area subject to subsidence.
State officials indicate that minable seams
underlie the wvast majority of Buchanan,
Dickenson, and Wise Counties. If so, the
area potentially subject o mine subsidence
over the long term may be quite large.

4. The commeon law provides limited pro-
tection for water resources from the effects
of subsidence.

Some matters of vital public interest are dif-
ficult for the U.S. system of private owner-
ship, free market, and common law to
address.
environment, Congress has recognized that
protection of private property rights through
the common law fails in some instances to
protect the public interest. In the case of
surface coal mining, this recognition led to
the passage and impiementation of SMCRA.

Common {aw affords only limited protection
of private water rights. Damage must occur
before there is cause for suit, and in some
cases the surface owner's predecessors in
interest may have ceded the right to
subjacent support — leaving the surface
owner no legal recourse. For rural residents
of the coalfields, litigation is inherently risky
and requires substantial investment.

5. SMCRA offers limited protection of water
resources from the subsidence impacts of
underground mining.

SMCRA has been effectively implemented in
Virginia. OSMRE has approved regulations
written by DMLR to implement the federal
law. This means that the federal agency
considers Virginia’s regulations to be "at
least as effective” as the federal regulations.
According to OSMRE in its annual oversight
review of Virginia’s program, DMLR has
been diligent in enforcing its regulations.

In passing statutes o protect the ~

However, SMCRA contains significant ambi-
quilies and limitations with respect to the
surface impacts of underground mining. Not
surprisingly, the regulatory framework con-
structed by OSMRE to implement SMCRA'’s
underground mining provisions has been a
battleground for industry groups on the one
hand, and citizen and environmental groups
on the other.®' The regulations concerning
subsidence damage have been under more
or less constant legal attack., and have
undergone numerous changes. Of special
interest to this disicussion is the absence in
the federal regulations of a requirement for
replacement of waler supplies damaged by
underground mining, analogous to the re-
quirement applicable to surface mining.
QOperators of surface coal mines are re-
quired to repair, replace, or compensate
surface owners for damaged waler supplies;
underground coal mine operators are not.
This inconsistency has been challenged by
environmental and citizen groups, but it was
found to be consistent with Congressional
intent and upheld.®® Thus, while SMCRA
does contain many protections for water re-
sources and {during the permitting process)
for surface landowners’ water supplies, it
does not specifically require replacement,
repair, or compensation for water supplies
in the event of damage. As discussed in
Chapter 8, some states have elected to pro-
vide this further protection through other
means. Virginia has not done so.

6. Available information is insufficient to
determine whether or not the coal industry’s
voluntary water replacement programs are
adequate.

Coal mining companies with high extraction
operations say that in many cases they ex-
ceed minimum compensation requirements
for damage to water supplies, and that cor-
porale responsibility and good citizenship
are served. The industry is also aware of the
potential political consequences of wide-
spread citizen discontent. Nevertheless,
there remains dissatisfaction with industry
efforts in some circles.

Currently, only subjective evidence is avail-
able to determine the “faimess™ of the
Virginia coal industry’s compensation poli-
cies. No independent, objective data source
exists that is capable of lending support --

21 See, for example, the brief history of litigation over SMCRA’s subsidence provisions in National
Wildlife Federation v. Interior Department (1990), 31 Environmental Reporter, Cases at 1010.

22 National Wildlife Federation v. Interior Department (1988), 27 Environmen! Reporter, Cases, at 1153.
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or failing to lend support -- to industry claims
that the vast majority ol affected parlies are
safisfied with compensation received.

Before public policy changes are considered
for compensation of surface owners de-
prived of water supplies, additionat research
should determine the adequacy of existing
remedies. Potential areas of investigation
are:

e  Number of affected surface owners in
Virginia and seftlements reached {or not
reached) in specific cases. At present,
only the mining companies have access
to this data, because negotiations be-
tween specific firms and affected indi-
viduals are a private matter.
Aggregation of this information would
require cooperation by mining compa-
nies or changes in public poficy to place
this information in the public domain.

s Degree to which affected propetty own-
ers are, or are not, safisfied with mining
company compensation. industry
sources claim that the vast majority of
affected property owners are satisfied
with compensation received under cur-
rent controls; that citizen outcry results
from a smail, but vocal, minorily. An
independent survey could clarify claims
to “degree of satisfaction.”

¢  Amount and distribution of transaction
costs (e.g., who pays for settlement of
compensation cases and how much} un-
der present compensation
mechanisms. @ Establishment of an al-
ternative conflict resolution mechanism
will also impose costs. Major questions
associated with establishing an alterna-
tive might include: Will the total of all
transaction costs be increased or de-
creased by the alternative conflict re-
solution mechanism? Is it appropriate
to shift the current burden of transaction
costs from affected property owners and
the mining industry to the taxpayer?

