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EXPLANATION

Map areas are labeled with letters first in the alphabet if
‘areas relative to two coal beds coincide. For example, if Cp Cf
an Ap and a Bf area overlap, the resulting area is labeled

Ap.
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Areas that correlate with minor numbers of
mine-subsidence events

Ap ' Af

Cp, Pittsburgh coal bed undermined before April 27, 1966,
with more than 500 ft of overburden; undermined
between April 27, 1966, and June 30, 1974, with any
thickness of overburden; or mineable after June 30,
1974, with any thickness of overburden

Areas that correlate with high numbers of
mine-subsidence events
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Ap, Pittsburgh coal bed undermined before April 27, 1966,
with 0 to 200 ft of overburden

Cf, Upper Freeport coal bed undermined between April 27,
1966, and June 30, 1974, with any thickness of over-
burden; or mineable after June 30, 1974, with any
thickness of overburden

County index map of Pennsylvania showing locations from west
to east of Washington, Allegheny, and Westmoreland Counties

Af, Upper Freeport coal bed undermined before April 27,
1966, with 0 to 500 ft of overburden

Bp Bf D

Dpw

Areas that correlate with extremely rare
mine-subsidence events

Areas that correlate with moderate numbers
of mine-subsidence events

Bp, Pittsburgh coal bed undermined before April 27, 1966,
with 200 to 500 ft of overburden

D, Areas where coal is too thin for extensive underground
mining in the foreseeable future or where coal has
been removed by strip mining or prehistaric natural
erosion. Very restricted areas may have been under-
mined before 1910

Bf, Upper Freeport coal bed undermined before April 27,
1966, with more than 500 ft of overburden

Dpw, Areas underlain by washouts in the Pittsburgh coal
bed
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Units of measurement
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Customary (English) units of measurement are used for present
purposes in preference to International System (SI or metric) units.
Some conversion factors are given below:
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)~\§< T millimetres 0.03937 inches
,$LH inches 25.4 millimetres
\ ﬁ55 inches 2.54 centimetres
3 feet 30.48 centimetres
&Qﬁ feet 0.3048 metres
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By mile 0.189 metres per kilometres
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Relationship of overburden thickness and time of mining to recorded subsidence events

1/
/ﬁ Pre-1966 Assigned Post-1966 Assigned
09 Coal bed Overburden thickness miningi/ categorygf mining~ categoryg
¢ Greater than 500 ft 0 c 0 c
107 MiLs| [|_0°50"
15 MILS Pittsburgh 500 ft to 200 ft 19 B 0 €
200 £t to Q. £ 69 A 0 c
o UTM GRID AND 1972 MAGNETIC NORTH
e i DECLINATION AT CENTER OF SHEET Bray, in Wlgnep | 0 o o Lo et oo I e e e e e S o A e e 5 e e e e e b A TS S RSt B B s —
T —— and others, 1970,
Overburden thickness ., 111-116 Craft, 1974 Ackenheil, 1968 Greater than 500 ft 2 B 0 c
SCALE 1:125 000 Less than 100 ft G:l‘reat risk even Strong to great Upper Freeport 500 ft to 200 ft 5 A 1 c
, 5 . without structures
] 1 inch equals approximately 2 miles
4000 —u 40°00’ 200 £t to 0 £t 6 A 0 c

INTRODUCTION

This map was prepared as part of a study of underground coal mining
activity as it relates to surface subsidence. The study was sponsored
by the Appalachian Regional Commission as one element of a larger program
of environmental analysis conducted by the U.S. Geological Survey. The
premise of the study was that geologic and other mappable factors would
correlate with known subsidence events and thereby either increase the
predictability of subsidence events or, at the least, permit a general
classification of land relative to the potential for subsidence. Other
map products of the study show the outcrop, overburden, mining activity,
and recorded subsidence events of the Pittsburgh and Upper Freeport coal
beds (Bushnell, 1975; Bushnell and Peak, 1975), and these features are
the basic information from which this map was prepared.

In the greater Pittsburgh region, extensive mining of these two
important coal beds has created a significant mine-subsidence problem
("mine subsidence" is a customary and useful term equivalent in
Pennsylvania to subsidence of the ground surface as a result of under-
ground mining). This has been a source of concern to the residents of
the bituminous coal fields and to the coal-mining industry for many
years, but no general solution to the problem was found, in spite of
some attempts by individual companies to protect surface structures from
subsidence damage. Accordingly, a movement began to legislate subsid-
ence regulations (Vandale, 1967). 1In 1961, the Pennsylvania legislature
passed an act which provided for the establishment of an anthracite and
bituminous subsidence fund. This "Mine Subsidence Insurance Act of
1961" became effective July 1, 1962, and under its provisions owners of
a limited class of property could buy insurance from the Commonwealth
at rates established by an inspection of the premises.