&  Constitutional issues raised by addi-
tional regulation or statutory change
that affects established property rights.
Any exercise of the state’s police power

is potentially vulnerable to constitutional
challenge. Legal research into the na-
ture of these issues would be a key in-
gredient in the deliberation of public
policy changes.

Available Options

As discussed above, available data on
subsidence effects and the effectiveness of
voluntary compensation in Virginia are in-
sufficient to fully determine the adequacy of
existing mechanisms for protecting water
supplies and resources from the impacts of
mine subsidence. However, it is still useful
to explore a range of options available to
state officials and the industry designed to
improve information, foster communication,
and remove uncertainty. The following dis-
cussion describes several oplions and their
possible implications in Virginia.

1. For DMLR. DMLR has already made se-
veral regulatory changes in response to in-
creased high extraction mining activity, as
discussed in Chapter 7. The agency has
also undertaken a major expansion of its
geologic/hydrologic data base, although not
focused specifically on subsidence effecis.
The following action options aim to reduce
the uncertainty that now surrounds
questions related to the water resource ef-
fects of high-extraction coal mining.

* Require additional premining and moni-
toring information from mining permit
holders and applicants. If DMLR is to
determine whether mining operations
have affected individua! water supplies,
the agency needs a solid information
base. WNecessary data could be pro-
vided by monitoring water levels and
flow rates of all developed waler
sources likely to be affected by
subsidence. Data could be correlated
with proximity and passage of a
longwall face or pillar extraction.

In some cases, monitoring existing wells
may be an adequate substitute for in-
stalling new monitoring wells. No new

22 Transaction costs are cosis incurred in specifying, transferring, and policing property rights. Ac-
cording to economist Alan Randall, the transactions industry in a modern economy "is quite massive.
It includes sales personnel and their support staffs back at the office, agents of all kinds, attorneys,
the police and judicial systems, and the large and growing private-sector enforcement system...”
He goes on to state that “transactions costs are clearly no trivial expense.” Randall, A. Resource
Economics: An Economic Approach to Natural Resource and Environmental Palicy. New York: John

Wiley and Son, 1987, 434 pp.. p. 158.

Chapter 9: Conclusions
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statutory authority would be necessary
for DMLR to implement this require-
ment.

DMLR needs more than one year of
postmining monitoring to support con-
clusions about long-term hydrologic ef-
fects. Long-term monitoring of ground
and surface water in strategic locations
above representative high-extraction
operations would be done at a lower
ievel (i.e., fewer locations, less frequent
reporling) after active mining. This
monitoring would support DMLR's CHIA
process and help to assure that future
land uses above such mining operations
will not be impaired.

Monitoring could be designed to detect

changes in water chemistry as well as
changes in quantity. Agquifer testing
couid be part of such a long-term moni-
toring program to determine if high-
extraction mining may indeed improve
groundwater development potential
over the long term.

At the same time, better data provided
by increased pre- and postmining moni-
toring might benefit mine operators by
protecting them from spurious damage
claims. However, the major drawback
to increased moniloring is cost, most of
which would fall on the mining industry.
These additional operations costs could
reduce profits and/or Virginia coal pro-
duction.

DMLR would also experience increased
cost for data tracking and analyses.
DMLR’s geologic/hydrologic data sys-
tem, however, may be capable of han-
dling this increased data stream without
imposing a substantial financiat burden
on the agency.

¢ Conduct or sponsor research, Another
option for increasing understanding of
the hydrologic effects of subsidence is
additional research conducted or spon-
sored by DMME/DMLR, such as the re-
cently concluded study of Virginia's
groundwater resources jointly spon-
sored with the U.5. Geological Survey
and the Powell River Project. Important
technical research topics include: ac-
tual water-reiated effects of mine
subsidence experienced in Virginia;
land area in the coalfields subject fo
present and future undermining by high
extraction methods; long-term beneficial
and adverse effects of subsidence on
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ground and surface water quantity and
quatity.

2. For DMLR, the Mining Industry, and/or
Other Organizations. Citizens groups speak-
ing for surface owners cite lack of informa-
tion and associated anxiety as a significant
problem. Success of current compensation
programs varies widely between companies,
which industry representatives say is due in
large part to differences in communication
and outreach. Belter communication with
surface owners well in advance of mining
under or near their properties would help
reduce conflicts.

DMLR could institute, and invite industry co-
operation in, a8 public information program
for surface owners. Taking the lead, DMLR
could provide experts to explain subsidence,
its likely impact on surface properties, legal
rights of those whose water supplies are af-
fected, and existing mining company
subsidence policies. The agency could also
produce and distribute informational materi-
als informing surface owner rights, including
implications of waivers of “subjacent sup-
port,” and the willingness {or lack thereof)
of insurers/mortgage lenders to underwrite
property subject to subsidence. As an ob-
jective third parlty, DMLR would lend credi-
bitity to information that, if provided by
mining companies, might be viewed with
skepticism by some propesrty owners. Free
and open communication between mining
companies and DMLR would be vital to the
success of any information/outreach effort.

Third parties could also provide mechanisms
for better communication between the in-
dustry and affected property owners. Efforts
in this regard are already underway.
Through the efforts of the Environmental Law
Institute’s Center on Surface Coal Mining
and the Virginia Coal Association, a Virginia
Water and Coal Mining Mediation Group has
been formed to bring together coal compa-
nies, state agencies, and citizen and envi-
ronmental groups to identify issues,
articulate concerns, and resolve conilicts
relating to water impacts of underground
mining. This group first met in April, 1990,
and a continuing process is planned.

3. For Legislators/Policymakers. Current
regulations under SMCRA do not address
the issue of damages to water users. Both
the report of the 1989 Joint Subcommitiee
and the dissenting report declined {o ad-
dress the issues of property rights and com-
pensation. Based on the research reporied
here, adverse subsidence impacts to indi-
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vidual water supplies are possible in areas
where high-extraction coal mining is prac-
ticed. Some instances have been reported
to DMLR; some have been settled privately;
and others have been the subject of court
action. Additional cases can be expected in
Virginia.

In the current debate between the coal in-
dustry and surface property owners over the
effects of mining on water, central questions
are: (1) whether or not the common law
provides adequate protection to those who
depend on water supplies potentialty im-
pacted by mine subsidence; and (2) if not,
what government actions, if any, are possi-
ble, desirable, and effective to remedy the
situation. The information provided by this
study is not sufficient to answer these
questions. However, certain policy options
have been suggested by others or adopted
by other states, and it is useful to draw on
the results of this study lo explore the pos-
sible implications of these options. They in-
clude:

1. No Action. This is the position recently
endorsed by the 1989 Virginia General
Assembly aRer considering subsidence
issues surrounding longwall mining.
Under this option, properly rights would
be unaltered, and there would be no
additional regulatory involvement in
seftling disputes over subsidence-
induced disruption of water supplies.
Mining companies would most likely
continue their programs of voluntary
water replacement, and aflected surface
owners would need to negotiate with the
mine operators or take them to court.
Current mediation efforts would con-
tinue.

2. Increase funding to DMLR to support
research and outreach efforts. Further
research is needed to define the mag-
nitude of subsidence impacts on water
resources in Virginia. While DMLR has
sufficient authority to require mining
companies to underlake additional
monitoring and environmental investi-
gations, independent data gathering and
analyses are also needed. Additionat
slate funding for DMLR-sponsored re-
search would contribute to increased
understanding of the issue. DMME pro-
posed an initiative in its 1990-1992
budget request to sponsor additional
research into hydrologic effects of high
extraction mining.
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Amend the Virginia Code to require wa-
ter replacement or compensation for
surface owners. Currently, surface wa-
ler owners are enlilled to water re-
placement or compensation if their
water source is damaged as a result of
mining-induced subsidence, if they
haven’t waived their right of subjacent
support, and if they can convince the
mining company and/or the courts of
their rights, their damage, and its cause.

In part, replacement/compensation for
water supply damage now depends on
the continuing good will of the mining
companies, as well as their financial
ability to continue to bearing the finan-
cial burden. Coal company represen-
tatives claim that the industry has so far
given more than demanded by legal
compensation requirements. In some
cases, they say, companies have even
replaced water supplies nol proven
damaged by mining, or where deeds
have waived subjacent support rights.

If, however, a surface owner experi-
ences loss of a premining water source,
such as a well or spring, and the coal
company that undermined the property
refuses to restore the water, to provide
alternative water sources, or to com-
pensate the surface owner, then the
surface owner has no allernative but
acceptance of the siluation or prose-
cution of a claim against the coal com-
pany. The [atter alternative can be
costly and should be undertaken only if
the surface owner can prove that mining
caused the water loss and that the coal
company did not own the right to cause
the water loss. The owner must weigh
the costs of litigation against the uncer-
tainty of proving and winning the case.

Before considering any policy that de-
mands water replacement or compen-
sation, additional research on the
adequacy of existing compensation is
needed. The recent experiences of
regulatory agencies, surface owners,
and coal companies in Ohio and
Maryland would provide a source of
useful information on the benefits and
pitfalls of such legisiation. The possible
consequences of establishing a policy
requiring replacement or compensation
for mining-damaged water supplies:

. For surface owners whose deeds

include a waiver of subjacent sup-
port, such a policy would transfer
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certain property rights held by the
coal companies to the sutface
owner.

* For surface owners who have not
waived subjacent support rights,
such a policy would probably re-
duce uncertainty and the trans-
action costs faced in claiming their
rights. However, it is unclear
whether the policy would provide
better or faster compensation than
existing voluntary programs.

*  For mining companies, such a poi-
icy would reduce their flexibility and
probably increase costs. However,
incremental costs might not be
large since they currently provide
water replacement/compensation
voluntarily.
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e Such a policy would place addi-
tional cosis on DMLR for imple-
mentation and enforcement.