Later, the Commonwealth enacted the "Bituminous Mine Subsidence and
Land Conservation Act of 1966," which went into effect on April 27, 1966.
The 1966 act requires that certain structures existing on the effective
date be protected, that the owners of surface land or structures which
have not been undermined have the right to support their property by
purchase of underlying coal at a fair price, and that a notice of the
status of mining and of coal ownership must be included in all deeds of
property transfer to protect the buying public (Cortis, 1969). Details
of the 1966 act and standards and regulations are available from:

Division of Mine Subsidence Regulation
Department of Environmental Resources
Donaldsons Crossroads

203 South Washington Road

McMurray, Penn. 15317

Base by U.S. Geological Survey, Greater
Pittsburgh region, 1:125,000, 1975

10,000 metre Universal Transverse Mercator grid

ticks, zone 17

FACTORS OF MINE SUBSIDENCE

The underground mining of coal leaves a void or opening. Numerous

factors then interact to determine whether or not surface collapse will
occur.

If the coal is completely removed from a large area, mine-roof
collapse normally happens almost immediately, and the ground surface
may subside within days. If the void, however, is filled immediately
with properly compacted mine, urban, or industrial waste, surface sub-
sidence will not occur. If pillars of coal are left, with rooms of
coal removed, then the possibility, time, and extent of collapse are
uncertain. Where the pillars are large and strong and the rooms small,
the pillars and the roof will support the overburden and collapse like-
ly will not occur. Underground conditions, however, vary with time,
and rocks are commonly weakened after mining, thus resulting in delayed

collapse. Locally, subsidence has occurred more than 30 years after
cessation of mining.

If collapse into the mined-out void occurs: (a) the overburden
may fall as a unit along more or less vertical fractures so that surface
subsidence and, frequently, broken ground will occur, with the amount of
subsidence approximately equal to the thickness of the mined-out coal
bed; (b) the overburden may fragment as it collapses with an increase
in volume owing to looser packing of the fragments, so that the void
becomes filled without surface subsidence; or (c) as is commonly the
case, both a and b occur in part so that the ground surface drops, but
only for a portion of the thickness of the coal removed. Studies of
many coal mining areas show that regardless of the depth of mining,
the amount of the surface subsidence that occurs commonly is about 50
percent of the thickness of the mined-out bed (S. E. Cortis, oral
commun., 1974).

The following factors appear critical to an understanding of the
causes, effects, and risk of mine collapse and surface subsidence:

(a) rock character, (b) thickness of overburden, (c) mining operation,
(d) ground-water regime, (e) loading or surface activities, and (f)
legislation.

Rock Character.--The Pittsburgh coal bed and, about 650 feet below,
the Upper Freeport coal bed are enclosed in a variety of rock types:
limestone, mudstone, shale, siltstone, and sandstone. Each type reacts
differently when an adjacent void is created. However, although this
is a critical factor, a systematic study of rock variation has been
made in Pennsylvania only in the Washington area (Berryhill and others,
1971). All else being equal, when a thicker coal bed is mined a bigger
void results, with the potential for greater surface subsidence. In
the ideal situation, pillars left in place are sufficient in area (at
least 50 percent of the area mined) and of appropriate dimensions and

spacing to support the weight of the overburden after mining is completed.
Bulging and spalling along free faces of the pillars, however, are indi-
cations that the overburden weight is too great for the rock strength
and that mine collapse probably will follow eventually. Pillars can be
forced downward into a weak floor rock that yields plastically under the
weight of pillar and overburden. Thick massive sandstone layers usually
are competent and support a wider span than, for example, shale. How-
ever, if a sandstone layer does fail, it may either subside as a unit
with differential subsidence and possible ground breakage at its margins,
or it may have a cantilever effect and tilt an adjacent surface upward,
with the result that structural damage can be caused by heaving over
areas not mined, as well as by subsidence in undermined areas (Cortis,
1969, p. 9}.

A regional fracture system, approximately perpendicular to rock
layering, cuts the rocks of the area, with shale generally carrying
more fractures than the sandstone. The fractures are planes of weakness
that tend to orient lines of the subsidence and also act as channel ways
for fluids that lubricate and further weaken the fractures and rocks.

Locally, "faulted" areas or "washouts" are found in both coal
beds. These are areas where swampy material, such as that which became
the coal bed in adjacent areas, was scoured and eroded prior to the
deposition of a sandstone in its place. In a general way, these wash-
outs correspond to zones of thick sandstone above the coal (N. N. Moebs,
U.S. Bureau of Mines, and James Tilton, Equitable Gas Company, oral
communs., 1974; Berryhill and others, 1971). Mining rarely is done
through washouts of any size, so the risk of surface subsidence over
these areas is essentially zero, except along their margins, where ground
surface may be affected by mining in adjacent areas.