Concluding Comments

These options have been presented in an
attempt to present in one place the possibil-
ities tried elsewhere or voiced by those en-
gaged in the ongoing debate over
high-extraction mining and ils effects on wa-
ter in Virginia.

In this report, our intent has been to provide,
in a single work, a view of the many aspects
of this debate that is balanced and compre-
hensive. To this end, we have conducted a
thorough review of the technical literature,
attempted to draw some conclusions from it,
and analyzed the regqulatory and legal
framewark for coal mine subsidence. We
hope that we have contributed to a betler
understanding of the issues involved.

82



Bibliography: Hydrologic Effects of Mining

Subsidence

I. Technical Literature

Ahnell, Gerald; Rauch, Henry W. “The effect
of underground coal mining on water
wells in Monongalia County, West
Virginia.” Ground Water 16(5), 1978.

Booth, C. J. “Strata-movement concepts and
the hydrogeological impact of under-
ground coal mining." Ground Water
24(4):507-515, July-August 1986.

Born, Donaid B. “Longwalil mining near an
impoundment embankment: a case
study.” In: Peng, Syd S., ediler. Pro-
ceedings, 2nd Workshop on Surface
Subsidence Due to Underground Mining,
Morgantown, West Virginia, June 9-11,
1986. Morgantown: West Virginia Uni-
versity, Dept. of Mining Engineering.
August 1986, pp. 231-233.

Braeuner, G. Subsidence due to under-
ground mining. Denver, Colorado: U.S.
Bureau of Mines (Part 1: Theory and
practices in predicting surface defor-
mation. BUMINES 8571; Part 2: Ground
movements and mining damage.
BUMINES 8572} 1973, 121 pp.

Brassington, £. C. “Hydrogeological prob-
lems caused by mining and quarrying.”
Transactions of the Institute of Mining
and Maetallurgy (Section B, Applied
Earth Science) 91:21-25, February 1982.

Bruhn, Robert W. “influence of deep mining
on the ground water regime at 2 mine
in notthern Appalachia.”™ In: Peng, Syd
5., editor. Proceedings. 2nd Workshop
on Surface Subsidence Due to Under-
ground Mining, Morgantown, West
Virginia, June 9-11, 1986. Morgantown:
West Virginia University, Depl. of Mining
Engineering, August 1986, pp. 234-248.

Cheng, Mow-Soung; Ridgway, James W, "A
case sludy of the probable hydrologic
consequences of surface mining in
Buchanan County, Virginia.” In: Graves,
Donald H.; De Vore, R. William, eds.
Proceedings, 1983 Sympaosium on Sur-
face Mining, Hydrology, Sedimentology,
and Reclamation, University of
Kentucky. Lexington, November
27-December 2, 1983. University of
Kentucky, Office of Engineering Ser-
vices, Lexington, December 1983, (Bul-
letin UKY BU133), pp. 217-224.

Chugh, Yoginder P.; Caudle, R. D; Agarwala,
V. K. “Premining investigations for
longwall coal mining.” In: Chugh, Y. P.;
Karmis, M. (eds.) International confer-
ence on state-ol-the-art of ground con-
trol in longwall mining and mining
subsidence. New York: Sociely of Min-
ing Engineers of AIME, 1982, pp. 3-12.

Cifelli, Robert C.; Rauch, Henry W. “Dewa-
tering effects from selected under-
ground coal mines in north-central West
virginia.” In: Peng, Syd S., editor. Pro-
ceedings, 2nd Workshop on Surface
Subsidence Due to Underground Mining,
Morgantown, West Virginia, June 9-11,
1986. Morgantown: West Virginia Uni-
versity, Dept. of Mining Engineering,
August 1986, pp. 249-263.

Coe, Curtis J.; Stowe, Samuel M. "Evaluat-
ing the impact of longwall coal mining
on the hydrologic balance.” In: Graves,
Donald H.; De Vore, R. William, eds.
Proceedings, 1984 Symposium on Sur-
face Mining, Hydrology, Sedimentology,
and Reclamation, University  of
Kentucky, Lexington, December 2-7,
1984. University of Kentucky, Office of
Engineering Services, LlLexington, De-
cember 1984, {Bulletin UKY BU136), pp.
395-403.

Bibliography: Hydrologic EHects of Mining Subsidence 83



Dixon, D. Y., Rauch, H. W, “Study of quanti-
tative impacts to ground water associ-
ated with longwall coal mining at three
mine sites in the northern West Virginia
area.” in: Proceedings, Seventh Inter-
national Conference on Ground Control
in Mining, August 3-5, 1988,
Morgantown, West Virginia.
Morgantown: West Virginia Universily,
1988, pp. 321-335.

Dixon, D. Y.; Rauch, H. W. “The impact of
three longwall coal mines on
streamflow in the northern Appalachian
coal field.” Paper presented at
Geological Society of America Annual
Meeting, St. Louis, Missouri, 1989. GSA
Meeting Paper Abstracts 21(6):A231,
1989,

Dovel, Michael R. Wise-Dickenson County
ground water: Present conditions and
prospects. Richmond: Virginia State
Water Control Board (Planning Bulletin
No. 333), June 1983, 118 pp.