Thickness of overburden.--Surface subsidence can occur over mines
that are greater than 600 feet deep (Cortis, 1969; Voight and Pariseau,
1970; Young, 1916), so there seems to be no safe depth of mining over
which surface subsidence can surely be avoided. Some workers, however,
agree that the greatest risks of damage from mine subsidence are in areas
with less than 100 feet of overburden (table 1). The risk decreases
somewhat as the overburden increases and is less for light residential
structures and greater for larger, heavier commercial buildings.
Apparently 150 to 200 feet of overburden is a critical depth, there
being very few cases of subsidence damage in areas with more than 200
feet of overburden. Further support for this general estimate is the
fact that in some mines where the overburden is over 200 feet thick,
operators find that the cost of the few claims for damage to surface
structures is less than the value of the coal otherwise left in place
as supporting pillars. They therefore prefer to pay for relatively in-
frequent damages rather than leave a large part of the coal in the ground
as supporting pillars (Cortis, 1969, p. 6).

MAP SHOWING AREAS THAT CORRELATE WITH SUBSIDENCE EVENTS DUE TO UNDERGROUND MINING OF THE PITTSBURGH AND
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Mining operations.--It is emphasized that mining is a dynamic proc-
ess and that active mining results in enlargement of undermined zones.
The ideal mining operation removes as much coal as possible, leaving
only enough coal to support the mine roof while the mine is being worked.
Older mining methods left up to 75 percent of the coal in place; modern
miners strive for 100 percent recovery. Two methods widely used in the
greater Pittsburgh region are continuous long-wall mining, and, more
commonly, "full retreat" room and pillar mining. In full-retreat min-
ing the pillars are drawn or removed in the last stage of mining. 1In
both methods, the operation retreats from the farthest part of the mine
to the portals, and the roof collapses behind the operation. Surface
subsidence occurs almost immediately after retreat, with possible damage
to surface structures, but the surface thereafter is relatively safe
from further subsidence.

Within any mine, two areas are significant. The risk of mine-roof
collapse and surface subsidence is greatest over the active or working
face and mined-out rooms. The risk of subsidence generally is less over
the entries, headings, haulage ways, and air tunnels, which commonly
have a lesser span and are usually reinforced by timber;, steel, or
reinforced concrete supports.

Operations in the older mines left much valuable coal underground.
Many of these mines are being remined, either by stripping along the
edges of the outcrop or, underground, by scavenging all or as much as
possible from the pillars. Stripping, of course, effectively removes
any risk of mine subsidence, but scavenging increases the risk by further
weakening or removing the pillars.

Ground-water regime.--This is another factor that influences sub-
sidence but for which there is no systematic data. Water has the effect
of a lubricant, and many tests show that the presence of water in a rock
lowers its strength and allows it to deform plastically rather than
rupture. The failure of some clay floors under the weight of pillars
and overburden probably is a result of water saturation.

In some cases, not only natural waters but discharge from sewers
and industrial operations flood abandoned mines and produce chemical
reactions that cause a faster-than-normal weathering of coal pillars,
overburden, and mine floor rocks. These reactions probably are largely
responsible for subsidence that takes place long after mining has ceased.

Loading and other surface activity.--Logically any extra weight
on the ground surface, such as a large building on narrow footings,
could cause collapse of the undermined strata. However, only where
overburden is relatively thin does this loading appear significant in
practice, for the weight of such structures is generally very small
compared to the weight of the rock overburden. Moreover, it is diffi-
cult to separate effects of surface loading from groundwater effects.

More than 150 ft
events

100 ft to 200 ft

200 ft to 300 ft

Very few subsidence

Moderate risk for
heavy structures, 1/
slight for small -

High potential
over old mines

coal bed.
Slight risk for

all structures 27

Risk for heavy
structures

Recorded damaging subsidence events. The total numbers of events associated with each of the
Pittsburgh and Upper Freeport coal beds is in proportion to the total areas undermined for each

A correlates with high numbers of events

B correlates with moderate numbers of events

Other surface activity that may affect the potential for subsid-
ence includes "armoring" of the surface with impervious roads, parking
areas, and buildings. Although data are lacking, it appears reasonable
to suggest that, at least locally, armoring may be beneficial by re-
stricting infiltration and thereby reducing possible deleterious ground-
water effects. Conversely, removal of natural vegetation may enhance
infiltration, thereby potentially accelerating weathering processes in
overburden and mines.

Legislation.--The Act of 1966 vastly decreased the risk of subsid-
ence resulting from underground mining in the bituminous coal fields of
Pennsylvania. Prior to the act, no structures or areas were automatical-
ly protected, and others were protected by purchase of the underlying
coal. Tn addition, some structures otherwise unprotected receive some
protection simply from being located adjacent to protected structures.
Since 1966, very few structures have been damaged as a result of under-
ground mining (Cortis, 1969).