Dutzi, Elisabeth J.; Sullivan, Patrick J;

Hulchinson, Charles F., Stevens,

Cristopher M. The environmental as-

sessment of a contemporary coal mining

system. Jet Propulsion Laboratory,

California Institute of Technology,

Pasadena, California. JPL Publication

80-98, 1980. '

Epps. Susan R. Buchanan County ground
water; Present conditions .and pros-
pects. Richmond: Virginia State Water
Control Board (Planning Bulletin No.
311), 1978, 118 pp.

Evans, G. A.; Hailu, T.; Weagraff, H. M;
Warner, J. W.; Lowry, G. 8. [mpact of
longwall mining on the hydrologic bal-
ance: Premining data collection. Bu-
reau of Mines, Washington, D.C.
BUMINES-OFR-187-83, May 31, 1983, 142
pp.

Green, Jeffrey B.; Trevits, Michael A
Walker, Jeflrey S. "A case study of the
eflects of subsidence on a local
groundwater system.” in: Graves,
Donald H., editor. Proceedings, 1986
Symposium  on  Surface  Mining,
Hydrology, Sedimentology, and Recla-
mation, University of Kentucky,
Lexington, December 8-11, 1986. Uni-
versity of Kentucky, Office of Engineer-

ing Services, Lexington, December
1986, (Builetin UKY BU142), pp. 223-231.

Hasenfus, G. J.; Johnson, K. L; Su, D. W_H.
“A hydrogeomechanicai study of over-
burden aquifer response to longwall
mining.” In: Peng, S. S., editor. Pro-
ceedings of the Seventh International
Conference on Ground Conlrol in Min-
ing. Morgantown: West Virginia Uni-
versity, COMER, Department of Mining
Engineering, 1988, pp. 149-162.

Hill, J. Gregory; Price, Donald R. "The im-
pact of deep mining on an overlying
aquifer in western Pennsylvania.”
Ground-Water  Monitoring Review
3(1):138-143, Winter 1983

Hobba, William A., Jr. Effects of under-
ground mining and mine collapse on the
hydrology of selected basins in West
Virginia. USGS RI-33, 1981, 77 pp.

Larson, J. D.; Powell, J. D. Hydrology and
effects of mining in the upper Russell
Fork Basin, Buchanan and Dickenson
Counties, Virginia. Richmond, Virginia:
.S, Geological Survey, Water-
Resources Investigations Reporl
85-4238, 1986.

Moebs, Noel N_; Barton, Timothy M. “Short-
term effects of longwall mining on shal-
low water sources.” In: Mine
Subsidence Control. Proceedings, Bu-
reau of Mines Technology Transfer
Seminar, Pittsburgh, Pennsylvania, Sep-
tember 19, 1985. Washingtlon, D.C.: U.S.
Bureau of Mines, 1C-3042, 1985, pp. -
13-24. ’

Moebs, Noel N.; Clar, Michael L. Feasibility
of waler diversion and overburden de-
walering. Pittsburgh, Pennsylvania:
U.S. Bureau of Mines (BUMINES IC
9024), 1985, 68 pp.

Moore, Richard C.; Nawrocki, Michael A.
Effects of subsidence from thick seam
coal mining on hydrology. Washington,
D.C.: U.S. Bureau of Mines (BUMINES
OFR 93-80), March 7, 1980, 245 pp.

Neate, C. J.; Whittaker, B. N. “Influence of
proximity of longwail mining on strata
permeability and ground water.” In:
Proceedings of the 20th U.5. Symposium
oh Rock Mechanics, Austin, Texas, June
4-6, 1979. New York: Society of Mining
Engineers of AIME, 1979, pp. 217-224.

Bibliography: Hydrologic Effects of Mining Subsidence 84



Owili-Eger, Angelus 8. C. “A decade of
computer model applications in predict-
ing water inflows into operating coal
mines.” In: Ramani, R. V. (ed) Pro-
ceedings of the 18th Applicalion of
Computers and Operafions Research in
the Mineral Industry, Pennsylvania State
University, April 14-16, 1986. Littleton,
Colorado: Society of Mining Engineers,
Inc., 1986, pp. 597-604.

Pennington, D.; Hill, J. G.; Burgdorf, G. J;
Price, D. R. Effects of longwall mine
subsidence on overlying aquifers in
western Pennsylvania. Bureau of Mines,

Washington, D.C.

BUMINES-OFR-142-84, May 1984, 130

Pp. .
Rauch, H. W. “Ground water impacts from

surface and underground coal mining.”
In:  Proceedings of a Conference on
West Virginia Ground Water 1987 — Sia-
tus and Future Directions. Morgantown:
West Virginia University, Water Re-
search Institute, 21 pp., 1989,

Rauch, H. W. “A summary of the ground
water impacts from underground mine

subsidence in the north central
Appalachians.” In: Proceedings, Coal
Mine Subsidence Special Institute.

Pittsburgh: Eastern Mineral Law Foun-
dation, 31 pp., 1989.

Rogers, S. M.; Powell, J. D. Quality of
ground waler in southern Buchanan
County, Virginia. Richmond, Virginia:

U.s. Geological Survey, Water-
Resources Invesligation 82-4022, May
1983.

Schmidt, Robert D. Fracture zone dewafer-
ing to control ground water inflow (o
underground coal mines. Washington,
0.C.: U.S. Bureau of Mines {BUMINES
RI 8981), 1985,

Schmidt, Robert D.; Ebaugh, Walter F.
“Some considerations regarding the
steady-state response of shallow
aquifers to underground mining.” In:
Graves, Donald H., editor. Proceedings,
1985 Symposium on Surface Mining,
Hydrology, Sedimentology, and Recla-
mation,  University of  Kentucky.
Lexington, December 9-13, 1985. Uni-
versity of Kentucky, Office of Engineer-
ing Services, Lexington, December
1985, (Bulletin UKY BU139), pp. 1-7.

Schubert, Jeffrey P. Fracture flow of
groundwafer in coal-bearing strafa.
Prepared for 1980 Symposium on Sur-
face Mining Hydrology, Sedimentology,
and Reclamation, Lexington, Kentucky,
December 1-5, 1980. 7 pages.

Shultz, Robert A, Ground-water hydrology
of Marshall County, West Virginia, with
emphasis on the effects of longwall coal
mining. Charleston, West Virginia: U.S.
Geological Survey, Water Resources
Investigations Report 88-4006, 1988, 139
pp.

Singh, R. N.; Hibberd, S.; Fawcett, R. J.
"Studies in the prediction of water in-
flows to longwall mine workings.” Inter-

national Journal of Mine Water
5{3):29-46. 1986.
Sloan, Patrick; Warner, Richard C. "A case

study of groundwaler impaci caused by
underground mining.” In: Graves,
Donald H.; De Vore, R. William, eds.
Proceedings, 1984 Symposium on Sur-
face Mining, Hydrology, Sedimentology,
and Reclamation, University of
Kentucky, Lexington, December 2-7,
1984. Universily of Kentucky, Office of
Engineering Services, Lexington, De-
cember 1984, (Bulletin UKY BU136), pp.
113-120.

Smalley, Richard C.; Zimmerman, William
“Application of detailed analysis of
geologic structure to problems in coal
hydrogeology.” In: Graves, Donald H.;
De Vore, R. William, eds. Proceedings,
1984 Symposium on Surface Mining,
Hydrology, Sedimentelogy, and Recla-
mation, University of Kentucky,
Lexington, December 2-7, 1984. Univer-
sity of Kentucky, Office of Engineering
Services, Lexington, December 1984,
{Builetin UKY BU136), pp. 261-266.

Stoner, J. D. “Probable hydrologic effects
of subsurface mining.” Ground Water
Monitoring Review 3(1):128-137, Winter
1983.

Stoner, J. D.; Williams, D. R.: Buckwalter, T.
F_; Felbinger, J. K.: Pattison, K. L. Waler
Resources and the Effects of Coal Min-
ing, Greene County, Pennsylvania. Pre-
pared by the US. Geological Survey,
Water Resources Division, in cooper-
ation with the Pennsylvania Geological
Survey.  Harrisburg:  Pennsylvania

Bibliography: Hydrologic Effects of Mining Subsidence 85



Geological Survey, Water Resource Re-
port 63, 166 pp. plus maps, 1987

Walker, J. S.; Green, J. B,; Trevits, M. A. "A
case study of water level fMuctuations
.over a series of longwall paneis in the
northern Appalachian coal region.” In:
Peng, Syd S., edilor. Proceedings, 2nd
Workshop on Surface Subsidence Due
to Underground Mining, Morgantown,
West  Virginia, June 8-11, 1986.
Morgantown: West Virginia University,
Dept. of Mining Engineering, August
1986, pp. 264-269.

Whittaker, B. N.; Singh, R. N.; Neate, C._ J.
“Effect. of longwall mining on ground
permeability and subsurface drainage.”
in: Argall, G. O.; Brawner, C. O. (eds.)
Mine Drainage. Proceedings of the fst
International Mine Drainage Sympo-
sium, Denver, Colorado, May 1979. San
Francisco: M. Freeman Publications,
1979, pp. 161-183.

Wyrick, Granville G.; Borchers, James W.
Hydrologic effects of stress-relief frac-
turing in an Appalachian valley. United
States Geological Survey. Water-Supply
Paper 2177. Washington, D.C.: U.S.
Government Printing Office, 1981, 51 pp.

/l. Related Literature

Chen, C.Y.; Jones, David E.; Hunt, Dean K.