CORRELATION WITH SUBSIDENCE EVENTS

Consideration of the preceding factors suggests that only overburden
thickness, mining operations, and the legislative factor are presently
sufficiently well known for meaningful map presentation. Data are in-
adequate for a regional analysis of the nature and distribution of the
rocks in overburden and the ground-water regime. Maps were drawn for
the Pittsburgh (Bushnell, 1975) and Upper Freeport coal beds (Bushnell
and Peak, 1975), showing for each their -outcrops, 200 and 500 foot over-
burden-thickness contours, areas undermined before April 27, 1966, and
areas undermined after April 27, 1966. Strip mines, mine headings, and
washouts also are shown, and the Upper Freeport map the approximate limit
of coal likely to be mined in the near future is indicated. The loca-
tions of subsidence events and structures damaged by subsidence events
(W. W. Beck, Jr., A. W. Martin Associates, written commun., 1974) were
also plotted on these maps, and their numbers were tabulated in matrices
of overburden thickness versus time of mining. The data are combined
in table 2.

Mainly, table 2 reflects early mining history and geologic and
topographic conditions. The Pittsburgh coal bed crops out under less
than 200 feet of overburden in much of Allegheny County, where the bed
has been mined for more than 200 years. Although there are quite large
areas with more than 500 feet of cover, nevertheless most of the
Pittsburgh that remains unmined in the region is in areas of 200 feet to
500 feet of overburden. In contrast, the Upper Freeport coal bed crops
out only near the base of the deeper valleys with overburden commonly
about 500 feet thick. The unmined Upper Freeport largely is covered
with 500 feet to 1000 feet of overburden.

UPPER FREEPORT COAL BEDS, ALLEGHENY, WASHINGTON, AND WESTMORELAND COUNTIES, PENNSYLVANIA

By
Kent O. Bushnell
1975

The areas undermined are not equal for the two coal beds, and this
accounts for the striking difference in the number of events ascribed
to each. This difference disappears and actually reverses if the events
are normalized to equal areas. Approximately 700 square miles of the
Pittsburgh has been mined, compared with only approximately 80 square
miles of the Upper Freeport. The square miles versus numbers of events
given an overall event density of 0.13 events per square mile for the
Pittsburgh and 0.19 for the Upper Freeport (Bushnell, 1975; Bushnell and
Peak, 1975). Because the areas are approximations and the catalog of
subsidence and damage events almost surely is incomplete, the difference
between the two densities probably is best considered as insignificant.
With this adjustment, the numbers shown in table 2 fall into three
categories: A, high numbers; B, moderate numbers; and C, minor numbers
of subsidence events.

On the map presented here, the letters A, B, and C thus designate
areas that correlate with, respectively, the high, moderate, and minor
numbers of subsidence events as shown in table 2. Areas labeled D on
the map are those in which subsidence probably will not occur. The
Pittsburgh coal bed is essentially constant in thickness throughout the
region; this fact indicates no significant technological restrictions on
future mining. The Upper Freeport, however, is not constant in thickness,
and future Upper Freeport mining probably will be restricted by a general
westward thinning of the coal bed, as shown by limiting lines on the map
of the Upper Freeport coal bed (Bushnell and Peak, 1975). The largest D
area on the present map is west of this boundary; it is an area where the
Upper Freeport probably is thin and where the Pittsburgh coal bed has
been eroded away.

The map, which shows the four categories of surface areas, is thus
an attempt to classify areas of land by their relative mine-subsidence
risk; it is a pattern determined by overburden thickness, time and
extent of mining, and numbers of mine-subsidence events or damages re-
sulting from subsidence events, relative to the Pittsburgh and Upper
Freeport coal beds.

In summary, large areas in Washington County currently are under-
lain by unmined and minable Pittsburgh coal, and these areas probably
will be undermined eventually, perhaps largely by the year 2000. How-
ever, they are placed in a C category, because they probably never will
be subject to the incidence of damaging subsidence characteristic of the
earlier mining of the Pittsburgh coal bed in Allegheny County and else-
where, owing to the Act of 1966, constant improvement of standards and
regulations, and generally thicker overburden. Similarly, large areas
of Westmoreland County and eastern Allegheny County are underlain by
unmined, yet apparently minable, Upper Freeport coal (Bushnell and Peak,
1975). At least a part of these areas will be mined by the year 2000,

C correlates with minor numbers of events

but for present purposes, and for the same reasons, they are also placed
in category C.

Areas labeled Ap or Af have all the characteristics of areas with
high numbers of past mine-subsidence events. It is strongly recommended
that such areas be carefully evaluated by competent technical personnel
for any projected land use.
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