“Government regulation of surface
subsidence due to underground
mining.” In: Chugh, Y. P.; Karmis, M.

{eds)) International conference on
state-of-the-art- of ground control in
longwall mining and mining subsidence.
New York: Society of Mining Engineers
of AIME, 1982, pp. 245-252.

Chen, C. Y; Peng, 5. S. Government regu-
fation of subsidence due to underground
coal mining and its impact on [luture
subsidence research. SME Fall Meeting,
Albuquerque, New Mexico, October
16-18, 1985. Littleton, Colorado: Society
of Mining Engineers of AIME (Preprint
85-418), 4 pp., 1985,

Gorell, Gregory R.; McGuire, Kevin M.
“Major issues in subsidence
regulation.™ In: Peng, Syd S., editor.
Proceedings, 2nd Workshop on Surface
Subsidence Due to Underground Mining.
Morgantown, West Virginia, June §-11.

1986. Morgantown: Wesl Virginia Uni-
versity, Dept. of Mining Engineering,
August 1986, pp. 19-30.

Lawson, Richard "Groundwater springs up
as a major issue.” Coal 25(5):33, May
1988.

Meador, S. “Regulation of surface
subsidence in West Virginia.” In: Peng,
Syd S., editor. Proceedings, 2nd Work-
shop on Surface Subsidence Due to
Underground Mining, Morgantown, West
Virginia, June 9-11, 1986. Morgantown:
West Virginia University, Dept. of Mining
Engineering, August 1986, pp. 6-8.

National Research Council Committee on
Ground-Water Resources in Relation to
Coal Mining. Coal mining and ground-
water resources in the United States.
Washington, D.C: National Academy
Press, 1981, 213 pp.

Pachter, J. M. Environmental evaluations:
an important part of coal property dis-
posal and acquisition studies. SME Fall
Meeting, St. Louis, Missouri, September
7-10, 1986. Littleton, Colorado: Society
of Mining Engineers of AIME (Preprint
86-327). 7 pp., 1986.

Pendleton, J. M. Coal mine subsidence in
Colorado:  Practical application in a
regulatory setling, SME Fall Meeting,
Albuquerque, New Mexico, Oclober
16-18, 1985. Littleton, Colorado: Society
of Mining Engineers of AIME (Preprint
85-328), 8 pp., 1985,

Rothwell, Robert J.; Payne, Harry J.
“Longwall coal mining under S M.C.R.A.
1977. The Ohio experience.” In: Peng,
Syd S., editor. Proceedings, 2nd Work-
shop on Surface Subsidence Due to
Underground Mining, Morganiown, West
Virginia, June 9-11, 1986. Morgantown:
West Virginia University, Dept. of Mining
Engineering, August 1986, pp. 9-12.

Smith, Scoft R.; Smith, Sara G. "Legal and
technical ramifications of environmenial
data collection.” In: Graves, Donald H_;
De Vore, R. William, eds. Proceedings,
1984 Symposium on Surface Mining,
Hydrology, Sedimentology, and Recla-
mation, University  of  Kentucky,
Lexington, December 2-7, 1984. Univer-
sity of Kentucky, Office of Engineering
Services, Lexington, December 1984,
{Bulletin UKY BU136). pp. 109-111.

Bibliography: Hydrologic Effects of Mining Subsidence . 86



Tieman, G. E.; Rauch, H. W. "Study of de-
watering effects at an underground
longwall mine stie in the Pittsburgh
seam of the northern Appalachian
coalfield.” in: Eastern Coal Mine
Geomechanics. Proceedings, Bureau of
Mines Technology Transfer Seminar,
Pittsburgh, PA, Novermber 18, 1986.
Washington, D.C.: U.S. Bureau of Mines
information Circular 9137, 1987, pp.
72-89.

U.S. Office of Surface Mining Reclamation
and Enforcement. Guidelines for Prep-
aration of a Probable Hydrologic Conse-
quences Determination {PHC).
Washington, D.C.: U.S. Department of
the Interior, December, 1985, 58 pp.

U.S. Office of Surface Mining Reclamation
and Enforcement. Guidelines for Prep-
aration of a Cumulative Hydrologic Im-
pact Assessment (CHIA}). Washington,
D.C.: U.S. Department of the Interior,
December, 1985, 78 pp.

U.S. Office of Surface Mining Reclamation
and Enforcement. Appendices to PHC
and CHIA Guideline Documents.
Washington, D.C.: U.S. Departmeni of
the Interior, Washington, D.C., Decem-
ber, 1985, 160 pp.

Winters, Dermot; Chen, C. Y. “"Current status
of Federal regulations and rulemaking
governing subsidence due to under-
ground mining.” In: Peng, Syd S., edi-
tor. Proceedings, 2nd Workshop on
Surface Subsidence Due to Under-
ground Mining, Morgantown, West
Virginia, June 9-11, 1986. Morgantown:
West Virginia University, Dept. of Mining
Engineering, August 1986, pp. 1-5.

Interviews

Arway, John A. Division of Fisheries Envi-
ronmental Services, Pennsylvania Fish
Commission, State College,
Pennsylvania. January 9, 1989,

Bledsoe, William H. Virginia DMLR, Big
Stone Gap. August 22, 1988,

Boyles, Dennis. U.S. Office of Surface Min-
ing Reclamation - and Enforcement,
Charteston, West Virginia. February 24,
1989.

Childress, Harry. Chief Mine Inspector,
Virginia Division of Mines, Big Stone
Gap. Virginia. January 18. 1990.

Cooke. Fletcher. Attorney, Pittston Coat
Group, Lebanon, Virginia. January §,
1984.

Galloway, Tom. Attorney, Galloway and
Greenberg, Washington. D.C. February
7, 1989, '

Gray, Gerald. Aftorney, Clintwood. Virginia.
January 4, 1989,

Harrell, Tom. U.S. Office of Surface Mining
Reciamation and Enforcement, Big
Stone Gap, Virginia. January 17, 1989,

Haynes, Lynn. Technical Servicas Division,
Virginia DMLR, Big Stone Gap. ‘August
1988; January 4, 1989; February 6, 1989.

Henika, William. Virginia Division of Mineral
Resources, Blacksburg. August 1988,

Holbrook, Jack. Anthracite Reclamation
Programs Branch, U.S. Office of Surface
Mining Reclamation and Enforcement,
Wilkes Barre, Pennsylvania. January 6,
1989.

Jernejcic, Frank. West Virginia Department
of Natural Resources, Charleston. Jan-
uary 6, 1989.

Kernig, John. Pennsylvania Bureau of Min-
ing and Reclamation. August 1988.

teCain, Gary, U.S. Geological Survey,
Marion, Virginia. Oclober 14, 1988.

Lehr, Jay. Executive Director, National Wa-
ter Well Association, Ames, lowa. Au-
gust 22,1989,

Mathis, Eugene. Pitiston Coal Group, Inc.,
Lebanon, Virginia. Interviewed by Ted
Clutter, VCCER. May 3, 1988.

McElfish, Jim. Attorney, Environmental Law
Institule. Washington, D.C. March 31,
1989,

McKinney, Judy. President, Dickenson
County Concerned Citizens, Clinchco,
Virginia. Interviewed by Ted Clutter,
VCCER, May 21, 1988.

Bibliography: Hydrologic Effects of Mining Subsidence 87



Payne, Harry. Division of Reclamation, Ohio
Departmenl of Natural Resources,
Athens. October 6, 1988,

Scales, Anthony. Technical Services Divi-
sion, Virginia DMLR, Big Stone Gap.
August 22, 1988,

Scott, Mark., West Virginia Department: of
Energy, Charleston. August! 26, 1988,

Spangler, Conrad T. Chief Engineer, Virginia

DMLR, Big Stone Gap. February 16,
1989. '
Stump, Don. Office of Surface Mining Rec-

lamation and Enforcement, Pittsburgh,
Pennsylvania. September 29, 1988.

Sullivan, Tim. Kentucky Depariment of Sur-
face Mining Reclamation and Enforce-
ment, Frankfort. August 18, 1888.

Swisshelm, R. U.S. Geological Survey,
Columbus, Ohio. January 6, 1989.

Whitehurst, David. Virginia Department of
Game and Inland Fisheries, Richmond.
January 4, 1989.

Winters, Dermot. U.S. Office of Surface
Mining Reclamation and Enforcement,
Washington, D.C. September, 1988.

Reviewers

Steven G. Breeding, Assistant to the General
Manager, Community Relations, i1sland
~ Creek Corporation, Oakwaood, Virginia.

Richard 5. DiPretoro,
Morgantown, West Virginia.

Geologist,

Eustace Frederick, Vice President, Consol-
idation Coal Company, Bluefield,
Virginia.

Gary R. Hooper, Vice Provost for Research
and Graduate Studies, Virginia Tech.

Michael E. Karmis, Professor and Head,
Mining and Minerals Engineering,
Virginia Tech.

James M. McElfish, Jr., Environmental Law
Institute, Washington, D.C.

Claude D. Morgan, P.E., Regional Manager -
Engineering and Environmental Affairs,
Consolidation Coal Company, Bluefield,
Virginia.

Ken Price, General Manager, Virginia Divi-

sion, Island Creek Corporation,

Dr. Henry W. Rauch, Department of Geoiogy
and Geography, West Virginia Univer-
sity, Morgantown.

Gary Slagel, Director, Environmental Regu-
latory Activities, Consolidation Coal
Company, Piltsburgh, Pennsyivania.

Ernest R. Stout, Department of Research
Administration. Virginia Tech.

Virginia Department of Mines, Minerals, and
Energy.

Virginia Division of Mined Land Rectamation.

Bibliography: Hydrologic Effects of Mining Subsidence 88



